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A PPEN D ICES

Appendix A: Raw Materials

A .l. Raw M aterial

A. 1.1. Iron Ore
Iron ore, obtained from Xieng Khouang Lao PDR, is the iron oxide 

used in the iron production. In the present work, a low grade Iron ore was used which 
has %Fe between 40-60 %. The iron ore (XK-01) was characterized for the wt % of 
elements by EDX (Energy Dispersive X-Ray Fluorescence Spectrometer), the 
structures by XRD (X-Ray Diffraction Spectrometer) and the compositions by the 
Wet Chemical Analysis. Characterization methods and results are presented in A.2 
Characterization.

A .1.2. Reductant
Reductant is a substance used to reduce Oxygen in an iron ore. In 

the present study, Dai coal, obtained from Xieng Khouang Lao PDR, was analyzed 
for the Proximate Analysis and the structures by a XRD (X-Ray diffraction 
spectrometer). Characterization methods and results are presented in A.2 
Characterization.

A .1.3. Flux
Limestone is a flux used to separate iron from slag or other 

components during the reduction process. Limestone was obtained from CP® 
(Thailand) and used in our experiment; the specification o f the Limestone is 
presented in A .4 Raw Material Characterization.

A .1.4. Binder
Bentonite is a binder used in making a pellet. The sodium bentonite 

was obtained from Volclay Siam Ltd. and used in our experiments. The specification
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o f a Bentonite from Volclay Siam Ltd. is presented in A.4 Raw Material 
Characterization.

A.2. Characterization

A.2.1. Energy Dispersive X-Ray Fluorescence (EDXRF)
Samples were characterized for wt % o f elements by EDX (Horiba, 

model 51-ADD0014), an Energy Dispersive X-Ray Fluorescence Spectrometer 
(Hitachi, model ร-4800), connected to a scanning electron microscope. The samples 
were ground into fine particles (0.043 mm in average diameter as shown in Table A- 
1). The SEM accelerating voltage and current were 25 k v  and 20 pA, respectively. 
The magnification was 100X. The pellets were stacked onto stubs by using sticker 
carbon papers. The specimens were coated with platinum using an ion coating 
machine (Hitachi, model E-1010) for 90 sec, for enhancing the electron conductivity. 
The specimens were clamped on a holder and placed into a high vacuum SEM 
chamber for preventing the attenuation o f X-ray by the air molecules. 3 
measurements were taken from different parts o f each sample. The peaks o f platinum 
were subtracted out before calculating the total wt % element and the % atomic o f 
the specimens.

A.2.2. X-Ray Diffraction (XRD)
The sample was characterized for its structures by XRD or a X-Ray 

diffraction spectrometer (Rigaku D/max; model 2000). The specimens were placed 
on a glass slide, clamped on the sample holder, and then exposed to the X-ray source. 
The anode tube o f the X-ray source was Copper K-alpha. The operating voltage and 
current were 40 kV and 30 mA, respectively. The measurement angle (2D) was from 
5 degree to 90 degree with a scanning speed o f 5 degree/min, and under the wide 
angle mode. One sample was divided into 3 specimens for each measurement. Each 
specimen was chosen randomly from the whole lot o f the sample.



52

A.2.3. Scanning Electron Microscope (SEM)
Sample particle sizes were measured by SEM (Hitachi, model ร- 

4800), a scanning electron microscope. The SEM accelerating voltage, current, and 
magnification are specified in the figures below. The particles were stacked onto 
stubs by using sticker carbon papers. The specimens were coated with platinum using 
the ion coating machine (Hitachi, model E-1010) for 90 sec, for enhancing the 
electron conductivity. The specimens were clamped on the holder and placed into the 
high vacuum SEM chamber for preventing the attenuation o f X-ray by the air 
molecules.

A.2.4. Wet Chemical Analysis
XK-01 iron ore was also analyzed for its compositions by the Wet 

Chemical Analysis at the Rock and Mineral Analysis Department o f Mineral 
Resources, Ministry o f Natural Resources and Environment Thailand.

A.2.5. Proximate Analysis
The Dai coal was analyzed by the Proximate Analysis by the 

Electricity Generating Authority o f Thailand, M ar Moh. Lampaeng.

A.2.6. Microstructure Analysis
The Iron nugget from suitable condition was prepared the surface by 

using P I200 glass paper and Aluminum powder (particle size > 5 pm). After the 
surface was clear, the 2 %  Nitral was used to etching. The microstructure o f Iron 
nugget was measured by SEM (Hitachi, model ร-4800) as shown in A.2.3.

A.2.7. Density o f Iron nugget
All o f the iron nuggets were measured the density by pycnometer.
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A.3. R aw  M aterial C haracterization

A .3.1. SEM Characterization
The SEM accelerating voltage, current and magnification are 

specified in Figures E-l and E-2 in Appendix E. The results are presented in Table 
A -l.
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Table A -l Particle size o f the raw materials

No. Particle size
XK-Ol(mm) Dai coal (mm) Limestone (|im ) Bentonite (i-im)

1 0 .1 1 0 0.160 8.55 28.09
2 0.060 0 .10 0 6.54 33.60

____ 3_____ 0.080 0.080 5.78 22.53
4 0.070 0.070 5.27 46.98
5 0.040 0.190 4.76 19.46
6 0.060 0.170 10.26 36.06
7 0.050 o:.ioo 4.95 21.29
8 0.070 0.170 6.29 48.09
9 0.060 0 .1 1 0 3.92 39.13
10 0.030 0 .10 0 3.64 40.02
1 1 0.030 0 .12 0 5.39 33.65
12 0.040 0 ,12 0 4.90 26.59
13 0.030 0.130 4.25 26.88
14 0.050 0;070 4.86 15.81
15 0.0 20 0.-180 5.44 43.48
16 0.040 0.140 3.27 13.83
17 0.0 20 0.140 6.31 8.84
18 0.050 0.190 5.56 11 .8 6
19 0.0 20 0.080 5.62 27.46
20 0.040 0.230 3.27 33.54
2 1 0.030 0.130 3.81 32.89
2 2 0.040 0 .220 4.58 25.77
23 0.040 0 .10 0 3.73 21.38
24 0.0 20 0.070 7.63 23.72
25 0.020 0.080 4.44 15.93
26 0.040 0.040 5.78 2 1 .0 1
27 0.030 0.020 1.63 31.93
28 0.0 20 0.040 2.38 25.31
29 0.040 0.040 3.33 15.81
30 0.030 0.050 4.76 38.37

average 0.043 0.115 5.03 27.64
SD 0 .0 21 0.056 1.76 10.37

M in-M ax 0 . 1 1 0 -0.020 0 .2 2 0 -0.020 1.63-10.26 8.84-48.09
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A .3.2. EDX Characterization
The % wt o f element and the % atomic o f  the XK-01 iron ore are 

tabulated in Table A-2.

T able A-2 % wt Element and % Atomic o f XK-01

S a m p le
N a m e c 0 A1 Si K F e Z r M n C a Ti A u C u p ร M g N a C l

\* 5 .6 7 32.63 1.74 2 .5 7 0 2 6 5 6 .0 0 0.93 0 .0 0 0 .0 0 0.03 0 .0 0 0 .0 5 0  12 0  0 0 0  00 0 .0 0 0 .0 0
2 nd 1 0 6 0 33.71 1 74 2 .14 0 .3 2 5 0 .3 9 0  88 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .2 2 0 .0 0 0 .0 0 0 .0 0 0 0 0
3 rd 1.58 3 1 .7 7 1.58 2 .1 2 0 .2 0 6 1 .5 9 0 .8 2 0 .0 0 0 .0 0 0 0 5 0 .0 0 0  10 0 2 1 0  0 0 0 0 0 0 0 0 0  00

A v e r a g e 5.95 3 2 .7 0 1.69 2 .28 0 .2 6 5 5 .99 0.87 0 .0 0 0  0 0 0.03 0 .0 0 0 .0 5 0  18 0 0 0 0 .0 0 0 00 0 .0 0
S D 4 52 0 .93 0 .1 0 0 2 6 0 .0 6 5 .6 0 0 .0 5 0 .0 0 0 0 0 0 0 3 0 .0 0 0 .0 5 0 .0 6 0  00 0 0 0 0  00 0 0 0

A.3.3. XRD Characterization
Results XRD o f XK-01 iron ore and the Dai coal are shown in table

A-2 and A-3

T able A-3 XRD Characterization o f XK-01

X K
-01 T y p e s  o f  C o m p o u n d s

I S i
c

F e 20
3

S iO
2

A l2S iO F e 3A l2( S i 0 4
>3 N /A N /A F e 2T iO

Î
F e 2S iO A l2( S i 0 4)

0 . N /A N /A N /A N /A N /
A

2 Si
c

F e 20 S iO
2

A I2S iO F e 3A I2( S iO 4 
h

T iO
2

F e .e S iO
4 N /A N /A N /A F e 2T i jO F e 3

C
F e 3S

i N /A N /  • 
A

3 Si
c

F e 20
3

S iO
2

A IjS iO N /A T iO
2

F e l 6 S iO
4 N /A N /A N /A . N /A N /A N /A F eS i

2 ๙

T able A-4 XRD Characterization o f the Dai coal

D a i
c o a

1
T y p e s  o f  C o m p o u n d s

1 c ร S iO
2

A12( S 0 4)
3

A l2ร iO
5

M g 2A l4S i jO i
8

F e 2( ร 0 4)
3 N /A N /A F e 2A l4S i50 i

8
F e 20

3
( F e M g ^ S i O N /A

2 c ร S iO
2

a i 2( S 0 4)
3

A ljS iO
5

M g 2A l4S i50 ,
8

F e ^ s o . )
3

F e 7S
8

M g S iO N /A F e 20
3

( F e .M g ) 2S iO N /A

3 c ร S iO
2

A12( S 0 4)
3

A I2S iO
3

M g 2A l4S i , 0 ,
8

F e : ( S O .)
3

F e 7S
8

M g S iO
3

F e 2A l4S i50 | N /A N /A ( F e M g ) S iO

A.3.4. Wet Chemical Analysis Results
Results o f the XK-01 iron ore from the Rock and Mineral Analysis 

Department o f Mineral Resources, Ministry o f Natural Resources and Environment 
Thailand are shown in Table A-5.
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Table A-5 Composition o f the XK-01 iron ore by the Wet 
the Rock and Mineral Analysis Department 
Thailand

Chemical Analysis from 
o f Mineral Resources,

Com position wt%
Fe203 80.95

FeO 1.28

S i0 2 4.34

A I2 0 3 1.65

C a O 0.14

M qO 0.05

N a 2 0 0.06

K 2 0 0.16

H 2 0 0.57

A.3.5. Proximate Analysis
The Dai coal Proximate Analysis was obtained from the Electricity 

Generating Authority o f Thailand. The results are presented in Table A-6 .

T able A - 6  Proximate Analysis o f the Dai coal

As received basis

Parameter Unit Method Result
Moisture % by weight ASTM D3302-02asl 21.29

Ash % by weight A STM D5142-09 5.97
Volatile matter % by weight ASTM D 5142-09 35.47
Fixed carbon % by weight ASTM D 5142-09 37.26

Sulphur % by weight ASTM D4239-08 Method B 0.89
Gross calorific value MJ/kg

Kcal/kg ASTM D5865-0Ta 20.97
5012

Net calorific value MJ/kg
Kcal/kg ASTM D5865-0Ta 19.94

4766

A.3.6 . Specifications Limestone and Bentonite from venders
Table A -6  shows the composition o f the limestone from CP® 

(Thailand); it has an average molecule weight 99.311 o f g/mol.
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Table A-7 Composition o f CP® limestone

Composition % by weight Mw % by weight X  Mw 
o f composition

C aC 0 3 99.08 % 100.076 99.155
MgCOs 0.18% 84.303 0.152

Moisture 0.02 % 18.000 0.004
Average 99.311

The composition o f Sodium Bentonite from Volclay Siam Ltd. is 
shown in Table A-7. Bentonite has an average molecule weight o f 73.615 g/mol.

T able A -8  Composition o f Sodium Bentonite from Volclay Siam Ltd

Composition % by weight Mw
% by weight X 

Mw o f 
composition

S i0 2 61.16 60.08 36.75
AI2O3 2 1 .2 0 101.96 21.62
CoO 0.01 74.93 0.01

Fe20 3 5.09 159.69 8.13
P2O 5 0.08 141.95 0 .1 1
k 20 0.70 94.20 0.66
T i0 2 0.19 79.87 0.15
MgO 2.96 40.30 1.19
CaO 4.12 56.08 2.31

Na20 1.76 54.99 0.97
W 0 3 0.01 231.84 0.02
PbO 0.01 223.20 0.02
BaO 0.04 153.33 0.06
ZnO 0.01 81.41 0.0 1
Z r0 2 0.03 123.22 0.04

Mn20 3 0.03 157.87 0.05
h 2o 8.44 18.02 1.52

Average 73.62



58

A ppendix  B: C alcu lation  o f  Pellet M ixtures

B .l M ol R atio  o f  C /Fe

Reduction Equation o f Hematite (Fe20 3)

Eq. (E -l) 
Eq. (E-2)

M\v- Fe = 55.85 g/mol 
c = 12 g/mol 
0 = 1 6  g/mol 
Fe203 = 159.7 g/mol

Fe20 3 +  3C0 —» 2Fe +  3C02 

C03 +  c —> 2C0

% Fe in Iron Ore (X K -01) = 55.99 %, Appendix A 
% Fixed Carbon in the reductant (Dai Coal) = 40 %, Appendix A

From Eq. (E -l)
1 mol Fe203 3 mol CO

2 mol Fe 3 mol c
1 mol Fe 1.5 mol c

1 mol Fe = 55.85 g Fe
55.85 g Fe = 99.750 g of Iron ore (XK-01 )

1.5 mol c = 18 gC
18 gC = 45 g of Reductant (Dai coal)

Iron ore ะ Reductant ratio from Eq. E-l is:

g of Iron Ore : g of Reductant
99.750 : 45

1000 : 451.12

The other C/Fe mol ratios are calculated the same as these steps and shown in Table 
B-l
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T ab le B -l W eight Iron ore (XK-01): Reductant (Dai coal)

Mol ratio 
Fe

Weight 
Fe (g)

Weight Iron 
ore (g)

Mol 
ratio c WeightC(g) W eight o f 

Reductant 
(g)

g
Reductant/

1000  g
Iron ore

1 55.85 99.75

0.49 5.9 14.7 147.00
1.24 14.9 37.3 374.36
1.34 16.1 40.2 403.15
1.44 17.2 43.1 431.95
1.53 18.4 46.0 460.75
1.63 19.5 48.8 489.55
1.72 20.7 51.7 518.34
1.82 2 1 .8 54.6 547.14
1.91 23.0 57.4 575.94

B.2 M ol R atio  o f  L im eston e/ AI2 O 3  +  SiC>2

From Raw material data Iron Ore (XK-01), Appendix A 
XK-01 has %A1 = 1.688 

% Si = 2.276 .

T able B-2 Molecular Weights

Substance Mw (g/mol)
A1 26.98
Si 28.09

AI2O3 101.96
S i0 2 60.08

C aC 0 3 100.08
CaO 56.08

Bentonite 72.09
Limestone 99.31

At 1000 g X K-01:
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16.88 g Al - 0.6256 mol Al
0.6256 mol Al = 0.3128 mol A 12C>3

22.76 g Si = 0.8104 mol Si
0.8104 mol Si = 0.8104 mol S i0 2

Moles o f Al20 3+ S i0 2 = 1.12319 mol
At mol ratio Limestone/AL20 3 +Si0 2 = 1.0

mol Limestone = 1.12319 mol
1.12319 mol Limestone = 111.54 g Limestone

T able B-3 W eight Limestone: 1000 g Iron ore

Iron ore
(g)

Dai coal at 
mol ratio

C/Fe = 
1-53 (g)

Bentonite at 
mol ratio 

Bentonite/Fe
= 0.02 (g)

Mol ratio 
Limestone/mol 

AL20 3+ S i0 2

Mol o f 
limestone

g limestone/ 
kg Iron ore

1000.00 460.75 13.99

0.50 0.6 56.01
0.60 0.7 66.93
0.70 0.8 78.08
0.75 0.8 84.01
0.89 1.0 99.31
1.00 1.1 111.54
1.26 1.4 140.02
1.76 2.0 196.03
2.26 2.5 252.03
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A ppendix  C: Sam p le P reparation

C .2 G rind in g R aw  M aterials

The XK-01 iron ore and the Dai coal were grinded by a dry cylindrical ball 
mill in which the chamber has a diameter 70 cm and a length 100 cm. Grinding 
media is o f the lK g spherical type, with 20  balls, and the critical speed was 60 rpm. 
Raw materials o f  20 kg were added per batch. The product was screened by a mesh 
17 (1.494 mm) and the oversize was grinded again. The grinding steps are shown in 
Figure C - l . The weight after each grinding step is tabulated in Table C - l .

FigureC -1 Grinding steps.
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XK-01 Dai coal

FigureC -2 XK-01 and the Dai coal before grinding.

T able C -l Weights from the grinding steps

Step Raw material Weight (Kg) Weight Loss (Kg) Size
Before grinding XK-01 79.78 - 3 cm

Dai coal 27.5 ' - 3-5 cm
After grinding XK-01 79.30. 0.48 Mesh 17

Dai coal 26.42 1.08 Mesh 17

The particle size after grinding was measured by SEM (Hitachi, model ร- 
4800). The SEM characterization is described in Appendix A-2. The SEM 
accelerating voltage, current and magnification are specified in Figures E-3 and E-4 
in Appendix E. The results are shown in Table A -l in Appendix A .3.

C.3 M ixing and the Pellet P reparation

c.3.1 Amounts o f the raw materials in mixtures o f experiments 1-6
XK-01, Dai coal, Limestone, Bentonite were mixed where amounts o f 

the raw materials in the mixture are shown in Table C-2. W ater o f 10 % by weight o f 
the mixture was added to the mixture o f the raw materials. The mixture was well 
mixed until a homogenous mixture was obtained. Figure C-3 shows the mixtures of 
the raw materials before and after the mixing.
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Before After

FigureC -3 Mixture o f the raw materials before and after the mixing.



Table C-2 Amounts o f the raw materials in the mixtures o f experiments 1-6
Mol ratio Weight

Experiment No. Fe C/Fe Limestone/AECE+SiCb Bentonite XK-01 (g) Dai coal (g) Limestone (g) Bentonite (g) Mold

1 1 0.49 0.89 0.02 1000.00 147.00 99.31 13.99 A
2 1 1.72 0.89 0.02 300.06 155.53 29.78 4.22 B
3 1 1.72 0.89 0.02 300.06 155.53 29.78 4.22 A
4 1 1.72 0.89 0.02 300.05 155.53 29.79 4.20 A

1 1.24 74.87
2 1.34 80.63
3 1.44 86.39

5 4 1 1.53 0.89 0.02 200.00 92.15 19.86 2.80 A5 1.63 97.91
6 1.72 103.67
7 1.82 109.43
8 1.91 115.19
1 0.50 11.20
2 0.60 13.39
3 0.70 15.62
4 0.75 16.80

6 5 1 1.53 0.89 0.02 200.00 92.15 19.86 2.80 A
6 1.00 22.31
7 1.26 28.00
8 1.76 39.21
9 2.26 50.41
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c.3.2 Pellet Preparation
The mixture was fed into a cylindrical mold (M old A has a diameter o f 4 

cm and 7 cm high, Mold B has a diameter o f 2.5 cm and 4 cm high) for making 
pellets that is shown in Figure C-5. The pellet was compressed in the mold at 6,000 
psi, 60 sec and then dried at 80°c and for 20 hr. Steps o f the pellet preparation are 
shown in Figure C-4.

FigureC -4 Step o f pellet preparation.



Mold A Mold B

FigureC -5 Cylindrical molds A and B.

FigureC -6 Sizes o f the pellets by Molds A and B.

c.3.3 Reduction
c. 3.3.1 Experiments 1 and 2

All pellets o f experiments 1-2 were reduced by a furnace 
(Nabertherm,LHT 02/17). The pellet was heated from room temperature (30°C) to the 
reduction temperature at a heating rate o f 10 °c/m in  and then held on during the 
reduction time (Error o f furnace +/- 5 ๐C). The temperatures profile o f furnace is 
shown in Figure C-7. The reduction condition and weight o f pellet are shown in
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Tables C-4 and C-5. The sample was taken out from the furnace at a temperature 
below 200 °c.

Temperature

f  t reduction  >| T im e

FigureC -7 Temperature profile o f furnace, experiments 1 and 2. 

c.3.3.2 Experiments 3 -6
The pellet was reduced in a furnace (Nabertherm.HTCT 08/15); 

it was fed at a reduction temperature which was held on during the reduction period. 
After the reduction period, the sample was taken out immediately. The temperature 
profile o f the furnace is shown in Figure C-8. The reduction condition and weight of 
pellet are tabulated in Tables C-6-C-9.
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FigureC -8 Temperature profile o f furnace, experiments 3-6.

T able C-3 Experiment 1, the sample weight o f each step in the pellet preparation and 
reduction through Mold A

No.
Reduction

Temperature
( ° C )

Time (min) We 
(1 pel

ight
e t )  ( g )

Heating from 
room temperature 

( 3 0 ° C )

Hold on 
reduction 

temperature

Cool
down
(hr)

Wet Dried

1 1500 147 50 90.37 85.63
2 1400 137 50 79.00 73.76
3 1300 127 50 20 82.33 78.34
4 1200 117 50 89.04 84.5
5 1100 107 50 83.71 79.35
6 1000 99 50 81.35 82.78
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Table C-4 Experiment 2, the weight o f each step in the pellet preparation and
reduction through Mold B

No. Reduction 
Temperature (๐C)

Time (min) We 
(1 pel

ight 
et) (g)

Heating from room 
temperature ( 3 0 ° C )

Hold on 
reduction 

temperature
Cool
down
(hr)

Wet Dried
1 1 5 0 0 1 4 7 5 0 13.22 11.58
2 1 4 5 0 1 3 7 5 0 on 14.61 12.79
3 1 4 0 0 1 2 7 5 0 14.97 12.93
4 1 3 0 0 117 5 0 18.21 17.00
5 1 2 0 0 107 5 0 13.25 11.98

T able C-5 Experiment 3, the weight o f each step in the pellet preparation and 
reduction by Mold A

No. Reduction 
Temperature (°C)

Hold on reduction 
. temperature (min)

Weight (1 pellet) (g)

Wet Dried

1 1500 50 59.41 53.09
2 1450 50 59.36 53.09
3 1400 50 59.61 53.37
4 1375 50 58.43 50.73
5 1350 50 58.85 52.63
6 1300 50 59.77 53.4
7 1200 50 59.64 53.09
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Table C-6 Experiment 4, the weight o f each step in the pellet preparation and the
reduction by Mold A

No. Reduction 
Temperature (°C)

Hold on reduction 
temperature (min)

Weight (1 pellet) (g)

Wet Dried

1 1450 40 58.08 51.93
2 1450 30 58.66 52.59
3 1450 20 58.08 51.61
4 1450 10 58.42 52.01
5 1425 30 ; 58.81 52.17
6 1425 20 58.08 51.61
7 1425 15 58.44 51.95
8 1425 10 - 57.72 51.51
9 1400 40 58.70 52.63
10 1400 35 ..  59.12 52.35
11 1400 30 . 58.61 52.63
12 1375 40 - 57.43 51.19

T able C-7 Experiment 5, the weight o f each step in the pellet preparation and the 
reduction by Mold A

No.
Reduction

Temperature
(°C)

Hold on 
reduction 

temperature 
(min)

Mol ratio 
C/Fe

Weight (3 pellets) (g)

Wet Dried

1

1425 20

1.24 176.21 155.24
2 1.34 178.96 156.19
3 1.44 176.39 159.23
4 1.53 167.54 149.90
5 1.63 169.22 150.10
6 1.72 174.45 153.05
7 1.82 174.56 152.96
8 1.91 180.07 156.35
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T able C-8 E x p e r im e n t 6 , th e  w e ig h t  o f  ea c h  step  in  th e  p e lle t  p rep ara tio n  and  the
r e d u ctio n  b y  M o ld  A

N o .
R e d u c t io n

T e m p e r a tu r e
( ° C )

H o ld  o n  
r e d u c t io n  

te m p e r a tu r e  
( m in )

M o l  r a t io
L i m e s t o n e /A l 2 0 3 + S i 0 2

W e ig h t  (3  p e l l e t s )  
( g )

W e t D r ie d
1

1 4 2 5 20

0 .5 0 1 7 2 .6 5 1 5 6 .3 1
2 0 .6 0 1 7 6 .3 6 1 5 7 .6 4
3 0 .7 0 1 7 6 .3 6 1 5 7 .9 0
4 0 .7 5 1 7 4 .9 4 1 5 8 .2 7  •'
5 0 .8 9 1 8 3 .1 4 1 6 3 .9 1
6 1.00 1 7 9 .4 6 1 5 9 .7 0 -
7 1 .2 6 1 7 5 .9 8 1 5 9 .3 1
8 1 .7 6 1 7 8 .3 0 1 6 0 .6 0
9 2 .2 6 1 7 7 .2 3 1 5 7 .3 6

Table C-9 E x p e r im e n t  7 ,  th e  w e i g h t  o f  e a c h  s t e p  in  t h e  p e l l e t  p r e p a r a t io n  a n d  th e  

r e d u c t io n  b y  M o ld  A

N o . R e d u c t io n  
T e m p e r a tu r e  ( ๐C )

H o ld  o n  r e d u c t io n  
t e m p e r a tu r e  ( m in )

W e ig h t  ( 3  p e l l e t )  ( g )

W e t D r ie d

1 1 4 0 0 3 0
2 1 4 0 0 20
3 1 4 0 0 10
4 1 3 5 0 3 0
5 1 3 5 0 20
6 1 3 0 0 3 0
7 1 3 0 0 20
8 1 3 0 0 10
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Appendix D: Result

D .l Experiments 1

X K - 0 1 ,  D a i  c o a l ,  L im e s t o n e ,  B e n t o n it e  w e r e  m i x e d  b y  u s i n g  m o l  r a t io  C /F e  =  

0 .4 9  ( l e s s  th a n  1 .5  fr o m  E q .B - 1  in  A p p e n d ix  B . )  T h e  w e i g h t s  o f  p e l l e t  a fte r  

r e d u c t io n  a re  s h o w n  in  T a b le  C - l .

Table D -l E x p e r im e n t  1 ; th e  s a m p le  w e i g h t  a f te r  r e d u c t io n  th r o u g h  M o ld  A

N o .
R e d u c t io n

T e m p e r a tu r e
( ๐๑

T im e  ( m in ) A f t e r  
R e d u c t io n  
(1 p e l l e t )

( g )

P le a t in g  fr o m  
r o o m

te m p e r a tu r e
( 3 0 ° C )

H o ld  o n  
r e d u c t io n  

te m p e r a tu r e

C o o l
d o w n

1 1 5 0 0 1 4 7 5 0 - 5 1 .1 6
2 1 4 0 0 1 3 7 5 0 - 3 9 .7 1
3 1 3 0 0 1 2 7 5 0 - 4 4 .4 5
4 1200 1 1 7 5 0 - 5 5 .4 2
5 1100 1 0 7 5 0 - 5 3 .2 6
6 1000 9 9 5 0 - 5 7 .3 8

N o .  1 N o .  6

Figure D -l E x p e r im e n t  1 : N o .  1 a n d  6  a fte r  th e  r e d u c t io n .

P r o d u c t s  fr o m  th e  r e d u c t io n  w e r e  c h a r a c t e r iz e d  %  w t  E le m e n t  b y  E D X  

( H o r ib a , m o d e l  5 1 - A D D 0 0 1 4 ) .  E D X  c h a r a c t e r iz a t io n  i s  s h o w  in  A p p e n d ix  A - 2 .  
T a b le  D - 2  s h o w s  th e  %  E le m e n t  o f  N o .  1 - 6  in  th e  e x p e r im e n t  1.
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T able D-2 E x p e r im e n t  1 % w t E le m e n t o f  N o . 1-5 at r e d u c tio n  t im e  5 0  m in

Element % wt Element of pellet SD
1 2 3 4 5 6 1 2 3 4 5 6

c 4.28 0.67 2.12 1.65 2.12 3.90 7.41 0.59 2.01 2.42 0.91 1.00o 27.54 29.59 21.48 26.91 25.77 22.86 3.25 1.33 2.68 1.47 0.77 0.76
Al 4.68 4.99 2.54 2.13 1.24 1.14 0.89 0.71 0.74 0.41 0.10 0.06
Si 3.16 4.60 4.23 5.00 3.15 2.44 0.62 1.20 0.23 0.51 0.29 0.27
K 0.06 0.16 0.22 0.38 0.21 0.08 0.06 0.15 0.04 0.09 0.04 0.05
Fe 53.45 51.81 62.90 54.54 60.75 62.35 2.86 1.08 3.35 3.20 1.30 0.47
Zr 0.81 0.00 0.17 0.00 0.48 0.46 1.40 N/A 0.30 N/A 0.25 0.01
Mn 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A N/A N/A N/A N/A
Ca 4.82 6.54 5.29 7.28 5.26 5.68 1.46 1.05 0.38 0.92 0.33 0.50
Ti 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A N/A N/A N/A N/A
Au 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A N/A N/A N/A N/A
Cu 0.18 0.00 0.19 0.00 0.04 0.05 0.31 N/A 0.34 N/A 0.07 0.07
p 0.73 1.51 0.62 1.25 0.67 0.86 0.38 0.45 0.16 0.13 0.40 0.04
ร 0.30 0.14 0.24 0.33 0.15 0.10 0.29 0.05 0.11 0.09 0.08 0.00

Mg 0.00 0.00 0.06 0.14 0.00 0.05 N/A N/A 0.05 0.11 0.00 0.07
Na 0.00 0.00 0.00 0.41 0.17 0.04 N/A N/A N/A 0.12 0.19 0.06
Cl 0.00 0.00 0.00 0.00 0.00 0.00 N/A N/A N/A 0.04 N/A N/A

%  F e  o f  e x p e r im e n t  1, N o .  1 - 6  is  s h o w n  v s .  th e  r e d u c t io n  t e m p e r a tu r e  a t th e  5 0  

m in  r e d u c t io n  t im e  in  F ig u r e s  D - 2 .

Reduction temperature (๐C)



Figure D-2 E x p e r im e n t  1 g r a p h  o f  %  F e  v s .  r e d u c t io n  t e m p e r a tu r e  ( M o ld  A ) .

F r o m  e x p e r im e n t  1, w i t h  th e  r e d u c t io n  te m p e r a tu r e  o f  1300°c. a n d  a t 50 m in ,  
it y i e ld s  6 2 .9 0  %  F e . W ith  in c r e a s in g  o r  d e c r e a s in g  r e d u c t io n  te m p e r a tu r e ,  %  F e  a f te r  

r e d u c t io n  c h a n g e s  s l ig h t ly .  T h e n  %  F e  i s  in d e p e n d e n t  o f  t h e  r e d u c t io n  t e m p e r a tu r e ,  
w it h  th e  m o l  r a t io  o f  m ix t u r e  C /F e  =  0 .4 9 ,  L i m e s t o n e / A l 2 0 3 + S i 0 2  =  0 .8 9 ,  
B e n t o n i t e /F e  =  0 .0 2  a n d  M o ld  A  w h ic h  h a s  a  d ia m e t e r  o f  4  c m  a n d  7  c m  h ig h .
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D.2 Experiments 2

T o  im p r o v e  p r o d u c t iv i t y  o f  Iro n  N u g g e t s  fr o m  e x p e r im e n t  1 , u s e s  in c r e a s e d  th e  

m o l  r a t io  C /F e  o f  m ix t u r e  fr o m  0 .4 9  t o  1 .7 2  a n d  r e d u c e  s i z e  o f  p e l l e t  f r o m  m o ld  A  

w h ic h  h a s  a  d ia m e t e r  o f  4  c m  a n d  7  c m  h ig h  to  m o ld  B  w h i c h  h a s  a  d ia m e t e r  o f  2 .5  

c m  a n d  4  c m  h ig h .  T h e  w e i g h t s  o f  p e l l e t  a f te r  r e d u c t io n  a r e  s h o w n  in  T a b le  D - 3 .

Table D-3 E x p e r im e n t  2 ;  th e  w e ig h t  o f  N o .  1 - 5  a f t e r  r e d u c t io n  t h r o u g h  M o ld  B

N o.
R e d u c tio n

T e m p e ra tu re
(°C )

T im e (m in ) A fte r Redl 
(1 pe lle t

jc tio n
) ( g )

H ea ting  from  
ro o m  tem p era tu re

(30°C )

H old  on 
red u c tio n  

tem p era tu re

C oo l
d o w n
(h r )

Iron
nugget S lag

1 1500 147 50 4.16 0.85
2 1450 137 50 2.65 3 .14
3 1400 127 50 20 5.15
4 1300 117 50 9.15
5 1200 107 50 6 .67

N o . 1 1500°c, 50 m in 
Iron n u g g e t s iz e  =  6 .5 8 -1 1 .7 1  m m

N o . 5 1200°c, 50 m in

Figure D-3 E x p e r im e n t  2 :  th e  p e l l e t  a f te r  th e  r e d u c t io n .
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P r o d u c t s  f r o m  th e  r e d u c t io n  w e r e  c h a r a c t e r iz e d  %  w t  E le m e n t  b y  E D X ;  

c h a r a c t e r iz a t io n  i s  s h o w n  in  A p p e n d ix  A - 2 .  T a b le  D - 2  s h o w s  th e  %  E le m e n t  o f  N o .  
1 -5  in  th e  e x p e r im e n t  2 .  %  F e  o f  e x p e r im e n t  2  i s  s h o w n  v s .  th e  r e d u c t io n  te m p e r a tu r e  

at th e  5 0  m in  r e d u c t io n  t im e  in  F ig u r e s  D - 4 .



Table D-4 E x p e r im e n t 2  % w t E le m e n t  o f  N o . 1 - 5  at r e d u c tio n  t im e  5 0  m in

E le m e n t
%  w t  E le m e n t  o f  N o .  1 - 5 S D

1 2
3 4 5

2
3 4 5Iro n

n u g g e t s la g Iro n
n u g g e t s la g Iro n

n u g g e t s la g Ir o n
n u g g e t s la g

c 1 .8 3 2 .7 4 1 .8 5 3 5 .8 1 3 .7 7 8 .4 5 0 0 .2 8 3 .0 4 0 .5 1 1 7 .6 8 1 .9 7 4 .0 0 N / A
0 1 .7 1 2 8 .0 2 0.00 1 9 .6 0 1 1 .8 3 1 2 .7 0 2 6 .3 9 1.11 2 .0 8 N / A 3 .1 1 2.22 0 .7 6 0 .1 7

A1 0.22 1 1 .3 8 0.00 2 .6 5 1 .0 4 1 .1 4 1 .7 3 0 .0 3 1.02 N / A 0 .7 5 0 .1 6 0 .3 4 0 .1 8
S i 0 .4 1 0 .0 3 0.00 3 .8 8 2.10 2 .0 9 3 .6 6 0 .0 7 0 .5 2 N / A 2 .1 3 0.12 0 .4 6 0 .2 3
K 0.00 1.88 0.00 0 .1 8 0 .3 3 0 .3 6 0 .8 2 N / A 0 .6 7 N / A 0 .0 4 0 .0 9 0.12 0 .0 4
F e 9 2 .9 2 4 .1 2 9 5 .5 2 2 .3 4 7 6 .2 8 7 0 .0 2 6 1 .2 1 1 .9 2 3 .3 6 0 .3 6 8 .8 3 1 .3 8 3 .2 8 0 .0 5
Z r 0 .6 5 1 .0 7 0.00 0 .3 5 1 .4 8 0 .5 2 0.22 0.21 1 .5 1 N / A 0 .4 4 0.20 0.22 0 .3 8

M n 0.00 0.00 0.00 0.00 0.00 0 .0 4 0.00 N / A N / A N / A N / A N / A 0 .0 6 N / A
C a 0 .0 7 1 9 .9 7 0.00 1 2 .6 1 2 .4 1 3 .9 1 4 .5 6 0 .0 6 . . 4 .2 1 N / A . 4 .2 4 0 .1 4 0.88 0.21
T i 0.00 0.22 0.00 0.10 0.00 0.02 0.00 N / A - ' 0 :2 5 ■ N / A  - • 0 .1 7 N / A 0 .0 3 N / A

A u 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N / A N / A N / A N / A N / A N / A N / A
C u 0 .1 6 0.00 0.00 0.00 0 .0 5 0.02 0.00 0 .2 7 N / A N / A N / A 0 .0 5 0 .0 4 N / A
p 0 .2 8 0 .2 4 1 .6 7 0.00 0.00 0 .1 7 0 .2 6 0 .1 5 0 .3 1 0 .2 7 0.00 N / A 0 .1 7 0 .2 6
ร 1 .6 4 0.12 0 .9 7 2 .4 8 0 .5 2 0 .5 4 0 .8 5 0 .5 8 0 .1 5 0 .0 3 1 .0 9 0 .1 4 0.10 0 .1 5

M g 0 .1 6 0 .0 4 0.00 0.00 0 .0 8 0 .0 4 0.20 0 .2 7 0 .0 4 N / A N / A 0 .0 4 0.02 0 .3 4
N a 0.00 0 .1 8 0.00 0.00 0 .1 3 0.00 0.10 N / A 0 .1 6 N / A N / A 0 .0 3 N / A 0 .1 8
C l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N / A N / A N / A N / A N / A N / A N / A
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Reduction Temperature (°C)

Figure D - 4  E x p e r im e n t  2 :%  F e  v s .  r e d u c t io n  t e m p e r a tu r e  ( M o l d  B ) .

F r o m  e x p e r im e n t  2,th e  m e ta l  a n d  s la g  s e p a r a te  p e r f e c t l y  a t th e  r e d u c t io n  

te m p e r a tu r e  b e t w e e n  1450-1500°c a n d  a t 50 m in  w i t h  m o l  r a t io  o f  m ix t u r e  C /F e  =  

1 .7 2  (m o r e  th a n  1.5 f r o m  E q .E - 1  in  A p p e n d ix  E .) ,  L i m e s t o n e / A l 2 0 3 + S i 0 2  =  0.89 a n d  

B e n t o n i t e /F e  =  0.02 a n d  M o ld  B  w h i c h  h a s  a  d ia m e t e r  o f  2.5 c m  a n d  4 c m  h ig h .  T h e  

s i z e s  o f  I r o n  n u g g e t s  a r e  s m a l l  ( l e s s  th a n  1 c m )  b e c a u s e  o f  u s i n g  th e  s m a l le r  p e l l e t s  

fr o m  M o ld  B . T h e  %  y i e l d  o f  N o .  1-5 i s  s h o w n  in  T a b le  D-5.



79

Table D-5 E x p e r im e n t  2 ;  %  y ie ld  v s .  r e d u c t io n  t e m p e r a tu r e  a f te r  th e  r e d u c t io n  o f  

Iro n  n u g g e t s

N o.
% w t 

Iron O re 
in

m ix tu re

% w t Fe 
in

m ix tu re

D ried  
W eig h t o f  
pe lle t (g)

Fe In
put (g)

%  Fe 
N u g g e t 

from  
E D X

Iron
n u g g e t

(g )

Fe
O u tp u t

(g )
%  Y ield

1

61 .288 34 .32

11.58 3 .97 9 2 .90 4 .03 3 .74 94 .20
2 12.79 4 .39 9 5 .50 2 .65 2.53 57 .65
3 12.93 4 .44 - - - -

4 17.00 5.83 - - - -

5 11.98 4.11 - - - -

D.3 Experiment 3

E x p e r im e n t  3 u s in g  m o ld  A  to  m a k in g  p e l l e t s  fo r  in c r e a s e  s i z e  o f  I r o n  n u g g e t  

fr o m  e x p e r im e n t  2 . T h e  w e ig h t s  o f  p e l l e t  a f te r  r e d u c t io n  a re  s h o w n  in  T a b le  D - 6 .

Table D-6 E x p e r im e n t  3 ; th e  w e i g h t  o f  N o .  1 - 7  a f te r  r e d u c t io n  th r o u g h  M o ld  A

N o . R e d u c t io n  
T e m p e r a tu r e  ( ๐C )

H o ld  o n  r e d u c t io n  
te m p e r a tu r e  ( m in )

A f t e r  Rt 
(1 p e l

e d u c t io n  
e t )  ( g )

I r o n  n u g g e t S la g

1 1 5 0 0 5 0 1 9 .6 3 6 .8 3
2 1 4 5 0 5 0 1 9 .7 5 5 .2 1
3 1 4 0 0 5 0 1 8 .3 8 1 1 .6 5
4 1 3 7 5 5 0 2 4 .7 8
5 1 3 5 0 5 0 2 7 .2 6
6 1 3 0 0 5 0 2 4 .0 0
7 1200 5 0 2 8 .5 3



8 0

N o . 1 1 5 0 0 ° c ,  5 0  m in 
Iron n u g g e t s ize  =  1 .4 3 -2 .9 7  cm  
S lag  S ize=  2 .0 1 -2 .4 9  cm

N o . 2 1450°c, 50 m in 
Iron  n u g g e t s ize  =  0.45-2.03 cm 
S lag  s ize  =  0 .7 8 -1 .6 6  cm

N o . 3 1400°c, 50 m in N o . 4 1375°c, 50 m in
Iron n u g g e t s ize  =  0.51-2.35 cm  
S lag  s ize  =  0.65-1 .38 cm



8 1

N o. 7 1200°c, 50 m in

Figure D-5 E x p e r im e n t  3 : th e  p e l l e t  a f te r  th e  r e d u c t io n .

P r o d u c t s  fr o m  th e  r e d u c t io n  w e r e  c h a r a c t e r iz e d  %  w t  E le m e n t  b y  E D X ;  

c h a r a c t e r iz a t io n  i s  s h o w  in  A p p e n d ix  A - 2 .  T a b le  D - 7  s h o w s  th e  %  E le m e n t  o f  N o .  1— 

7 in  th e  e x p e r im e n t  3 . %  F e  o f  e x p e r im e n t  3 i s  s h o w n  v s .  th e  r e d u c t io n  t e m p e r a tu r e  at 

th e  5 0  m in  r e d u c t io n  t im e  in  F ig u r e s  D - 5 .



Table D-7 E x p e r im e n t  3 ; %  w t  E le m e n t  o f  N o .  1 - 7  a t th e  r e d u c t io n  t im e  5 0  m in

E l e m e n t

%  w t  E l e m e n t  o f  N o .  1 - 7 S D
1 2 3

4 5 6 7
1 2 3

4 5 6 7Ir o n
n u g g e t S l a g Iron

n u g g e t S l a g Ir on
n u g g e t S l a g Ir on

n u g g e t S l a g Iron
n u g g e t S l a g Ir on

n u g g e t S l a g

c 3 . 6 8 3 . 0 7 7 0 5 0 . 0 0 2 . 5 8 0 . 6 4 1 . 6 0 4 . 4 4 0 . 5 2 1 .4 6 0 . 3 7 5 . 0 6 0 . 3 5 0 . 0 0 0 . 4 7 1 .11 0 . 4 7 2 . 1 1 0 . 1 6 0 . 0 6
0 1 .1 2 3 4 . 6 5 1 .0 0 3 5 . 8 5 2 . 2 6 3 6 . 7 7 1 2 . 2 9 1 4 . 7 2 1 3 . 8 4 1 5 . 1 9 0 . 3 3 4 . 0 9 0 . 5 7 1 . 0 7 0 . 8 6 1 .2 3 1 . 2 0 1 .7 3 1 . 2 4 1 . 0 2
A l 0 . 0 3 6 . 9 7 0 .0 1 8 . 6 8 0 . 0 1 7 . 7 7 1 .4 4 0 . 8 8 1 . 0 4 0 . 7 2 0 . 0 5 0 . 2 2 0 . 0 1 1 .7 7 0 . 0 2 0 . 4 8 0 . 4 3 0 . 2 4 0 . 5 1 0 . 2 6
S i 0 . 0 1 1 4 . 9 9 0 . 0 0 1 6 . 5 9 0 . 1 3 1 7 . 8 2 2 . 8 9 1 .3 5 1 .8 4 1 .4 2 0 . 0 2 2 . 3 3 0 . 0 0 2 . 1 0 0 . 0 7 0 . 7 6 1 .3 5 0 . 5 0 1 . 0 0 0 . 5 2
K 0 . 0 0 0 . 5 5 0 . 0 0 0 . 9 3 0 . 0 0 0 . 5 8 0 . 2 7 0 . 1 7 0 . 1 2 0 . 1 0 0 . 0 0 0 . 3 7 0 . 0 0 0 . 3 0 0 . 0 0 0 . 1 1 0 . 0 8 0 . 1 0 0 . 1 1 0 . 0 5
F e 9 3 . 0 9 6 . 7 2 9 0 . 2 0 2 . 7 0 9 2 . 1 5 4 . 1 3 7 4 . 0 2 7 4 . 0 4 7 7 . 3 2 7 7 . 0 0 0 . 7 1 4 . 6 2 1 . 3 6 0 . 4 4 0 . 7 3 3 . 5 9 3 . 2 8 3 . 4 4 5 . 3 5 3 . 3 7
Z r 0 .3 1 0 . 1 0 0 . 2 3 0 . 9 0 0 . 2 1 0 . 0 9 0 . 4 1 0 . 2 3 0 . 3 7 0 . 0 0 0 . 3 5 0 . 1 8 0 . 4 0 1 . 5 6 0 . 3 7 0 . 1 6 0 . 1 7 0 . 2 5 0 . 4 6 0 . 0 0

M n 0 . 0 0 0 . 1 7 0 . 0 0 0 . 2 2 0 . 0 0 0 .1 1 0 . 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 1 9 0 . 0 0 0 . 1 6 0 . 0 0 0 . 1 9 0 . 0 5 0 . 0 0 0 . 0 0 0 . 0 0
C a 0 . 0 7 3 1 . 2 0 0 . 0 4 3 2 . 8 5 0 . 1 7 3 0 . 4 2 5 . 3 9 3 . 5 2  '• 4 . 1 0 3 . 5 0 0 . 0 2 1 0 . 0 4 0 . 0 7  . 1 .8 4 - 0 . 0 7 0 . 8 3 1 .5 3 0 .9 1 2 . 2 6 1 .3 6
T i 0 . 0 0 0 . 4 6 0 . 0 0 0 . 4 3 0 . 0 0 0 . 5 2 0 . 0 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 2 7 0 . 0 0 0 . 2 3 0 . 0 0 0 . 0 4 0 . 0 4 0 . 0 0 0 . 0 0 0 . 0 0
A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
C u 0 . 2 3 0 . 0 6 0 . 1 9 0 . 0 0 0 . 0 6 0 . 0 0 0 . 1 3 0 . 0 0 0 . 0 7 0 . 0 0 0 . 2 0 0 . 1 1 0 . 1 7 0 . 0 0 0 . 1 0 0 . 0 0 0 . 0 6 0 . 0 0 0 . 1 3 0 . 0 0
p 0 . 7 6 0 . 0 0 0 . 6 5 0 . 0 0 1 .1 4 0 . 0 9 0 . 6 4 0 . 1 0 0 . 2 0 0 . 3 7 0 . 2 2 0 . 0 0 ' 0 . 1 5 0 . 0 0 0 . 2 0 0 . 1 6 0 . 3 7 0 . 1 8 0 . 1 8 0 . 2 5
ร 0 . 6 9 0 . 5 8 0 . 6 3 0 . 2 9 1 .2 9 0 . 4 9 0 . 6 8 0 . 5 0 0 . 5 5 0 . 2 1 0 . 0 5 0 . 2 0 0 . 1 1 0 . 0 9 0 . 1 7 0 . 0 8 0 . 0 2 0 . 1 8 0 . 5 0 0 . 0 3

M g 0 . 0 0 0 . 3 8 0 . 0 0 0 . 4 3 0 . 0 0 0 . 5 4 0 . 0 8 0 . 0 3 0 . 0 2 0 . 0 0 0 . 0 0 0 . 2 0 0 . 0 0 0 . 1 0 0 . 0 0 0 . 0 5 0 . 0 4 0 . 0 6 0 . 0 3 0 . 0 0
N a 0 . 0 0 0 . 0 8 0 . 0 0 0 . 1 4 0 . 0 0 0 . 0 2 0 . 1 0 0 . 0 0 0 . 0 0 0 . 0 4 0 . 0 0 0 . 1 3 0 . 0 0 0 . 0 9 0 . 0 0 0 . 0 3 0 . 0 2 0 . 0 0 0 . 0 0 0 . 0 4
Cl 0 . 0 0 0 . 0 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
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Figure D-6 E x p e r im e n t  3 g r a p h  o f  %  F e  v s .  r e d u c t io n  te m p e r a tu r e  ( M o l d  A ) .

F r o m  e x p e r im e n t  3 , th e  m e ta l  a n d  s la g  s e p a r a te  p e r f e c t ly  a t th e  r e d u c t io n  

te m p e r a tu r e  b e t w e e n  1450—1500°c at 50 m in , w it h  th e  m o l  r a t io  o f  m ix t u r e  C /F e  =  

1 .7 2  ( m o r e  th a n  1 .5  f r o m  E q .E -1  in  a p p e n d ix  E .) ,  L i m e s t o n e / A l 2 0 3 + S i 0 2  =  0 .8 9  a n d  

B e n t o n i t e  =  0 .0 2 / F e  a n d  M o ld  A  w h ic h  h a s  a  d ia m e te r  o f  2 .5  c m  a n d  4  c m  h ig h .  T h e  

%  y ie ld  o f  N o .  1 - 7  i s  s h o w n  in  T a b le  D - 8 .
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Table D-8 E x p e r im e n t  3 ; %  y ie ld  v s .  r e d u c t io n  t e m p e r a tu r e  a f te r  th e  r e d u c t io n  o f  

Ir o n  n u g g e t s

N o .
% w t  
Ir o n  

O r e  in  
m ix t u r e

% w t F e  
in

m ix t u r e

D r ie d  
W e ig h t  

o f  p e l le t  
( g )

F e  In 
p u t
( g )

%  F e  
N u g g e t  

fr o m  
E D X

Ir o n
n u g g e t

( g )

F e
O u tp u t

( g )
%  Y i e ld

1

6 1 .2 8 8 3 4 .3 2

5 3 .0 9 1 8 .2 2 9 3 .0 9 1 9 .6 3 1 8 .2 7 1 0 0 .2 9
2 5 3 .0 9 1 8 .2 2 9 0 .2 0 1 9 .7 5 1 7 .8 1 9 7 .7 7
3 5 3 .3 7 1 8 .3 2 9 2 .1 5 1 8 .3 8 1 6 .9 4 9 2 .4 6
4 5 0 1 7 3 1 7 .4 1 - - - -

5 5 2 .6 3 1 8 .0 6 - - - -

6 5 3 .4 0 1 8 .3 3 - - - -

7 5 3 .0 9 1 8 .2 2 - - - -

T h e  %  y ie ld  a f te r  r e d u c t io n , o f  N o .  1 i s  o v e r  1 0 0  %  b e c a u s e  o t h e r  r a w  m a te r ia ls  

h a v e  ir o n  c o n t e n t s  ( D a i  c o a l  h a s  %  F e  =  2 .2 5  a n d  B e n t o n i t e  h a s  %  F e  =  3 .5 6 )  a n d  

e r r o r s  fr o m  t h e  m e a s u r e m e n t s .
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D.4 Experiment 4

T h e  r e d u c t io n  t im e  a n d  r e d u c t io n  te m p e r a tu r e  w e r e  v a r ie d  to  d e t e r m in e  

s u i t a b le  c o n d i t io n s  fo r  t h e  ir o n  n u g g e t  p r o d u c t io n .  T h e  w e i g h t s  o f  p e l l e t  a fte r  

r e d u c t io n  a re  s h o w n  in  T a b le  D - 9 .

Table D-9 E x p e r im e n t  4 ;  th e  w e i g h t  o f  N o .  1 - 1 2  a f te r  r e d u c t io n  th r o u g h  M o ld  A

N o . R e d u c t io n  
T e m p e r a tu r e  ( ๐C )

H o ld  o n  r e d u c t io n  
te m p e r a tu r e  ( m in )

A f t e r  R( 
(1 p e l

e d u c t io n
e t )  (g)

Ir o n  n u g g e t S la g

1 1 4 5 0 4 0 1 6 .6 8 7 .1 1
2 1 4 5 0 3 0 ; 1 8 .5 1 8 .2 4
3 1 4 5 0 20 1 7 .5 4 8 .7 0
4 1 4 5 0 10 - 1 7 .9 6 9 .5 7
5 1 4 2 5 3 0 1 7 .9 0 8 .7 7
6 1 4 2 5 20 1 7 .3 0 1 0 .4 7
7 1 4 2 5 15 1 7 .2 0 7 .1 6
8 1 4 2 5 10 2 6 .8 6
9 1 4 0 0 4 0 1 5 .9 2 8.88
10 1 4 0 0 3 5 2 7 .1 1
11 1 4 0 0 3 0 2 6 .7 3
12 1 3 7 5 4 0 2 6 .2 9

N o . 1 1450°c, 40 m in 
Iron  n u gg e t s ize  =  0.48-2.49 cm  
S lag  s ize  =  0.33-1.90 cm

N o . 2 1450°c, 30 m in 
Iron n u g g e t s ize  =  1 .2 4 -2 .1 2  cm  

S lag  s ize  =  0.56-1 .18 cm
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N o . 3 1450°c, 20 m in  N o .  4 1450°c, 10 m in
Iron n u g g e t  s iz e  =  0.21-1.92 cm  Iron n u g g e t s iz e  =  0 .6 7 - 1 .9 6  cm
S la g  s iz e  =  0.81-1.20 cm  S la g  s iz e  =  0.44-1.14 cm

N o . 5 1425°c, 30 m in  N o . 6 1425°c, 20 m in
Iron n u g g e t s iz e  =  0.56-2.23 cm  Iron n u g g e t s iz e  =  1. 2 2 - 2 .3 7  cm
S la g  s iz e  =  0.68-1.48 cm  S la g  s iz e  =  0.72-1.36 cm

N o . 7 1425°c, 15 m in  N o . 8 1425°c, 10 m in
Iron n u g g e t s iz e  =  0.54 - 2 .3 2  cm  
S la g  s iz e  =  0.41-1.06 cm
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N o . 9  1400°c, 40 m in N o . 10 1400°c, 3 5  m in

N o . 11 1400°c, 30 m in N o . 12 1 3 7 5 ° c ,  4 0  m in

Figure D - 7  E x p e r im e n t  4 :  th e  p e l l e t  a f te r  th e  r e d u c t io n .

P r o d u c t s  f r o m  t h e  r e d u c t io n  w e r e  c h a r a c t e r iz e d  %  w t  E le m e n t  b y  E D X ;  

c h a r a c t e r iz a t io n  i s  s h o w n  in  A p p e n d ix  A - 2 .  T a b le  D - 1 0  s h o w s  th e  %  E le m e n t  o f  N o .  
1 - 1 2  in  th e  e x p e r im e n t  4 .



Table D-10 E x p e r im en t 4  % พ t E le m e n t  o f  N o . 1 - 1 2

Element

% wt Element of No. 1-12
1 2 3 4 5 6 7

8
9

10
11

Iron
nugget Slag Iron

nugget Slag Iron
nugget Slag Iron

nugget Slag Iron
nugget Slag Iron

nugget Slag Iron
nugget Slag Iron

nugget Slag Iron
nugget Slag

12

c 2.98 1.07 8.31 0.68 2.36 2.33 3.11 1.51 2.03 1.33 2.77 1.36 1.85 1.36 1.92 2.50 16.94 1.28 1.60 17.03 2.98
0 1.73 25.94 0.11 32.45 1.63 34.06 0.00 31.38 0.21 34.71 0.60 33.54 1.92 33.54 7.58 2.28 23.17 5.29 1.74 27.04 8.57
Al 0.56 6.90 0.12 7.41 0.41 7.32 0.06 7.22 0.08 7.68 0.21 7.19 0.49 7.19 0.98 0.09 4.97 0.41 0.53 5.25 2.18
Si 0.83 16.23 0.00 17.64 0.88 17.23 0.22 17.13 0.19 17.56 0.40 16.87 1.05 16.87 0.84 0.10 11.21 0.81 0.50 11.16 4.01
K 0.00 5.85 0.00 1.26 0.01 1.40 0.00 1.33 0.00 1.42 0.00 1.44 0.04 1.44 0.07 0.00 1.39 0.23 0.06 1.12 0.34

Fe 92.13 3.51 89.92 4.23 92.06 4.14 94.49 6.18 95.67 3.48 93.95 7.04 91.86 7.04 85.72 91.45 19.94 88.94 92.65 13.77 74.14
Zr 0.00 0.18 0.00 0.09 0.00 0.46 0.00 0.37 0.00 0.92 0.00 0.38 0.00 0.38 0.23 0.00 0.09 0.21 0.19 0.23 0.57
Mn 0.00 0.14 0.00 0.37 0.00 0.25 0.00 0.39 0.00 0.12 0.00 0.31 0.00 0.31 0.00 0.00 0.00 0.00 0.00 0.14 0.00
Ca 0.18 38.55 0.01 34.44 0.62 31.34 0.07 29.56 0.05 31.27 0.23 30.57 0.64 30.57 0.92 0.37 19.33 0.69 1.11 20.76 6.14
Ti 0.00 0.64 0.00 0.57 0.00 0.53 0.00 4.09 0.00 0.57 0.00 0.53 0.00 0.53 0.00 0.00 0.35 0.00 0.00 0.35 0.00
Au 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cu 0.15 0.00 0.08 0.00 0.19 0.00 0.37 0.00 0.11 0.00 0.18 0.00 0.15 0.00 0.13 0.00 0.00 0.31 0.10 0.00 0.03
p 0.81 0.00 0.78 0.00 0.99 0.00 0.92 0.00 0.95 0.00 0.93 0.00 1.05 0.00 0.31 1.40 0.73 0.50 0.50 0.52 0.22
ร 0.64 0.36 0.56 0.26 0.83 0.20 0.76 0.15 0.72 0.22 0.72 0.12 0.83 0.12 0.75 1.81 1.60 1.29 0.99 2.26 0.46

Mg 0.00 0.36 0.10 0.47 0.02 0.46 0.00 0.44 0.00 0.50 0.00 0.44 0.07 0.44 0.51 0.00 0.27 0.00 0.01 0.23 0.19
Na 0.00 0.21 0.00 0.15 0.00 0.27 0.00 0.27 0.00 0.21 0.00 0.21 0.02 0.21 0.03 0.00 0.02 0.04 0.00 0.14 0.00
Cl 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17



Elem ent

SD
1 2 3 4 5 6 7

8
9

10
11

12Iron
nugget Slag Iron

nugget Slag Iron
nugget Slag Iron

nugget Slag Iron
nugget Slag Iron

nugget Slag Iron
nugget Slag Iron

nugget Slag Iron
nugget Slag

c 1.09 1.64 0.20 1.18 0.25 4.04 0.64 2.62 0.22 1.18 0.15 2.36 0.37 2.36 1.07 0.53 15.57 1.05 0.86 1.28 0.68
0 0.20 4.27 0.19 0.91 0.68 3.66 0.00 2.64 0.19 2.89 0.13 8.14 0.88 8.14 1.35 0.19 7.22 0.47 1.34 1.96 2.14
Al 0.08 0.62 0.10 0.16 0.22 0.82 0.03 0.56 0.04 0.38 0.07 0.73 0.19 0.73 0.52 0.04 1.48 0.12 0.42 0.88 0.28
Si 0.34 1.15 0.00 0.34 0.46 1.94 0.03 1.36 0.01 0.71 0.10 1.32 0.44 1.32 0.56 0.03 2.85 0.28 0.22 2.30 0.49
K 0.00 7.51 0.00 0.07 0.02 0.07 0.00 0.19 0.00 0.13 0.00 0.22 0.04 0.22 0.13 0.00 0.94 0.13 0.11 0.38 0.02
Fe 1.07 0.80 0.60 0.62 1.41 1.30 0.93 2.39 0.20 1.23 0.30 1.58 1.80 1.58 2.42 0.53 2.22 1.08 0.07 2.83 3.60
Zr 0.00 0.31 0.00 0.15 0.00 0.79 0.00 0.64 0.00 1.31. 0,00 0,66 0.00 0.66 0.21 0.00 0.15 0.18 0.17 0.20 0.32
Mn 0.00 0.24 0.00 0.08 0.00 0.16 0.00 0.15 0.00 0.21 0.00 0.11 0.00 0,11 0,00 0.00 0.00 0.00 0.00 0.04 0.00
Ca 0.14 4.81 0.02 1.22 0.41 1.38 0.07 6.96 0.05 1.01 0.02 5.46 0.26 5.46 0.69 0.10 8.26 0.12 0.72 1.63 0.91
Ti 0.00 0.23 0.00 0.01 0.00 0.02 0.00 6.05 0.00 0.08 0.00 0.07 0.00 0.07 0.00 0.00 0.17 0.00 0.00 0.07 0.00
Au 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cu 0.12 0.00 0.07 0.00 0.06 0.00 0.10 0.00 0.09 0.00 0.05 0.00 0.19 ■ 0 .00 0.12 0.00 0.00 0.14 0.07 0.00 0.03
P 0.25 0.00 0.18 0.00 0.12 0.00 0.19 0.00 0.18 0.00 0.02 0.00 0.07 0.00 0.04 0.15 0.69 0.14 0.17 0.66 0.27
ร 0.12 0.24 0.07 0.03 0.03 0.05 0.09 0.13 0.13 0.04 0.03 0.11 0.10 0.11 0.29 0.27 0.61 0.29 0.53 0.49 0.19

Mg 0.00 0.10 0.17 0.02 0.03 0.05 0.00 0.03 0.00 0.04 0.00 0.06 0.06 0.06 0.88 0.00 0.16 0.00 0.02 0.06 0.07
Na 0.00 0.04 0.00 0.01 0.00 0.03 0.00 0.09 0.00 0.05 0.00 0.16 0.04 0.16 0.06 0.00 0.04 0.06 0.00 0.12 0.00
Cl 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15
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F r o m  E x p e r im e n t s  3 - 4 ,  w e  c a n  c l a s s i f y  th e  t y p e  o f  sep a ra tio n  in t o  3 t y p e s  a s  

s h o w n  in  F ig u r e  C 4 .  T h e  %  y ie ld  o f  e a c h  p e l l e t  i s  s h o w n  in  T a b le  C - 2 .

C o m p le t e  s e p a r a t io n :
T h e  Iro n  w a s  r e d u c e d  c o m p l e t e ly .  T h e  m e t a l  a n d  
s la g  s e p a r a te  p e r f e c t ly .

E xperim ent 4 
No. 5 1 4 2 5 ° c ,  30 min 

Iron nugget size =  0 .5 6 - 2 .2 3  cm 
Slag size = 0 .6 8 - 1 .4 8  cm

P a r tia l s e p a r a t io n :
T h e  m e ta l  a n d  s la g  s e p a r a te  p a r t ia l ly .

E xperim ent 4 
No. 11 1400°c, 30 min

D ir e c t  r e d u c t io n :
T h e  Ir o n  r e d u c t io n  w a s  n o t  y e t  c o m p l e t e .  T h e  
m e ta l  a n d  s la g  a re  n o t  s e p a r a te d .

E xperim ent 3 
No. 5 1 3 5 0 ° c ,  50 min

F igure D-8 T y p e  o f  s e p a r a t io n .
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T able D -l 1 E x p e r im e n t  4  % y ie ld  a fter  re d u c tio n  o f  Iron  n u g g e ts

No.
%wt 
Iron 

Ore in 
mixture

%wt Fe 
in

mixture

Dried 
Weight 
of pellet 

(g)

Fe In 
put
(g)

% Fe 
Nugget 

from 
EDX

Iron
nugget

(g)

Fe
Output

(g)
% Yield Separation

Status

1

61.29 34.32

51.93 17.82 92.13 16.68 15.37 86.22 Complete
2 52.59 18.05 89.92 18.51 16.64 92.21 Complete
3 51.61 17.71 92.06 17.54 16.15 91.16 Complete
4 52.01 17.85 94.49 17.96 16.97 95.07 Complete
5 52.17 17.91 95.67 17.90 17.12 95.64 Complete
6 51.61 17.71 93.95 17.30 16.25 91.76 Complete
7 51.95 17.83 91.86 17.20 15.80 88.61 Complete
8 51.51 17.68 - - - - Partial
9 52.63 18.06 91.45 15.92 14.56 80.60 Complete
10 52.35 17.97 - - - - Partial
11 52.43 17.99 - - - - Partial
12 51.19 17.57 . .

Direct
reduction

F r o m  E x p e r im e n t s  3 —4 , th e  s u i t a b le  c o n d i t io n s  fo r  m a k in g  Ir o n  n u g g e t  a t %  

y ie ld  m o r e  th a n  90 %  a r e  f r o m  u s in g  th e  m o l  r a t io  o f  m ix t u r e  C /F e  =  1 .72 ( m o r e  th a n
1.5 f r o m  E q .E - 1  in  A p p e n d i x  E .) ,  L im e s t o n e /A F O s + S iC F  =  0.89 a n d  B e n t o n i t e /F e  =  

0.02 a n d  M o ld  A  w h i c h  h a s  a  d ia m e t e r  o f  2.5 c m  a n d  4 c m  h ig h  w i t h  th e  r e d u c t io n  

te m p e r a tu r e  1425°c, a n d  a t 20 m in  r e d u c t io n  t im e .
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D.5 E xperim ent 5

A l l  p e l l e t s  w e r e  r e d u c e d  a t th e  r e d u c t io n  te m p e r a tu r e  1425°c a n d  th e  r e d u c t io n  

t im e  o f  2 0  m in .  E x p e r im e n t  5, th e  m o l  r a tio  C /F e  o f  m ix t u r e  w a s  v a r ie d  t o  m in im iz e  

th e  D a i  c o a l  u s a g e .  T h e  w e i g h t s  o f  N o .  1 - 8  a f t e r  th e  r e d u c t io n  a re  s h o w n  in  T a b le  D -  

12.

Table D-12 E x p e r im e n t  5 ; th e  w e i g h t  o f N o . 1 - 8  a fte r  th e  r e d u c t io n  th r o u g h  M o ld  A

N o . R e d u c tio n  
T em p era tu re  (° C )

H o ld  on  
red u ctio n  

tem p eratu re  
(m in )

m o l  r a t io
C /F e

A f t e r  R e d u c t io n  
(3  p e l l e t s )  ( g )

Iro n
n u g g e t S la g

1

14 25 2 0

1 .2 4 8 4 . 05
2 1 .3 4 8 2 .5 4
3 1 .4 4 6 1 .9 2 2 1 .7 9
4 1 .5 3 5 7 .6 0 1 9 .2 9
5 1 .6 3 5 4 .7 2 1 8 .6 2
6 1 .7 2 5 2 .5 1 2 0 .4 7
7 1 .8 2 4 9 .2 0 2 5 .3 6
8 1 .9 1 5 2 .6 9 1 6 .2 6

N o . 1 1425°c, 20 m in  N o . 2  1425°c, 20 m in
C /F e  =1.24/1 C /F e  =1.34/1
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N o .  3 1 4 2 5 ° c ,  2 0  m in  
C / F e =  1 .44 /1

Iron n u g g e t  s iz e  =  2 .4 6 - 6 .1  cm  
S la g  s iz e  =  0 .7 4 - 3 .0  cm

N o . 4  1425°c, 2 0  m in  
C /F e  =  1 .53/1

Iron n u g g e t  s iz e  =  1 .8 8 - 3 .5 8  cm  
S la g  s iz e  =  0 4 8 - 2 .1 9  cm

N o . 5 1425°c, 2 0  m in  
C /F e  =  1 .63 /1

Iron n u g g e t  s iz e  =  0 .6 4 - 3 .7 9  cm  
S la g  s iz e  =  0 .4 7 - 1 .9 4  cm

N o . 6  1 4 2 5 ° c ,  2 0  m in  
C /F e  =  1 .72 /1

Iron n u g g e t  s iz e  =  1 .2 2 - 2 .3 7  cm  
S la g  s iz e  =  0 .7 2 - 1 .3 6  cm

N o . 7 1 4 2 5 ° c ,  2 0  m in  
C /F e  =  1 .82 /1

Iron n u g g e t  s iz e  =  0 .4 4 - 2 .3 9  cm  
S la g  s iz e  =  0 .5 4 - 1 .4 2  cm

N o . 8 1 4 2 5 ° c ,  2 0  m in  
C /F e  =  1 .91 /1

Iron n u g g e t s iz e  =  0 .9 9 - 2 .3 9  cm  
S la g  s iz e  =  0 .6 9 - 1 .1 5  cm

Figure D-9 E x p e r im e n t  5 : p e l l e t s  a f te r  th e  r e d u c t io n .
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P ro d u cts  fro m  th e  r e d u ctio n  w e r e  c h a ra c ter ized  %  w t E le m e n t  b y  E D X ;
ch a ra c ter iza tio n  is  sh o w n  in  A p p e n d ix  A -2 . T a b le  D -1 3  s h o w s  th e  %  E le m e n t  o f  N o .
1 - 8  in  th e  e x p e r im e n t  5 . T h e  % y ie ld  o f  N o . 1 - 8  is  sh o w n  in  T a b le  D -1 4 .
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T able D - 1 3  E x p e r im e n t  5 %  w t E le m e n t o f  N o . 1 - 8

Element

% wt Element of No. 1-8

1 2

3 4 5 6 7 8

Iron
nugget Slag Iron

nugget Slag Iron
nugget Slag Iron

nugget Slag Iron
nugget Slag Iron

nugget Slag

c 1.61 1.32 2.06 2.31 2.10 0.90 2.08 5.54 2.77 1 36 2.25 2.36 1.58 0.00

0 10.71 9.06 1.88 31.46 1.18 29.62 1.77 31.17 0.60 33.54 0.76 29.99 0.62 32.72

Al 2.22 2.68 0.37 6.44 0.21 6.91 0.29 6.69 0.21 7.19 0.16 7.05 0 16 7.57

Si 4.71 5.64 0.79 15.03 0.53 16.10 0.68 15.47 0.40 16.87 0.51 16,36 0.39 17.45

K 0.37 0.40 0.00 1.36 0.00 1.11 0.00 1.25 0.00 1.44 0.00 M l 0.00 0.88

Fe 71.05 69.41 91.08 6.03 93.67 1.90 92.97 3.47 93.95 7.04 94.39 1 83 93.45 1.19

Zr 0.52 0.59 0.11 0.72 0.00 0.33 0.00 0.97 0.00 0.38 0.00 0.30 0.00 0.00

Mn 0.04 0.00 0.00 0.20 0.00 0.00 0.00 0.37 0.00 0.3! 0.00 0.13 0.00 0.05

Ca 7.31 9.58 0,52 35.00 0.14 41.65 0.29 33.80 0.23 30.57 0.19 38.71 0.10 38.45

Ti 0.03 0.00 0.00 0.54 0.00 0.64 0.00 0.52 0.00 0.53 0.00 0.61 0.00 0.61

All ■0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cu 0.09 0.16 0.17 0.00 0.32 0.00 0,20 0,00 0.18 0.00 0.14 0.00 0.36 0.00

p 0.33 0.33 0.82 0.18 0.98 0.00 0.94 0.00 0.93 0.00 0.98 0.00 1.97 0.00

ร 0.74 0.49 1.29 0.32 0.83 0.35 0.78 0.21 0,72 0.12 0.62 1.05 1.31 0.49

Mg 0.15 0.22 0.02 0.36 0.03 0.44 0.01 0.41 0.00 0.44 0.00 0.44 0.06 0.46

Na 0.10 0.11 0.00 0.05 0.02 0.05 0.00 0.20 0.00 0.21 0.00 0.06 0.00 0.14

Cl 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Element

SD

1 2

3 4 5 6 7 8

Iron
nugget Slag Iron

nugget Slag Iron
nugget Slag Iron

nugget Slag Iron
nugget Slag Iron

nugget Slag

c 2.44 2.29 0.08 2.31 0.16 1.55 0.47 2.47 0.15 2.36 0,12 4.09 0.26 0.00

0 1.96 2.21 1.21 2.77 1.04 2.02 0.79 2.15 0.13 8.14 0.90 3.43 0.80 2.57

Al 0.05 0.71 0.10 0.63 0.19 0.68 0.08 0.64 0.07 0.73 0.21 0.83 0.07 0.30

Si 0.17 1.44 0.19 1.88 0.41 1.82 0.17 2.08 0.10 1.32 0.34 2.24 0.16 0.69

K 0.05 0.11 0.00 0.09 0.00 0.18 0.00 0.10 0.00 0.22 0.00 0.07 0.00 0.07

Fe 2.38 6.71 1.09 4.51 1.43 1.09 1.10 0.86 0,30 1.58 1.91 0.56 0.79 0.16

Zr 0.57 0.52 0.19 0.30 0.00 0.57 0.00 0.58 0.00 0.66 0.00 0.52 0.00 0.00

Mn 0.07 0.00 0.00 0.19 0.00 0.00 0.00 0.29 0.00 0.11 0.00 0.11 0.00 0.08

Ca 2.33 2.81 0.19 5.60 0.15 2.66 0.14 0.81 0.02 5.46 0.29 2.62 0.09 2.99

Ti 0.05 0.00 0.00 0.09 0.00 0.11 0.00 0.03 0.00 0.07 0.00 0.08 0.00 0.05

Au 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cu 0.09 0.19 0.07 0.00 0.21 0.00 0.17 0.00 0.05 0.00 0.16 0.00 0.24 0.00

p 0.34 0 19 0.36 0.31 0.24 0.00 0.21 0.00 0.02 0.00 0.09 0.00 0.20 0.00

ร 0.24 0.20 0.31 0.10 0.10 o i l 0.19 0.12 0.03 0.11 0.12 0.64 0.19 0.03

Mg 0.01 0.09 0.03 0.11 0.05 0.03 0.02 0.10 0.00 0.06 0.00 0.05 0.11 0.06

Na 0.18 0.12 0.00 0.04 0.04 0.09 0.00 0.04 0.00 0.16 0.00 0.05 0.00 0.14

Cl 0.00 000 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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T able D-14 E x p e r im e n t  5 %  y ie ld  a fter red u ctio n  from  Iron n u g g e ts

No.
%\vt 
Iron 

Ore in 
mixture

%wt Fe 
in

mixture

Dried 
Weight 

o f 3 
pellets 

(g)

Fe In 
put
(g)

% Fe 
Nugget 

from 
EDX

Iron
nugget

(g)

Fe
Output

(g)
% Yield Separation

status

1 67.22 37.64 155.24 58.43 - - - - Direct
reduction

2 65.94 36.93 156.19 57.68 - - - - Direct
reduction

3 64.71 36.24 159.23 57.71 91.08 61.92 56.40 97.73 Complete
4 63.53 35.58 149.90 53.33 93.67 57.60 53.95 101.17 Complete
5 62.39 34.94 150.10 52.44 92.97 54.72 50.88 97.01 Complete
6 61.29 34.32 153.05 52.53 93.95 52.51 49.34 93.92 Complete
7 60.23 33.73 152.96 51.59 94.39 49.20 46.44 90.02 Complete
8 59.20 33.15 156.35 51.83 93.45 52.69 49.24 95.00 Complete

T h e  m o l  r a t io  C /F e  =  1 .5 3  o f  N o .  4  is  s u i t a b le  b e c a u s e  h ig h  %  F e  in  Iro n  

n u g g e t s ,  h ig h  %  Y i e ld ,  a n d  l o w  D a i  c o a l  u s a g e .  T h e  %  y i e l d  a f te r  t h e  r e d u c t io n  o f  N o .  
4  i s  o v e r  1 0 0  %  b e c a u s e  o th e r  r a w  m a te r ia ls  h a v e  ir o n  c o n t e n t s  ( D a i  c o a l  h a s  %  F e  =  

2 .2 5  a n d  B e n t o n i t e  h a s  %  F e  =  3 .5 6 )  a n d  er r o r s  f r o m  th e  m e a s u r e m e n t s .

Table D-15 E x p e r im e n t  5  d e n s i t y  o f  I r o n  n u g g e t s

N o.
%  Fe Nugget 

from E D X

D ensity (g /cm 3)

Average S D

1 - - -

2 - - -

3 91.08 6 .14 10 0 .1 5 1 2
4 93.67 7.0701 0 .2 17 3
5 92.97 6.4010 0 .19 9 2
6 93.95 7 .134 0 0.324 1
7 94.39 7 .3 5 18 0 .2 15 1
8 93.45 6.9439 0 .3 119
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E x p e r im e n t  6  u s i n g  th e  m o l  r a t io  o f  m ix t u r e  C /F e  =  1.53 ( t h e  s u i t a b le  m o l  r a tio  

fr o m  E x p e r im e n t  5.) a n d  th e  m o l  r a t io  L i m e s t o n e /A l 2 0 3 + S i 0 2  o f  m ix t u r e  w a s  v a r ie d  

t o  m in i m iz e  th e  L i m e s t o n e  u s a g e .  A l l  p e l l e t s  w e r e  r e d u c e d  a t th e  r e d u c t io n  

te m p e r a tu r e  1425°c a n d  th e  r e d u c t io n  t im e  o f  2 0  m in .  T h e  w e i g h t s  o f  N o .  1 - 9  a fte r  

th e  r e d u c t io n  a re  s h o w n  in  ta b le  D - 1 6 .

D.6 E xperim en t 6

T a b l e  D - 1 6  E x p e r im e n t  5 ; th e  w e i g h t  o f  N o .  1 - 9  a f t e r  t h e  r e d u c t io n  th r o u g h  M o ld  A

N o .
R e d u c t io n

T e m p e r a tu r e
( ° C )

F lo ld  o n  
r e d u c t io n  

te m p e r a tu r e  
( m in )

M o l  r a t io
L im e s to n e /A E C E + S iC E

A f t e r  R e d u c t io n  
(3  p e l l e t s )  ( g )
Iro n

n u g g e t S la g
1

1 4 2 5 2 0

0 .5 0 6 3 .0 7 1 3 .7 6
2 0 .6 0 6 0 .8 2 1 8 .0 6
3 0 .7 0 6 3 .5 6 1 8 .0 7
4 0 .7 5 5 9 .9 2 1 7 .5 2
5 0 .8 9 6 3 .8 8 2 3 .7 8
6 1 .0 0 6 1 .71 2 3 .1 6
7 1 .2 6 6 0 .2 5 1 9 .45
8 1 .7 6 8 3 .1 9
9 2 .2 6 6 9 .3 0
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N o . 1 1 4 2 5 ° c ,  2 0  m in  
L im e s to n e /A l2 0 3 + S i 0 2 =  0 .5 /1  

Iron  n u g g e t  s iz e  =  0 .2 5 - 3 .8 9  cm  
S la g  s iz e  =  0 .6 7 - 1 .6 6  cm

N o . 2 1 4 2 5 ° c ,  2 0  m in  
L im e s to n e /A l20 3 + S i 0 2 =  0 .6 /1  

Iron n u g g e t s iz e  =  0 .9 6 - 3 .5 3  cm  
S la g  s iz e  =  0 .1 3 - 1 .4 6  cm

N o .  3 1 4 2 5 ° c ,  2 0  m in  
L im e s to n e /A l20 3 + S i 0 2 =  0 .7 /1  

Iron n u g g e t  s iz e  =  0 .8 6 - 1 .3 3  cm  
S la g  s iz e  =  0 .2 7 - 1 .4 5  cm

N o . 4 1425°c, 20 m in 
L im e sto n e /A l20 3 + S i0 2=  0.75/1 

Iron nugget size =  0.49-3.19 cm 
Slag size =  0.3-2.25 cm
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N o . 5 1425°c, 2 0  m in  
L im e s to n e /A l20 3+ S i 0 2=  0.89/1 

Iron n u g g e t  s iz e  =  0.35-2.94 cm  
S la g  s iz e  =  0.35-1.65 c m

N o . 6  1 4 2 5 ° c ,  2 0  m in  
L im e s to n e /A l20 3 + S i 0 2 =  1.0/1  

Iron n u g g e t  s iz e  =  0 .9 9 - 2 .2 3  cm  
S la g  s iz e  =  0 .7 8 - 1 .9 9  cm

N o . 6  1 4 2 5 ° c ,  2 0  m in  
L im e s to n e /A l20 3+ S i 0 2=  1 .26/1  

Iron n u g g e t  s iz e  =  0 .5 9 - 2 .4 1  cm  
S la g  s iz e  =  1 .8 3 - 2 .7 5  cm

N o . 7  1 4 2 5 ° c ,  2 0  m in  
L im e s to n e /A l20 3+ S i 0 2=  1 .76/1
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N o . 8 1425°c, 2 0  m in  
L im e s to n e /A l2C >3+Si02=  2 .2 6 /1

F ig u re  D -1 0  E x p e r im e n t  6 : th e  p e l l e t s  a f te r  th e  r e d u c t io n .

P r o d u c t s  f r o m  t h e  r e d u c t io n  w e r e  c h a r a c t e r iz e d .  %  w t  E le m e n t  b y  E D X ;  

c h a r a c t e r iz a t io n  r e s u lt  i s  s h o w n  in  A p p e n d ix  A - 2 .  T a b le  D - 1 7  s h o w s  th e  %  E le m e n t  

o f  N o .  1 -9  in  th e  e x p e r im e n t  6 . T h e  %  y ie ld  o f  N o .  1 - 9  i s  s h o w n  in  T a b le  D - l  8 .



Table D-17 E x p e r im e n t 6  % w t E le m e n t  o f  N o . 1 - 9

E lem en t

% w t  E le m e n t o f  p e lle t
1 2 3 4 5 6 7

8 9Iron
n u g g e t S la g Iron

n u g g e t S la g Iron
n u g g e t S la g Iron

n u g g e t S la g Iron
n u g g e t S la g Iron

n u g g e t S la g Iron
n u g g e t S la g

c 8 .6 8 0 .2 8 2 6 .2 6 4 .1 4 1 5 .5 6 0 .7 0 2 .6 6 0 .0 0 7 .1 7 3 .7 2 1 5 .3 0 1 .2 9 7 .5 3 0 .6 4 8 .11 14 .71
0 0 .3 4 4 0 .9 7 0 3 9 4 4 .6 5 1.15 4 1 .3 3 0 .2 8 3 5 .0 6 0 .8 8 3 8 .3 4 1 .28 4 3 .6 8 0 .8 2 3 2 .6 8 1 3 .1 2 1 2 .85
A1 0 .1 8 9 .7 5 0 .4 4 8 .6 2 0 .2 2 8 .2 8 0 .0 8 7 .9 3 0 .11 7 .0 3 0 .0 9 7 .4 0 0 .1 3 6 .0 3 5 .2 8 1.45
Si 0 .2 6 2 0 .0 2 0 .1 4 18 .51 0 .1 8 1 8 .49 0 .2 6 1 8 .2 7 0 .3 3 1 5 .8 6 0 .2 6 1 6 .45 0 .3 7 1 4 .4 2 2 .6 8 2 .7 6
K 0 .0 0 1 .5 0 0 .0 0 1 .26 0 .0 0 1.43 0 .0 0 1 .3 4 0 .0 0 0 .8 7 0 .0 0 0 .6 7 0 .0 0 0 .6 5 0 .2 5 0 .0 6
F e 8 9 .2 4 3 .4 7 7 1 .3 7 1 .39 8 1 .0 0 1 .94 9 4 .8 0 1 .7 6 8 9 .3 9 1 .6 9 8 0 .6 3 0 .5 0 8 9 .6 1 2 .6 4 5 3 .8 3 4 9 .0 4
Zr 0 .0 0 0 .1 4 0 .1 4 0 .0 0 0 .1 0 0 .1 9 0 .0 0 0 .0 0 0 .1 0 0 .1 1 0 .0 0 0 .1 5 0 .2 6 0 .1 3 0 .7 0 0 .5 6

M n 0 .0 0 0 .1 5 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .1 5 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .2 3 0 .1 4 0 .0 0
C a 0 .0 5 2 2 .0 8 0 .0 0 2 0 .5 1 0 .0 5 2 7 .1 6 0 .1 2 3 3 .6 6 0 .0 6 3 1 .3 3 0 .3 7 2 8 .5 8 0 .0 5 4 1 .0 5 1 4 .0 8 1 5 .9 6
Ti 0 .0 0 0 .5 4 0 .0 0 0 .1 7 0 .0 0 0 .1 4 0 .0 0 0 .5 9 0 .0 0 0 .3 0 0 .0 0 0 .1 7 0 .0 0 0 .5 0 0 .1 0 0 .2 2
A u 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
C u 0 .1 5 0 .0 0 0 .0 5 0 .0 0 o i l 0 .0 0 0 .1 4 0 .0 0 0 .1 5 0 .0 0 0 .0 0 0 .0 0 0 .2 5 0 .0 0 0 .0 7 0 .0 2
p 0 .5 6 0 .0 0 0 .71 0 .0 0 0 .9 4 0 .0 0 0 .8 6 0 .0 0 1 .0 4 0 .0 0 1 .05 0 .0 0 0 .5 4 0 .0 0 0 .3 7 0 .3 2
ร 0 .5 1 0 .1 9 0 .51 0 .0 4 0 .7 0 0 .0 0 0 .7 8 0 .4 9 0 .7 5 0 .3 3 1.01 0 .6 0 0 .4 3 0 .5 8 1 .25 1 .95

M g 0 .0 0 0 .5 6 0 .0 0 0 .4 9 0 .0 0 0 .3 4 0 .0 0 0 .5 0 0 .0 1 0 .4 1 0 .0 0 0 .5 0 0 .0 0 0 .4 5 0 .0 3 0 .0 9
N a 0 .0 3 0 .3 5 0 .0 0 0 .2 2 0 .0 0 0 .0 0 0 .0 0 0 .2 5 0 .0 1 0 .0 2 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
Cl 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0



E le m e n t

S D
1 2 3 4 5 6 7

8 9Iro n
n u g g e t S la g Iro n

n u g g e t S la g Iro n
n u g g e t S la g Iro n

n u g g e t S la g Iro n
n u g g e t S la g Iro n

n u g g e t S la g Iro n
n u g g e t S la g

c 0 .4 1 0 .4 9 2 .3 4 3 .7 2 1.51 1.21 0 .7 0 0 .0 0 1 .2 0 4 .1 8 1.55 1 .78 0 .4 9 1 .10 3 .0 3 3 .0 6
0 0 .3 5 0 .8 0 0 .6 8 3 .4 9 1 .08 2 .5 5 0 .2 5 3 .3 8 1 .1 0 8 .8 7 1.15 2 .6 7 0 .2 7 2 .6 2 2 .0 0 1 .58
A l 0 .1 8 0 .9 2 0 .2 3 0 .5 3 0 .3 9 0 .3 6 0 .0 8 0 .4 1 0 .0 2 0 .7 1 0 .0 7 0 .1 9 0 .0 2 0 .21 3 .3 3 0 .2 3
Si 0 .2 2 0 .5 3 0 .1 0 1.48 0 .0 7 0 .5 2 0 .1 3 0 .5 2 0 .0 8 1 .6 7 0 .2 2 0 .2 4 0 .0 7 0 .61 0 .1 9 0 .3 4
K 0 .0 0 0 .0 4 0 .0 0 0 .2 8 0 .0 0 0 .2 1 0 .0 0 0 .2 6 0 .0 0 0 .2 7 0 .0 0 0 .0 3 0 .0 0 0 .1 3 0 .2 3 0 .0 5
F e 1.42 0 .1 0 2 .2 5 0 .51 2 .4 1 0 .5 2 0 .5 7 0 .7 6 1 .00 0 .9 6 1 .20 0 .1 6 0 .5 6 0 .9 4 0 .4 5 6 .2 5
Z r 0 .0 0 0 .2 4 0 .1 7 0 .0 0 0 .1 7 0 .3 3 0 .0 0 0 .0 0 0 .0 9 0 .1 9 0 .0 0 0 .2 7 0 .11 0 23 0 .31 0 .21

M n 0 .0 0 0 .1 5 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 5 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .2 7 0 .1 4 0 .0 0
C a 0 .0 4 1 .44 0 .0 0 4 .9 1 0 .0 4 2 .7 6 0 .21 3 .4 0 0 .0 6 7 .6 5 0 .51 4 .0 8 0 .0 4 3 .4 4 1.61 3 .3 3
T i 0 .0 0 0 .0 5 0 .0 0 0 .1 7 0 .0 0 0 .1 3 0 .0 0 0 .0 7 0 .0 0 0 .1 5 0 .0 0 0 .0 2 0 .0 0 0 .0 3 0 .1 0 0 .0 9
A u 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
C u 0 .1 3 0 .0 0 0 .0 8 0 .0 0 0 .1 0 0 .0 0 0 .1 3 0 .0 0 0 .1 2 0 .0 0 0 .0 0 0 .0 0 0 .0 9 0 .0 0 0 .0 9 0 .0 4
P 0 .1 2 0 .0 0 0 .1 0 0 .0 0 0 .1 8 0 .0 0 0 .21 0 .0 0 0 .1 5 0 .0 0 0 .0 7 0 .0 0 0 .2 0 0 .0 0 0 .5 3 0 .0 8
ร 0 .0 3 0 .1 2 0 .0 6 0 .0 6 0 .0 8 0 .0 0 0 .1 8 0 .0 8 0 .0 9 0 .1 2 0 .5 4 0 .0 9 0 .1 3 0 .2 3 0 .5 9 0 .8 4

M g 0 .0 0 0 .0 4 0 .0 0 0 .11 0 .0 0 0 .2 1 0 .0 0 0 .0 5 0 .0 2 0 .1 7 0 .0 0 0 .11 0 .0 0 0 .0 3 0 .0 3 0 .1 0
N a 0 .0 5 0 .0 7 0 .0 0 0 .21 0 .0 0 0 .0 0 0 .0 0 0 .0 5 0 .01 0 .0 3 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
C l 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0  0 0 0 .0 0 0 .0 0 0 .0 0
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Table D-18 E x p e r im e n t  6  % y ie ld  a fter  red u ctio n  from  Iron n u g g e ts

N o
% w t 
Iro n  

O re  in 
m ix tu r

e

% w t F e  
in

m ix tu r
e

D r ie d  
W e ig h t  

o f  3 
p e l le ts

(g )

F e  In 
p u t
(g )

%  F e 
N u g g e t  

fro m  
E D X

Iro n
n u g g e t

(g )

F e
O u tp u t

(g )
%  Y ie ld S e p a ra t io n

s ta tu s

1 6 5 .3 3 3 6 .5 8 15 6 .31 5 7 .1 8 8 9 .2 4 6 3 .0 7 5 6 .2 8 9 8 .4 2 C o m p le te
2 6 4 .8 6 3 6 .3 2 1 5 7 .6 4 5 7 .2 6 7 1 .3 7 6 0 .8 2 4 3 .4 1 7 5 .8 0 C o m p le te
3 6 4 .4 0 3 6 .0 6 1 5 7 .9 0 5 6 .9 4 8 1 .0 0 6 3 .5 6 5 1 .4 9 9 0 .4 1 C o m p le te
4 6 4 .1 5 3 5 .9 3 1 5 8 .2 7 5 6 .8 6 9 4 .8 0 5 9 .9 2 5 6 .81 9 9 .9 0 C o m p le te
5 6 3 .5 3 3 5 .5 8 16 3 .91 5 8 .31 8 9 .3 9 6 3 .8 8 5 7 .1 0 9 7 .9 2 C o m p le te
6 6 3 .0 4 3 5 .3 0 1 5 9 .7 0 5 6 .3 8 8 0 .63 6 1 .71 4 9 .7 6 8 8 .2 6 C o m p le te
7 6 1 .9 3 3 4 .6 8 15 9 .31 5 5 .2 5 89 .61 6 0 .2 5 5 3 .9 9 9 7 .7 3 C o m p le te
8 5 9 .8 5 3 3 .5 2 1 6 0 .6 0 - - - - - D ire c t

re d u c t io n
9 5 7 .91 3 2 .4 3 1 5 7 .3 6 - - - - - D ire c t

re d u c t io n

A t  t h e  r e d u c t io n  t e m p e r a tu r e  1 4 2 5 ° c  a n d  th e  r e d u c t io n  t im e  o f  2 0  m in  a n d  th e  

m o l r a t io  o f  m ix t u r e  C /F e  =  1 .5 3 .  T h e  m o l  r a tio  L im e s t o n e /A E O a + S iC h  =  0 .7 5  o f  N o .  
4  is  s u i t a b le  b e c a u s e  h ig h  %  F e  in  Iro n  n u g g e t s ,  h ig h  %  Y i e ld ,  a n d  th e  l o w  L im e s t o n e  

u s a g e .  T h e  m ic r o s tr u c tu r e  o f  Iro n  n u g g e t  N o .  4  is  s h o w n  in  F ig u r e  D - l  1.

T a b l e  D - 1 9  E x p e r im e n t  6  d e n s i t y  o f  Iro n  n u g g e t s

N o . %  F e  N u g g e t  f ro m  
E D X

D e n s ity  ( g /c m 3)

A v e ra g e S D
1 8 9 .2 4 6 .1 0 1 7 0 .4 2 1 9
2 7 1 .3 7 5 .6 5 4 9 0 .1 8 6 1
3 8 1 .0 0 6 .4 1 8 2 0 .4 0 9 6
4 9 4 .8 0 7 .1 1 9 5 0 .3 7 5 3
5 8 9 .3 9 7 .1 1 0 6 0 .2 7 7 9
6 8 0 .6 3 6 .3 3 5 6 0 .3 1 8 8
7 89 .61 6 .7 7 5 2 0 .3 2 3 0
8 - - -

9 - - -



Iron Sulfide

Pearlite

E u te c tic  C e m en tite

C e m e n tite

F i g u r e  D - l l  T h e  b a c k s c a t t e r e d  

E x p e r im e n t  6 ,  N o .  
t im e  o f  2 0  m in .

S E M  im a g e  o f  c r o s s  s e c t i o n  ir o n  n u g g e t  fr o m  

3 at r e d u c t io n  te m p e r a tu r e  l,425°c a n d  r e d u c t io n

Iron Sulfide

Pearlite

Eutectic Cementite

Cementite

Figure D -1 2  T h e  b a c k sc a tte r e d  S E M  im a g e  o f  c r o s s  s e c t io n  iron  n u g g e t  from
E x p e r im e n t  6, N o . 4  at r e d u ctio n  tem p era tu re  E425°c and  red u ction
tim e  o f  2 0  m in .
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V ''•''''ไ,* vC ร- {ไ •• ไ . ' '  ̂ '
■

7  Iro n  S u lfid e

ไ'
N.

' 'ร - -
. .

" 7  P e a rlite

. .  .  .. ; ,ไ .■ / _
^ v" ไ.-- *y..s

1,
. ไ .ไ ^ ; >  E u te c tic  C e m e n tite

“  ' ■ V 7.----------------■ % ■ ' . ; .v  : ไ.'"-. -%
C e m e n tite

-— ..... .  _ ไ '  .
25 .0kV  25 .5m m  x500 S E (M ,l|A3) ïo o u m

F i g u r e  D - 1 3  T h e  b a c k s c a t t e r e d  S E M  im a g e  o f  c r o s s  s e c t i o n  ir o n  n u g g e t  fr o m  

E x p e r im e n t  6 ,  N o .  5 at r e d u c t io n  t e m p e r a tu r e  l , 4 2 5 ° c  a n d  r e d u c t io n  

t im e  o f  2 0  m in .

T h e  la m e l la r  s tr u c tu r e  r e p r e s e n t s  p e a r l i t e ,  w h i c h  i s  a l t e r n a t in g  la y e r s  o f  a  ir o n  

a n d  F e 3 C ,  l ig h t - g r a y  a r e a s  r e p r e s e n t  c e m e n t i t e  ( F e 3 C )  a n d  d a r k -g r a y  a r e a s  r e p r e s e n t  

th e  ir o n  s u l f i d e s .  T h is  s t r u c tu r e  i s  s im i la r  to  th e  w h i t e  c a s t  ir o n .



10 6
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a n d  0 6 - 0 6 9 6 :  Ir o n ).
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A ppendix  E: R aw  Data

E .l  S cann ing electron m icroscope (SEM )

T h e  p a r t ic le  s i z e  w a s  m e a s u r e d  b y  S E M  ( H it a c h i ,  m o d e l  ร - 4 8 0 0 ) ,  a  s c a n n in g  

e le c t r o n  m i c r o s c o p e .  T h e  S E M  a c c e le r a t in g  v o l t a g e ,  c u r r e n t  a n d  m a g n i f i c a t io n  a re  

s p e c i f i e d  in  th e  f ig u r e s  b e l o w .

Figure E -l  P a r t ic le  o f  L i m e s t o n e  f r o m  S E M .
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Figure E-2 Particle o f Bentonite from SEM.

Figure E-3 Particle o f XK-01 after grinding from SEM.



Figure E-4 Particle o f Dai coal after grinding from SEM.



Iro n  S u lfid e

Pearlite

Eutectic C em entite

C em entite

Figure E-5 The backscattered SEM image o f cross section iron nugget from 
Experiment 6, No. 3 at reduction temperature l,425°c and reduction 
time o f 20 min.

.
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รุ ■■■■ I r o n  S u l f i d e

A V  ร ุ^ ..'
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P e a r l i t e
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■'1 V ' V รุ- 1- . , . rj- E u t e c t i c  C e m e n t i t e

C e m e n t i t e
t I I « I I

i o o 'u m

Figure E-6 The backscattered SEM image o f cross section iron nugget from 
Experiment 6, No. 4 at reduction temperature l,425°c and reduction 
time o f 20 min.



1 1 2

Iron Sulfide

Pearl ite

Eutectic C em entite 

C em entite

Figure E-7 The backscattered SEM image o f cross section iron nugget from 
Experiment 6, No. 5 at reduction temperature l,425°c and reduction 
time o f 20 min.
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Energy Dispersive X-Ray Fluorescence Spectrometer (EDXRF)

The samples were ground into fine and characterized for % wt o f Element by 
EDX (Eloriba, model 51-ADD0014), an Energy Dispersive X-Ray Fluorescence 
Spectrometer (Hitachi, model ร-4800), connected to a scanning electron microscope. 
The SEM accelerating voltage and current were 25 k v  and 20 pA, respectively. The 
magnification was l oox. The pellets were stacked onto stubs by using sticker carbon 
papers. The specimens were coated with platinum using an ion coating machine 
(Hitachi, model E-IOIO) for 90 sec, for enhancing the electron conductivity. The 
specimens were clamped on the holder and placed into a high vacuum SEM chamber 
for preventing the attenuation o f X-ray by the air molecules.

E .l . l  XK-Ol

Table E -l % wt o f Element and % Atomic o f XK-01 1st specimen

E le m e n t %  E le m e n t %  A to m ic1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 0 .00 4.31 2.18 5.67 4.17 0.00 8.68 4.32 11.97 ' 7.90
0 46.73 36 .92 38.47 32.63 6.03 73.46 60 .84 64 .58 55.00 5.29
A 1 2.53 2.24 2.30 1.74 0.55 2.36 2.21 2.31 1.74 0.43
Si 3.38 3.31 2.71 2.57 0.64 3.02 3 .16 2.61 2.51 0.61
K 0.36 0.32 0.37 0.26 0.12 0.23 0.21 0.25 0.18 0.06

F e 45 .66 51.71 52.80 56.00 10.09 20.56 24.51 25.58 28.19 9.33
Z r 1.35 1.10 1.18 0.92 0.42 0.37 0.31 0.35 0.27 0.09

M n 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C a 0.00 0.00 0.00 0.00 - 0.00 0 .0 0 0.00 0.00 -

T i 0.00 0.04 0.00 0.03 0.03 0.00 0 .02 0.00 0.02 0.02
A u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C u 0.00 0 .00 0.00 0.05 0.08 0.00 0 .00 0.00 0.02 0.04
p 0.00 0.06 0.00 0.12 0.16 0.00 0.05 0.00 0.11 0.16
ร 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

M g 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

N a 0.00 0 .0 0 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C l 0.00 0 .00 0.00 0.00 - 0.00 0 .0 0 0.00 0.00 -

T o ta l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -
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Table E-2 % wt o f Element and % Atomic o f XK-01 2nd specimen

E le m e n t %  E le m e n t %  A to m ic1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 10.35 14.26 7.18 10.60 3.55 20.98 28 .8 0 14.47 21.42 7.170 35.24 29 .87 36.03 33.71 3.35 53.62 45 .2 9 57 .46 52.12 6.22
A 1 1.83 1.42 1.98 1.74 0.29 1.65 1.28 1.89 1.61 0.31
Si 2.25 1.65 2.52 2.14 0.45 1.95 1.43 2.32 1.90 0.45
K 0.33 0.38 0.25 0.32 0.06 0.21 0 .24 0.15 0.20 0.04
F e 48 .77 51.86 50.54 50.39 1.55 21.26 22 .53 23 .22 22.34 1.00
Z r 1.23 0.00 1.40 0.88 0.76 0.33 0 .0 0 0 .39 0.24 0.21

M n 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

C a 0 .00 0.00 .0.00 0.00 - 0.00 0 .00 0.00 0.00 -

T i 0 .00 0.00 ' 0:00 0.00 - 0.00 0 .00 0 .00 0.00 -

A u 0 .00 0.00 0:00 0.00 - 0.00 0 .00 0 .00 0.00 -

C u 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

p 0 .00 0.56 0.11 0.22 0.30 0.00 0 .44 0.08 0.17 0.24ร 0 .00 0 .00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

M g 0 .00 0.00 o:oo 0.00 - 0.00 0 .00 0 .00 0.00 -

N a 0 .00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

C l 0 .00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

T o ta l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

T a b le  E -3  % wt o f Element and % Atomic o f XK-01 3rd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 2.36 2.36 0.00 1.57 1.36 6.24 6.08 0 .00 4.10 3.55
0 25.74 28 .24 41.31 31.77 8.36 50.54 53 .92 69.45 57.97 10.09
A l 1.15 1.21 2.37 1.58 0.69 1.36 1.38 2.36 1.70 0.57
Si 2.15 1.53 2.67 2.12 0.57 2.41 1.68 2.56 2.21 0.47
K 0.12 0.14 0.34 0.20 0.12 0.10 0.11 0.23 0.15 0.07
F e 67 .52 65 .44 51 .79 61.58 8.55 38 .80 36 .22 24.95 33.32 7.36
Z r 0.44 0.50 1.52 0.82 0.61 0.16 0.18 0.45 0.26 0.16

M n 0 .00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

C a 0 .00 0 .00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

T i 0.06 0 .09 0 .00 0.05 0.05 0.04 0 .06 0 .00 0.03 0.03
A u 0.00 0 .00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

C u 0.14 0.15 0 .00 0.10 0.08 0.07 0 .07 0 .00 0.05 0.04
P 0.30 0.33 0 .00 0.21 0.18 0.30 0.32 0 .00 0.21 0.18
ร 0.00 0 .00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

M g 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

N a 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C l 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

T o ta l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -
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Figure E-8 EDX spectrum of XK-01 1st specimen.

Figure E-9 EDX spectrum of XK-01 2nd specimen.

Figure E-10 EDX spectrum of XK-01 3rd specimen.
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E. 1.2 Experiment 1

Table E-4 Experiment 1 % พt of Element and % Atomic of No. 1 (1500°c, 50 min) 
1st specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 a v e ra g e S D 1 2 a v e ra g e S Dc 0.00 0.00 0.00 - 0.00 0.00 0.00 -

0 26.14 30.37 28 .26 2.99 50.9 57.35 54.13 4 .56
A l 5.1 3.13 4.12 1.39 5.89 3.5 4.70 1.69
Si 4.54 3.13 3.84 1.00 5.04 3.37 4.21 1.18
K 0.2 0.00 0.10 0.14 0.16 0 .00 0.08 0.11
F e 55.31 57.57 56.44 1.60 30 .86 31.15 31.01 0.21
Z r 0.00 0.00 0.00 - 0.00 0 .00 0 .00 -

M n 0.00 0.00 0.00 - 0.00 0.00 0.00 -

C a 6.97 4.61 5.79 1.67 5.42 3.47 4.45 1.38
T i 0.00 0.00 0.00 - 0.00 0.00 0.00 -

A u 0.00 0.00 0.00 - 0.00 0 .00 0 .00 -

C u 0.00 0.00 0.00 - 0.00 0 .00 0 .00 -

p 1.46 0.84 1.15 0.44 1.47 0.82 1.15 0.46
ร 0.28 0.35 0.32 0.05 0.27 0.33 0.30 0.04

M g 0.00 0.00 0.00 - 0 0 0 .00 -

N a 0.00 0.00 0.00 - 0 0 0.00 -

C l 0.00 0.00 0.00 - 0 0 0.00 -

T o ta l 100 100 100.00 - 100 100 100.00 -

T able E-5 Experiment 1 % wt of Element and % Atomic of No. 1 (1500°c, 50 min) 
2nd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 a v e ra g e S D 1 2 a v e ra g e S D

C 0.00 0.00 0.00 - 0.00 0.00 0 .00 -

0 35 .39 25.37 30.38 7.09 63 .69 50 .09 56 .89 9.62
A l 2.91 5.55 4.23 1.87 3.11 6.5 4.81 2.40
S i 2.03 3.96 3.00 1.36 2.08 4.46 3.27 1.68
K 0.00 0.18 0.09 0.13 0.00 0.14 0.07 0 .10
F e 49.01 57.3 53.16 5.86 25 .27 32 .42 28 .85 5.06
Z r 4.84 0.00 2.42 3.42 1.53 0 .00 0 .77 1.08

M n 0.00 0.00 0.00 - 0 .00 0.00 0 .00 -

C a 5.04 6.02 5.53 0.69 3.62 4.74 4.18 0 .79
T i 0.00 0.00 0.00 - 0 .00 0 .00 0 .00 -

A u 0.00 0.00 0.00 - 0 .00 0.00 0 .00 -

C u 0.00 0.00 0.00 - 0.00 0.00 0.00 -

P 0 1.24 0.62 0.88 0 1.26 0.63 0.89
ร 0.78 0.39 0.59 0.28 0.7 0.39 0.55 0.22

M g 0.00 0.00 0.00 - 0.00 0.00 0.00 -

N a 0.00 0.00 0.00 - 0.00 0.00 0 .00 -

C l 0.00 0.00 0.00 - 0 0 0.00 -

T o ta l 100 100 100.00 - 100 100 100.00 -



117

Table E-6 Experiment 1 % wt o f Element and % Atomic o f No. 1 (1500°c, 50 min)
3 rd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 a v e ra g e S D 1 2 a v e ra g e S Dc 25.66 0.00 12.83 18.14 46.49 0.00 23.25 32 .87

0 23.45 24 .54 24.00 0.77 31 .89 48.41 40.15 11.68
A 1 2.94 8.47 5.71 3.91 2.37 9.91 6.14 5.33
Si 1.16 4.11 2.64 2.09 0.9 4.62 2.76 2.63
K 0.00 0.00 0.00 - 0.00 0.00 0.00 -

F e 44.61 56.88 50.75 8.68 17.38 32.15 24.77 10.44
Z r 0.00 0.00 0.00 - 0.00 0.00 0.00 -

M n 0.00 0.00 0.00 - 0.00 0.00 0.00 -

C a 1.11 5.19 3.15 2.88 0.6 4.08 2.34 2.46
T i 0.00 0.00 0.00 - 0.00 0.00 0.00 -

A u 0.00 0.00 0.00 - 0.00 0.00 0.00 -

C u 1.07 0.00 0.54 0.76 0.37 0.00 0.19 0.26
p 0.00 0.81 0.41 0.57 0.00 0.83 0.42 0.59
ร 0.00 0.00 0.00 - 0.00 0.00 0.00 -

M s 0.00 0 .00 0.00 - 0.00 0.00 0.00 -

N a 0.00 0.00 0.00 - 0.00 0.00 0 .00 -

C l 0.00 0.00 0.00 - 0 0 0.00 -

T o ta l 100 100 100.00 - 100 100 100.00 -

T able E-7 Experiment 1 % wt o f Element and % Atomic o f No. 2 (1400°c, 50 min) 
1st specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S D

C 0.00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -0 3 T 79 32 .04 22.89 28 .26 28.75 4.27 56.85 56.53 46 .27 53.63 53.32 4.92
A ! 5.36 6.32 5.6 4.68 5.49 0.68 5.68 6.61 6.72 5.27 6.07 0.71
Si 5.78 6.7 5.28 4.62 5.60 0.88 5.88 6.73 6.08 4 .99 5.92 0.72
K 0.31 0.45 0.4 0.00 0.29 0.20 0.22 0.32 0.33 0 .00 0.22 0.15
F e 47.22 44 .62 56.45 54 50.57 5.57 24.19 22.55 32 .69 29 .35 27 .20 4.67
Z r 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

M n 0.00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 0 .00 -

C a 7.87 8.33 7.96 6.81 7.74 0.65 5.62 5.87 6.42 5.16 5.77 0.53
T i 0.00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

A u 0.00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 0 .00 -

C u 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 0 .00 -P 1.39 1.17 1.42 1.63 1.40 0.19 1.28 1.06 1.48 1.6 1.36 0.24
ร 0.29 0.38 0 0 0.17 0.20 0.26 0.33 0 0 0.15 0.17

M g 0.00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 0 .00 -

N a 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 0 .00 -

C l 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-8 Experiment 1 % พt o f Element and % Atomic o f No. 2 (1400°c, 50 min)
2nd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S Dc 0 .00 4.37 0.00 0.00 1.09 2.19 0.00 9.9 0.00 0.00 2.48 4.95

0 27.2 30.38 30 .96 27.1 28.91 2.05 51.73 51.71 56.31 52.71 53.12 2.18
A l 4 .32 5.99 5.31 5.59 5.30 0.71 4.87 6.04 5.73 6.45 5.77 0.67
Si 6.49 3.94 5.58 3.71 4.93 1.33 7.03 3.82 5.78 4.11 5.19 1.50
K 0.35 0.00 0.38 0.00 0.18 0.21 0.27 0.00 0.28 0 .00 0.14 0.16
F e 51.5 48.63 50.24 58.84 52.30 4.51 28 .06 23.71 26.18 32 .79 27.69 3.84
Z r 0 .00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 0.00 -

M n 0.00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

C a 8.62 5.32 6.35 3.67 5.99 2.07 6.54 3.61 4.61 2.85 4.40 1.60
T i 0.00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

A u 0.00 0 .00 0 .00 0.00 0.00 - 0 .00 0.00 0.00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 0.00 - 0 .00 0.00 0.00 0 .00 0.00 -

p 1.18 1.09 1.17 1.09 1.13 0.05 1.16 0.96 1.1 1.09 1.08 0.08
ร 0.35 . 0 .29 0.00 0.00 0.16 0.19 0.33 0.25 0.00 0.00 0.15 0.17

M g 0 .00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

N a 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -

T able E-9 Experiment 1 % wt o f Element and % Atomic o f No. 2 (1400°c, 50 min) 
3rd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S D

0 .00  C 0 3.67 0 .00 0.00 0.92 1 84 0.00 7.96 0.00 0 .00 1.99 3.98
0 32 .86 35.23 25.73 30.67 31.12 4.05 59.4 57.3 51.75 56.68 56.28 3.24
A l 3.49 3.42 3.92 5.85 4.17 1.14 3.75 3.3 4.68 6.41 4.54 1.38
Si 3.14 3.4 3.03 3.51 3.27 0.22 3.24 3.15 3.47 3.69 3.39 0.24
K 0 .00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

F e 51.74 41.63 62 .56 54.29 52 .56 8.62 26.8 19.39 36.05 28.74 27.75 6.85
Z r 0 .00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

M n 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

C a 6.41 8.98 3.79 4.33 5.88 2.36 4.63 5.83 3.04 3.19 4.17 1.32
T i 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

A u 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

P 2.35 3.33 0.98 1.35 2.00 1.06 2.19 2.8 1.02 1.29 1.83 0.82
0 .00  S 0.00 0.33 0.00 0.00 0.08 0.17 0 0.27 0.00 0.00 0.07 0.14

M g 0.00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

N a 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-10 E x p e r im e n t  1 % w t o f  E le m e n t an d  % A to m ic  o f  N o . 3 (1300°c, 5 0
m in )  1st s p e c im e n

Element % Element % Atomic
1 2 3 4 average SD 1 2 3 4 average SDc 6.64 0.1 0.00 9.24 4.00 4.68 16.82 0.28 0.00 22.31 9.85 11.44

0 22.35 23.39 31.11 21.15 24.50 4.50 42.5 48.11 56.68 38.32 46.40 7.94
A l 1.22 2.41 3.09 1.29 2.00 0.91 1.38 2.93 3.34 1.38 2.26 1.03
Si 1.55 4.96 6.59 2.76 3.97 2.25 1.68 5.81 6.83 2.85 4.29 2.43
K 0.00 0.34 0.33 0.00 0.17 0.19 0.00 0.29 0.24 0.00 0.13 0.15
Fe 66.05 61.34 49.81 60.94 59.54 6.89 35.97 36.15 26 31.63 32.44 4.77
Zr 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Mn 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Ca 2.18 6.17 7.64 3.84 4.96 2.42 1.66 5.06 5.56 2.78 3.77 1.85
Ti 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Au 0.00 0.00 0.00 ooo 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Cu 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

p 0.00 0.99 1.06 0.78 0.71 0.49 0.00 1.05 1 0.73 0.70 0.48
ร 0.00 0.00 0.00 0.00 0.00 .0.20 0.00 0.32 0.34 0.00 0.17 0.19

M s 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Na 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Total 100 100 100 100 100.00 - 100 100 100 100 100.00 -

T able E - l l  Experiment 1 % wt o f Element and % Atomic o f No. 3 (1300°c, 50 
min) 2nd specimen

Element % Element % Atomic
1 2 3 4 average SD 1 2 3 4 average SD

C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -

O 19.12 20.75 24.38 17.97 20.56 14.25 42.41 44.88 49.58 40.81 44.42 3.83
A l 2.11 2.21 2.59 2.05 2.24 0.46 2.77 2.84 3.13 2.76 2.88 0.17
Si 4.46 4.16 4.91 4 4.38 0.67 5.63 5.13 5.69 5.18 5.41 0.29
K 0.23 0.24 0.27 0.23 0.24 0.02 0.21 0.21 0.22 0.21 0.21 0.01
Fe 67.64 66.48 60.84 69.95 66.23 15.07 42.99 41.2 35.44 45.51 41.29 4.28
Zr 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Mn 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Ca 5.34 4.82 5.89 4.77 5.21 0.52 4.72 4.16 4.78 4.33 4.50 0.30
Ti 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Au 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Cu 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

P 0.74 0.69 0.76 0.64 0.71 0.05 0.85 0.77 0.8 0.75 0.79 0.04
ร 0.37 0.32 0.36 0.39 0.36 0.02 0.41 0.35 0.37 0.44 0.39 0.04

Mg 0.00 0.33 0.00 0.00 0.08 - 0.00 0.47 0.00 0.00 0.12 -

Na 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Ci 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Total 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-12 Experiment 1 % wt of Element and % Atomic o f No. 3 (I300°c, 50
min) 3rd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S Dc 0.00 9.5 0.00 0.00 2.38 4.75 0.00 23.52 0.00 0.00 5.88 11.76

0 16.75 18.43 22.72 19.64 19.39 2.52 38.36 34.25 46 .58 42 .55 40.44 5.32
A l 3.43 2.32 4.07 3.72 3.39 0.76 4.66 2 .56 4.95 4.78 4.24 1.12
Si 4.13 3.28 5.45 4.54 4.35 0 .90 5.39 3.47 6.37 5.61 5.21 1.23
K 0.19 0 .1 9 0 .26 0.31 0.24 0.06 0.17 0.14 0.22 0.27 0.20 0.06
F e 69.08 58 .86 59.21 64.65 62.95 4.87 45.31 31.33 34.78 40 .12 37.89 6.13
Z r 0.00 2 .06 0 .00 0.00 0.52 1.03 0.00 0.67 0 .00 0.00 0.17 -

M n 0.00 0 .00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 0.00 -

C a 5.42 4.93 6.9 5.55 5.70 0.84 4.95 3.65 5.65 4.8 4.76 0.83
T i 0.00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 0.00 -

A u 0.00 0 .00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 0.00 -

C u 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0 .00 0.00 -

p 0.66 0 0.95 0.72 0.58 0.41 0.78 0 1.01 0.81 0.65 0.45ร 0.34 0.44 0.43 0.51 0.43 0.07 0.38 0.4 0.44 0.55 0.44 0.08
M g 0.00 0 0 0 0.00 0.36 0.09 0.18 0.00 0 .00 0 .00 0.52 0.13 0.26
N a 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 0.00 -

C l 0.00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 0.00 -

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -

Table E-13 Experiment 1 % wt o f Element and % Atomic o f No. 4 ( 1 2 0 0 ° c ,  50 
min) 1st specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S D

C 8.37 5.61 1.96 1.76 4.43 3.17 18.05 12.71 4.73 4.53 10.01 6.58
0 30.05 29.7 29.53 25.11 28.60 2.34 48.62 50 .48 53.51 48.53 50.29 2.33
A l 1.54 1.66 1.64 1.84 1.67 0.12 1.48 1.68 1.76 2.11 1.76 0.26
Si 3.96 4.16 4.71 4.92 4.44 0.45 3.65 4.02 4 .86 5.4 4.49 0.80
K 0.32 0.35 0.36 0.27 0.33 0.04 0.21 0.25 0.27 0.21 0.24 0.03
F e 47.27 49.23 52.01 56.8 51.33 4.13 21.91 23 .9 7 27 31.45 26.08 4.14
Z r 0.00 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 0.00 -

M n 0.00 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 0.00 -

C a 6.21 6 .96 7.18 7.38 6.93 0.51 4.01 4.72 5.19 5.7 4.91 0.72
T i 0.00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 0.00 -

A u 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 0.00 -

C u 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 0.00 -

P 1.18 1.39 1.6 1.17 1.34 0.20 0.99 1.22 1.49 1.17 1.22 0.21
ร 0.26 0 .29 0.22 0.25 0.26 0.03 0.21 0.25 0.2 0.24 0.23 0.02

M g 0.00 0.00 0.26 0.00 0.09 0.15 0.00 0 .00 0.31 0 .00 0.10 0.18
N a 0.66 0.51 0.53 0.48 0.55 0.08 0.74 0.61 0.67 0.65 0.67 0.05
C l 0.17 0.13 0.00 0.00 0.08 0.09 0.12 0.1 0.00 0 .00 0.06 0.06

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-14 Experiment 1 % wt o f Element and % Atomic o f No. 4 (1200°c, 50
min) 2nd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D I 2 3 4 a v e ra g e S Dc 0.35 0.79 0 .00 0.93 0.52 0.42 0.9 0 .125 0.00 2.33 0.84 1.07

0 26.85 22.04 28 .47 27.46 26.21 2.86 51.45 46.42 54.25 51.45 50.89 3.26
A 1 2 .79 2.26 2.09 2.71 2.46 0.34 3.18 2.83 2.37 3.01 2.85 0.35
Si 6.21 4.77 4.66 6.08 5.43 0.83 6.78 5.72 5.06 6.49 6.01 0.78
K 0.35 0.3 0.31 0.38 0.34 0.04 0.27 0 .26 0.24 0.29 0.27 0.02
F e 49 .87 62 .86 53.82 51.67 54.56 5.77 27.38 37.93 29 .38 27.74 30.61 4.96
Z r 0 .0 0  . 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 0.00 -

M n 0.00 0.00 0.00 0.00 0 .00 - 0.00 0.00 0.00 0 .00 0 .00 -

C a 9.81 6.38 8.49 8.59 8.32 1.42 7.5 5.37 6.46 6.42 6.44 0.87
T i 0.00 0.00 0.00 0.00 0 .00 - 0.00 0 .00 0.00 0.00 0 .00
A u O.O'O- 0.00 0.00 0.00 0 .00 - 0.00 0.00 0.00 0.00 0.00 -

C u 0 .0 0 . 0.00 0.00 0.00 0 .00 - 0.00 0 .00 0.00 0.00 0.00 -

p 1.38 0.98 1.57 1.35 1.32 0.25 1.37 1.07 1.54 1.3 1.32 0.19
ร 0.33  - 0.39 0.2 0.29 0 .30 0.08 0.32 0.41 0.19 0.28 0.30 0.09

M g 0 .00 0.79 0.00 0.25 0 .26 0.37 0.00 0.125 0.00 0.31 0.11 0.15
N a 0.46 0.43 0.39 0.29 0 .39 0.07 0.61 0.58 0.51 0.38 0.38 •0.10Cl 0 .00 0.00 0.00 0.00 0 .00 - 0.00 0 .00 0.00 0.00 0 .00 -

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -

Table E-15 Experiment 1 % wt o f Element and % Atomic o f No. 4 (1200°c, 50 
min) 3rd specimen

E le m e n t % E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S D

C 0.00 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 0.00 -

0 26.23 28.01 23.53 25.97 25 .94 1.84 50.69 52.91 49 .27 52.02 51.22 1.59
A l 2.92 2.96 1.43 1.72 2.26 0.80 3.34 3.32 1.78 2.04 2.62 0.83
Si 6.47 6.5 3.13 4.4 5.13 1.65 7.12 7 3.73 5.02 5.72 1.64
K 0.5 0.75 0.36 0.31 0.48 0.20 0.39 0.58 0.31 0 .26 0.39 0.14
F e 52.67 52.05 65.55 60.62 57.72 6.52 29 .16 28 .17 39.33 34 .79 32 .86 5.20
Z r 0 .00 0.00 0.00 0.00 0 .00 - 0.00 0 .00 0.00 0 .00 0.00 -

M n 0 .00 0.00 0.00 0.00 0 .00 - 0.00 0 .00 0.00 0.00 0 .00 -

C a 9 7.41 4.24 5.7 6.59 2.07 6.94 5.59 3.55 4 .56 5.16 1.45
T i 0 .00 0.00 0.00 0.00 0 .00 - 0.00 0.00 0.00 0 .00 0.00 -

A u 0 .00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 0.00 -

C u 0.00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 0.00 -

P 1.42 1.36 0.8 0.8 1.10 0.34 1.42 1.33 0.87 0.82 111 0.31
ร 0 .36 0.31 0.55 0.48 0.43 0.11 0.34 0 .29 0.57 0.48 0.42 0.13

M g 0 .00 0.28 0.00 0.00 0.07 0.14 0.00 0.35 0 .00 0.00 0.09 0.18
N a 0.44 0.36 0.41 0.00 0.30 0.20 0.59 0.47 0.6 0.00 0.42 0.28
C l 0 .00 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 0 .00 -

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-16 Experiment 1 % wt o f Element and % Atomic o f No. 5 (1100°c, 50
min) 1st specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S Dc 0 .00 0.00 0 .00 4.44 1.11 2.22 0 .00 0.00 0.00 11.21 2 80 5.61

0 28 .54 29.01 22 .09 26 .17 26.45 3.16 55.61 55.81 46.95 49 .56 51.98 4.43
A ! 1.24 1.32 1.49 0.77 1.21 0.31 1.44 1.5 1.88 0.87 1.42 0.42
Si 2.84 3.44 4.06 1.57 2.98 1.06 3.16 3.77 4.92 1.7 3.39 1.34
K 0.25 0 .29 0.24 0.00 0.20 0.13 0.2 0.23 0.21 0.00 0.16 0.11
F e 59.95 57.02 64 .48 63.57 61.26 3.44 33 .46 31.42 39 .26 34.48 34 .66 3.32
Z r 0.00 0 .00 0.00 1.24 0 .3J 0.62 0.00 0.00 0 .00 0.41 0.10 0.21
M n 0.00 0.00 0.00 0 .00 0 .0 0 - - 0 .00 0.00 0 .00 0.00 0.00 -

C a 5.52 7.01 6.37 1.82 5.18 2.32 4.3 5.38 5.4 1.38 4.12 1.89
T i 0 .00 0.00 0.00 0 .00 0.00 - 0 .00 0.00 0 .00 0.00 0.00 -

A u 0.00 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 0.00 -

C u 0.00 0 .00 0 .00 0.00 0 .0 0 - 0.00 0.00 0 .00 0.00 0.00 -

p 1.16 1.66 1.01 0 .00 0 .9 6 ' 0.70 1.17 1.65 1.11 0.00 0.98 0.70ร 0.00 0 .26 0.26 0.41 0 .2 3 : 0.17 0.00 0.25 0.28 0.39 0.23 0.16
M g 0.00 0 .00 0 .00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 0.00 -

N a 0.49 0 .00 0.00 0 .00 0 . 12 - 0.25 0.67 0.00 0 .00 0.00 0.17 0.34
C l 0.00 0 .00 0.00 0 .00 0 .0 0 . - 0.00 0.00 0 .00 0.00 0.00 -

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -

T able E-17 Experiment 1 % wt o f Element and % Atomic o f No. 5 (1100°c, 50 
min) 2nd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S D

C 0.00 0.00 9 .56 0.00 2.39 4.78 0.00 0.00 22 .89 0.00 5.72 11.45
0 28 .16 26.62 22 .18 26.73 25.92 2.59 54 .36 52.72 39 .87 53.19 50.04 6.81
A l 1.81 1.56 0 .6 9 1.35 1.35 0.48 2.08 1.83 0.73 1.6 1.56 0.59
Si 4 .39 3.96 2 .02 3.53 3.48 1.03 4.83 4.47 2.07 4 3.84 1.23
K 0.21 0.32 0.23 0.22 0.25 0.05 0.17 0.26 0.17 0.18 0.20 0.04
F e 56.72 59.35 60.53 60.47 59.27 1.78 31 .36 33.68 31.17 34.47 32.67 1.66
Z r 0 .00 0.00 1.45 0.00 0.36 0.73 0.00 0.00 0.46 0.00 0.12 0.23

M n 0 .00 0.00 0 .00 0.00 0.00 - 0 .00 0 .00 0.00 0.00 0 .00 -

C a 6.98 6.42 2 .79 6.29 5.62 1.91 5.37 5.08 2 5 4.36 1.58
Ti 0.00 0.00 0 .0 0 0.00 0.00 - 0 .00 0.00 0.00 0.00 0.00 -

A u 0.00 0.00 0 .0 0 0.00 0.00 - 0 .00 0 .00 0.00 0.00 0 .00 -

C u 0.00 0 .00 0 .0 0 0.00 0.00 - 0 .00 0 .00 0 .00 0.00 0 .00 -

P 1.14 1.12 0 .0 0 1.07 0.83 0.56 1.14 1.14 0 .00 1.1 0.85 0.56
ร 0.23 0.21 0 .17 0.00 0.15 0.10 0.22 0.21 0 .16 0.00 0.15 0.10

M g 0.00 0 .00 0 .00 0.00 0.00 - 0 .00 0 .00 0 .00 0.00 0.00 -

N a 0.35 0.45 0 .3 9 0.33 0.38 0.05 0.48 0.62 0 .49 0.46 0.51 0.07
C l 0.00 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 0.00 -

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-18 Experiment 1 % wt o f Element and % Atomic o f No. 5 (1100°c,  50
min) 3rd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S Dc 11.48 0 .00 0.00 0.00 2.87 5.74 25.02 0 .00 0 .00 0 .00 6 .26 12.51

0 27.5 25.9 22.83 23.53 24.94 2.15 45 52.75 49.05 48 .97 48.94 3.17
A l 0.6 1.4 1.1 1.57 1.17 0.43 0.58 1.69 1.4 1.94 1.40 0.59
Si 1.54 3.35 2.94 4.11 2.99 1.08 1.44 3.88 3.6 4.87 3.45 1.44K 0.21 0.00 0.23 0.27 0.18 0.12 0.14 0 .00 0.2 0.23 0.14 0.10
F e 54.74 64.05 65 .57 62.51 61.72 4.82 25 .66 37 .36 40 .37 37 .28 35.17 6.50
Z r 1.08 0.00 1.99 0.00 0.77 0.96 0.31 0 .00 0.75  . . 0.00 0.27 0.35

M n 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0 .00  ' ■0 .0 0 0.00 -

C a 2.84 5.31 5.09 6.65 4.97 1.58 1.85 4.31 4.37 - 5.52 4.01 1.55
T i 0.00 0 .00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0 .0 0 0.00 -

A u 0.00 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0 .00 0.00 -

C u 0.00 0.00 0.00 0.51 0.13 0 .26 0.00 0 .00 0 .00 0.27 0.07 0.14
p 0.00 0.00 0.00 0.85 0.21 0.43 0.00 0 .00 0.00 ' 0.91 0.23 0.46
ร 0.00 0 .0 0 0.26 0.00 0.07 0.13 0.00 0 .00 0.28 : 0 .00 0.07 0.14

M g 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 ■ 0 .00 0.00 -

N a 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .0 0 - 0 .00 0.00 -

C l 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 . 0 .00 0.00 -

T o ta l 100 100 100 100 100.00 - 100 100 100 . 100 100.00 -

Table E-19 Experiment 1 % wt o f Element and % Atomic o f No. 6 (1000°c, 50 
min) 1st specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S D

C 4.93 4.09 1.35 2.41 3.20 1.62 12.76 10.25 3.69 6.5 8.30 4.01
0 22.55 25.03 22 .76 23.22 23.39 1.13 43.85 47 .06 46.78 47 .07 46 .19 1.57
A l 0.91 1.15 1.42 1.25 1.18 0.21 1.05 1.29 1.74 1.5 1.40 0.29
Si 2.03 3.21 2.96 2.3 2.63 0.55 2.25 3.44 3.47 2.65 2.95 0.60
K 0.00 0.00 0.43 0.00 0.11 0.22 0.00 0 .00 0.36 0 .00 0.09 0.18
F e 64.15 58.12 63.52 62 .29 62.02 2.71 35.73 31.3 37.41 36 .17 35.15 2.67
Z r 0.00 0 .00 0.00 1.84 0.46 0.92 0.00 0 .00 0.00 0.65 0.16 0.33
M n 0.00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

C a 4.79 6 .7 6.14 6.5 6.03 0.86 3.72 5.03 5.04 5.26 4.76 0.70
T i 0.00 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 0 .00 -

A u 0.00 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 0 .00 -

C u 0.00 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 0 .00 -

P 0.64 1.51 1.42 0.00 0.89 0.71 0.64 1.46 1.51 0 .00 0.90 0.72
ร 0.00 0.18 0.00 0.19 0.09 0.11 0.00 0 .17 0.00 0.2 0 .09 0.11

M g 0.00 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 0.00 -

N a 0.00 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 0.00 -

C l 0.00 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 0.00 -

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-20 Experiment 1 % wt of Element and % Atomic o f  No. 6 (1000°c, 50
min) 2nd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S Dc 3.94 3.5 3.96 7.03 4.61 1.63 9.92 9.91 9 .96 18.08 11.97 4.08

0 25.32 17.11 25.23 21.63 22.32 3.88 47 .86 36.4 47 .6 9 41.73 43 .42 5.48
A l 1.26 1.38 1.26 0.52 1.11 0.39 1.42 1.74 1.41 0.6 1.29 0.49
Si 2.58 3.28 2.76 0.37 2.25 1.29 2.78 3.97 2.97 0.41 2.53 1.51
K 0 .00 0.00 0.00 0.17 0.04 0.09 0.00 0 .00 0 .00 0.13 0.03 0.07
F e 59.49 65 .99 59.1 66.13 62.68 3.91 32.22 40.23 32 36.55 35.25 3.93
Z r 0 .00 0.00 0 .00 1.81 0.45 0.91 0.00 0 .00 0.00 0.61 0.15 0.31

M n 0 .00 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 0.00 -

C a 6 .37 7.47 6.07 1.4 5.33 2.69 4.81 6.35 4 .58 1.07 4.20 2.23
Ti 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 0.00 -

A u 0 .00 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 0.00 -

C u 0 .00 0 .00 0 .39 0.00 0.10 0.20 0.00 0.00 0 .19 0.00 0.05 0.10
p 0.84 1.28 1.23 0.00 0.84 0.59 0.82 1.4 1.2 0.00 0.86 0.62
ร 0.2 0 .00 0.00 0.19 0.10 0.11 0.18 0.00 0 .00 0.18 0.09 0.10

M g 0.00 0.00 0.00 0.4 0.10 0.20 0.00 0.00 0 .00 0.17 0.04 0.09
N a 0 .00 0.00 0.00 0.35 0.09 0.18 0.00 0.00 0 .00 0.48 0.12 0.24
C l 0 .00 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 0.00 -

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -

E.1.3 Experiment 2

Table E-21 Experiment 2 % wt o f Element and % Atomic o f No. 1 Iron nuggets 
(1500°c, 50 min) 1st specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S D

C 3 .70 1.84 2.67 0.00 2.05 1.57 13.98 7.27 10.33 0.00 7.90 5.94
0 2.88 3.43 3.10 0.00 2.35 1.58 8.18 10.17 9.00 0.00 6.84 4.63
A l 0.41 0.00 0.00 0.57 0.25 0.29 0.69 0.00 0 .00 1.15 0.46 0.56
Si 0.72 0.31 0.26 0.60 0.47 0.22 1.17 0.53 0.43 1.16 0.82 0.40
K 0 .00 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 0.00 -

F e 90.52 90.39 89.32 94.58 91 .20 2.31 73.57 76.69 74 .22 92.25 79.18 8.81
Z r 0 .00 0 .00 0.00 1.62 0.41 0.81 0.00 0.00 0 .00 0.97 0.24 0.49
M n 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 0 .00 -

C a 0 .39 0.00 0.00 0.00 0.10 0.20 0.44 0 .00 0 .00 0.00 0.11 0.22
T i 0.00 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .0 0 0.00 0.00 -

A u 0 .00 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .0 0 0.00 0 .00 -

C u 0 .00 0.84 1.04 0.00 0.47 0.55 0.00 0.63 0 .7 6 0.00 0.35 0.40
P 0.39 0 .50 0.77 0.00 0.42 0.32 0.58 0.77 1.15 0.00 0.63 0.48
ร 0 .99 2.68 2.84 2.64 2.29 0.87 1.40 3.96 4.11 4.48 3.49 1.41

M g 0 .00 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 0.00 -

N a 0 .00 0.00 0.00 0.00 0.00 - 0 .00 0.00 0 .00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 0.00 -

T o ta l 100 100 100 100 100 - 100 100 100 100 100 -



125

Table E-22 Experiment 2 % wt o f Element and % Atomic o f No. 1 Iron nuggets
(1500°c, 50 min) 2nd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S Dc 0.00 2.32 0.00 3.73 1.51 1.84 0.00 9.40 0 .00 14.99 6 .10 7.40

0 0.00 1.72 0.00 0.00 0.43 0.86 0.00 5.23 0 .00 0.00 1.31 2.62
A l 0.00 0 .00 0.37 0.38 0.19 0.22 0.00 0.00 0 .76 0.68 0 .36 0.42
Si 0.34 0.31 0.38 0.38 0.35 0.03 0.66 0.55 0.75 0.66 0.66 0.08
K 0.00 0 .00 0.00 0.00 0.00 - 0 .00 0.00 0 .0 0 0.00 0.00 -

F e 96.82 93 .67 95.80 93.68 94.99 1.58 96.18 81.78 96.41 80.93 88.83 8.63
Z r 1.57 0.00 1.60 0.00 0.79 0.92 0.95 0.00 0.99 0.00 0.49 0.56
M n 0.00 0.00 0.00 0.00 0.00 - 0 .00 0.00 0 .0 0 0.00 0.00 -

C a 0.00 0.00 0.00 0.00 0.00 - 0 .00 0.00 0 .00 0.00 0 .00 -

Ti 0.00 0 .00 0.00 0.00 0.00 - 0 .00 0.00 0 .00 0.00 0 .00 -

A u 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 0 .00 -

C u 0.00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 0 .00 -

p 0.00 0.46 0.00 0.00 0.12 0.23 0.00 0.72 0 .00 0.00 0.18 0.36
ร 1.27 1.52 0.00 1.82 1.15 0.80 2.20 2.32 0 .00 2.74 1.82 1.23

M g 0.00 0.00 1.86 0.00 0.47 0.93 0.00 0.00 1.09 0.00 0.27 0.55
N a 0.00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 0.00 -

C l 0.00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 0 .00 -

T o ta l 100 100 100 100 100 - 100 100 100 100 100 -

T able E-23 Experiment 2 % wt o f Element and % Atomic o f No. 1 Iron nuggets 
(1500°c, 50 min) 3rd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S D

C 2.64 1.30 1.81 1.92 0.68 10.16 5.44 7.55 7.72 2.36
0 3.64 2.10 1.28 2.34 1.20 10.50 6 .59 4.00 7.03 3.27
A l 0.33 0.34 0.00 0.22 0.19 0.56 0.63 0.00 0.40 0.35
Si 0.33 0.35 0.41 0.36 0.04 0.54 0.62 0.72 0.63 0.09
K 0.00 0 .00 0.00 0.00 - 0 .00 0 .00 0.00 0.00 -

F e 90.87 92 .00 94.68 92.52 1.96 75.14 82.85 84.85 80.95 5.13
Z r 0.00 2.24 0.00 0.75 1.29 0.00 1.23 0.00 0.41 0.71
M n 0.00 0 .00 0.00 0.00 - 0.00 0 .0 0 0.00 0.00 -

C a 0.33 0 .00 0.00 0.11 0.19 0.38 0 .00 0.00 0.13 0.22
T i 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

A u 0.00 0 .00 0.00 0.00 - 0.00 0 .0 0 0.00 0.00 -

C u 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

P 0.53 0 .00 0.40 0.31 0.28 0.79 0 .00 0.65 0.48 0.42
ร 1.34 1.68 1.43 1.48 0.18 1.93 2.63 2.23 2.26 0.35

M g 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

N a 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 -

C l 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

T o ta l 100 100 100 100 - 100 100 100 100 -
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Table E-24 Experiment 2 % wt o f Element and % Atomic o f No. 2 Iron nuggets
( 1 4 5 0 ° c ,  50 min) 1st specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S Dc 1.68 2.21 2.68 1.83 2.10 0.45 7.21 9.29 11.09 7.86 8.86 1.72o 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

A 1 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Si 0 .00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 0.00 -

K 0 .00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

F e 95.82 94.53 94.13 96.18 95.17 0.99 88.65 85 .47 83.84 88.86 86.71 2.46
Z r 0.00 0 .00 0.00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 0.00 -

M n 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 0.00 -

C a 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 0.00 -

T i 0.00 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 0.00 -

A u 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 0.00 -

C u 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 0.00 -

p 1.80 1.97 2.16 1.24 1.79 - 3.00 3.21 3.47 2.07 2.94 -

ร 0.70 1.29 1.03 . 0.75 0.94 0.27 1.13 2.03 1.60 1.20 1.49 0.42
M g 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 0.00 -

N a 0.00 0 .00 0.00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 0.00 -

C l 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 0.00 -

T o ta l 100 100 100 100 100 - 100 100 100 100 100 -

T able E-25 Experiment 2 % wt o f Element and % Atomic o f No. 2 Iron nuggets 
( 1 4 5 0 ° c ,  50 min) 2nd specimen

E le m e n t %  E le m e n t % A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S D

C 0 .00 0 .00 2.49 2.58 1.27 1.46 0.00 0 .00 10.36 10.76 5.28 6.10
0 0 .00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 0.00 -

A l 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 0.00 -

Si 0 .00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

K 0.00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

F e 95.64 98 .69 94.32 94 .89 95 .89 1.95 92.48 97 .69 84.53 85.20 89.98 6.28
Z r 0.00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

M n 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 0.00 -

C a 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 0.00 -

T i 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 0.00 -

A u 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 0.00 -

C u 0.00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

P 2.88 0 .77 2.25 1.53 1.86 0.91 5.02 1.38 3.64 2.47 3.13 1.56
ร 1.48 0 .54 0.94 1.00 0.99 0.39 2.50 0.92 1.47 1.57 1.62 0.66

M g 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 0.00 -

N a 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 0.00 -

C l 0.00 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 0.00 -

T o ta l 100 100 100 100 100 - 100 100 100 100 100 -
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Table E-26 Experiment 2 % wt o f Element and % Atomic o f No. 2 Iron nuggets
(1450°c, 50 min) 3rd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S Dc 2 .40 1.99 2.15 2.24 2.20 0.17 10.09 8.49 9.18 9.43 9.30 0.66

0 0 .00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 0.00 -

A ! 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 0.00 -

Si 0.00 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0 .00 0.00 -

K 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

F e 94 .97 95.63 96 .46 94.78 95.46 0.76 85.70 87.62 88.55 85 .80 86.92 1.40
Z r 0.00 0.00 0 .00 0 .00 0.00 - 0.00 0.00 0.00 0 .00 0.00 -

M n 0.00 0.00 0.00 0 .00 0.00 - 0 .00 0.00 0.00 0 .00 0.00 -

C a 0.00 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 0.00 -

T i 0.00 0.00 0 .00 0 .00 0.00 - 0 .00 0 .00 0.00 0 .00 0.00 -

A u 0.00 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 0.00 -

C u 0.00 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 0.00 -

p 1.52 1.70 0.81 1.40 1.36 0.39 2.47 2.80 1.34 2.28 2.22 0.63
ร 1.10 0.68 0.58 1.57 0.98 0.45 1.73 . 1.09 0.93 2.48 1.56 0.71

M r 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 0.00 -

N a 0 .00 0.00 0 .00 0.00 0 .00  - - 0.00 0.00 0.00 0 .00 0.00 -

C l 0.00 0.00 0.00 0.00 0.00 - 0 .00 0.00 0.00 0 .00 0.00 -

T o ta l 100 100 100 100 100 - 100 100 100 100 100 -

Table E-27 Experiment 2 % wt o f Element and % Atomic o f No. 3 (1400°c, 50 
min) 1st specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S D

C 4 .10 4.37 3.24 0.83 3.14 1.61 12.10 13.26 10.00 2.81 9.54 4.69
0 14.30 11.83 14.37 14.00 13.63 1.21 31 .69 26.92 33.35 35 .36 31.83 3.60
A l 1.62 1.93 1.07 0.24 1.22 0.74 2.14 2.60 1.47 0 .36 1.64 0.97
Si 3.13 3.65 1.34 0.42 2.14 1.51 3.95 4.73 1.77 0.61 2.77 1.91
K 0.32 0.41 0.17 0.00 0.23 0.18 0.29 0.38 0.16 0 .00 0.21 0.17
F e 69 .76 69.86 76.24 82.86 74.68 6.24 44 .30 45.53 50.67 59 .97 50.12 7.12
Z r 1.85 1.94 1.61 1.34 1.69 0.27 0.72 0.77 0.66 0 .59 0.69 0.08

M n 0.00 0.00 0.00 0 .00 0.00 - 0 .00 0 .00 0.00 0 .00 0.00 -

C a 3.84 4.43 1.69 0.30 2.57 1.91 3.39 4.02 1.57 0.30 2.32 1.70
T i 0 .00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

A u 0 .00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

C u 0.00 0.35 0.00 0.00 0.09 0.18 0.00 0.20 0.00 0 .00 0.05 0.10
P 0 .00 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 0.00 -

ร 0.57 0.77 0.14 0.00 0.37 0.36 0.63 0.88 0.16 0 .00 0.42 0.41
M g 0.25 0.13 0.13 0.00 0.13 0.10 0.37 0.20 0.20 0 .00 0.19 0.15
N a 0.26 0.33 0.00 0.00 0.15 0.17 0.41 0.52 0.00 0 .00 0.23 0.27
C l 0 .00 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 0.00 -

T o ta l 100 100 100 100 100 - 100 100 100 100 100 -
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Table E-28 E x p e r im e n t  2 % w t o f  E le m e n t and  % A to m ic  o f  N o . 3 (1400°c, 50
m in )  2 nd sp e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

c 4 . 1 5 1 4 .4 2 3 . 8 8 1 .4 4 5 . 9 7 5 .7 6 1 2 .5 4 3 6 .0 1 1 1 .9 4 4 . 9 8 1 6 . 3 7 1 3 .5 4
o 1 3 . 5 9 0 . 7 2 1 1 . 8 9 1 1 .1 6 9 .3 4 5 .8 4 3 0 . 8 5 1 .0 7 2 7 . 5 0 2 8 . 9 5 2 2 . 0 9 1 4 .0 8

A 1 1 .5 0 0 . 0 0 1 .7 2 0 .3 8 0 . 9 0 0 .8 4 2 .0 2 0 . 0 0 2 . 3 5 0 . 5 8 1 .2 4 1 .1 3
S i 2 .1 5 1 .5 2 3 . 6 8 0 .5 1 1 .9 7 1 .3 3 2 . 7 8 2 . 1 6 4 .8 5 0 .7 5 2 . 6 4 1 .7 0
K. 0 . 2 2 0 . 9 7 0 .4 1 0 . 0 0 0 . 4 0 0 .4 2 0 .2 1 0 . 9 9 0 . 3 9 0 . 0 0 0 . 4 0 0 .4 3
F e 7 3 . 1 0 7 7 . 5 7 7 2 . 3 7 8 5 . 3 3 7 7 . 0 9 5 .9 5 4 7 . 5 3 5 5 .5 1 4 7 . 9 4 6 3 . 4 0 5 3 . 6 0 7 .5 0
Z r 1 .8 6 1 .3 2 1 .9 6 0 . 0 0 1 .2 9 0 . 9 0 0 . 7 4 0 . 5 8 0 . 7 9 0 . 0 0 0 .5 3 0 . 3 6

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -
- C a 2 . 8 9 2 . 6 3 3 . 0 3 0 .7 1 2 .3 2 1 0 8 2 . 6 2 2 . 6 2 2 . 8 0 0 . 7 4 2 . 2 0 0 .9 7

T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

. C u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

p 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

ร 0 . 2 9 0 . 8 5 0 . 5 2 0 .4 7 0 .5 3 0 .2 3 0 .3 3 1 .0 6 0 . 6 0 0 .6 1 0 . 6 5  . 0 . 3 0
M g 0 . 0 0 0 . 0 0 0 . 1 7 0 . 0 0 0 . 0 4 0 . 0 9 0 . 0 0 0 . 0 0 0 . 2 6 0 . 0 0 0 . 0 7 0 .1 3

- N a 0 .2 4 0 . 0 0 0 . 3 6 0 . 0 0 0 . 1 5 0 .1 8 0 . 3 9 0 . 0 0 0 . 5 7 0 . 0 0 0 . 2 4 0 .2 9
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 -

Table E-29 E x p e r im e n t  2 %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  3 (1400°c. 50 
m in )  3rd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 4 .2 5 4 . 5 2 0 . 0 0 0 . 0 0 2 . 1 9 2 .5 3 1 3 .5 0 1 3 .3 7 0 . 0 0 0 . 0 0 6 . 7 2 7 .7 6
O 9 . 4 9 1 4 .1 5 1 0 . 7 6 1 5 .6 7 1 2 .5 2 2 . 8 8 2 2 . 6 3 3 1 . 4 0 2 9 . 1 7 3 8 . 4 8 3 0 . 4 2 6 .5 4

A l 1 .5 1 1 .3 2 0 . 5 6 0 . 6 6 1 .0 1 0 . 4 7 2 .1 3 1 .7 4 0 . 9 0 0 . 9 6 1 .4 3 0 . 6 0
S i 3 . 9 8 2 . 5 7 1 .0 0 1 .2 7 2 .2 1 1 .3 7 5 . 4 0 3 .2 5 1 .5 4 1 .7 8 2 . 9 9 1 .7 7
K 0 .3 5 0 . 2 2 0 . 2 4 0 . 6 0 0 .3 5 0 . 1 7 0 . 3 4 0 . 2 0 0 . 2 6 0 .6 1 0 . 3 5 0 . 1 8

F e 7 5 . 0 5 7 1 . 4 0 8 4 . 3 2 7 7 . 4 4 7 7 . 0 5 5 .4 4 5 1 . 2 5 4 5 . 4 0 6 5 . 5 0 5 4 . 4 8 5 4 . 1 6 8 .4 4
Z r 1 .6 7 1 .3 4 1 .4 6 1 .3 5 1 .4 6 0 .1 5 0 . 7 0 0 . 5 2 0 . 6 9 0 . 5 8 0 . 6 2 0 . 0 9

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

C a 1 .8 0 4 . 0 2 1 .2 1 2 .3 3 2 . 3 4 1 .2 1 1 .7 1 3 . 5 7 1 .3 1 2 . 2 8 2 . 2 2 0 . 9 9
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

C u 0 . 2 6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 7 0 .1 3 0 . 1 6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 4 0 .0 8
P 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

ร 1 .1 2 0 .3 1 0 . 4 6 0 . 6 8 0 . 6 4 0 .3 5 1 .3 3 0 . 3 4 0 . 6 3 0 .8 3 0 . 7 8 0 .4 2
M g 0 .1 3 0 . 1 5 0 . 0 0 0 . 0 0 0 . 0 7 0 .0 8 0 . 2 0 0 .2 1 0 . 0 0 0 . 0 0 0 . 1 0 0 .1 2
N a 0 . 4 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 1 0 0 . 2 0 0 . 6 6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 1 7 0 .3 3
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 -
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Table E-30 E x p e r im e n t  2  % w t o f  E le m e n t and % A to m ic  o f  N o . 4  (1300°c, 5 0
m in )  1st s p e c im e n

E lem e n t %  E lem e n t %  A to m ic
1 2 3 4 av e ra g e S D 1 2 3 4 av e rag e S D

c 5.04 0.89 17.68 15.35 9 7 4 8.06 15.25 2.83 42 .00 37.41 24.37 18  51
o 10.74 14.21 10.61 12.05 11.90 1.67 24.41 33 .87 18.91 22.04 24.81 6.45
A l 1.10 1.71 0.86 1 00 1.17 0.37 1.48 2.41 0.91 1.08 1.47 0.67
Si 3.48 2.93 1.87 1.87 2.54 0.80 4.51 3.98 1.90 1.95 3.09 1.36
K 0.57 0.45 0.35 0.36 0.43 0.10 0.53 0.44 0.26 0.27 0.38 0.13
F e 70.89 73.35 62 .98 64.12 67.84 5.07 46.14 50 .09 32 .18 33 .60 40 .50 8.96
Z r 0.00 0 .0 0 0.90 0.76 0.42 0.48 0.00 0 .0 0 0.28 0.24 0.13 0  15

M n 0.43 0.00 0.00 0.00 0.11 0.22 0 2 9 0.00 0.00 0.00 0.07 0.15
C a 5.89 5.56 3.91 3.80 4.79 1.09 5.34 5.29 2.78 2.77 4.05 1 47
T i 0.21 0.00 0 .0Q ' 0.00 0.05 0.11 0  16 0.00 0.00 0.00 0.04 0.08
A u 0.00 0.00 0.00 0,00 0.00 - 0.00 0.00 0.00 0.00 0 0 0 -

C u 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0 0 0 0.00 0 0 0 -

p 0.93 0.39 0.00 0.00 0.33 0.44 1.09 0,47 0 0 0 0.00 0.39 0  52
ร 0.71 0.51 0.71  . 0.69 0.66 0.10 0 8 1 0.61 0.63 0 6 3 0 6 7 0.09

M g 0.00 0 .0 0 0.12 0.00 0.03 0.06 0 0 0 0.00 0.15 0.00 0.04 0.08
N a 0.00 0.00 0 .0 0  - 0.00 0 0 0 - 0.00 0.00 0.00 0.00 0 0 0 -

C l 0.00 0 .0 0 0.00 0.00 0.00 - 0 0 0 0.00 0.00 0.00 0 0 0 -

T ota l 100.00 100.00 100.00  - 100,00 100.00 - 100.00 100.00 100.00 100.00 100.00 -

Table E-31 E x p e r im e n t  2  %  w t  o f  E le m e n t  a n d  %  A t o m i c  o f  N o .  4  (1300°c, 5 0  

m in )  2 nd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 4 .1 3 3 . 6 0 1 .3 5 6 . 7 6 3 . 9 6 2 .2 2 1 2 .5 9 1 1 . 2 9 4  13 1 9 . 4 6 1 1 .8 7 6 . 2 8
0 1 3 .1 7 1 2 .4 5 1 4 .1 2 1 3 .9 6 1 3 .4 3 0 . 7 7  . 3 0 . 1 7 2 9 . 2 9 3 2 . 4 0 3 0 . 1 7 3 0 .5 1 1 .3 3

A l 0 . 8 6 0 .9 1 3 . 6 0 0 . 4 8 1 .4 6 1 .4 4 1 .1 7 1 .2 6 4 . 8 9 0 .6 1 E 9 8 1 .9 6
S i 1 .7 9 1 .3 3 4 . 5 0 0 . 7 9 2 . 1 0 1 .6 5 2 .3 3 1 .7 9 5 . 8 9 0 . 9 7 2 . 7 5 2 . 1 7
K 0 . 0 0 0 . 3 5 0 .3 5 0 . 1 7 0 .2 2 0 . 1 7 0 . 0 0 0 . 3 3 0 . 3 2 0 . 1 5 0 . 2 0 0 . 1 6
F e 7 3 . 8 4 7 7 . 4 8 6 8 . 8 8 7 4 . 9 5 7 3 . 7 9 3 .6 1 4 8 . 4 5 5 2 . 2 4 4 5 . 2 9 4 6 .4 1 4 8 . 1 0 3 . 0 6
Z r 0 . 7 9 0 . 0 0 0 . 0 0 0 .7 1 0 .3 8 0 .4 3 0 .3 2 0 . 0 0 0 . 0 0 0 . 2 7 0 .1 5 0 . 1 7

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
C a 4 .7 3 3 . 2 6 5 .7 2 1 .8 8 3 . 9 0 1 .6 8 4 .3 2 3 . 0 6 5 . 2 4 1 .6 2 3 . 5 6 1 .5 7
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

C u 0 . 2 6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 7 0 .1 3 0 .1 5 0 . 0 0 0 . 0 0 0 . 0 0 0 .0 4 0 . 0 8
P 0 . 0 0 0 . 0 0 0 . 6 6 0 . 0 0 0 . 1 7 0 .3 3 0 . 0 0 0 . 0 0 0 . 7 8 0 . 0 0 0 . 2 0 0 . 3 9
ร 0 . 4 4 0 . 6 2 0 . 5 8 0 .3 1 0 . 4 9 0 .1 4 0 .5 0 0 . 7 3 0 . 6 6 0 . 3 4 0 . 5 6 0 . 1 7

M g 0 . 0 0 0 . 0 0 0 . 2 6 0 . 0 0 0 . 0 7 0 .1 3 0 . 0 0 0 . 0 0 0 . 3 9 0 . 0 0 0 . 1 0 0 . 2 0
N a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 -
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Table E-32 E x p e r im e n t  2  % พ t o f  E le m e n t and  %  A to m ic  o f  N o . 4  (1300°c, 5 0
m in )  3 rd sp e c im e n

E lem en t %  E lem e n t %  A to m ic
1 2 3 4 av e ra g e SD 1 2 3 4 a v e rag e SDc 18.78 6.78 9.78 11.23 11.64 5.11 43.72 1 9 3 9 26.04 29 .70 29.71 10.27

0 10.65 13.84 14.02 12.59 12.78 1.55 1 8 6 0 29.71 28.01 24 .98 25.33 4.89
A 1 0.74 0.71 0.89 0.76 0.78 0.08 0.77 0 .9 0 1.06 0.90 0.91 0.12
Si 2.17 1.42 1.48 1.42 1.62 0.37 2  16 1.73 1 69 1.60 1.80 0.25
K 0.57 0.45 0.29 0.41 0.43 0.12 0.41 0 .3 9 0.24 0.33 0.34 0.08
Fe 62.05 73  11 68.95 69  66 68 .44 4.63 31.06 44 .98 39.48 39.61 38.78 5.75
Zr 0.81 0.80 0.76 0 7 3 0.78 0.04 0.25 0.30 0.27 0.25 0.27 0 0 2

M n 0.00 0.00 0.00 0.00 0.00 - 0.00 0 .0 0 0.00 0.00 0.00 -
C a 3.73 2.43 3.25 2.75 3.04 0.57 2.60 2.09 2.59 2.18 2.37 0.27
Ti 0 0 0 0.00 0.00 0.00 0.00 - 0 .0 0 . '  ' 0.00 0.00 0.00 0.00 -

A u 0.00 0.00 0.00 0 0 0 0.00 - 0 0 0 0.00 0.00 0.00 0.00 -

C u 0 0 0 0.00 0.00 0.00 0.00 - 0 0 0 0.00 0.00 0.00 0.00 -

p 0.00 0.00 0.00 0.00 0.00 - 0 0 0 0.00 0.00 0.00 0.00 -

ร 0.49 0.47 0.44 0.45 0.46 0.02 0 .4 3 0.51 0.44 0 4 5 0.46 0.04
M g 0.00 0.00 0  14 0.00 0  04 0.07 0.00 0 .0 0 0.19 0.00 0.05 0.10
N a 0.00 0.00 0.00 0.00 0.00 - 0.00  - 0.00 0.00 0.00 0.00 -

Ci 0.00 0.00 0.00 0.00 0.00 - 0 0 0 0.00 0.00 0.00 0 0 0 -
T o ta l 100.00 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 100.00 -

Table E-33 E x p e r im e n t  2  %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  5 (1200°c, 5 0  

m in )  1st s p e c im e n

E le m e n t %  E l e m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

0 2 7 . 1 4 2 4 . 1 4 2 8 . 4 2 2 6 . 5 7 2 . 2 0 5 4 .4 1 4 9 . 2 6 5 5 . 3 3 5 3 . 0 0 3 . 2 7
A l 1 .4 9 1 .6 2 1 .6 9 1 .6 0 0 . 1 0 1 .7 7 1 .9 6 1 .9 6 1 .9 0 0 .1 1
S i 2 . 3 8 5 .0 5 3 .5 3 3 . 6 5 1 .3 4 2 . 7 2 5 . 8 7 3 .9 1 4 . 1 7 1 .5 9
K 1 .1 7 0 . 5 0 0 . 7 9 0 . 8 2 0 . 3 4 0 . 9 6 0 . 4 2 0 . 6 3 0 . 6 7 0 . 2 7
F e 6 3 . 4 4 6 0 . 4 5 5 9 . 6 3 6 1 . 1 7 2 .0 1 3 6 . 4 3 3 5 . 3 4 3 3 . 2 5 3 5 .0 1 1 .6 2
Z r 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

C a 3 . 3 4 6 . 1 9 4 . 4 8 4 . 6 7 1 .4 3 2 . 6 7 5 . 0 4 3 . 4 8 3 .7 3 1 .2 0
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

C u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

P 0 . 0 0 0 . 9 6 0 .6 1 0 . 5 2 0 . 4 9 0 . 0 0 1 .0 1 0 . 6 2 0 . 5 4 0 .5 1
ร 1 .0 4 1 .0 8 0 .8 5 0 . 9 9 0 .1 2 1 .0 4 1 .1 0 0 . 8 2 0 . 9 9 0 .1 5

M g 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

N a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 -
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Table E-34 E x p e r im e n t 2  % w t o f  E le m e n t an d  % A to m ic  o f  N o . 5 (1300°c, 5 0
m in ) 2 nd sp e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e ร อ

c 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -
0 2 5 . 5 3 2 5 . 5 0 2 7 . 6 4 2 6 . 2 2 1 .2 3 5 1 . 3 7 5 2 . 6 3 5 4 .7 1 5 2 . 9 0 1 .6 9
A l 2 .3 1 1 .3 5 1 .3 0 1 .6 5 0 . 5 7 2 . 7 6 1 .6 5 1 .5 3 1 .9 8 0 . 6 8
S i 4 . 2 4 3 . 1 7 2 . 9 0 3 .4 4 0 .7 1 4 . 8 6 3 .7 3 3 . 2 7 3 .9 5 0 .8 2
K. 0 .9 3 0 . 4 7 1 .1 6 0 . 8 5 0 .3 5 0 . 7 7 0 . 3 9 0 . 9 4 0 . 7 0 0.28
F e 6 0 . 6 6 6 3 . 7 0 5 9 . 4 2 6 1 . 2 6 2 . 2 0 3 4 . 9 7 3 7 . 6 6 3 3 . 6 9 3 5 . 4 4 2 .0 3
Z r 0 . 0 0 0 . 0 0 1 .9 9 0 . 6 6 1 .1 5 0 . 0 0 0 . 0 0 0 . 6 9 0 . 2 3 0 . 4 0

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 .0 0 - -
C a 5 .3 5 4 . 0 5 3 .5 6 4 .3 2 0 .9 3 4 . 3 0 3 . 3 4 2 .8 1 3 .4 8 ' . 0 . 7 6
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -
C u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -
p 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 ' -
ร 0 . 9 8 0 . 0 0 1 .0 8 0 . 6 9 0 . 6 0 0 . 9 9 0 . 0 0 1 .0 7 0 .6 9 '. 0 . 6 0

M g 0 . 0 0 1 .7 6 0 . 0 0 0 . 5 9 1 .0 2 0 . 0 0 0 .6 1 0 . 0 0 0 . 2 0 0 .3 5
N a 0 . 0 0 0 . 0 0 0 .9 3 0 .3 1 0 .5 4 0 . 0 0 0 . 0 0 1 .2 8 0 . 4 3 0 . 7 4
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 .0 0 . -

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 . -

Table E-35 E x p e r im e n t  2 %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  5 (1300°c, 50 
m in )  3 rd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e ร อ 1 2 3 a v e r a g e ร อ

C 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

0 2 8 . 6 7 2 5 . 5 2 2 4 . 9 8 2 6 . 3 9 1 .9 9 5 6 . 0 9 5 1 . 8 3 5 0 . 2 0 5 2 .7 1 3 . 0 4
A l 1 .5 3 1 .4 0 2 . 8 6 1 .9 3 0 .8 1 1 .7 8 1 .6 8 3 .4 1 2 . 2 9 0 . 9 7
S i 3 . 0 8 4 . 0 8 4 . 5 0 3 . 8 9 0 .7 3 3  4 3 4 . 7 2 5 .1 5 4 .4 3 0 . 9 0
K 0 . 9 0 0 . 7 4 0 . 7 0 0 . 7 8 0 .1 1 0 . 7 2 0 . 6 2 0 . 5 8 0 . 6 4 0 . 0 7

F e 6 1 . 7 4 6 2 . 6 3 5 9 . 2 2 6 1 . 2 0 1 .7 7 3 4 . 6 0 3 6 . 4 4 3 4 . 0 9 3 5 . 0 4 1 .2 4
Z r 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

C a 3 . 1 0 4 . 9 4 6 .0 5 4 . 7 0 1 .4 9 2 . 4 2 4 . 0 0 4 .8 5 3 . 7 6 1 .2 3
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

C u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

P 0 . 0 0 0 . 0 0 0 .7 3 0 . 2 4 0 . 4 2 0 . 0 0 0 . 0 0 0 .7 5 0 . 2 5 0 .4 3
ร 0 . 9 8 0 . 6 9 0 .9 7 0 . 8 8 0 . 1 6 0 . 9 6 0 . 7 0 0 . 9 7 0 . 8 8 0 .1 5

M g 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

N a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 -
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Table E-36 E x p e r im e n t 2  % w t o f  E le m e n t an d  % A to m ic  o f  N o . 1 S la g  (1500°c,
50 m in ) 1st sp e c im e n

E lem en t % E lem en t %  A to m ic1 2 3 4 average S D 1 2 3 4 avera ge S D
c 0.00 0.00 0.00 8 .8 4 2.21 4 .4 2 0.00 0.00 0.00 1 8 .6 4 4 .6 6 9 .3 2o 3 3 .0 4 3 6 .0 0 2 5 .6 4 2 6 .41 3 0 .2 7 5 .0 6 5 3 .6 0 5 6 .1 5 4 5 .9 9 4 1 .8 2 4 9 .3 9 6 .6 4

A l 1 2 .09 1 3 .9 9 1 2 .46 1 0 .74 12 .32 1.34 11 .63 1 2 .94 1 3 .25 1 0 .0 9 1 1 .98 1 .44
Si 1 1 .76 1 1 .38 1 0 .29 6 .71 1 0 .04 2 .3 0 1 0 .87 10.12 10.51 6 .0 5 9 .3 9 2 .2 5
K 1 .42 1.22 2 .2 8 0 .7 8 1.43 0 .6 3 0 .9 4 0 .7 8 1 .67 0 .51 0 .9 8 0 .5 0
Fe 2 2 .5 8 1 8 .67 3 3 .3 7 3 4 .0 8 2 7 .1 8 7 .7 4 1 0 .49 8 .3 4 1 7 .15 1 5 .4 6 12.86 4 .1 3
Zr 0.00 0.00 0.00 1 .60 0 .4 0 0 .8 0 0.00 0.00 0.00 0 .4 4 0.11 0.22

M n 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

C a 18.61 1 8 .75 1 5 .96 1 0 .36 15 .92 3 .9 2 12 .05 1 1 .6 7 1 1 .42 6 .5 5 1 0 .4 2 2 .5 9
Ti 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

A u 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Cu 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

p 0 .4 9 0.00 0.00 0.00 0.12 0 .2 5 0.41 0.00 0.00 0.00 0.10 0.21ร 000 0.00 0.00 0 .2 3 0 .0 6 0.12 0.00 0.00 0.00 0 .1 8 0 .0 5 0 .0 9
M g 0.00 0.00 0.00 0 .2 4 0 .0 6 0.12 0.00 0.00 0.00 0 .2 6 0 .0 7 0 .1 3
N a 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

T otal 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Table E-37 E x p e r im e n t  2  %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  1 S la g  ( 1 5 0 0 ° c ,  

5 0  m in )  2 nd s p e c im e n

E lem en t % E lem en t %  A to m ic1 2 3 4 average S D 1 2 3 4 average S D
C 4 .2 5 4 .5 2 0.00 0.00 2 .1 9 2 .5 3 1 3 .50 1 3 .37 0.00 0.00 6 .7 2 7 .7 60 9 .4 9 14 .15 1 0 .76 1 5 .67 12 .52 2.88 2 2 .6 3 3 1 .4 0 2 9 .1 7 3 8 .4 8 3 0 .4 2 6 .5 4

A l 1.51 1 .32 0 .5 6 0.66 1.01 0 .4 7 2 .1 3 1 .74 0 .9 0 0 .9 6 1.43 0 .6 0
S i 3 .9 8 2 .5 7 1.00 1 .27 2.21 1.37 5 .4 0 3 .2 5 1 .54 1 .78 2 .9 9 1 .77
K 0 .3 5 0.22 0 .2 4 0 .6 0 0 .3 5 0 .1 7 0 .3 4 0.20 0 .2 6 0 .61 0 .3 5 0 .1 8

F e 7 5 .0 5 7 1 .4 0 8 4 .3 2 7 7 .4 4 7 7 .0 5 5 .4 4 5 1 .2 5 4 5 .4 0 6 5 .5 0 5 4 .4 8 5 4 .1 6 8 .4 4
Zr 1.67 1.34 1 .46 1.35 1 .46 0 .1 5 0 .7 0 0 .5 2 0 .6 9 0 .5 8 0 .6 2 0 .0 9
M n 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C a 1.80 4 .0 2 1.21 2 .3 3 2 .3 4 1.21 1.71 3 .5 7 1.31 2 .2 8 2.22 0 .9 9
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
A u 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cu 0 .2 6 0.00 0.00 0.00 0 .0 7 0 .1 3 0 .1 6 0.00 0.00 0.00 0 .0 4 0 .0 8
P 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ร 1.12 0 .31 0 .4 6 0.68 0 .6 4 0 .3 5 1.33 0 .3 4 0 .6 3 0 .8 3 0 .7 8 0 .4 2

M g 0 .1 3 0 .1 5 0.00 0.00 0 .0 7 0 .0 8 0.20 0.21 0.00 0.00 0.10 0.12
N a 0 .4 0 0.00 0.00 0.00 0.10 0.20 0.66 0.00 0.00 0.00 0 .1 7 0 .3 3
Cl 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

T otal 100 100 100 100 100 - 100 100 100 100 100 -
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Table E-38 E x p e r im e n t  2  % w t o f  E le m e n t and % A to m ic  o f  N o . 1 S la g  (1500°c,
50 m in ) 3rd sp e c im e n

E lem en t %  E lem en t %  A to m ic
1 2 3 average S D 1 2 3 avera ge S D

c 0.00 7 .1 2 1 0 .92 6.01 6.01 0.00 1 4 .0 6 2 3 .5 9 1 2 .55 1 2 .55
0 2 7 .4 9 3 1 .2 8 1 9 .7 4 2 6 .1 7 2 6 .1 7 4 7 .5 7 4 6 .3 8 3 2 .0 1 4 1 .9 9 4 1 .9 9
A l 1 2 .7 4 12.68 9 .1 5 1 1 .52 1 1 .52 1 3 .07 1 1 .15 8 .8 0 11.01 11.01
Si 1 2 .0 7 1 0 .74 5 .7 2 9.51 9.51 1 1 .90 9 .0 7 5 .2 9 8 .75 8 .7 5
K 4.41 1.44 2.12 2.66 2.66 3 .1 2 0.88 1.41 1.80 1.80
F e 2 4 .7 5 1 7 .29 1 9 .53 2 0 .5 2 2 0 .5 2 1 2 .27 7 .3 4 9 .0 7 9 .5 6 9 .5 6
Zr 2 .61 1.77 4 .01 2 .8 0 2 .8 0 0 .7 9 0 .4 6 1 .14 0 .8 0 0 .8 0

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -
C a 1 4 .7 0 16.71 2 7 .5 5 19.65 1 9 .65 1 0 .1 6 9 .8 9 1 7 .84 12.63 1 2 .63
Ti 0 .4 7 0 .4 0 0 .6 0 0 .4 9 0 .4 9 0 .2 7 0.20 0 .3 3 0 .2 7 0 .2 7
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -
Cu 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -
p 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -
ร 0.22 0.00 0 .6 5 0 .2 9 0 .2 9 0 .1 9 0.00 0 .5 2 0 .2 4 0 .2 4

M g 0.00 0.22 0.00 0 .0 7 0 .0 7 0.00 0.22 0.00 0 .0 7 0 .0 7
- N a 0 .5 5 0 .3 4 0.00 0 .3 0 0 .3 0 0.66 0 .3 5 0.00 0 .3 4 0 .3 4

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -
T ota l 100 100 100 100 - 100 100 100 100 -

Table E-39 E x p e r im e n t  2  %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  2  S la g  (1450°c, 
5 0  m in )  1st s p e c im e n

Elem en
t

%  E lem ent %  A tom ic
1 2 3 4 averag

e SD 1 2 3 4 averag
e SD

c 29.52 10.13 27.74 0.00 16.85
14.2

4 55.56 26.67 44 .76 0.00 31.75
24.2

9
O 13.23 13.59 26.05 34.13 21.75

10.1
8 18.70 26.86 31.55 53.91 32.76

15.0
7

Al 1.28 1.77 1.48 5.59 2.53 2.05 1.08 2.08 1.06 5.23 2.36 1.97
Si 2.73 1.86 4.88 14.84 6 0 8 5.98 2.20 2.10 3.37 13.35 5.26 5.43
K 0.25 0.00 0.00 0.45 0,18 0.22 0.15 0 0 0 0.00 0.29 O i l 0.14
Fe 46.42 67.90 7.79 6.53 32.16

30  1 
7 18.79 38.44 2.70 2.96 15.72

16.9
1

Zr 0 8 6 0.00 0.00 0.00 0.22 0.43 0.21 0.00 0.00 0.00 0.05 0.11
M n 0.00 0 00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0 0 0 -
C a 5.02 4.16 23.21 36.49 17.22

15.5
6 2.83 3.28 11.22 23.01 10.09 9.44

Ti 0.00 0.00 0.00 118 0.30 0.59 0.00 0.00 0.00 0.62 0.16 0.31
Au 0.00 0,00 0.00 0.00 0 0 0 - 0.00 0.00 0.00 0.00 0.00 -
Cu 0.00 0 0 0 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0 0 0 -
P 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0 0 0 -
ร 0.68 0.57 8.85 0.79 2.72 4 0 9 0.48 0.57 5.35 0.62 1.76 2.40

M g 0,00 0.00 0.00 0 0 0 0.00 - 0.00 0.00 0.00 0.00 0.00 -
Na 0.00 0.00 0,00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -
Cl 0.00 0.00 0.00 0 0 0 0,00 - 0 0 0 0.00 0 0 0 0.00 0,00 -

Total 100,0
0

100.0
0

100.0
0

100.0
0 100.00 _ 100.0

0
100.0

0
100.0

0
100.0

0 100 00
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Table E-40 E x p e r im e n t  2  % w t o f  E le m e n t and % A to m ic  o f  N o . 2 S la g  ( 1 4 5 0 ° c ,
5 0  m in )  2 nd sp e c im e n

Elemen
t

% Element % Atomic
1 2 3 4 averag

e SD 1 2 3 4 averag
e SD

c 31.74 57 41 59.67 58.50 51.83
13.4

3 53.51 74.80 76.42 75.69 70.11
110

8
o 18.42 14.93 15.74 15.06 16.04 1 63 23.32 14.60 15 13 14.63 16.92 4.27
Al 2 4 1 1.72 1.65 2.08 1.97 0.35 1 81 1.00 0 9 4 1.20 1.24 0.40
Si 2.88 2.32 1 02 1.04 1.82 0.93 2.08 1.29 0.56 0.58 1.13 0.72
K 0 6 0 0.00 0.00 0.00 0.15 0.30 0.31 0.00 0 0 0 0.00 0 0 8 0.16
Fe 26.75 8.45 15.11 9.91 15.06 8.30 9.70 2.37 4 16 2.76 4.75 3.39
Zr 0.00- 1.45 0.00 1.92 0.84 0 9 9 0.00 0.25 0 0 0 0.33 0 15 0.17
Mn 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0 0 0 -

Ca 12.52 10.29 5.04 7.67 8.88 3.24 6.33 4.02 1 94 2.97 3.82 1.88
Ti 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Au 0.00 0.00 0.00 0.00 0.00 - 0 0 0 0.00 0.00 0.00 0.00 -

Cu 0.00 0.00 0.00 0.00 0.00 - 0.00 0,00 0 0 0 0 0 0 0 0 0 -

p 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0 0 0 0 0 0 0.00 -

ร 4 6 8 3.44 1.78 3.81 3.43 1.22 2 9 5 1.68 0.85 1.85 1.83 0.86
Mg 0.00 0.00 0.00 0.00 0.00 - 0 0 0 0.00 0.00 0.00 0.00 -

Na 0.00 0.00 0.00 . 0.00 0.00 - 0.00 0.00 0 0 0 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0 0 0 0.00 0 0 0 -

Total 100.0
0

100,0
0

100.0
0

100.0
0 100.00 _

100.0
0

100.0
0

100.0
0

100,0
0 100.00 .

T a b l e  E - 4 1  E x p e r im e n t  2  %  w t  o f  E le m e n t  a n d  %  A t o m ic  N o .  2  S l a g  (1450°c, 5 0  

m in )  3 rd s p e c im e n

Elemen
t

% Element % Atom ic
1 2 3 4 averag

e SD 1 2 3 4 averag
e SD

c 50.56 0.00 57.10 47.34 38.75
26 1 

5 69.21 0.00 70.95 67.70 51.97
34.6

7
O 16.76 24.80 23.55 18.92 21.01 3.80 17,22 46.01 21.97 20.31 26.38

13.2
4

Al 4.16 6 9 4 1.52 1.20 3.46 2.68 2.54 7.64 0.84 0 7 6 2.95 3.24
Si 3.35 8 86 1.19 1.58 3.75 3.54 1.96 9.36 0 6 3 0 9 6 3.23 4.13
K 0.00 0.88 0.00 0.00 0.22 0.44 0.00 0.67 0 .00 0 0 0 0.17 0,34
Fe 11.98 34.27 8.11 24.88 19.81

12.0
1 3.53 18.21 2.17 7.65 7.89 7.26

Zr 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0 0 0 0.00 0.00 -

Mn 0.00 0.00 0.00 0.00 0.00 - 0 0 0 0.00 0 0 0 0.00 0.00 -

Ca 11.78 23.38 5.66 6.09 11.73 8.25 4.83 17.31 2 11 2.61 6.72 7.16
Ti 0 0 0 0.00 0.00 0 0 0 0.00 - 0.00 0.00 0.00 0 0 0 0.00 -

Au 0 0 0 0 0 0 0.00 0.00 0.00 - 0 0 0 0 0 0 0 0 0 0.00 0 0 0 -

Cu 0 0 0 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

P 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0 00 0.00 0.00 -

ร 1.40 0 88 2.87 0.00 1.29 1.20 0.72 0.81 1,34 0.00 0.72 0.55
Mg 0.00 0.00 0,00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Na 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0 00 0.00 0.00 -

Cl 0.00 0.00 0 00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 -

Total 100.0
0

100 0 
0

100.0
0

100.0
0 100.00 _

100.0
0

100.0
0

100.0
0

100.0
0 100.00 .
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E . 1 .4  E x p e r im e n t  3

T a b l e  E - 4 2  E x p e r im e n t  3 %  w t  o f  E le m e n t  a n d  %  A t o m i c  o f  N o .  1 Iro n  n u g g e t s  

( 1 5 0 0 ° c ,  5 0  m in )  1st s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 8 . 1 6 2 .0 1 1 .6 7 3 . 9 5 3 .6 5 2 8 . 9 8 8 . 5 9 6 .9 1 1 4 .8 3 1 2 .2 9
o 0 . 0 0 0 . 0 0 2 .2 4 0 .7 5 1 .2 9 0 . 0 0 0 . 0 0 6 . 9 5 2 .3 2 4 .0 1
A l 0 . 0 0 0 . 0 0 0 .2 5 0 . 0 8 - 0 . 0 0 0 . 0 0 0 . 4 6 0 .1 5 -

S i 0 . 0 0 0 . 0 0 0 . 1 2 0 . 0 4 - 0 . 0 0 0 . 0 0 0 . 2 2 0 . 0 7 -

K 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

F e 9 0 . 4 3 9 6 . 2 6 9 4 . 2 3 9 3 . 6 4 2 . 9 6 6 9 . 1 0 8 8 . 5 7 8 3 . 9 7 8 0 . 5 5 1 0 .1 8
Z r 0 . 0 0 0 . 0 0 0 .7 5 0 .2 5 0 .4 3 0 . 0 0 0 . 0 0 0 .4 1 0 . 1 4 0 .2 4

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

C a 0 . 0 0 0 . 0 0 0 . 2 7 0 . 0 9 0 . 1 6 0 . 0 0 0 . 0 0 0 .3 3 0 .1 1 0 . 1 9
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 .0 .0 0 0 . 0 0 -

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

C u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0  . 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
p 0 .7 1 0 . 9 8 0 . 0 0 0 . 5 6 0 .5 1 0 . 9 8 1 .6 3 0 . 0 0 0 . 8 7 0 .8 2
ร 0 . 7 0 0 . 7 5 0 . 4 8 0 . 6 4 0 . 1 4 0 .9 3 1 .2 1 0 . 7 4 0 . 9 6 0 .2 4

M g 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

N a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 -

T a b l e  E - 4 3  E x p e r im e n t  3 %  w t  o f  E le m e n t  a n d  %  A t o m i c  o f  N o .  1 Iro n  n u g g e t s  

(1500°c, 50 m in )  2nd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 1 .8 6 1 .8 1 7 .8 7 3 .8 5 3 . 4 8 7 . 7 9 7 . 5 2 2 7 . 7 0 1 4 .3 4 1 1 .5 7
0 1 .0 8 1 .5 3 1 .4 9 1 .3 7 0 .2 5 3 . 4 0 4 . 7 7 3 .9 3 4 .0 3 0 . 6 9

A l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
S i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

K 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

F e 9 4 . 8 3 9 4 . 5 8 8 7 . 4 5 9 2 . 2 9 4 . 1 9 8 5 . 5 2 8 4 .7 1 6 6 . 1 9 7 8 .8 1 1 0 .9 3
Z r 0 . 0 0 0 . 0 0 2 . 0 6 0 . 6 9 - 0 . 0 0 0 . 0 0 0 . 9 5 0 . 3 2 -

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

C a 0 . 0 0 0 . 0 0 0 . 2 2 0 . 0 7 - 0 . 0 0 0 . 0 0 0 . 2 4 0 . 0 8 -

T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

C u 0 .3 5 0 . 3 9 0 .3 2 0 .3 5 0 . 0 4 0 2 8 0 .3 1 0 .2 1 0 . 2 7 0 .0 5
P 1 .1 5 0 . 9 8 0 . 0 0 0 .7 1 0 . 6 2 1 8 7 1 .5 8 0 . 0 0 1 .1 5 1 .0 1
ร 0 .7 3 0 .7 1 0 . 5 9 0 . 6 8 0 . 0 8 1 .1 4 1 1 1 0 . 7 7 1 .0 1 0 .2 1

M g 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

N a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 -
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Table E-44 E x p e r im e n t 3 % w t o f  E le m e n t and  %  A to m ic  o f  N o . 1 Iron n u g g e ts
(1500°c, 50 m in )  3 rd sp e c im e n

E le m e n t %  E l e m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 2 . 0 8 5 .6 1 2 . 0 8 3 . 2 6 2 .0 4 8 .9 1 2 0 . 2 5 8 .6 5 1 2 .6 0 6 . 6 2
0 0 . 0 0 2 . 5 2 1 .2 5 1 .2 6 1 .2 6 0 . 0 0 6 .8 3 3 . 9 2 3 .5 8 3 .4 3
A I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
S i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
K 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

F e 9 6 . 5 3 8 8 .4 1 9 5 . 1 3 9 3 . 3 6 4 .3 4 8 8 . 8 4 6 8 . 6 6 8 5 . 2 2 8 0 .9 1 1 0 .7 6
Z r . 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

M n - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -
C a 0 . 0 0 0 . 1 4 0 . 0 0 0 .0 5 0 .0 8 0 . 0 0 0 . 1 5 0 . 0 0 0 .0 5 0 . 0 9
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0  . -

A u ' 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0  - -
C u 0 . 0 0 0 . 6 9 0 . 2 9 0 .3 3 0 .3 5 0 . 0 0 0 . 4 7 0 .2 3 0 .2 3 0 .2 4

p 0 . 6 8 1 .7 0 0 .6 3 1 .0 0 0 . 6 0 1 .1 4 2 . 3 8 1 .0 2 1 .5 1 0 .7 5
ร 0 . 7 0 0 .9 3 0 . 6 2 0 .7 5 0 . 1 6 1 .1 2 1 .2 6 0 . 9 7 1 .1 2 0 .1 5

M g 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -
N a • 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0  ■ -
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 -

T a b l e  E - 4 5  E x p e r im e n t  3 %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  2  Iro n  n u g g e t s  

(1450°c, 5 0  m in )  1st s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e ร อ 1 2 3 4 a v e r a g e S D

C 8 . 1 6 7 . 8 7 5 .6 1 7 .2 1 1 .4 0 2 8 . 9 8 2 7 . 7 0 2 0 . 2 5 2 5 . 6 4 4 .7 1 8 . 1 6 7 .8 7
0 0 . 0 0 1 .4 9 2 . 5 2 1 .3 4 1 .2 7 0 . 0 0 3 .9 3 6 .8 3 3 . 5 9 3 . 4 3 0 . 0 0 1 .4 9

A l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
S i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
K 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

F e 9 0 . 4 3 8 7 . 4 5 8 8 .4 1 8 8 . 7 6 1 .5 2 6 9 . 1 0 6 6 . 1 9 6 8 . 6 6 6 7 . 9 8 1 .5 7 9 0 . 4 3 8 7 . 4 5
Z r 0 . 0 0 2 . 0 6 0 . 0 0 0 . 6 9 1 .1 9 0 . 0 0 0 .9 5 0 . 0 0 0 . 3 2 0 . 5 5 0 . 0 0 2 . 0 6

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C a 0 . 0 0 0 . 2 2 0 . 1 4 0 . 1 2 0 .1 1 0 . 0 0 0 . 2 4 0 . 1 5 0 .1 3 0 . 1 2 0 . 0 0 0 .2 2
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C u 0 . 0 0 0 . 3 2 0 . 6 9 0 . 3 4 0 .3 5 0 . 0 0 0 .2 1 0 . 4 7 0 .2 3 0 . 2 4 0 . 0 0 0 .3 2

P 0 .7 1 0 . 0 0 1 .7 0 0 . 8 0 0 .8 5 0 .9 8 0 . 0 0 2 . 3 8 1 1 2 1 .2 0 0 .7 1 0 . 0 0
ร 0 . 7 0 0 . 5 9 0 .9 3 0 . 7 4 0 .1 7 0 .9 3 0 . 7 7 1 .2 6 0 . 9 9 0 . 2 5 0 . 7 0 0 . 5 9

M g 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
N a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 -
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T able E-46 E x p e r im e n t  3 % w t o f  E le m e n t an d  % A to m ic  o f  N o . 2 Iron  n u g g e ts
(1450°c, 50 m in ) 2nd sp e c im e n

E le m e n t %  E l e m e n t %  A t o m i c
1 2 3 4 a v e r a g e ร อ 1 2 3 4 a v e r a g e รอc 5 . 0 9 4 . 0 3 1 0 . 8 2 6 .6 5 3 .6 5 1 9 .7 8 1 6 . 2 0 3 5 . 1 9 2 3 . 7 2 1 0 . 0 9 5 . 0 9 4 .0 3

0 0 . 0 0 0 . 0 0 1 .0 3 0 . 3 4 0 . 5 9 0 . 0 0 0 . 0 0 2 . 5 2 0 . 8 4 1 .4 5 0 . 0 0 0 . 0 0
A l 0 . 0 0 0 . 0 0 0 . 0 6 0 . 0 2 0 .0 3 0 . 0 0 0 . 0 0 0 . 0 9 0 .0 3 0 . 0 5 0 . 0 0 0 . 0 0
S i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
K 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
F e 9 3 . 4 6 9 4 . 2 1 8 6 . 7 6 9 1 . 4 8 4 . 1 0 7 8 . 0 8 8 1 . 4 7 6 0 . 7 0 7 3 . 4 2 1 1 .1 4 9 3 . 4 6 9 4 .2 1
Z r 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0
C a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0
A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0
C u 0 . 0 0 0 . 4 9 0 . 2 4 0 . 2 4 0 . 2 5 0 . 0 0 0 . 3 7 0 . 1 5 0 . 1 7 0 . 1 9 0 . 0 0 0 . 4 9

p 0 . 7 8 0 .6 5 0 .5 1 0 .6 5 0 . 1 4 1 .1 7 1 .0 1 0 . 6 5 0 . 9 4 0 . 2 7 0 . 7 8 0 .6 5ร 0 . 6 7 0 .6 3 0 . 5 8 0 .6 3 0 .0 5 0 . 9 7 0 . 9 5 0 .7 1 0 . 8 8 0 . 1 4 0 . 6 7 0 .6 3
M g 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0
N a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 -

T a b l e  E - 4 7  E x p e r im e n t  3 %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  2 Iro n  n u g g e t s  

(1450°c, 50 m in )  3rd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e ร อ 1 2 3 4 a v e r a g e ร อ

C 8 . 3 7 8 .0 3 5 . 4 5 7 .2 8 1 .6 0 2 8 . 8 6 2 8 . 1 0 2 0 . 3 8 2 5 . 7 8 4 . 6 9 8 . 3 7 8 .0 3
0 1 .4 0 1 .1 3 1 .4 4 1 .3 2 0 . 1 7 3 . 6 2 2 . 9 6 4 .0 5 3 . 5 4 0 . 5 5 1 .4 0 1 .1 3

A l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0
S i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
K 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

F e 8 9 .2 1 8 9 . 8 2 9 2 . 0 6 9 0 . 3 6 1 .5 0 6 6 . 1 8 6 7 . 5 7 7 4 . 0 7 6 9 . 2 7 4 .2 1 8 9 .2 1 8 9 . 8 2
Z r 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

P 0 . 5 4 0 . 4 9 0 . 4 9 0 .5 1 0 .0 3 0 .7 3 0 . 6 7 0 .7 1 0 . 7 0 0 .0 3 0 . 5 4 0 . 4 9
ร 0 . 4 8 0 .5 3 0 . 5 6 0 .5 2 0 . 0 4 0 . 6 2 0 . 7 0 0 . 7 8 0 . 7 0 0 . 0 8 0 . 4 8 0 .5 3

M g 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
N a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 -
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Table E-48 E x p e r im e n t  3 % w t o f  E le m e n t and  % A to m ic  o f  N o . 3 Iron n u g g e ts
(1400°c, 50 m in ) 1st sp e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

c 1 .2 2 2 . 7 0 2 . 7 7 2 .2 3 0 . 8 8 5 . 0 9 1 1 .1 4 1 0 .8 3 9 . 0 2 3 .4 1 1 .2 2 2 . 7 0
0 2 . 5 4 0 . 0 0 2 . 3 6 1 .6 3 1 .4 2 7 . 9 7 0 . 0 0 6 . 9 5 4 . 9 7 4 . 3 4 2 . 5 4 0 . 0 0
Al 0 . 1 2 0 . 0 0 0 . 0 0 0 . 0 4 0 .0 7 0 . 2 3 0 . 0 0 0 . 0 0 0 . 0 8 0 .1 3 0 . 1 2 0 . 0 0
S i 0 . 2 6 0 . 0 0 0 . 3 0 0 . 1 9 0 . 1 6 0 . 4 6 0 . 0 0 0 . 5 0 0 . 3 2 0 . 2 8 0 . 2 6 0 . 0 0
K 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

F e 9 2 . 8 3 9 2 . 9 0 9 1 .2 1 9 2 . 3 1 0 . 9 6 8 3 . 5 5 8 2 . 3 4 7 6 . 8 4 8 0 .9 1 3 . 5 8 9 2 . 8 3 9 2 . 9 0
Z r 1 .9 2 0 . 0 0 0 . 0 0 0 . 6 4 1 .1 1 1 .0 6 0 . 0 0 0 . 0 0 0 , 3 5 0 .6 1 1 .9 2 0 . 0 0

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C a 0 . 3 4 0 . 0 0 0 . 3 5 0 .2 3 0 . 2 0 0 . 4 2 0 . 0 0 0 .4 1 0 . 2 8 0 . 2 4 0 . 3 4 0 . 0 0
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C u 0 . 0 0 0 . 5 3 0 . 0 0 0 . 1 8 0 .3 1 0 . 0 0 0 .4 1 0 . 0 0 0 . 1 4 0 .2 4 0 . 0 0 0 .5 3p 0 . 0 0 2 . 4 3 0 . 9 5 1 .1 3 1 .2 2 0 . 0 0 3 .8 8 1 .4 4 1 .7 7 1 .9 6 0 . 0 0 2 .4 3
ร 0 . 7 8 1 .4 4 2 . 0 6 1 .4 3 0 . 6 4 1 .2 3 2 .2 3 3 . 0 2 2 . 1 6 0 . 9 0 0 . 7 8 1 .4 4

M g 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
N a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 o.;oo - 0 . 0 0 0 . 0 0
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 -

T a b l e  E - 4 9  E x p e r im e n t  3 %  w t  o f  E le m e n t  a n d  %  A t o m i c  o f  N o .  3 Iro n  n u g g e t s  

( 1 4 0 0 ° c ,  5 0  m in )  2 nd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 3 .0 5 2 . 1 7 1 .9 6 2 . 3 9 0 . 5 8 1 0 . 7 6 8 .7 2 8 .3 1 9 . 2 6 1 .3 1 3 .0 5 2 . 1 7
O 7 .4 6 2 . 2 7 0 . 0 0 3 . 2 4 3 .8 2 1 9 .7 5 6 .8 5 0 . 0 0 8 .8 7 1 0 .0 3 7 .4 6 2 .2 7

A l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
S i 0 . 1 8 0 . 1 4 0 . 1 4 0 . 1 5 0 .0 2 0 . 2 7 0 . 2 4 0 . 2 6 0 . 2 6 0 . 0 2 0 . 1 8 0 .1 4
K 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
F e 8 6 . 5 7 9 2 . 6 7 9 4 . 8 2 9 1 . 3 5 4 . 2 8 6 5 . 6 5 8 0 . 0 4 8 6 . 4 6 7 7 . 3 8 1 0 . 6 6 8 6 . 5 7 9 2 . 6 7
Z r 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C a 0 .3 5 0 .2 1 0 . 0 0 0 . 1 9 0 .1 8 0 . 3 7 0 . 2 5 0 . 0 0 0 .2 1 0 . 1 9 0 . 3 5 0 .2 1
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

P 0 . 9 9 1 .5 5 1 .4 8 1 .3 4 0 .3 1 1 .3 5 2 .4 1 2 .4 3 2 . 0 6 0 . 6 2 0 . 9 9 1 .5 5
ร 1 .4 0 0 . 9 9 1 .6 0 1 .3 3 0 .3 1 1 .8 6 1 .4 9 2 . 5 4 1 .9 6 0 .5 3 1 .4 0 0 . 9 9

M g 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
N a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 -
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Table E-50 E x p e r im e n t 3 % w t o f  E le m e n t and  % A to m ic  o f  N o . 3 Iron  n u g g e ts
( 1 4 0 0 ° c ,  5 0  m in ) 3 rd sp e c im e n

Element % Element % Atomic
1 2 3 4 average SD 1 2 3 4 average SD

c 5.45 2.62 1.29 3.12 2.12 19.34 10.67 5.54 11.85 6.98 5.45 2.62
0 3.47 1.30 0.95 1.91 1.37 9.23 3.96 3.06 5.42 3.33 3.47 1.30Al 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
Si 0.14 0.00 0.00 0.05 0.08 0.22 0.00 0.00 0.07 0.13 0.14 0.00K 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00Fe 87.68 94.35 96.30 92.78 4.52 66.90 82.68 89.01 79.53 11.39 87.68 94.35
Zr 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00Mn 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00 '
Ca 0.30 0.00 0.00 0.10 0.17 0.32 0.00 0.00 0.11 0.18 0.30 0.00
Ti 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
Au 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
Cu 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
p 1.40 0.72 0.72 0.95 0.39 1.92 1.14 1.19 1.42 0.44 1.40 0.72
ร 1.56 1.01 0.74 1.10 0.42 2.08 1.54 1.20 1.61 0.44 1.56 1.01Mg 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00Cl 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00Total 100 100 100 100 100.00 - 100 100 100 100 1 0 0 .0 0 -

T a b l e  E - 5 1  E x p e r im e n t  3  %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  4  (1375°c, 5 0  

m in )  1st s p e c im e n

Element % Element % Atomic
1 2 3 4 average SD 1 2 3 4 average SDC 3.49 0.00 2.80 2.10 1.85 9.62 0.00 9.60 6.41 5.55 3.49 0.00O 15.00 11.31 8.26 11.52 3.38 31.02 29.28 21.23 27.18 5.22 15.00 11.31AI 3.43 1.25 1.03 1.90 1.33 4.21 1.92 1.57 2.57 1.43 3.43 1.25Si 8.21 2.69 2.37 4.42 3.28 9.67 3.96 3.48 5.70 3.44 8.21 2.69K 0.66 0.24 0.19 0.36 0.26 0.56 0.26 0.20 0.34 0.19 0.66 0.24

Fe 51.37 79.45 80.51 70.44 16.53 30.44 58.94 59.29 49.56 16.56 51.37 79.45Zr 0.95 0.00 0.82 0.59 0.52 0.34 0.00 0.37 0.24 0.21 0.95 0.00Mn 0.26 0.00 0.00 0.09 0.15 0.16 0.00 0.00 0.05 0.09 0.26 0.00Ca 14.85 3.41 3.21 7.16 6.66 12.26 3.52 3.29 6.36 5.11 14.85 3.41Ti 0.21 0.00 0.00 0.07 0.12 0.14 0.00 0.00 0.05 0.08 0.21 0.00Au 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00Cu 0.28 0.07 0.17 0.17 0.11 0.15 0.05 0.11 0.10 0.05 0.28 0.07P 0.20 0.58 0.00 0.26 0.29 0.09 0.77 0.00 0.29 0.42 0.20 0.58ร 0.53 1.01 0.52 0.69 0.28 0.55 1.31 0.67 0.84 0.41 0.53 1.01Mg 0.23 0.00 0.11 0.11 0.12 0.31 0.00 0.19 0.17 0.16 0.23 0.00Na 0.33 0.00 0.00 0.11 0.19 0.48 0.00 0.00 0.16 0.28 0.33 0.00Cl 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00Total 100 100 100 100 100.00 - 100 100 100 100 . 100.00 -
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Table E-52 E x p e r im e n t  3 % w t o f  E le m e n t an d  % A to m ic  o f  N o . 4  (1375°c, 5 0
m in )  2 nd sp e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

c 3 . 1 6 0 .3 1 0 . 0 0 1 .1 6 1 .7 4 1 0 .7 8 0 . 9 9 0 . 0 0 3 . 9 2 5 .9 6 3 . 1 6 0 .3 1
0 7 .2 7 1 5 .7 4 1 2 .0 1 1 1 .6 7 4 .2 5 1 8 .6 0 3 7 . 5 6 3 0 . 5 2 2 8 . 8 9 9 . 5 8 7 . 2 7 1 5 .7 4
A l 1 .7 7 0 . 8 0 1 .4 7 1 .3 5 0 . 5 0 2 . 6 9 1 .1 3 2 .2 1 2 .0 1 0 . 8 0 1 .7 7 0 . 8 0
S i 3 . 0 5 1 .3 6 2 . 6 6 2 . 3 6 0 . 8 8 4 .4 4 1 .8 4 3 .8 5 3 . 3 8 1 .3 6 3 . 0 5 1 .3 6
K 0 . 2 7 0 . 2 0 0 . 2 3 0 .2 3 0 . 0 4 0 . 2 8 0 . 2 0 0 .2 4 0 . 2 4 0 .0 4 0 . 2 7 0 . 2 0
F e 7 9 . 0 7 7 4 . 2 6 7 7 . 3 5 7 6 . 8 9 2 . 4 4 5 7 .9 3 5 0 . 7 6 5 6 . 3 0 5 5 . 0 0 3 . 7 6 7 9 . 0 7 7 4 . 2 6
Z r 0 . 7 6 0 . 0 0 0 . 0 0 0 .2 5 0 .4 4 0 .3 4 0 . 0 0 0 . 0 0 0 .1 1 0 . 2 0 0 . 7 6 0 . 0 0

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0
C a 3 . 9 9 5 . 1 4 4 . 1 2 4 .4 2 0 .6 3 4 . 0 7 4 . 8 9 4 . 1 8 4 . 3 8 0 .4 5 3 . 9 9 5 .1 4
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 .0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C u 0 . 2 0 0 . 1 3 0 . 1 7 0 . 1 7 0 . 0 4 0 .1 3 0 . 0 8 0 .1 1 0 .1 1 0 .0 3 0 . 2 0 0 .1 3

p 0 . 0 0 0 . 6 6 1 .3 8 0 . 6 8 0 . 6 9 0 . 0 0 0 .8 1 1 .8 1 0 . 8 7 0 .9 1 0 . 0 0 0 . 6 6
ร 0 . 1 3 1 .2 3 0 .6 1 0 . 6 6 0 .5 5 0 . 1 6 1 .4 7 0 . 7 8 0 . 8 0 0 . 6 6 0 .1 3 1 .2 3

M g 0 .1 1 0 . 1 6 0 . 0 0 0 . 0 9 0 .0 8 0 . 1 9 0 . 2 6 0 . 0 0 0 . 1 5 0 .1 3 0 .1 1 0 . 1 6
N a 0 .2 3 0 . 0 0 0 . 0 0 0 . 0 8 0 .1 3 0 .4 0 0 . 0 0 0 . 0 0 0 .1 3 0 .2 3 0 . 2 3 0 . 0 0
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 -

T a b l e  E - 5 3  E x p e r im e n t  3 %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  4  (1375°c, 5 0  

m in )  3 rd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 3 . 8 4 0 . 8 0 0 . 0 0 1 .5 5 2 .0 3 1 1 .9 0 2 . 4 5 0 . 0 0 4 . 7 8 6 . 2 8 3 . 8 4 0 . 8 0
O 1 3 .5 2 1 5 .5 1 1 1 . 9 7 1 3 .6 7 1 .7 7 3 1 . 4 7 3 5 . 7 7 3 0 . 6 3 3 2 . 6 2 2 . 7 6 1 3 . 5 2 1 5 .5 1

A l 0 . 2 5 1 .5 9 1 .3 3 1 .0 6 0 .7 1 0 .3 4 2 . 1 8 2 . 0 2 1 .5 1 1 .0 2 0 . 2 5 1 .5 9
S i 0 . 5 0 2 . 8 4 2 . 2 9 1 .8 8 1 .2 2 0 . 6 7 3 . 7 3 3 .3 4 2 . 5 8 1 .6 7 0 . 5 0 2 . 8 4
K 0 . 1 7 0 . 2 5 0 . 2 3 0 .2 2 0 . 0 4 0 . 1 6 0 . 2 4 0 .2 4 0 .2 1 0 .0 5 0 . 1 7 0 .2 5

F e 7 6 . 6 7 6 9 . 2 6 7 8 . 2 8 7 4 . 7 4 4 .8 1 5 1 .1 1 4 5 . 7 5 5 7 . 3 7 5 1 .4 1 5 .8 2 7 6 . 6 7 6 9 . 2 6
Z r 1 .1 6 0 . 0 0 0 . 0 0 0 . 3 9 0 .6 7 0 . 4 7 0 . 0 0 0 . 0 0 0 . 1 6 0 . 2 7 1 .1 6 0 . 0 0

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C a 3 .1 3 6 .6 5 4 . 0 4 4 .6 1 1 .8 3 2 .9 1 6 . 1 2 4 . 1 2 4 . 3 8 1 .6 2 3 .1 3 6 .6 5
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C u 0 . 0 0 0 . 0 0 0 . 1 9 0 . 0 6 0 .1 0 . 0 0 0 . 0 0 0 . 1 2 0 . 0 4 0 . 0 7 0 . 0 0 0 . 0 0

P 0 . 0 0 2 . 2 0 0 . 7 8 0 . 9 9 1 .1 2 0 . 0 0 2 . 6 2 1 .0 3 1 .2 2 1 .3 2 0 . 0 0 2 . 2 0
ร 0 . 6 0 0 .6 3 0 . 8 8 0 . 7 0 0 .1 5 0 . 7 0 0 . 7 2 1 .1 2 0 . 8 5 0 . 2 4 0 . 6 0 0 .6 3

M g 0 . 0 0 0 . 1 2 0 . 0 0 0 .0 4 0 . 0 7 0 . 0 0 0 . 1 9 0 . 0 0 0 . 0 6 0 .1 1 0 . 0 0 0 . 1 2
N a 0 . 1 6 0 .1 5 0 . 0 0 0 . 1 0 0 . 0 9 0 . 2 6 0 . 2 3 0 . 0 0 0 . 1 6 0 . 1 4 0 . 1 6 0 .1 5
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 -
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Table E-54 E x p e r im e n t  3 % w t o f  E le m e n t and  % A to m ic  o f  N o . 5 (1350°c, 50
m in )  1st sp e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S Dc 8 .0 1 0 . 0 0 0 . 0 0 2 . 6 7 4 .6 2 2 1 . 7 6 0 . 0 0 0 . 0 0 7 .2 5 1 2 .5 6 8 .0 1 0 . 0 0

0 1 5 .2 4 1 7 .1 3 1 7 .1 3 1 6 . 5 0 1 .0 9 3 1 . 1 0 4 0 . 1 6 4 0 . 1 6 3 7 . 1 4 5 .2 3 1 5 .2 4 1 7 .1 3
A1 0 .9 3 1 .1 4 1 .1 4 1 .0 7 0 .1 2 1 .1 3 1 .5 9 1 .5 9 1 .4 4 0 . 2 7 0 .9 3 1 .1 4
S i 1 .2 5 2 . 2 6 2 . 2 6 1 .9 2 0 .5 8 1 .4 5 3 .0 2 3 .0 2 2 . 5 0 0 .9 1 1 .2 5 2 . 2 6
K 0 . 2 6 0 . 2 4 0 . 2 4 0 .2 5 0 .0 1 0 .2 1 0 .2 3 0 .2 3 0 . 2 2 0 .0 1 0 . 2 6 0 .2 4

F e 6 9 . 5 8 7 3 . 6 2 7 3 . 6 2 7 2 . 2 7 2 .3 3 4 0 . 6 7 4 9 . 4 5 4 9 . 4 5 4 6 . 5 2 5 . 0 7 6 9 . 5 8 7 3 . 6 2
Z r 0 . 6 2 0 . 0 0 0 . 0 0 0 .2 1 0 .3 6 0 .2 2 0 . 0 0 0 . 0 0 0 . 0 7 0 .1 3 0 .6 2 0 . 0 0

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C a 3 . 5 9 4 . 6 3 4 . 6 3 4 . 2 8 0 .6 0 2 .9 3 4 .3 3 4 .3 3 3 . 8 6 0 .8 1 3 . 5 9 4 .6 3
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

p 0 . 0 0 0 . 4 6 0 . 4 6 0 .3 1 0 .2 7 0 . 0 0 0 .5 5 0 . 5 5 0 . 3 7 0 . 3 2 0 . 0 0 0 . 4 6
ร 0 . 5 2 0 . 3 8 0 . 3 8 0 . 4 3 0 .0 8 0 .5 3 0 .4 5 0 . 4 5 0 . 4 8 0 . 0 5 0 . 5 2 0 . 3 8

M g 0 . 0 0 0 . 1 5 0 . 1 5 0 . 1 0 0 .0 9 0 . 0 0 0 .2 3 0 .2 3 0 .1 5 0 .1 3 0 . 0 0 0 .1 5
N a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 .0 0 -

T a b l e  E - 5 5  E x p e r im e n t  3 %  w t  o f  E le m e n t  a n d  %  A t o m i c  o f  N o .  5 (1350°c, 50 
m in )  2 nd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 3 . 3 9 0 . 1 7 1 6 .7 5 6 . 7 7 . 8 .7 9 1 0 .5 5 0 .5 5 3 8 . 2 6 1 1 . 6 9 1 3 .0 5 3 . 3 9 0 . 1 7
O 1 3 .6 9 1 5 . 2 2 1 4 .9 4 1 4 .6 2 0 .8 1 3 1 . 9 7 3 7 . 1 4 2 5 . 6 2 2 0 . 0 5 1 2 . 3 4 1 3 .6 9 1 5 .2 2

A l 0 .6 2 0 . 8 8 1 .3 9 0 . 9 6 0 .3 9 0 . 8 6 1 .2 7 1 .4 1 1 .0 2 0 . 3 6 0 . 6 2 0 . 8 8
S i 0 .8 4 1 .1 1 1 .4 0 1 .1 2 0 .2 8 1 .1 1 1 .5 4 1 .3 7 1 .1 3 0 .4 1 0 . 8 4 1 .1 1
K 0 . 0 0 0 . 1 7 0 . 4 9 0 . 2 2 0 .2 5 0 . 0 0 0 .1 7 0 . 3 5 0 . 1 7 0 . 1 5 0 . 0 0 0 . 1 7

F e 7 8 . 1 6 7 6 . 9 9 6 0 . 3 8 7 1 . 8 4 9 .9 4 5 2 . 2 9 5 3 . 8 4 2 9 . 6 7 4 5 . 2 7 1 3 .5 3 7 8 . 1 6 7 6 . 9 9
Z r 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C a 2 .7 1 4 .8 1 3 . 8 0 3 . 7 7 1 .0 5 2 . 5 2 4 . 6 8 2 . 6 0 3 .2 7 1 .2 2 2 .7 1 4 .8 1
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0
A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0

P 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0
ร 0 . 6 0 0 . 6 6 0 .8 5 0 . 7 0 0 .1 3 0 . 7 0 0 . 8 0 0 .7 3 0 . 7 4 0 . 0 5 0 . 6 0 0 .6 6

M g 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0
N a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 -
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Table E-56 E x p e r im e n t  3 % \vt o f  E le m e n t  and  % A to m ic  o f  N o . 5 (1350°c, 50
m in )  3 rd sp e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S Dc 8 .5 5 1 .2 7 1 .8 1 3 .8 8 4 . 0 6 2 4 . 1 5 4 . 1 0 6 .0 3 1 1 .4 3 1 1 .0 6 8 .5 5 1 .2 7

0 1 2 .1 6 1 4 . 4 6 1 2 . 5 4 1 3 .0 5 1 .2 3 2 5 . 7 8 3 5 . 0 3 3 1 . 3 8 3 0 . 7 3 4 . 6 6 1 2 .1 6 1 4 .4 6
A1 0 . 5 9 0 .8 3 0 .4 3 0 .6 2 0 . 2 0 0 . 7 4 1 .1 9 0 . 6 4 0 . 8 6 0 . 2 9 0 . 5 9 0 .8 3
S i 0 . 7 2 1 .7 0 0 .6 1 1 .0 1 0 . 6 0 0 . 8 7 2 . 3 4 0 . 8 7 1 .3 6 0 . 8 5 0 . 7 2 1 .7 0
K 0 . 1 7 0 . 0 0 0 . 0 0 0 . 0 6 0 . 1 0 0 . 1 5 0 . 0 0 0 . 0 0 0 .0 5 0 . 0 9 0 . 1 7 0 . 0 0
F e 7 2 . 7 8 7 7 . 9 9 8 3 . 2 2 7 8 . 0 0 5 .2 2 4 4 . 2 2 5 4 . 1 2 5 9 . 6 4 5 2 . 6 6 7 .8 1 7 2 . 7 8 7 7 . 9 9
Z r 0 . 6 4 0 . 8 5 0 . 0 0 0 . 5 0 0 .4 4 0 .2 4 0 . 3 6 0 . 0 0 0 . 2 0 0 .1 8 0 . 6 4 0 .8 5

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C a 3 . 7 2 2 . 6 8 1 .1 4 2 .5 1 1 .3 0 3 .1 5 2 . 5 9 1 .1 4 2 . 2 9 1 .0 4 3 . 7 2 2 .6 8
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

p 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -■ 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
ร 0 . 6 6 0 . 2 2 0 . 2 5 0 . 3 8 0 .2 5 0 . 7 0 0 . 2 6 0 .3 1 0 . 4 2 0 . 2 4 0 . 6 6 0 .2 2

M g 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
N a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - • 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 -

T a b l e  E - 5 7  E x p e r im e n t  3 %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  6  (1300°c, 5 0  

m in )  1st s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 0 .6 3 0 . 0 0 0 . 6 8 0 . 4 4 0 .3 8 2 .1 1 0 . 0 0 2 .3 1 1 .4 7 1 .2 8 0 .6 3 0 .0 0
O 1 3 .1 1 1 0 .1 6 1 3 . 9 7 1 2 .4 1 2 . 0 0 3 3 . 1 9 2 7 . 4 8 3 5 . 4 5 3 2 . 0 4 4 .1 1 1 3 .1 1 1 0 .1 6

A l 0 .7 1 0 . 9 8 0 . 1 2 0 . 6 0 0 . 4 4 1 .0 6 1 .5 7 0 . 1 8 0 . 9 4 0 . 7 0 0 .7 1 0 .9 8
S i 1 .4 2 1 .5 9 0 . 0 0 1 .0 0 0 . 8 7 2 .0 5 2 . 4 4 0 . 0 0 1 .5 0 1 .3 1 1 .4 2 1 .5 9
K 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0

F e 8 0 . 5 6 8 2 . 2 7 8 3 . 9 6 8 2 . 2 6 1 .7 0 5 8 . 4 2 6 3 . 7 2 6 1 . 0 4 6 1 . 0 6 2 . 6 5 8 0 . 5 6 8 2 . 2 7
Z r 0 . 8 8 1 .1 9 0 . 6 0 0 . 8 9 0 . 3 0 0 . 3 9 0 . 5 6 0 . 2 7 0 .4 1 0 .1 5 0 . 8 8 1 .1 9

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C a 2 .5 1 3 . 4 2 0 . 4 9 2 . 1 4 1 .5 0 2 .5 4 3 . 6 9 0 . 5 0 2 . 2 4 1 .6 2 2 .5 1 3 .4 2
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0
P 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0
ร 0 . 1 9 0 . 4 0 0 . 1 8 0 . 2 6 0 . 1 2 0 . 2 4 0 . 5 4 0 . 2 6 0 .3 5 0 . 1 7 0 . 1 9 0 .4 0

M g 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
N a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 -



143

Table E-58 E x p e r im e n t  3 % w t o f  E le m e n t and % A to m ic  o f  N o . 6  (1300°c, 50
m in )  2 nd sp e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S Dc 0 . 0 0 2 .1 1 0 . 0 0 0 . 7 0 1 .2 2 0 . 0 0 6 . 7 4 0 . 0 0 2 . 2 5 3 . 8 9 0 . 0 0 2 .1 1

0 1 5 . 7 6 1 2 .0 5 1 6 .2 5 1 4 .6 9 2 . 3 0 3 6 . 6 4 2 8 .9 1 3 8 .6 1 3 4 . 7 2 5 .1 3 1 5 . 7 6 1 2 .0 5
A I 1 .7 7 1 .5 2 1 .5 2 1 .6 0 0 . 1 4 2 . 4 4 2 . 1 7 2 .1 5 2 . 2 5 0 . 1 6 1 .7 7 1 .5 2
S i 3 .1 3 3 . 3 7 2 .3 3 2 . 9 4 0 . 5 4 4 .1 5 4 . 6 0 3 .1 5 3 . 9 7 0 . 7 4 3 .1 3 3 .3 7
K 0 .3 1 0 . 0 0 0 . 1 7 0 . 1 6 0 . 1 6 0 . 2 9 0 . 0 0 0 . 1 6 0 . 1 5 0 .1 5 0 .3 1 0 .0 0
F e 6 6 . 0 0 7 4 .6 1 7 4 . 3 1 7 1 . 6 4 4 . 8 9 4 3 . 9 7 5 1 . 2 6 5 0 . 5 9 4 8 . 6 1 4 . 0 3 6 6 . 0 0 7 4 .6 1
Z r 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C a 9 . 6 6 5 . 3 7 4 .7 1 6 .5 8 2 . 6 9 8 .9 7 5 .1 4 4 . 4 7 6 . 1 9 2 .4 3 9 . 6 6 5 .3 7
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C u 0 . 6 6 0 . 0 0 0 . 0 0 0 .2 2 0 . 3 8 0 . 3 8 0 . 0 0 0 . 0 0 0 . 1 3 0 . 2 2 0 . 6 6 0 . 0 0

p 0 . 0 0 0 . 5 6 0 . 4 8 0 .3 5 0 . 3 0 0 . 0 0 0 . 6 9 0 . 6 0 0 . 4 3 0 . 3 8 0 . 0 0 0 . 5 6
ร 2 . 7 2 0 .4 1 0 .2 3 1 .1 2 1 .3 9 3 .1 5 0 . 4 9 0 . 2 7 1 .3 0 1 .6 0 2 . 7 2 0 .4 1

M g 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
N a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0  ' 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 . 0 0 -

T a b l e  E - 5 9  E x p e r im e n t  3  %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  6  (1300°c, 5 0  

m in )  3 rd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 0 . 0 0 0 . 0 0 1 .2 7 0 . 4 2 0 .7 3 0 . 0 0 0 . 0 0 4 .3 1 1 .4 4 2 . 4 9 0 . 0 0 0 . 0 0
O 1 4 .5 3 1 6 .1 5 1 2 . 5 4 1 4 .4 1 1 .8 1 3 6 .9 1 3 7 .3 1 3 1 . 9 4 3 5 . 3 9 2 . 9 9 1 4 .5 3 1 6 .1 5

A l 0 . 2 8 2 .2 1 0 .2 5 0 .9 1 1 .1 2 0 .4 2 3 .0 3 0 . 3 8 1 .2 8 1 .5 2 0 . 2 8 2 .2 1
S i 0 . 4 9 3 . 7 8 0 . 4 4 1 .5 7 1 .9 1 0 .7 1 4 . 9 8 0 .6 3 2 .1 1 2 . 4 9 0 . 4 9 3 .7 8
K 0 . 0 0 0 . 6 4 0 . 0 0 0 .2 1 0 . 3 7 0 . 0 0 0 .6 1 0 . 0 0 0 . 2 0 0 . 3 5 0 . 0 0 0 .6 4

F e 8 2 . 3 6 6 7 . 4 5 8 4 . 3 7 7 8 . 0 6 9 .2 4 5 9 . 9 4 4 4 . 6 4 6 1 . 5 5 5 5 . 3 8 9 .3 3 8 2 . 3 6 6 7 . 4 5
Z r 0 . 7 0 0 . 0 0 0 . 0 0 0 .2 3 0 . 4 0 0 .3 1 0 . 0 0 0 . 0 0 0 . 1 0 0 . 1 8 0 . 7 0 0 . 0 0

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C a 1 .4 8 8 .3 3 0 . 9 6 3 . 5 9 4 .1 1 1 .5 0 7 . 6 8 0 . 9 8 3 . 3 9 3 .7 3 1 .4 8 8 .3 3
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 .0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 .0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0
C u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

P 0 . 0 0 0 . 8 0 0 . 0 0 0 . 2 7 0 . 4 6 0 . 0 0 0 . 9 6 0 . 0 0 0 . 3 2 0 . 5 5 0 . 0 0 0 . 8 0
ร 0 . 1 7 0 . 4 5 0 . 1 6 0 . 2 6 0 . 1 6 0 .2 1 0 . 5 2 0 .2 1 0 .3 1 0 . 1 8 0 . 1 7 0 .4 5

M g 0 . 0 0 0 . 1 8 0 . 0 0 0 . 0 6 0 . 1 0 0 . 0 0 0 . 2 7 0 . 0 0 0 . 0 9 0 . 1 6 0 . 0 0 0 .1 8
N a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 .0 0
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 -
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Table E-60 E x p e r im e n t  3 % w t  o f  E le m e n t an d  % A to m ic  o f  N o . 7 (1200°c, 5 0
m in )  1st s p e c im e n

E lem ent % E lem ent % A tom ic
1 2 3 4 average SD 1 2 3 4 average SD

c 2.75 0.00 1.47 1.41 1.38 8.21 0.00 4.75 4.32 4.12 2.75 0.00o 16.69 16.02 14.51 15.74 1.12 37.41 37.99 35.23 36.88 1.46 16.69 16.02
A 1 0.71 1.27 0.54 0.84 0.38 0.94 1.78 0.78 1.17 0.54 0.71 1.27
Si 1.30 2.69 0.82 1.60 0.97 1.66 3.63 1.13 2.14 1.32 1.30 2.69K 0.00 0.23 0.00 0.08 0.13 0.00 0.22 0.00 0.07 0.13 0.00 0.23
Fe 74.08 72.89 80.37 75.78 4.02 47.57 49.52 55.89 50.99 4.35 74.08 72.89
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

M n 0.00 0.00 - 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C a 3.65 5.76 2.29 3.90 1.75 3.27 5.46 2.22 3.65 1.65 3.65 5.76
Ti 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
Au 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00Cu 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
p 0.58 0.87 0.00 0.48 0.44 0.67 1.07 0.00 0.58 0.54 0.58 0.87ร 0.25 0.28 0.00 0.18 0.15 0.28 0.33 0.00 0.20 0.18 0.25 0.28

M g 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
N a 0.00 0.00 - 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 0.00
Cl 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

T otal 100 100 100 100 100 - 100 100 100 100 100 -

T a b l e  E - 6 1  E x p e r im e n t  3 %  w t  o f  E le m e n t  a n d  %  A t o m i c  o f  N o .  7  (1200°c, 5 0  
m i n )  2 nd s p e c im e n

E lem ent % E lem ent % A tom ic
1 2 3 average SD 1 2 3 average SD

C 0.00 2.19 2.39 1.53 1.33 0.00 7.04 7.55 4.86 4.22
O 13.78 13.87 14.38 14.01 0.32 35.21 33.50 34.06 34.26 0.87
Al 0.30 0.39 0.55 0.41 0.13 0.46 0.56 0.77 0.60 0.16
Si 0.81 0.75 0.96 0.84 0.11 1.18 1.03 1.29 1.17 0.13
K 0.19 0.00 0.00 0.06 0.11 0.19 0.00 0.00 0.06 0.11
Fe 82.79 80.85 78.79 80.81 2.00 60.58 55.93 53.45 56.65 3.62
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 1.69 1.77 2.51 1.99 0.45 1.72 1.70 2.37 1.93 0.38
Ti 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

P 0.00 0.00 0.23 0.08 0.13 0.00 0.00 0.28 0.09 0.16
ร 0.26 0.18 0.19 0.21 0.04 0.34 0.22 0.22 0.26 0.07

M g 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

N a 0.18 0.00 0.00 0.06 0.10 0.32 0.00 0.00 0.11 0.18
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T otal 100 100 100 100 - 100 100 100 100 -
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Table E-62 E x p e r im e n t 3 % w t o f  E le m e n t an d  % A to m ic  o f  N o . 7 (1200°c, 50
m in ) 3 rd s p e c im e n

E le m e n t %  E l e m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

c 0 . 5 2 2 . 4 0 1 .4 1 1 .4 4 0 . 9 4 1 .5 9 7 .4 1 4 . 3 2 4 . 4 4 2 .9 1 0 . 5 2 2 . 4 0
0 1 6 . 7 5 1 4 .9 3 1 5 .7 4 1 5 .8 1 0 .9 1 3 8 . 8 4 3 4 . 6 3 3 6 . 8 8 3 6 . 7 8 2 .1 1 1 6 .7 5 1 4 .9 3

A l 1 .0 6 0 . 7 8 0 . 8 4 0 . 8 9 0 .1 5 1 .4 6 1 .0 8 1 .1 7 1 .2 4 0 . 2 0 1 .0 6 0 . 7 8
S i 2 . 2 8 1 .5 9 1 .6 0 1 .8 2 0 . 3 9 3 .0 1 2 . 1 0 2 . 1 4 2 . 4 2 0 .5 1 2 .2 8 1 .5 9
K 0 . 3 9 0 . 0 0 0 . 0 8 0 . 1 6 0 .2 1 0 . 3 7 0 . 0 0 0 . 0 7 0 . 1 5 0 . 2 0 0 . 3 9 0 . 0 0

F e 7 2 . 0 4 7 5 . 4 4 7 5 . 7 8 7 4 . 4 2 2 . 0 7 4 7 . 8 5 5 0 . 1 3 5 0 . 9 9 4 9 . 6 6 1 .6 2 7 2 . 0 4 7 5 . 4 4
Z r 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0  . . 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 ' ■ 0.00 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C a 5 . 6 8 4 . 2 5 3 . 9 0 4 .6 1 0 . 9 4 5 .2 6 • 3 . 9 4 3 .6 5 4 . 2 8 0 . 8 6 5 .6 8 4 .2 5
T i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 ■ 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 . 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

p 0 .7 1 0 . 4 4 0 . 4 8 0 . 5 4 0 .1 5 0 .8 5 0 . 5 2 0 . 5 8 0 . 6 5 0 . 1 8 0 .7 1 0 .4 4
ร 0 . 3 6 0 . 1 8 0 . 1 8 0 . 2 4 0 . 1 0 0 . 4 2 : 0 . 2 0 0 . 2 0 0 . 2 7 0 . 1 3 0 . 3 6 0 . 1 8

M g 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 ' 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
N a 0 . 2 2 0 . 0 0 0 . 0 0 0 . 0 7 0 .1 3 0 . 3 5  • ' 0 . 0 0 0 . 0 0 0 . 1 2 0 . 2 0 0 . 2 2 0 . 0 0
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 . 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 - . 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 -

T a b l e  E - 6 3  E x p e r im e n t  3 %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  1 S l a g  (1500°c, 
50 m in )  1st s p e c im e n

E le m e n t %  E l e m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 0 . 8 6 0 . 0 0 0 . 0 0 0 . 2 9 0 . 5 0 1 .7 3 0 . 0 0 0 . 0 0 0 . 5 8 1 .0 0 0 . 8 6 0 . 0 0
O 3 5 . 6 6 2 0 . 0 2 3 6 . 7 2 3 0 . 8 0 9 .3 5 5 3 . 9 2 3 6 . 1 0 5 5 . 1 2 4 8 . 3 8 1 0 .6 5 3 5 . 6 6 2 0 . 0 2

A l 6 . 8 5 5 .9 3 8 . 0 9 6 . 9 6 1 .0 8 6 . 1 4 6 . 3 4 7 . 2 0 6 . 5 6 0 . 5 6 6 .8 5 5 .9 3
S i 1 5 . 9 4 1 5 . 2 7 1 8 .1 4 1 6 .4 5 1 .5 0 1 3 .7 3 1 5 . 6 9 1 5 .5 1 1 4 .9 8 1 .0 8 1 5 .9 4 1 5 .2 7
K 1 .0 3 1 .0 5 0 . 8 4 0 . 9 7 0 . 1 2 0 . 6 4 0 . 7 8 0 .5 1 0 .6 4 0 . 1 4 1 .0 3 1 .0 5

F e 1 .9 1 2 .0 5 1 .8 5 1 .9 4 0 . 1 0 0 .8 3 1 .0 6 0 . 7 9 0 . 8 9 0 . 1 5 1 .9 1 2 .0 5
Z r 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

M n 0 . 0 0 0 .8 1 0 . 3 0 0 . 3 7 0 .4 1 0 . 0 0 0 .4 3 0 .1 3 0 . 1 9 0 . 2 2 0 . 0 0 0 .8 1
C a 3 5 . 1 6 5 3 . 2 5 3 2 . 3 8 4 0 . 2 6 1 1 .3 3 2 1 . 2 2 3 8 . 3 3 1 9 .4 0 2 6 . 3 2 1 0 .4 4 3 5 . 1 6 5 3 . 2 5
T i 0 . 6 3 0 . 9 4 0 . 5 0 0 . 6 9 0 .2 3 0 . 3 2 0 . 5 7 0 . 2 5 0 . 3 8 0 . 1 7 0 .6 3 0 .9 4

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C u 0 . 5 8 0 . 0 0 0 . 0 0 0 . 1 9 0 .3 3 0 . 2 2 0 . 0 0 0 . 0 0 0 . 0 7 0 .1 3 0 . 5 8 0 . 0 0
P 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
ร 0 . 3 4 0 .3 3 0 . 4 4 0 . 3 7 0 . 0 6 0 . 2 6 0 . 3 0 0 .3 3 0 . 3 0 0 . 0 4 0 . 3 4 0 .3 3

M g 0 . 4 0 0 . 3 4 0 . 4 8 0 .4 1 0 . 0 7 0 . 4 0 0 . 4 0 0 . 4 7 0 . 4 2 0 . 0 4 0 . 4 0 0 .3 4
N a 0 . 4 4 0 . 0 0 0 . 2 6 0 .2 3 0 . 2 2 0 . 4 6 0 . 0 0 0 . 2 7 0 . 2 4 0 .2 3 0 . 4 4 0 . 0 0
C l 0 . 2 0 0 . 0 0 0 . 0 0 0 . 0 7 0 . 1 2 0 .1 3 0 . 0 0 0 . 0 0 0 . 0 4 0 . 0 8 0 . 2 0 0 . 0 0

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 -



146

Table E-64 E x p e r im e n t  3 % w t o f  E le m e n t an d  % A to m ic  o f  N o . 1 S la g  (1500°c,
50 m in ) 2nd sp e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

c 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
0 2 7 . 6 2 4 3 . 1 9 3 1 . 8 6 3 4 . 2 2 8 .0 5 4 6 . 5 1 6 1 . 8 7 5 0 .8 1 5 3 . 0 6 7 . 9 2 2 7 . 6 2 4 3 . 1 9
A1 6 . 8 2 7 . 6 8 7 . 0 7 7 . 1 9 0 . 4 4 6 .8 1 6 .5 3 6 . 6 9 6 . 6 8 0 . 1 4 6 . 8 2 7 .6 8
S i 1 5 .7 4 1 6 .5 8 1 6 .3 3 1 6 .2 2 0 . 4 3 1 5 .0 9 1 3 .5 3 1 4 . 8 4 1 4 . 4 9 0 . 8 4 1 5 .7 4 1 6 .5 8
K 0 .5 1 0 .3 5 0 . 3 6 0 .4 1 0 . 0 9 0 .3 5 0 . 2 0 0 .2 3 0 . 2 6 0 . 0 8 0 .5 1 0 .3 5

F e 1 1 .0 1 4 .3 3 5 . 8 5 7 . 0 6 3 . 5 0 5 .3 1 1 .7 8 2 . 6 7 3 .2 5 1 .8 4 1 1 .0 1 4 .3 3
Z r 0 .2 3 0 .4 3 0 . 2 7 0 .3 1 0 .1 1 0 . 1 0 0 . 1 5 0 .1 1 0 . 1 2 0 .0 3 . 0 . 2 3 0 .4 3

M n 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - ' 0 . 0 0 0 . 0 0
C a 3 6 . 3 8 2 5 . 9 5 3 6 . 4 4 3 2 . 9 2 6 . 0 4 2 4 . 4 5 1 4 . 8 4 2 3 . 2 0 2 0 . 8 3 5 .2 3 3 6 . 3 8 2 5 . 9 5
T i 0 . 6 0 0 . 4 2 0 . 5 4 0 . 5 2 0 . 0 9 0 . 3 4 0 . 2 0 0 . 2 9 0 . 2 8 0 . 0 7 0 . 6 0 0 .4 2

A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - ง . 0 0 0 . 0 0
C u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

p 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
ร 0 . 6 4 0 . 4 4 0 . 6 9 0 . 5 9 0 . 1 3 0 . 5 4 0 . 3 2 0 . 5 5 0 . 4 7 0 .1 3 0 . 6 4 0 .4 4

M g 0 . 4 6 0 .6 3 0 . 5 9 0 . 5 6 0 . 0 9 0 .5 1 0 . 5 9 0 .6 2 0 . 5 7 0 . 0 6 0 . 4 6 0 .6 3
N a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - - 0 . 0 0 0 . 0 0
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 -

T a b l e  E - 6 5  E x p e r im e n t  3 %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  1 S la g  (1500°c, 
50 m in )  3rd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 0 . 0 0 2 5 . 0 5 1 .6 8 8 .9 1 1 4 . 0 0 0 . 0 0 3 8 . 7 8 3 . 4 8 1 4 . 0 9 2 1 . 4 6 0 . 0 0 2 5 . 0 5
0 4 6 . 9 6 3 4 . 7 5 3 5 . 1 0 3 8 . 9 4 6 . 9 5 6 5 . 7 2 4 0 . 3 9 5 4 . 7 5 5 3 . 6 2 1 2 .7 0 4 6 . 9 6 3 4 . 7 5
A l 8 .0 1 5 .1 1 7 . 1 6 6 . 7 6 1 .4 9 6 . 6 5 3 . 5 2 6 . 6 2 5 . 6 0 1 .8 0 8 .0 1 5 .1 1
S i 1 4 .2 1 1 0 . 4 9 1 2 . 2 2 1 2 .3 1 1 .8 6 1 1 .3 3 6 . 9 5 1 0 . 8 6 9 .7 1 2 . 4 0 1 4 .2 1 1 0 .4 9
K 0 . 0 0 0 . 0 0 0 . 8 5 0 . 2 8 0 . 4 9 0 . 0 0 0 . 0 0 0 . 5 4 0 . 1 8 0 .3 1 0 . 0 0 0 . 0 0
F e 7 .0 8 8 .0 5 1 8 .3 3 1 1 .1 5 6 . 2 3 2 . 8 4 2 . 6 8 8 .1 9 4 . 5 7 3 . 1 4 7 .0 8 8 .0 5
Z r 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

M n 0 . 0 0 0 . 0 0 0 . 4 5 0 .1 5 0 . 2 6 0 . 0 0 0 . 0 0 0 .2 1 0 . 0 7 0 .1 2 0 . 0 0 0 . 0 0
C a 2 2 . 3 3 1 6 .5 4 2 2 . 3 5 2 0 .4 1 3 .3 5 1 2 .4 8 7 . 6 8 1 3 .9 2 1 1 . 3 6 3 . 2 7 2 2 . 3 3 1 6 .5 4
T i 0 . 0 0 0 . 0 0 0 . 5 0 0 . 1 7 0 . 2 9 0 . 0 0 0 . 0 0 0 . 2 6 0 . 0 9 0 .1 5 0 . 0 0 0 . 0 0
A u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C u 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

P 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
ร 1 .4 2 0 . 0 0 0 . 8 9 0 . 7 7 0 . 7 2 0 . 9 9 0 . 0 0 0 . 6 9 0 . 5 6 0 .5 1 1 .4 2 0 . 0 0

M g 0 . 0 0 0 . 0 0 0 . 4 8 0 . 1 6 0 . 2 8 0 . 0 0 0 . 0 0 0 . 4 9 0 . 1 6 0 . 2 8 0 . 0 0 0 . 0 0
N a 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0
C l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0

T o t a l 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 - 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 -
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Table E-66 E x p e r im e n t  3 % พ t o f  E le m e n t and  % A to m ic  o f  N o . 2  S la g  (1450°c,
5 0  m in )  1st sp e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

c 0.00 0.00 0.00 0.00 - 0 .00 0.00 0.00 0.00 - 0.00 0.00
0 35.95 34.08 41 .06 37.03 3.61 52.76 54.43 59 .49 55 .56 3.50 35.95 34.08

A 1 8.05 7.68 7.69 7.81 0.21 7.05 7.23 6.60 6.96 0.32 8.05 7.68
S i 18.50 17.74 17.88 18.04 0.40 15.64 15.96 14.76 15.45 0.62 18.50 17.74
K 1.14 1.15 1.06 1.12 0.05 0.73 0.71 0.63 0.69 0.05 1.14 1.15

F e 2.87 4.34 2.40 3.20 1.01 1.92 1.25 0.99 1.39 0.48 2.87 4.34
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00

M n 0.42 0.45 0.35 0.41 0.05 0.20 0.19 0.15 0.18 0.03 0.42 0.45
C a 31.59 32.74 27.98 30.77 2.48 20.23 19.09 16.18 18.50 2.09 31.59 32.74
T i 0.55 0.58 0.55 0.56 0.02 0 .30 0.28 0.27 0.28 0.02 0.55 0.58

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

p 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
ร 0.25 0.45 0.25 0.32 0.12 0.35 0.19 0.18 0.24 0 .10 0.25 0.45

M g 0.44 0.51 0.55 0.50 0.06 0.52 0.44 0.52 0.49 0.05 0.44 0.51
N a 0.24 0.27 0.23 0.25 0.02 0.29 0.26 0.23 0.26 0.03 0.24 0.27
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00

T o t a l 100 100 100 100 100 - 100 100 100 100 100 -

Table E-67 E x p e r im e n t  3 %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  2  S l a g  (1450°c, 
5 0  m in )  2 nd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
O 34.80 32.43 39 .49 35.57 3.59 53.18 51.08 58.14 54.13 3.63 34 .80 32.43

A l 7.95 7.19 7.43 7.52 0.39 7.21 6.71 6.49 6.80 0.37 7.95 7.19
S i 18.47 16.81 17.33 17.54 0.85 16.08 15.09 14.53 15.23 0.78 18.47 16.81
K 1.10 1.15 1.02 1.09 0.07 0 .69 0.74 0.61 0.68 0.07 1.10 1.15

F e 1.57 2.54 3.02 2.38 0.74 0 .69 1.15 1.27 1.04 0.31 1.57 2.54
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

M n 0.46 0.00 0.00 0.15 0.27 0.21 0.00 0.00 0.07 0.12 0.46 0.00
C a 34.25 38.34 30 .17 34.25 4.09 20 .89 24.11 17.73 20.91 3.19 34.25 38.34
T i 0.50 0.76 0.44 0.57 0.17 0.25 0.40 0.22 0.29 0 .10 0.50 0.76
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00
C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

P 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
ร 0.37 0.37 0.33 0.36 0.02 0.29 0.29 0.24 0.27 0.03 0.37 0.37

M g 0.51 0.42 0.49 0.47 0.05 0.52 0.43 0.48 0.48 0.05 0.51 0.42
N a 0.00 0.00 0.28 0.09 0.16 0.00 0.00 0.28 0.09 0.16 0.00 0.00
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

T o t a l 100 100 100 100 100 - 100 100 100 100 100 -
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Table E-68 E x p e r im e n t  3 % w t o f  E le m e n t and  % A to m ic  o f  N o . 2  S la g  (1450°c,
50 m in ) 3 rd s p e c im e n

E lem en t %  E lem e n t %  A to m ic
1 2 3 4 av e rag e SD 1 2 3 4 av e rag e S D

c 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
0 21.62 39.75 43 .46 34.94 11.69 38.51 59.14 61 .60 53.08 12.68 21.62 39.75
A l 17.88 6.79 7.50 10.72 6.21 18.89 5.99 6.31 10.40 7.36 17.88 6.79
Si 9.28 15.58 17.69 14.18 4.38 9.42 13.20 14.28 12.30 2.55 9.28 15.58
K 0.00 0.83 0.90 0.58 0.50 0.00 0.50 0.52 0.34 0.29 0.00 0.83
Fe 0 .0 0 5.92 1.60 2.51 3.06 0 0 0 2.52 0.65 1.06 1 31 0.00 5.92
Z r 8.09 0.00 0.00 2.70 4.67 2  53 0.00 0 0 0 0.84 1.46 8.09 0.00

M n 0 .0 0 0.00 0 3 0 0.10 0.17 0.00 0 0 0 0.12 0.04 0.07 0.00 0.00
C a 43  13 30.74 26.67 33.51 8.57 30.66 18.25 15.09 21.33 8.23 43.13 30.74
Ti 0.00 0.00 0.48 0.16 0.28 0.00 0.00 0.23 0.08 0.13 0.00 0.00

A u 0.00 0.00 0 0 0 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
p 0  00 0.00 0.00 0 0 0 - 0.00 0.00 0 0 0 0.00 - 0.00 0.00
ร 0.00 0 0 0 0.58 0.19 0.33 0.00 0.00 0.41 0.14 0.24 0.00 0.00

M g 0 0 0 0  39 0.55 0.31 0.28 0.00 0.38 0.51 0.30 0.27 0.00 0 3 9
N a 0  00 0.00 0.27 0.09 0.16 0.00 0.00 0.27 0.09 0.16 0.00 0.00
Cl 0.00 0 0 0 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

T o ta l 100.00 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 100.00 -

Table E-69 E x p e r im e n t  3 %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  3  S la g  (1400°c, 
50 m in )  1st s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
O 35.39 33 .19 37 .60 35.39 2.21 54.18 51.40 58.52 54.70 3.59 35.39 33.19

A l 7.69 8.10 5.90 7.23 1.17 6.98 7.44 5.44 6.62 1.05 7.69 8.10
S i 18.02 18.88 14.07 16.99 2.57 15.71 16.66 12.47 14.95 2.20 18.02 18.88
K 0.72 0.74 0.51 0.66 0.13 0.45 0.47 0.33 0.42 0.08 0.72 0.74

F e 5.17 1.74 17.65 8.19 8.37 2.27 0.77 7.87 3.64 3.74 5.17 1.74
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

M n 0.37 0.33 0.30 0.33 0.04 0.17 0.15 0.14 0.15 0.02 0.37 0.33
C a 31 .00 35.41 22.05 29 .49 6.81 18.94 21.89 13.70 18.18 4.15 31.00 35.41
T i 0.51 0.63 0.35 0.50 0.14 0.26 0.33 0.18 0.26 0.08 0.51 0.63

A u 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C u 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00

P 0.00 0 .00 0.81 0.27 0.47 0.00 0.00 0.65 0.22 0.38 0.00 0.00
ร 0.44 0.49 0.33 0.42 0.08 0.33 0.38 0.26 0.32 0 .06 0.44 0.49

M fi 0.51 0.50 0.43 0.48 0.04 0.52 0.51 0.44 0.49 0.04 0.51 0.50
N a 0.18 0.00 0.00 0.06 0.10 0.19 0.00 0.00 0.06 0.11 0.18 0.00
C I 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

T o t a l 100 100 100 100 100 - 100 100 100 100 100 -
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Table E-70 E x p e r im e n t  3 % w t o f  E le m e n t and  % A to m ic  o f  N o . 3 S la g  (1400°c,
5 0  m in )  2 nd sp e c im e n

E le m e
n t

%  E le m e n t %  A t o m i c

I 2 3 4 a v e r a g
e S D 1 2 3 4 a v e r a g

e S D

c 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00
0 37.62 37.74 37 .95 37.77 0.17

56.6
3 56 .36 55.88 56 .29 0.38 37.62

37.7
4

A ] 8.43 7.96 8.03 8.14 0.25 7.10 7.05 7.43 7.19 0.21 8.43 7.96
S i 18.18 18.41 17.33 17.97 0.57

14.7
3 15.66 15.38 15.26 0.48 18.18

18.4
1

K 0.31 0.68 0.39 0.46 0.19 0.24 0.42 0.19 0.28 0.12 0.31 0.68
F e 1.04 4.05 3.49 2.86 1.60 1.49 1.73 0.44 1.22 0.69 1.04 4.05
Z r 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0 .0 0 - 0.00 0.00

M n 0.00 0.00 0:00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C a 32 .58 29.67 30 .99 31.08 1.46

18.4
6 17.69 19.32 18.49 0.82 32.58

29.6
7

T i 0.59 0.56 0.55 0.57 0.02 0.28 0.28 0.29 0.28 0.01 0.59 0.56
A u 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00
C u 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

p 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
ร 0.65 0.39 0.68 0.57 0.16 0.51 0 .29 0.48 0.43 0.12 0.65 0.39

M g 0.60 0.55 0.58 0.58 0.03 0.57 0.54 0.59 0.57 0.03 0.60 0.55
N a 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00
C l 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00

Total 100.0
0

100.0
0

100.0
0

100.0
0

100.0
0 _ 100.0

0
100.0

0
100.0

0
100.0

0
100.0

0

Table E-71 E x p e r im e n t  3  %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  3 S la g  (1400°c, 
5 0  m in )  3 rd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0.00 0.00 5.77 1.92 3.33 0.00 0 .0 0 10.88 3.63 6.28
O 35 .77 40.81 34.88 37.15 3.20 54.11 58.88 49 .40 54.13 4.74

A l 8.07 8.14 7.57 7.93 0.31 7.24 6.96 6.36 6.85 0.45
S i 18.91 19.01 17.57 18.50 0.80 16.29 15.63 14.17 15.36 1.08
K 0.73 0.60 0.54 0.62 0.10 0.45 0.35 0.31 0.37 0.07

F e 2 .30 1.01 0.74 1.35 0.83 1.00 0.42 0.30 0.57 0.37
Z r 0 .00 0 .00 0.84 0.28 0.48 0 .00 0.00 0.21 0.07 0.12

M n 0 .00 0 .00 0 .00 0.00 - 0.00 0.00 0.00 0.00 -

C a 32.65 28.91 30.51 30 .69 1.88 19.72 16.65 17.25 17.87 1.63
T i 0.51 0.49 0.53 0.51 0.02 0.26 0.24 0.25 0.25 0.01

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

C u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

P 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

ร 0.46 0.48 0.50 0.48 0.02 0.35 0.35 0.35 0.35 0.00
M g 0.58 0.56 0.56 0.57 0.01 0.58 0.53 0.52 0.54 0.03
N a 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

C l 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

T o t a l 100 100 100 100 - 100 100 100 100 -
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E . 1 .5  E x p e r im e n t  4

T a b le  E -72  E x p e r im e n t  4  %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  1 Iro n  n u g g e t s  

( 1 4 5 0 ° c ,  4 0  m in )  1st s p e c im e n

E le m e n t %  E l e m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 3.41 3.60 3.09 3.37 0.26 13.25 14.02 12.33 13.20 0.85
0 1.70 1.57 1.27 1.51 0.22 4.98 4.61 3.79 4.46 0.61
A 1 0.71 0.46 0.24 0.47 0.24 1.23 0 .79 0.43 0.82 0.40
S i 0.70 0.46 0 .29 0.48 0.21 1.17 0.77 0.50 0.81 0.34
K 0.00 0.00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

F e 91.64 91 .84 92.55 92.01 0.48 76 .70 77 .00 79.37 77.69 1.46
Z r 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 0.17 0 .00 0 .00 0.06 0.10 0.19 0.00 0.00 0.06 0.11
T i 0.00 0 .00 0 .00 0.00 - 0.00 0.00 0.00 0.00 -

A u 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C u 0.00 0.38 0.44 0.27 0.24 0.00 0.28 0.33 0.20 0.18
p 0.91 0 .99 1.27 1.06 0.19 1.37 1.49 1.96 1.61 0.31
ร 0.76 0 .70 0.85 0.77 0.08 1.11 1.02 1.27 1.13 0.13

M g 0.00 0 .00 0 .00 0.00 - 0.00 0.00 0.00 0.00 -

N a 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C l 0.00 0 .00 0.00 0.00 - 0 .00 0.00 0 .00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

T a b le  E -7 3  E x p e r im e n t  4  %  w t  o f  E le m e n t  a n d  %  A t o m i c  o f  N o .  1 Iro n  n u g g e t s  

(1450°c, 4 0  m in )  2 nd s p e c im e n

E le m e n t %  E l e m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 2.35 0 .00 2.90 1.75 1.54 9 .40 0.00 11.43 6.94 6.10
0 1.89 1.62 1.81 1.77 0.14 5.67 5.29 5.37 5.44 0.20
A l 0.73 0.55 0.57 0.62 0.10 1.30 1.07 1.00 1.12 0.16
S i 1.26 1.09 1.15 1.17 0.09 2.15 2.03 1.94 2.04 0.11
K 0.00 0 .00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

F e 92.48 95 .27 92 .04 93.26 1.75 79 .59 89.35 78 .08 82.34 6.12
Z r 0.00 0 .00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

M n 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C a 0.30 0.32 0.35 0.32 0.03 0 .36 0.41 0.41 0.39 0.03
T i 0.00 0 .00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

A u 0.00 0 .0 0 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

C u 0.00 0 .10 0.00 0.03 0 .06 0 .00 0.08 0.00 0.03 0.05
P 0.56 0.61 0.51 0.56 0.05 0.87 1.03 0.77 0.89 0.13
ร 0.44 0.45 0.68 0.52 0.14 0 .66 0.73 1.00 0.80 0.18

M g 0.00 0 .00 0.00 0.00 - 0 .00 0 .00 0.00 0.00 -

N a 0.00 0 .00 0.00 0.00 - 0 .00 0 .00 0.00 0.00 -

C l 0.00 0 .00 0.00 0.00 - 0 .00 0 .00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -
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Table E-74 E x p e r im e n t  4  % พ t o f  E le m e n t and  % A to m ic  o f  N o . 1 Iron n u g g e ts
(1450°c, 4 0  m in )  3 rd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e ร อ

c 2.11 4.40 4.93 3.81 1.50 8.49 16.59 18.37 14.48 5.27
0 2.00 2.09 1.61 1.90 0.26 6.03 5.92 4.52 5.49 0.84

A 1 0.78 0.38 0 .66 0.61 0.21 1.39 0.64 1.10 1.04 0.38
S i 1.32 0.60 0 .56 0.83 0.43 2.27 0.96 0 .89 1.37 0.78
K 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

F e 92.43 91.13 89 .82 91.13 1.31 79.87 73.87 72.01 75.25 4.11
Z r 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

M n  - - 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .0 0 0.00 -

C a - 0.44 0 .00 0 .00 0.15 0.25 0.53 0.00 0 .0 0 0.18 0.31
T i 0 .00 0 .00 0 .00 0.00 - 0.00 0.00 0 .0 0 0.00 -

A u  . 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

C u 0.00 0.00 0.45 0.15 0.26 0.00 0 .00 0 .32 0.11 0.18
p - 0.56 0.80 1.07 0.81 0.26 0.87 1.17 1.54 1.19 0.34
ร 0.36 0.60 0 .90 0.62 0.27 0.54 0.85 1.26 0.88 0.36

M g 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

N a  - 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

C l 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .0 0 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

T a b l e  E - 7 5  E x p e r im e n t  4  %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  2  Iro n  n u g g e t s  

( 1 4 5 0 ° c ,  3 0  m in )  1st s p e c im e n

E le m e n t %  E l e m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 8.14 6.83 9.57 8.18 1.37 28.94 25 .09 20 .58 24.87 4.18 8.14 6.83
0 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00

A l 0.00 0 .00 0.08 0.03 0.05 0.00 0.00 0 .00 0.00 0.00 0.00 0.00
S i 0.00 0 .00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
K 0.00 0 .00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
F e 90.52 91 .19 88 .90 90.20 1.18 69.23 72.11 77.83 73.06 4.38 90.52 91.19
Z r 0.00 0 .00 0 .00 0 .00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

M n 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0 .00 0.00
C a 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .0 0 0.00 - 0.00 0.00
T i 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0 .00 0.00

A u 0.00 0 .0 0 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0 .00 0.00

P 0.81 1.23 0.81 0.95 0.24 1.12 1.76 0.91 1.26 0.44 0.81 1.23
ร 0.53 0.75 0.63 0.64 0.11 0 .70 1.04 0 .69 0.81 0 .20 0.53 0.75

M g 0.00 0 .00 0 .00 0.00 - 0 .00 0.00 0 .00 0.00 - 0.00 0.00
N a 0.00 0 .00 0 .00 0.00 - 0 .00 0.00 0 .00 0.00 - 0.00 0.00
C l 0.00 0 .00 0 .00 0.00 - 0.00 0.00 0 .0 0 0.00 - 0.00 0.00

T o t a l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-76 E x p e r im e n t  4 % w t o f  E le m e n t and  % A to m ic  o f  N o . 2 Iron  n u g g e ts
(1450°c, 3 0  m in ) 2 nd sp e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

c 9.19 5.32 10.14 8.22 2.55 31.80 44 .52 34 .30 36 .87 6.74 9.19 5.32
0 0 .00 0 .00 0 .00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00

A 1 0 .00 0 .00 0.67 0.22 0.39 0.00 0.00 0.14 0.05 0.08 0.00 0.00
S i 0 .00 0 .00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
K 0 .00 0 .00 0 .00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00

F e 89.80 93 .60 87 .56 90.32 3.05 66 .86 54.27 63.72 61 .62 6.55 89.80 93.60
Z r 0.00 0.00 0 .00 0.00 0.00 0.00 0.00 0 .00 - 0.00 0.00

M n 0.00 0.00 0 .00 0.00 ■ •- 0.00 0.00 0.00 0 .00 - 0.00 0.00
C a 0.00 0 .00 0.12 0.04 0.07 0.00 0.00 0.12 0.04 0.07 0.00 0.00
T i 0.00 0 .00 0 .00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00
A u 0.00 0 .00 0.00 0.00 - - 0.00 0.00 0.00 0 .00 - 0.00 0.00
C u 0.00 0 .00 0.35 0.12 0.20 0.00 0.00 0.23 0.08 0.13 0.00 0.00
p 0.51 0 .60 0.67 0.59 0.08 0.69 0.66 0.87 0.74 0.11 0.51 0.60
ร 0.51 0.48 0 .49 0.49 0.02 0.66 0.54 0.62 0.61 0.06 0.51 0.48

M g 0 .00 0 .00 0.00 0.00 0.00 0.00 0.00 0 .00 - 0.00 0.00
N a 0 .00 0.00 0 .00 0.00 • ' - 0.00 0.00 0.00 0.00 - 0.00 0.00
C l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 .00 - 0.00 0.00

T o t a l 100 100 100 100 100.00 - 100 100 100 100 100.00 -

T a b l e  E - 7 7  E x p e r im e n t  4 %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  2  I r o n  n u g g e t s  

(1450°c, 3 0  m in )  3 rd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 14.84 7.17 3.62 8.54 5.73 32.69 26.07 14.43 24 .40 9.24 14.84 7.17
O 0.00 0 .00 0 .99 0.33 0.57 0.00 0.00 2.96 0.99 1.71 0.00 0.00
A l 0.00 0 .34 0 .00 0.11 0 .20 0.13 0.55 0.00 0.23 0 .29 0.00 0.34
S i 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 .00 - 0.00 0.00
K 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00
F e 84.11 90 .22 93.35 89.23 4.70 65 .30 70.51 80.11 71.97 7.51 84.11 90.22
Z r 0.00 0 .00 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00

M n 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C a 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .0 0 - 0.00 0.00

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C u 0.00 0.41 0.00 0.14 0.24 0.00 0.28 0.00 0.09 0.16 0.00 0.41
P 0.57 1.20 0.65 0.81 0.34 1.07 1.69 1.01 1.26 0.38 0.57 1.20
ร 0.48 0.66 0.52 0.55 0.09 0.81 0.90 0.77 0.83 0.07 0.48 0.66

M g 0 .00 0 .00 0.87 0.29 0 .50 0.00 0.00 0.71 0.24 0.41 0.00 0.00
N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00
C l 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

T o t a l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-78 E x p e r im e n t  4 % w t o f  E le m e n t an d  % A t o m ic  o f  N o . 3 Iron  n u g g e ts
( 1 4 5 0 ° c ,  2 0  m in )  1st s p e c im e n

Element %  Element % Atomic
1 2 3 average SD 1 2 3 average ร อ

c 2.10 2 .18 3.39 2.56 0.72 8.90 9.07 13.21 10.39 2.44
0 0.00 0.91 1.75 0.89 0.88 0.00 2.83 5.11 2.65 2.56
A l 0.11 0.21 0.24 0.19 0.07 0.21 0.39 0.42 0.34 0.11
Si 0.25 0.42 0.68 0.45 0.22 0.45 0.75 1.12 0.77 0.34
K 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

Fe 94.60 94.63 91.34 93.52 1.89 86.03 84.53 76.53 82.36 5.11
Zr 0.00 0 .00 0.00 0.00 - 0.00 0 .0 0 . . 0.00 0.00 -

Mn 0.00 0 .00 0.00 0.00 - 0.00 0 .00  - 0.00 0.00 -

C a 0.00 0.19 0.28 0.16 0.14 0.00 0.24  - 0.33 0.19 0.17
Ti 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

A u 0.00 0 .00 0 .00 0.00 - 0.00 0 .0 0  - 0 .00 0.00 -

C u 0.41 0.14 0.24 0.26 0.14 0.33 0.11 . 0.18 0.21 0.11
p 1.50 0 .70 1.12 1.11 0.40 2.46 1.12 1.70 1.76 0.67
ร 1.02 0.61 0.96 0.86 0.22 1.62 0.95  : 1.41 1.33 0.34

Mg 0.00 0 .00 0 .00 0.00 - 0.00 0 .0 0  ' 0.00 0.00 -

Na 0.00 0 .00 0.00 0.00 - 0.00 0 .0 0 - - 0.00 0.00 -

C l 0.00 0 .00 0.00 0.00 - 0.00 0 .00  ' 0.00 0.00 -

Total 100 100 100 100 - 100 100 100 100 -

Table E-79 E x p e r im e n t  4 %  พ t o f  E le m e n t  a n d  %  A t o m i c  o f  N o .  3 I r o n  n u g g e t s  

( 1 4 5 0 ° c ,  2 0  m in )  2 nd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e ร อ 1 2 3 a v e r a g e ร อ

C 2.43 2 .09 1.73 2.08 0.35 9.80 8.36 6.74 8.30 1.53
0 1.46 2.08 3.14 2.23 0.85 4.41 6.24 9.19 6.61 2.41

A l 0.34 0.62 0.89 0.62 0.28 0.61 1.10 1.54 1.08 0.47
S i 0.82 1.25 2.02 1.36 0.61 1.41 2.14 3.37 2.31 0.99
K 0.00 0 .00 0.12 0.04 0.07 0.00 0 .00 0.15 0.05 0.09
F e 92.32 91.21 88.61 90.71 1.90 80.05 78.36 74 .29 77.57 2.96
Z r 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

M n 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C a 0.56 0.91 1.34 0.94 0.39 0.67 1.09 1.56 1.11 0.45
T i 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

A u 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C u 0.19 0 .12 0.14 0.15 0.04 0.15 0 .09 0.10 0.11 0.03
P 1.07 0.97 0.97 1.00 0.06 1.67 1.51 1.47 1.55 0.11
ร 0.81 0.74 0.88 0.81 0.07 1.23 1.11 1.28 1.21 0.09

M g 0.00 0 .00 0.15 0.05 0.09 0.00 0.00 0.29 0.10 0.17
N a 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C l 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -
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Table E-80 E x p e r im e n t 4 % w t o f  E le m e n t  and % A to m ic  o f  N o . 3 Iron  n u g g e ts
( 1 4 5 0 ° c ,  2 0  m in )  3 rd sp e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 2.60 2.10 2.61 2.44 0.29 10.41 8.59 10.24 9.75 1.01
0 1.62 1.47 2.23 1.77 0 .40 4.86 4.49 6 .57 5.31 111

A l 0.34 0.43 0.51 0.43 0.09 0.61 0.78 0 .89 0.76 0.14
S i 0.71 0.74 1.01 0.82 0.17 1.21 1.29 1.70 1.40 0.26
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

F e 92.35 92.84 90.64 91.94 1.16 79.49 81.45 76.63 79.19 2.42
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C a 0.62 0.70 0.99 0.77 0.19 0.74 0.85 1.17 0.92 0.22
T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.00 0.16 0.30 0.15 0.15 0.00 0.12 0.22 0.11 0.11
p 0.85 0.83 0.93 0.87 0.05 1.32 1.31 1.42 1.35 0.06
ร 0.92 0.73 0.78 0.81 0.10 1.38 1.12 1.15 1.22 0.14

M g 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

T a b l e  E - 8 1  E x p e r im e n t  4  %  w t  o f  E le m e n t  a n d  %  A t o m i c  o f  N o .  4  Iro n  n u g g e t s  

(1450°c, 10 m in )  1st s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 3.39 4.41 3.27 3.69 0.63 13.80 17.39 13.34 14.84 2.22 3.39 4.41
0 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

A l 0.00 0.12 0.14 0.09 0.08 0.00 0.21 0.25 0.15 0.13 0.00 0.12
S i 0.15 0.22 0.26 0.21 0.06 0.27 0.37 0.46 0.37 0 .10 0.15 0.22
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00
F e 93 .96 92.60 93.83 93 .46 0.75 82.34 78.53 82.42 81 .10 2 .22 93 .96 92 .60
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

M n 0.00 0.00 0.00 0.00 - 0 .00 0.00 0 .00 0.00 - 0 .00 0.00
C a 0 .00 0.26 0.15 0.14 0.13 0 .00 0.31 0.18 0.16 0 .16 0.00 0.26
T i 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
C u 0.38 0.52 0.41 0.44 0.07 0.29 0.39 0.32 0.33 0.05 0.38 0.52

P 1.27 0.97 1.10 1.11 0.15 2.01 1.49 1.74 1.75 0.26 1.27 0.97
ร 0.85 0.89 0.85 0.86 0.02 1.29 1.31 1.30 1.30 0.01 0.85 0.89

M g 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

T o t a l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-82 E x p e r im e n t 4 % w t o f  E le m e n t an d  % A to m ic  o f  N o . 4 Iron n u g g e ts
(1450°c, 10 m in ) 2 nd sp e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S Dc 2.93 4.18 2.51 3.21 0.87 12.20 16.66 10.55 13.14 3.16 2.93 4.18

0 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
A l 0.00 0.00 0 .16 0.05 0.09 0.00 0.00 0.29 0.10 0.17 0.00 0.00
S i 0.19 0.23 0.34 0.25 0.08 0.34 0.39 0.60 0.44 0.14 0.19 0.23
K 0 .00 0.00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 - 0.00 0.00
F e 95 .20 94.01 95.01 94.74 0.64 85.08 80.55 85.79 83.81 2.84 95 .20 94.01
Z r 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

M n 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C a 0 .00 0.00 0 .20 0.07 0.12 0.00 0.00 0.25 0.08 0.14 0.00 0.00
T i 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
A u 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C u 0.33 0.00 0.43 0.25 0.23 0.26 0.00 0.34 0.20 0.18 0.33 0.00
p 0.69 0.84 0 .69 0.74 0.09 1.10 1.29 1.13 1.17 0 .10 0.69 0.84
ร 0 .66 0.74 0.67 0.69 0.04 1.03 1.11 1.05 1.06 0.04 0 .66 0.74

M g 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C l 0 .00 0.00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 - 0.00 0.00

T o t a l 100 100 100 100 100.00 - 100 100 100 100 100.00 -

T a b l e  E - 8 3  E x p e r im e n t  4  %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  4  Iro n  n u g g e t s  

( 1 4 5 0 ° c ,  1 0  m in )  3 rd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 2.18 2.53 2.55 2.42 0.21 9.28 10.66 10.67 10.20 0.80 2.18 2.53
O 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

A l 0.00 0 .00 0.10 0.03 0.06 0.00 0.00 0.18 0.06 0.10 0.00 0.00
S i 0.15 0 .20 0.25 0.20 0.05 0.28 0.36 0.44 0.36 0.08 0.15 0.20
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

F e 95.75 95.47 94 .60 95.27 0.60 87.61 86.43 85.10 86.38 1.26 95.75 95.47
Z r 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

M n 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C a 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
T i 0 .00 0.00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 - 0.00 0.00
A u 0 .00 0.00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 - 0.00 0.00
C u 0.34 0.42 0.49 0.42 0.08 0.27 0.33 0.39 0.33 0.06 0.34 0.42
P 0.89 0.73 1.14 0.92 0.21 1.47 1.20 1.86 1.51 0.33 0.89 0.73
ร 0.69 0.64 0.87 0.73 0.12 1.09 1.01 1.36 1.15 0.18 0 .69 0.64

M g 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 - 0.00 0.00
N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C l 0 .00 0.00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 - 0.00 0.00

T o t a l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-84 E x p e r im e n t  4  % พ t o f  E le m e n t an d  % A to m ic  o f  N o . 5 Iron  n u g g e ts
( 1 4 2 5 ° c ,  3 0  m in )  1st s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 2.35 2.04 2.28 2.22 0.16 9.89 8.70 9.64 9.41 0.63

0 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

A 1 0.00 0.00 0.12 0.04 0.07 0.00 0.00 0.22 0.07 0.13
S i 0.19 0.15 0.23 0.19 0.04 0.35 0.26 0.41 0.34 0.08
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

F e 94 .87 95 .86 95.57 95.43 0.51 85.95 87.85 86.82 86.87 0.95
Z r 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

T i 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0 .00 0 .00 -

A u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0 .00 -

C u 0.44 0 .00 0.00 0.15 0.25 0.35 0.00 0 .00 0.12 0.20
p 1.22 1.15 0.97 1.11 0.13 2.00 1.90 1.59 1.83 0.21ร 0.93 0 .80  . 0.83 0.85 0.07 1.47 1.28 1.31 1.35 0.10

M g 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

N a 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C l 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

T a b l e  E - 8 5  E x p e r im e n t  4  %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  5 I r o n  n u g g e t s  

(1425°c, 3 0  m in )  2 nd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 3.28 0.00 2.08 1.79 1.66 13.49 0 .00 8.60 7.36 6.83
0 0.00 0.00 1.11 0.37 0.64 0.00 0 .00 3.45 1.15 1.99

A l 0.00 0.00 0.28 0.09 0.16 0.00 0 .00 0.52 0.17 0.30
S i 0.00 0 .00 0.57 0.19 0.33 0.00 0 .00 1.01 0.34 0.58
K 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

F e 95.41 97.68 94.24 95.78 1.75 84.44 95.95 83.81 88.07 6.83
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

C a 0.00 0.00 0.28 0.09 0.16 0.00 0.00 0.35 0.12 0.20
T i 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

C u 0 .00 0 .00 0.00 0  00 - 0.00 0.00 0.00 0 .00 -

P 0.80 1.38 0.77 0.98 0.34 1.28 2.45 1.23 1.65 0.69
ร 0.52 0.94 0.67 0.71 0.21 0.79 1.61 1.04 1.15 0.42

M g 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -
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Table E-86 E x p e r im e n t  4  %  w t o f  E le m e n t and  % A t o m ic  o f  N o . 5 Iron n u g g e ts
(1425°c, 3 0  m in )  3 rd s p e c im e n

E le m e n t %  E l e m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 2.10 2.50 1.64 2.08 0.43 8.97 10.51 6.95 8.81 1.79
0 0.00 0.00 0.78 0.26 0.45 0.00 0 .00 2.50 0.83 1.44

A ! 0.15 0.00 0.17 0.11 0.09 0.28 0 .00 0.32 0.20 0.17
S i 0.00 0 .20 0.34 0.18 0.17 0.00 0 .36 0.61 0.32 0.31
K 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 -

F e 95.95 95.91 95.52 95.79 0.24 88.11 86 .89 87.29 87.43 0.62
Z r 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 -

M n 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

C a 0.00 0.00 0.19 0.06 0.11 0.00 0 .00 0.24 0.08 0.14
T i 0.00 0.00 0.00 0 .0 0 . - 0.00 0 .00 0.00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C u 0.36 0.00 0.16 0.17 0.18 0.29 0 .00 0.13 0.14 0.15
p 0.81 0.81 0.65 0.76 0.09 1.34 1.32 1.07 1.24 0.15
ร 0.64 0.58 0.56 0.59 0.04 . 1.02 0.91 0.89 0.94 0.07

M g 0.00 0.00 0.00 0.00 - 0.00 0 .0 0 0.00 0.00 -

N a 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

T a b l e  E - 8 7  E x p e r im e n t  4  %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  6  I r o n  n u g g e t s  

(1425°c, 20 m in )  1st s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 2.81 2 .44 3.58 2.94 0.58 11.65 10.23 13.95 11.94 1.88 2.81 2.44
0 0.00 0 .00 1.60 0.53 0.92 0.00 0.00 4.66 1.55 2.69 0.00 0.00

A l 0.25 0.14 0.30 0.23 0.08 0.45 0.25 0.52 0.41 0.14 0.25 0.14
S i 0.55 0.23 0.65 0.48 0.22 0.97 0.41 1.08 0.82 0.36 0.55 0.23K 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
F e 94.23 95.31 91.52 93 .69 1.95 83.91 86.12 76 .62 82.22 4.97 94.23 95.31
Z r 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

M n 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0 .00 - 0.00 0.00
C a 0.29 0 .17 0.30 0.25 0.07 0.36 0.22 0.35 0.31 0.08 0.29 0.17
T i 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

A u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C u 0.37 0 .00 0.30 0.22 0.20 0.29 0 .00 0.22 0.17 0.15 0.37 0.00

P 0.82 0 .96 0.95 0.91 0.08 1.32 1.56 1.44 1.44 0.12 0.82 0.96ร 0.67 0.76 0.79 0.74 0.06 1.04 1.20 1 16 1.13 0.08 0.67 0.76
M g 0.00 0 .00 0.00 0 .00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
N a 0.00 0 .00 0.00 0 .00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
C l 0.00 0 .00 0.00 0 .00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00

T o t a l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-88 E x p e r im e n t  4 % w t o f  E le m e n t and  % A to m ic  o f  N o . 6  Iron  n u g g e ts
(1425°c, 20 m in ) 2 nd sp e c im e n

E le m e n t %  E l e m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e ร อc 2.49 2 44 3.20 2.71 0.43 10.44 10.31 12.60 11.12 1.29 2.49 2.44

0 0.00 0 0 0 1.55 0.52 0 .89 0.00 0.00 4 .59 1.53 2.65 0 .00 0.00
A l 0.00 0 0 0 0.37 0.12 0.21 0.00 0.00 0.64 0.21 0.37 0.00 0.00
S i 0.22 0.00 0.64 0.29 0.33 0.40 0.00 1.08 0.49 0.55 0.22 0.00
K 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
F e 94 .77 96.14 91.93 94.28 2.15 85.46 87.40 77.92 83 .59 5.01 94.77 96.14
Z r 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0 .00 0.00

M n 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C a 0.12 0.00 0 .50 0.21 0.26 0.16 0.00 0.59 0.25 0.31 0.12 0.00
T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0 .00 0.00
C u 0.37 0 .00 0 .20 0.19 0.19 0.29 0 .00 0.15 0.15 0.15 0.37 0.00
p 1.21 0.81 0.83 0.95 0.23 1.97 1.32 1.26 1.52 0.39 1.21 0.81
ร 0.82 0.61 0.78 0.74 0.11 1.28 0.97 1.16 1.14 0 .16 Q.82 0.61

M g 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
N a 0.00 0 .00 0.00 0 .00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C l 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

T o t a l 100 100 100 100 100.00 - 100 100 100 100 100.00 -

T a b l e  E - 8 9  E x p e r im e n t  4  %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  6  I r o n  n u g g e t s  

( 1 4 2 0 ° c ,  2 0  m in )  3 rd s p e c im e n

E le m e n t %  E l e m e n t . %  A t o m i c
1 2 3 4 a v e r a g e ร อ 1 2 3 4 a v e r a g e ร อ

C 2 .69 2.88 2.40 2.66 0 .24" 11.21 11.57 9.83 10.87 0.92 2.69 2.88
0 0 .00 1.14 1.12 0.75 0.65 0.00 3.44 3.44 2.29 1.99 0.00 1.14

A l 0.23 0 .30 0.27 0.27 0.04 0.42 0.54 0.48 0.48 0 .06 0.23 0.30
S i 0.45 0.45 0.40 0.43 0.03 0.81 0.78 0.70 0.76 0.06 0.45 0.45
K 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

F e 94.48 93 .26 93.95 93 .90 0.61 84.57 80.72 82 .70 82 .66 1.93 94 .48 93.26
Z r 0 .00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0 .00 0.00

M n 0 .00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
C a 0 .29 0.25 0.19 0.24 0.05 0.36 0.30 0.23 0.30 0.07 0.29 0.25
T i 0 .00 0 .00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
A u 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0 .00 0.00
C u 0 .40 0 .00 0 .00 0.13 0.23 0.31 0.00 0.00 0.10 0.18 0.40 0.00

P 0.83 0.95 1.04 0.94 0.11 1.33 1.48 1.65 1.49 0.16 0.83 0.95
ร 0 .64 0.78 0.63 0.68 0.08 0.99 1.18 0.97 1.05 0.12 0.64 0.78

M g 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

T o t a l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-90 E x p e r im e n t  4  % w t  o f  E le m e n t an d  % A to m ic  o f  N o . 7 Iron  n u g g e ts
(1425°c, 15 m in )  1 st s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 0.35 2 .62 2.81 1.93 1.37 1.41 10.18 10.97 7.52 5.31
0 3.30 2.54 2.07 2.64 0.62 10.03 7.40 6.07 7.83 2.02
A 1 0.94 0.62 0.45 0.67 0.25 1.70 1.08 0.78 1.19 0.47
S i 2.06 1.40 1.11 1.52 0.49 3.57 2.33 1.85 2.58 0.89
K 0.15 0 .00 0.00 0.05 0.09 0.18 0.00 0.00 0.06 0.10
F e 89.97 90.11 90.56 90.21 0.31 78.40 75 .37 76.03 76.60 1.59
Z r 0.00 0 .00. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

M n 0.00 0 .0 0 - 0.00 0.00 0.00 0.00 0.00 0.00 0 .00 0.00
C a 1.15 0 .7 4 - 0.70 0.86 0.25 1.39 0.86 0.82 1.02 0.32
T i 0.00 0 .00 0 .00 0.00 0.00 0.00 0.00 0 .00 0.00 0.00

A u 0.00 0 .00 0.00 0.00 0.00 0.00 0.00 0.00 0 .00 0.00
C u 0.00 0 .00 0.00 0.00 0.00 0.00 0.00 0 .00 0.00 0.00
p 1.04 0.88 1.18 1.03 0.15 1.63 1.32 1:78 1.58 0.23
ร 0.86 0 .8 9 0.99 0.91 0.07 1.31 1.30 1.45 1.35 0.08

Mr 0.19 0 .0 0 0.13 0.11 0.10 0.37 0.00 0.25 0.21 0.19
N a 0.00 0 .0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C l 0.00 0 .00 0.00 0.00 0.00 0.00 0.00 0 .00 0.00 0.00

T o t a l 100 100 100 100 - 100 100 100 100 -

T a b l e  E - 9 1  E x p e r im e n t  4  %  w t  o f  E le m e n t  a n d  %  A t o m i c  o f  N o .  7  I r o n  n u g g e t s  

(1425°c, 15 m in )  2 nd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 2.16 2.41 1.96 2.18 0.23 9.12 9.72 8.08 8.97 0.83

0 0.00 1.49 1.35 0.95 0.82 0.00 4.51 4.16 2.89 2.51
A 1 0.21 0 .36 0.31 0.29 0.08 0.40 0.65 0.58 0.54 0.13
S i 0.47 0.73 0.73 0.64 0.15 0.85 1.25 1.28 1.13 0.24
K 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

F e 95.02 92 .74 93.58 93.78 1.15 86.48 80.52 82.78 83 .26 3.01
Z r 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

M n 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C a 0.25 0.48 0.34 0.36 0.12 0.31 0.58 0.42 0.44 0.14
T i 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

A u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.27 0 .00 0.00 0.09 0.16 0.22 0.00 0 .00 0.07 0.13
p 0.98 0.98 1.02 0.99 0.02 1.61 1.53 1.62 1.59 0.05
ร 0.63 0 .82 0.71 0.72 0.10 1.00 1.24 1.09 1.11 0.12

M g 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

N a 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C l 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -
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Table E-92 E x p e r im e n t  4  % w t o f  E le m e n t and  %  A to m ic  o f  N o . 7  Iron n u g g e ts
(1425°c, 15 m in )  3 rd s p e c im e n

E le m e n t %  E l e m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 0.62 2.60 1.14 1.45 1.03 2.60 10.51 4 .57 5.89 4.12

0 2.37 1.34 2.85 2.19 0.77 7.42 4.07 8.61 6.70 2.35
A I 0.48 0.23 0.78 0.50 0.28 0.89 0.41 1.41 0.90 0.50
S i 1.01 0.44 1.54 1.00 0.55 1.80 0.75 2.65 1.73 0.95
K 0.10 0.00 0.12 0.07 0.06 0.13 0.00 0.15 0.09 0.08
F e 91.95 92.55 90.23 91.58 1.20 82.38 80.27 78 .08 80.24 2.15
Z r 0.00 0.00 0 .00 0.00 - . 0.00 0.00 0 .0 0 0.00 -

M n 0.00 0.00 0 .00 0.00 - - 0.00 0.00 0 .00 0.00 -

C a 0.77 0.28 1.02 0.69 0.38 - 0.96 0.34 1.23 0.84 0.46
T i 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

A u 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

C u 0.57 0.37 0.13 0.36 0.22 0.45 0.28 0 .10 0.28 0.18
p 0.97 1.29 1.14 1.13 0.16 ' 1.57 2.02 1.78 1.79 0.23ร 0.79 0.89 0 .87 0.85 0.05 : 1.23 1.34 1.32 1.30 0.06

M r 0.15 0.00 0.18 0.11 0.10 ■ 0.10 0.00 0.11 0.07 0.06
N a 0.22 0.00 0.00 0.07 0.13  - - 0.48 0.00 0 .00 0.16 0.28
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

T a b l e  E - 9 3  E x p e r im e n t  4  %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  8  (1425°c, 10  

m in )  1st s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 2.37 0.08 6.12 2.86 3.05 9.41 0.29 17.94 9.21 8.83 2.37 0.08
0 2.42 9.63 12.67 8.24 5.26 7.21 26.04 27 .90 20 .38 11.45 2.42 9.63

A l 0.68 0 .99 0.95 0.87 0.17 1.20 1.59 1.24 1.34 0.21 0.68 0.99
S i 0.55 1.73 1.57 1.28 0.64 0.94 2.67 1.97 1.86 0.87 0.55 1.73
K 0.00 0 .16 0.51 0.22 0.26 0.00 0.18 0.46 0.21 0.23 0.00 0.16

F e 92.41 83 .39 73.24 83.01 9.59 79.03 64.61 46.21 63.28 16.45 92.41 83.39
Z r 0.00 0 .00 0.85 0.28 0.49 0.00 0.00 0.33 0.11 0.19 0.00 0.00

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
C a 0.57 2.21 2.05 1.61 0.90 0.68 2.38 1.80 1.62 0 .86 0.57 2.21
T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00

A u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C u 0.00 0 .32 0.41 0.24 0.22 0.00 0.22 0.23 0.15 0.13 0.00 0.32

P 0.42 0 .36 0.00 0.26 0.23 0.65 0.51 0.00 0.39 0.34 0.42 0.36
ร 0.59 1.13 1.33 1.02 0.38 0.88 1.52 1.46 1.29 0.35 0.59 1.13

M g 0.00 0 .00 0 .00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00
N a 0.00 0 .00 0.29 0.10 0.17 0.00 0.00 0.45 0.15 0.26 0.00 0.00
C l 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00

T o t a l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-94 E x p e r im e n t  4  % w t o f  E le m e n t and  %  A to m ic  o f  N o . 8 (1425°c, 10
m in ) 2 nd sp e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S Dc 2.28 0.00 0.00 0.76 1.32 8.91 0.00 0 .00 2.97 5.14 2.28 0.000 3.29 8.40 13.70 8.46 5.21 9.67 23.85 35 .28 22.93 12.83 3.29 8.40

A l 0.81 3.61 0.22 1.55 1.81 1.41 6.08 0.33 2.61 3.06 0.81 3.61
S i 0.20 0.00 0.44 0.21 0.22 0.33 0.00 0.65 0.33 0.33 0.20 0.00
K 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00

F e 91.76 83.43 84 .30 86.50 4.58 77.22 67 .90 62 .18 69 .10 7.59 91.76 83.43
Z r 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0 .00 - . . 0.00 0.00

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - ■0.00 0.00
C a 0.00 0.00 0 .69 0.23 0.40 0.00 0.00 0.71 0.24 0.41 0.00 0.00
T i 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00

A u 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 - - 0.00 0.00
C u 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - . 0.00 0.00

p 0 .50 0.00 0.47 0.32 0.28 0.75 0.00 0.63 0.46 0.40 - 0.50 0.00ร 1.16 0.00 0.18 0.45 0.62 1.70 0.00 0.23 0.64 0.92 : 1.16 0.00
M g 0 .00 4.56 0 .00 1.52 2.63 0.00 2.16 0.00 0.72 1.25 ' 0.00 4.56
N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - - 0.00 0.00
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -  ̂ 0.00 0.00

T o t a l 100 100 100 100 100.00 - 100 100 100 100 100.00 -

T a b l e  E - 9 5  E x p e r im e n t  4 %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  8  (1420°c, 10 
m in )  3 rd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 3.34 1.58 1.53 2.15 1.03 10.87 6.38 6.01 7.75 2.71 3.34 1.58
0 10.20 3.06 4.83 6.03 3.72 24 .96 9.25 14.22 16.14 8.03 10.20 3.06

A l 1.12 0.18 0 .29 0.53 0.51 1.62 0.31 0 .50 0.81 0.71 1.12 0.18
S i 2.14 0.43 0 .52 1.03 0.96 2.99 0.74 0.88 1.54 1.26 2.14 0.43
K 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0 .00 - 0.00 0.00

F e 79 .66 92.85 90 .45 87.65 7.03 55.83 80.52 76.34 70 .90 13.21 79 .66 92.85
Z r 0 .00 0.00 1.21 0.40 0.70 0.00 0.00 0.62 0.21 0.36 0.00 0.00

M n 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0 .00 - 0.00 0.00
C a 1.93 0.36 0.43 0.91 0.89 1.88 0.44 0.51 0.94 0.81 1.93 0.36
T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0 .00 - 0.00 0.00
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
C u 0.24 0.00 0.23 0.16 0.14 0.14 0.00 0.17 0.10 0.09 0.24 0.00

P 0.60 0.44 0.00 0.35 0.31 0.76 0.68 0.00 0.48 0.42 0.60 0.44
ร 0.78 1.11 0.51 0.80 0.30 0.95 1.67 0.75 1.12 0.48 0.78 1.11

M g 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
N a 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
C l 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

T o t a l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-96 E x p e r im e n t  4  % w t o f  E le m e n t an d  % A t o m ic  o f  N o . 9  Iron  n u g g e ts
(1400°c, 40 m in )  1st s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 2.63 1.65 1.64 1.97 0.57 10.43 0 .00 6.28 5.57 5.25
0 2.14 0.00 5.04 2.39 2.53 6.35 0 .00 14.45 6.93 7.24
A 1 0.25 0 .00 0.15 0.13 0.13 0.43 0 .00 0.25 0.23 0.22
S i 0.00 0 .00 0.34 0.11 0.20 0.00 0 .00 0.55 0.18 0.32
K 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

F e 91.85 94.11 89.22 91.73 2.45 78.22 86.11 73.37 79.23 6.43
Z r 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 0.53 0.00 0.34 0.29 0.27 0.62 0 .00 0.39 0.34 0.31
T i 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

A u 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 -

C u 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 -

p 1.46 1.99 0.31 1.25 0.86 2.24 3.28 0.46 1.99 1.43
ร 1.16 2.25 2.97 2.13 0.91 1.71 3 .58 4.26 3.18 1.32

M g 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

N a 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C l 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

T a b l e  E - 9 7  E x p e r im e n t  4 %  w t  o f  E le m e n t  a n d  %  A t o m i c  o f  N o .  9  I r o n  n u g g e t s  

(1400°c, 40 m in )  2nd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 2.83 2 .09 4.20 3.04 1.07 10.94 8.55 15.54 11.68 3.55
0 2.70 1.33 3.13 2.39 0.94 7.85 4.07 8.71 6.88 2.47

A l 0.00 0 .00 0.22 0.07 0.13 0.00 0 .00 0.37 0.12 0.21
S i 0.19 0 .00 0.20 0.13 0.11 0.31 0 .0 0 0.31 0.21 0.18
K 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 -

F e 90.24 93.01 89.25 90.83 1.95 75.11 81.88 71.04 76.01 5.48
Z r 0.00 0 .00 0.00 0.00 - 0.00 0 .0 0 0.00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0 .0 0 0.00 0.00 -

C a 0.54 0.24 0.66 0.48 0.22 0.62 0 .3 0 0.73 0.55 0.22
T i 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0 .0 0 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

P 1.51 1.57 1.12 1.40 0.24 2.27 2 .49 1.61 2.12 0.46
ร 1.99 1.76 1.22 1.66 0.40 2.89 2 .70 1.69 2.43 0.65

M g 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

N a 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -  '

C l 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -
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Table E-98 E x p e r im e n t 4 % w t o f  E le m e n t and %  A to m ic  o f  N o . 9  Iron  n u g g e ts
(1400°c, 40 m in ) 3 rd sp e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 2 .19 2.41 2.85 2.48 0.34 8.93 9.49 11.15 9.86 1.15

0 1.49 2.64 2.04 2.06 0.58 4.56 7.81 5.99 6.12 1.63
A l 0 .00 0.00 0.17 0.06 0 .10 0.00 0.00 0.29 0.10 0.17
S i 0 .00 0.00 0.19 0.06 0.11 0.00 0.00 0.33 0.11 0.19
K 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

F e 93 .30 91.21 90.82 91.78 1.33 81.91 77.18 76.51 78.53 2.94
Z r 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C a 0 .29 0.25 0.51 0.35 0.14 0.36 0.30 0.60 0.42 0.16
T i 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

A u 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

p 1.17 1.68 1.81 1.55 0.34 1.85 2.56 2.75 2.39 0.47
ร 1.56 1.81 1.61 1.66 0.13 2.39 2.67 2.36 2.47 0.17

M r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

T a b l e  E - 9 9  E x p e r im e n t  4  %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  1 0  (1400°c, 3 5  

m i n )  1st s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 1.20 0 .00 0.00 0.40 0.69 5.06 0.00 0.00 1.69 2.92 1.20 0.00
0 1.29 14.00 0.00 5.10 7.74 4.08 34.93 0.00 13.00 19 10 1.29 14.00
A l 0.35 0.85 0.30 0.50 0.30 0.66 1.26 0.62 0.85 0.36 0.35 0.85
S i 0.73 1.70 0.54 0.99 0.62 1.32 2.41 1.05 1.59 0.72 0.73 1.70
K 0 .00 0.77 0.00 0.26 0.44 0 .00 0.78 0.00 0.26 0.45 0.00 0.77
F e 93 .90 78 .96 97.64 90 .17 9.88 85.05 56.44 96.02 79.17 20.43 93.90 78.96
Z r 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

M n 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C a 0.62 1.30 0.51 0.81 0.43 0.79 1.29 0.70 0.93 0.32 0.62 1.30
T i 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C u 0.00 0 .29 0.17 0.15 0.15 0.00 0.18 0.15 0.11 0.10 0.00 0.29

P 0.83 0 .69 0.41 0.64 0.21 1.36 0.89 0.73 0.99 0.33 0.83 0.69
ร 1.06 1.45 0.43 0.98 0.51 1.68 1.80 0.74 1.41 0.58 1.06 1.45

M r 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
N a 0.00 0.00 0.00 0.00 - 0 .00 0.00 0.00 0.00 - 0.00 0.00
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

T o t a l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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T a b le  E - 1 0 0  E x p e r im e n t  4  % พ! o f  E le m e n t an d  % A to m ic  o f  N o . 10 (1400°c, 35
m in ) 2 nd sp e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S Dc 1.41 1.50 4.41 2.44 1.71 5.51 6.23 14.64 8.79 5.08 1.41 1.50

0 3.83 1.80 9.20 4.94 3.82 11.25 5.63 22.94 13.27 8.83 3.83 1.80
A 1 0 .46 0.23 0.15 0.28 0.16 0.81 0.43 0.22 0.49 0.30 0.46 0.23
S i 0.71 0.43 0.31 0.48 0.21 1.19 0.76 0.44 0.80 0.38 0.71 0.43
K 0 .00 0.00 0.28 0.09 0.16 0.00 0.00 0.28 0.09 0.16 0.00 0.00

F e 88 .89 93 .54 83.18 88.54 5.19 74.88 83.65 59.43 72.65 12.26 88.89 93.54
Z r 0 .00 0.00 1.02 0.34 0.59 0.00 0.00 0.45 0.15 0.26 0.00 0.00

M n 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C a 0 .99 0.33 0.37 0.56 0.37 1.16 0.41 0.37 0.65 0.45 0.99 0.33
T i 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
A u 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C u 0.38 0.68 0.21 0.42 0.24 0.28 0.53 0.13 0.31 0.20 0.38 0.68

p 0.45 0.62 0.00 0.36 0.32 0.69 1.01 0.00 0.57 0.52 0.45 0.62ร 2.88 0.86 0.88 1.54 . 1.16 4.23 1.34 1.09 2.22 1.75 2.88 0.86
M g 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
N a 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C l 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

T o t a l 100 100 100 100 100.00 - 100 100 100 100 100.00 -

T a b l e  E - 1 0 1  E x p e r im e n t  4 %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  1 0  (1420°c, 35 
m in )  3rd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 0.50 1.28 1.22 1.00 0.43 2.25 4.08 4.92 3.75 1.37 0.50 1.28
O 0 .00 14.24 3.22 5.82 7.47 0.00 34.12 9.71 14.61 17.58 0.00 14.24

A l 0 .29 0.81 0.27 0.46 0.31 0.59 1.15 0.48 0.74 0.36 0.29 0.81
S i 0 .72 1.61 0.50 0.94 0.59 1.40 2.20 0.86 1.49 0.67 0.72 1.61
K 0 .00 1.03 0 .00 0.34 0.59 0.00 1.01 0.00 0.34 0.58 0.00 1.03

F e 97 .00 76.46 90.93 88.13 10.55 94.34 52 .47 78.62 75.14 21.15 97.00 76.46
Z r 0 .86 0.00 0 .00 0.29 0.50 0.51 0.00 0.00 0.17 0.29 0.86 0.00

M n 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C a 0.47 1.26 0.39 0.71 0.48 0.63 1.21 0.46 0.77 0.39 0.47 1.26
T i 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C u 0 .00 0.63 0.43 0.35 0.32 0.00 0.38 0.33 0.24 0.21 0.00 0.63

P 0.16 0.70 0.61 0.49 0.29 0.27 0.87 0.95 0.70 0.37 0.16 0.70
ร 0.00 1.63 2.43 1.35 1.24 1.95 3.66 2.81 1.21 0.00 1.63

M g 0.00 0 .00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
N a 0.00 0.33 0 .00 0.11 0.19 0.00 0.56 0.00 0.19 0.32 0.00 0.33
C l 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

T o t a l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-102 E x p e r im e n t  4 % w t o f  E le m e n t and  % A to m ic  o f  N o . 11 (1400°c, 30
m in ) 1st s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S Dc 0.52 1.72 1.04 1.09 0.60 2.34 7.40 3.97 4 .57 2.58 0.52 1.720 0.00 0.00 4.83 1.61 2.79 0.00 0.00 13.84 4.61 7.99 0.00 0.00

A 1 0.26 0.35 0.92 0.51 0.36 0.52 0.68 1.57 0.92 0.57 0.26 0.35
S i 0.54 0.54 1.18 0.75 0.37 1.04 0.99 1.92 1.32 0.52 0.54 0.54
K 0.00 0.00 0.58 0.19 0.33 0.00 0.00 0.69 0.23 0.40 0.00 0.00
F e 97 .18 95 .79 85.08 92.68 6.62 94.59 88.54 69 .89 84.34 12.87 97.18 95.79
Z r 0.82 0.00 0.00 0.27 0.47 0.49 0.00 0.00 0 .16 0.28 0.82 0.00

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00
C a 0.40 0.63 3.22 1.42 1.57 0.55 0.82 3.69 1.69 1.74 0.40 0.63
T i 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0 .0 0 - 0.00 0.00

A u 0.00 0.00 0 .00 0.00 - 0.00 ' 0.00 0.00 0 .00 - 0.00 0.00
C u 0.00 0.00 0.20 0.07 0.12 0.00 0.00 0.14 0.05 0.08 0.00 0.00

p 0.00 0.47 0.48 0.32 0.27 0.00 0.78 0.71 0 .50 0.43 0.00 0.47
ร 0.29 0 .50 2.35 1.05 1.13 0.48 0.80 3.36 . 1.55 1.58 0.29 0.50

M g 0.00 0.00 0.12 0.04 0.07 0.00 0.00 0.23 0.08 0.13 0.00 0.00
N a 0.00 0.00 0.00 0.00 - 0.00 ■0.00 0.00 0 .00 - 0.00 0.00
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00

T o t a l 100 100 100 100 100.00 - 100 100 100 100 100.00 -

T a b l e  E - 1 0 3  E x p e r im e n t  4  %  w t  o f  E le m e n t  a n d  %  A t o m ic  o f  N o .  11 (1400°c, 3 0  

m in )  2 nd s p e c im e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 4 a v e r a g e S D 1 2 3 4 a v e r a g e S D

C 1.13 1.16 1.04 1.11 0 .06 4.70 4.64 4.23 4.52 0.26 1.13 1.16
O 2.02 3.97 3.42 3.14 1.01 6.29 11.92 10.46 9 .56 2.92 2.02 3.97

A l 0.20 0.00 0 .19 0.13 0.11 0.37 0.00 0.35 0.24 0.21 0 .20 0.00
S i 0.57 0.25 0 .46 0.43 0.16 1.01 0.43 0.80 0.75 0.29 0.57 0.25
K 0.00 0.00 0 .00 0.00 0.00 0.00 0.00 0.00 0 .00 0.00 0 .00 0.00

F e 92.83 92.27 93.01 92 .70 0.39 82.96 79.43 81.55 81.31 1.78 92.83 92.27
Z r 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0 .00 - 0 .00 0.00

M n 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0 .00 - 0 .00 0.00
C a 0.48 0.00 0 .39 0.29 0.26 0.59 0.00 0.48 0 .36 0.31 0.48 0.00
T i 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0 .00 - 0 .00 0.00

A u 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0 .00 - 0 .00 0.00
C u 0.34 0.00 0.22 0.19 0.17 0.27 0.00 0.17 0.15 0.14 0.34 0.00

P 0.30 0.96 0.33 0.53 0.37 0.48 1.50 0.52 0.83 0.58 0.30 0.96
ร 2.14 1.38 0.93 1.48 0.61 3.34 2.07 1.43 2.28 0.97 2.14 1.38

M g 0.00 0 .00 0 .00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00
N a 0.00 0 .00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C l 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00

T o t a l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-104 Experiment 4 % wt of Element and % Atomic of No. 11 (1400°c, 30
min) 3rd specimen

E lem en t %  E lem en t % A to m ic1 2 3 4 average S D 1 2 3 4 avera ge S Dc 0 .5 6 6 .2 9 0 .9 3 2 .5 9 3.21 2 .5 4 1 7 .80 4 .1 5 8 .1 6 8 .3 8 0 .5 6 6 .2 9
0 0.00 1 .4 2 0.00 0 .4 7 0 .8 2 0.00 2 .3 8 0.00 0 .7 9 1 .37 0.00 1 .42
A l 0 .1 9 2 .7 0 0.00 0 .9 6 1.51 0 .3 8 4 .3 5 0.00 1.58 2.41 0 .1 9 2 .7 0
S i 0 .4 2 0 .41 0 .1 4 0 .3 2 0 .1 6 0 .81 0 .6 0 0 .2 8 0 .5 6 0 .2 7 0 .4 2 0 .41
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
F e 9 7 .2 6 8 2 .3 0 9 8 .1 4 9 2 .5 7 8 .9 0 9 4 .7 2 6 6 .71 9 4 .2 3 8 5 .2 2 1 6 .03 9 7 .2 6 8 2 .3 0
Zr . 0 .9 2 0.00 0.00 0 .31 0 .5 3 0 .5 5 0.00 0.00 0 .1 8 0 .3 2 0 .9 2 0.00

M n - ■ 0 .0 0 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C a - 0 .3 4 4 .5 6 0.00 1.63 2 .5 4 0 .4 7 5 .15 0.00 1 .87 2 .8 5 0 .3 4 4 .5 6
T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0,00 0.00
A u  ' 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C u 0.00 0 .1 6 0.00 0 .0 5 0 .0 9 0.00 0.11 0.00 0 .0 4 0 .0 6 0.00 0 .1 6
p - 0 .0 0 1 .5 6 0 .41 0.66 0.81 0.00 2.21 0 .7 0 0 .9 7 1.13 0.00 1 .56
ร - 0 .31 0 .6 0 0 .3 8 0 .4 3 0 .1 5 0 .5 3 0 .6 9 0 .6 4 0 .6 2 0 .0 8 0 .31 0 .6 0  .

M g - 0 .0 0 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
N a  - - 0 .0 0 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

T otal 100 100 100 100 100.00 - 100 100 100 100 100.00 -

Table E-105 Experiment 4 % wt o f Element and % Atomic o f No. 12 (1375°c, 40 
min) 1st specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S D

C 7.85 0 .00 0.00 2.62 4.53 20 .72 0.00 0.00 6.91 11.96 7.85 0.00
O 12.33 2 .06 4.24 6.21 5.41 24.41 6.66 12.79 14.62 9.02 12.33 2.06
A l 3.18 0.72 1.66 1.85 1.24 3.73 1.39 2 .97 2 .70 1.19 3.18 0.72
S i 7.80 1.30 2.15 3.75 3.53 8.80 2.39 3.69 4.96 3.39 7.80 1.30
K 0.89 0.15 0.00 0.35 0.48 0.72 0.20 0.00 0.31 0.37 0.89 0.15
F e 52.58 93 .27 88.75 78 .20 22.30 29.83 86.39 76 .60 64 .27 30.23 52.58 93.27
Z r 1.43 0 .00 0.00 0.48 0.83 0.50 0.00 0 .00 0.17 0.29 1.43 0.00

M n 0.00 0 .00 0.00 0 .00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
C a 12.98 1.75 2.43 5.72 6.30 10.26 2.26 2.92 5.15 4.44 12.98 1.75
T i 0.00 0 .00 0.00 0 .00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

A u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
C u 0.00 0.11 0.00 0.04 0.06 0.00 0.09 0 .00 0.03 0.05 0.00 0.11
P 0.00 0 .00 0.00 0.00 0.00 0.00 0.00 0 .00 0.00 0.00 0.00 0.00
ร 0.71 0 .19 0.00 0.30 0.37 0.70 0.31 0.00 0.34 0.35 0.71 0.19

M g 0.27 0.44 0.00 0.24 0.22 0.35 0.31 0 .00 0.22 0 .19 0.27 0.44
N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C l 0.00 0.00 0.76 0 2 5 0.44 0.00 0.00 1.03 0.34 0.59 0.00 0.00

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-106 Experiment 4 % wt of Element and % Atomic of No. 12 (1375°c, 40
min) 2nd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S D

c 2.05 6.92 2.35 3.77 2.73 6.36 20.64 7.81 11.60 7.86 2.05 6.92
0 10.92 8.00 12.21 10.38 2 .16 25.41 17.90 30 .49 24 .60 6.33 10.92 8.00
A 1 4.57 2.38 0.21 2.39 2.18 6.30 3.16 0.31 3.26 3.00 4.57 2.38
Si 5.69 4.94 0.52 3.72 2.79 7.54 6.30 0.74 4.86 3.62 5.69 4.94
K 0.46 0.47 0 .00 0.31 0.27 0.44 0.43 0.00 0.29 0.25 0.46 0.47
F e 66.37 67 .8 0 84.49 72.89 10.07 44.23 43 .49 60.43 49 .38 9.57 66.37 67.80
Z r 0.00 0.92 0.00 0.31 . 0.53 0.00 0.36 0 .00 0.12 0.21 0.00 0.92
M n 0.00 0 .00 0.00 0 .0 0  - - 0.00 0.00 0 .00 0.00 - 0.00 0.00
C a 7.96 8.34 0.22 5.51 - 4.58 7.39 7.46 0.22 5.02 4.16 7.96 8.34
T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
C u 0.19 0.00 0.00 0.06 . 0.11 0.11 0.00 0.00 0.04 0.06 0.19 0.00
p 0.44 0 .00 0.00 0.15 ' 0.25 0.53 0.00 0.00 0.18 0.31 0.44 0.00
ร 1.03 0.23 0.00 0.42 ; 0.54 1.19 0.26 0 .00 0.48 0.63 1.03 0.23

M g 0.33 0.00 0 .00 0.11 - 0 .19 0.50 0.00 0.00 0.17 0.29 0.33 0.00
N a 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C l 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -

Table E-107 Experiment 4 % wt o f Element and % Atomic o f No. 10 (1375°c, 40 
min) 3rd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S D

C 0.00 7.69 0.00 2.56 4 .44 0.00 24.75 0 .00 8.25 14.29 0.00 7.69
O 15.44 4.70 7.19 9.11 5.62 33.73 11.34 20 .22 21 .76 11.27 15.44 4.70
A l 3.77 1.18 1.93 2.29 1.33 4.88 1.68 3.22 3.26 1.60 3.77 1.18
Si 8.52 2 .34 2.86 4.57 3.43 10.61 3.22 4.58 6.14 3.93 8.52 2.34
K 0.88 0.18 0.00 0.35 0.46 0.79 0.18 0 .00 0.32 0.41 0.88 0.18
F e 53.18 78 .99 81.83 71.33 15.79 33.28 54.65 65.91 51.28 16.57 53.18 78.99
Z r 0 .00 0.97 1.80 0.92 0 .90 0.00 0.41 0 .89 0.43 0.45 0 .00 0.97
M n 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0 .00 0.00
C a 15.18 3.27 3.09 7.18 6.93 13.24 3.15 3.47 6.62 5.74 15.18 3.27
T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
A u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0 .00 0.00
P 1.56 0.00 0 .00 0.52 0 .90 1.76 0.00 0 .00 0.59 1.02 1.56 0.00
ร 1.07 0.38 0.54 0.66 0 .36 1.17 0.46 0.76 0.80 0.36 1.07 0.38

M g 0.39 0.31 0.00 0.23 0.21 0.55 0.16 0.00 0.24 0.28 0.39 0.31
N a 0.00 0 .00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C l 0.00 0.00 0.75 0.25 0.43 0.00 0.00 0.95 0.32 0.55 0.00 0.00

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-108 Experiment 4 % wt of Element and % Atomic of No. 1 Slag (1450°c,
40 min) 1 St specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S Dc 0.00 0 .00 0.00 0.00 - 0 .00 0.00 0 .00 0.00 -

0 29.42 32 .2 6 30.89 30.86 1.42 47 .70 50.71 49 .02 49.14 1.51
A i 7.42 7.59 7.85 7.62 0.22 7.14 7.07 7.39 7.20 0.17
Si 17.26 17.36 18.05 17.56 0.43 15.94 15.55 16.32 15.94 0.39
K 1.71 1.41 1.51 1.54 0.15 1.13 0.91 0.98 1.01 0.11
F e 3.28 2.85 2.38 2.84 0.45 1.52 1.28 1.08 1.29 0.22
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 39.60 36 .84 37.70 38.05 1.41 25.63 23.12 23 .88 24.21 1.29
T i 0.87 0.67 0.60 0.71 0.14 0.47 0.35 0.32 0.38 0.08
A u 0.00 0 .00 0.00 0.00 - 0 .00 0.00 0 .00 0 .00 -

C u 0.00 0.00 0.00 0.00 - 0 .00 0.00 0 .00 0 0 0 -

p 0.00 0 .00 0.00 0.00 - 0 .00 0.00 0 .00 0.00 -

ร 0.00 0.24 0.29 0.18 0.16 0 .00 0.19 0.23 0.14 0.12
M g 0.44 0.53 0.45 0.47 0.05 0.47 0.55 0 .47 0.50 0.05
N a 0.00 0.25 0.28 0.18 0.15 0 .00 0:27 0.31 0.19 0.17
C l 0.00 0 .00 0.00 0.00 - 0 .00 0.00 0 .00 0 0 0 -

T o ta l 100 100 100 100 - 100 100 100 100 -

Table E-109 Experiment 4 % wt o f Element and % Atomic o f No. 1 Slag (1450°c, 
40 min) 2nd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S D

C 0.00 0 .00 0.75 0.25 0.43 0 .00 0.00 1.59 0.53 0.92
O 28.27 11.38 29.75 23.13 10.21 46 .22 23.38 47 .26 38.95 13.50
A l 7.51 4.54 7.54 6.53 1.72 7.28 5.53 7.11 6.64 0.97
Si 17.52 11.24 17.81 15.52 3.71 16.32 13.15 16.12 15.20 1.78
K 40.44 1.66 1.46 14.52 22.45 26 .39 1.40 0.95 9.58 14.56
F e 2.67 7.87 2.62 4.39 3.02 1.25 4.63 1.19 2.36 1.97
Z r 0.00 0 .00 0.00 0.00 - 0 .00 0.00 0 .00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0 .00 0.00 0 .00 0.00 -

C a 0.67 63 .3 0 38.07 34.01 31.51 0 .37 51.91 24.14 25 .47 25.80
T i 0.56 0 .00 0.58 0.38 0.33 0.27 0.00 0.31 0.19 0.17
A u 0.00 0 .00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

C u 0.00 0 .00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

P 0.00 0 .00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

ร 1.62 0 .00 0.28 0.63 0.87 1.08 0.00 0.23 0.44 0.57
M g 0.40 0 .00 0.42 0.27 0.24 0 .44 0.00 0.44 0.29 0.25
N a 0.35 0.00 0.44 0.26 0.23 0.39 0.00 0.48 0.29 0.26
C l 0.00 0.00 0.25 0.08 0.14 0 .00 0.00 0.18 0 0 6 0.10

T o ta l 100 100 100 100 - 100 100 100 100 -
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Table E-110 Experiment 4 % wt of Element and % Atomic of No. 1 Slag (1450°c,
40 min) 3rd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S D

c 0.00 2.48 6.38 2.95 3.22 0.00 5.40 13.79 6.40 6.95
0 24.83 25 .16 21.53 23.84 2.01 42.28 41 .06 34 .97 39.44 3.92
A1 6.99 6.83 5.86 6.56 0.61 7.06 6 .60 5.65 6.44 0.72
Si 16.63 16.19 14.03 15.62 1.39 16.13 15.05 12.97 14.72 1.61
K 1.46 1.61 1.36 1.48 0.13 1.02 1.08 0 .90 1.00 0.09
F e 3.47 2.99 3.44 3.30 0.27 1.69 1.40 1.60 1.56 0.15
Z r 0.00 0.00 1.61 0.54 0.93 0.00 0 .0 0 0 .46 0.15 0 .27  .

M n 0.60 0.00 0.66 0.42 0.36 0.30 0 .00 0.31 0.20 0.18  '

C a 44.21 42.64 43.93 43.59 0.84 30.05 27 .78 28 .47 28.77 1.16  -

T i 0.91 0.86 0.67 0.81 0.13 0.52 0 .47 0.36 0.45 0.08
A u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -  -

C u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -  .

p 0.00 0 .00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

ร 0.30 0.34 0.21 0.28 0.07 0.26 0.28 0.17 0.24 0.06  :

M g 0.34 0.31 0.31 0.32 0.02 0.38 0.33 0.33 0.35 0.03  '

N a 0.27 0.33 0.00 0.20 0.18 0.31 0.37 0 .00 0.23 0 .20  -

C l 0.00 0.27 0.00 0.09 0.16 0.00 0 .20 0 .00 0.07 0.12  .

T o ta l 100 100 100 100 - 100 100 100 100 -

Table E - l l l  Experiment 4 % พt o f Element and % Atomic o f No. 2 Slag (1450°c, 
30 min) 1st specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S D

C 0.00 0.00 6.11 2.04 3.53 0.00 0.00 11.82 3.94 6.82 0.00 0.00
0 34.47 30.41 32.69 32.52 2.04 52.88 48.94 47 .46 49 .76 2 .80 34.47 30.41
A l 7.85 7.43 6.95 7.41 0.45 7.14 7.09 5.98 6.74 0 .66 7.85 7.43
Si 18.60 17.32 16.39 17.44 1.11 16.25 15.88 13.56 15.23 1.46 18.60 17.32
K 1.07 1.31 1.21 1.20 0.12 0.67 0.86 0.72 0.75 0 .10 1.07 1.31
F e 2.01 4.96 4.22 3.73 1.53 0.88 2.29 1.76 1.64 0.71 2.01 4.96
Z r 0.00 0 .00 0.79 0.26 0.46 0 .00 0.00 0 .20 0.07 0.12 0.00 0.00

M n 0.41 0.54 0.41 0.45 0.08 0.18 0.25 0 .17 0.20 0.04 0.41 0.54
C a 34.15 36 .48 29.95 33.53 3.31 20.91 23.44 17.36 20.57 3.05 34.15 36.48
Ti 0.63 0.63 0.44 0.57 0.11 0.32 0.34 0.21 0.29 0 .07 0.63 0.63
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0 .00 - 0.00 0.00
C u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
P 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
ร 0.34 0.27 0.21 0.27 0.07 0.26 0.22 0.15 0.21 0 .06 0.34 0.27

M g 0.49 0.43 0.45 0.46 0.03 0.49 0.45 0.43 0.46 0.03 0 .49 0.43
N a 0.00 0.22 0.17 0.13 0.12 0.00 0.25 0.17 0.14 0.13 0.00 0.22
C l 0.00 0.00 0.00 0.00 - 0 .00 0.00 0 .00 0.00 - 0.00 0.00

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-112 Experiment 4 % wt of Element and % Atomic of No. 2 Slag (1450°c,
30 min) 2nd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S D

c 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00
0 32.11 36.55 31.32 33.33 2.82 50.78 54.88 49 .9 9 51.88 2.63 32.11 36.55
A l 7.41 7.98 7 .30 7.56 0.37 6.94 7.11 6.91 6 .99 0.11 7.41 7.98
Si 17.88 18 58 17.63 18.03 0.49 16.10 15.90 16.02 16.01 0.10 17.88 18.58
K 1.31 1.03 1.41 1.25 0.20 0.85 0.63 0.92 0 .80 0.15 1.31 1.03
F e 4.66 1.84 5.58 4.03 1.95 2.11 0.79 2.55 1.82 0.92 4.66 1.84
Z r 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00

M n 0.52 0.00 0.48 0.33 0.29 0.24 0.00 0.22 0.15 0.13 0.52 0.00
C a 34 .79 32 .40 34.71 33.97 1.36 21.96 19.42 22.11 21 .16 1.51 34.79 32.40
Ti 0.57 0.54 0.64 0.58 0.05 0.30 0.27 0.34 0 .30 0.04 0.57 0.54
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00
C u 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00
p 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
ร 0.28 0.34 0.23 0.28 0.06 0.22 0.26 0.18 0.22 0.04 0.28 0.34

M s 0.47 0.53 0 .47 0.49 0.03 0.49 0.53 0 .50 0.51 0.02 0.47 0.53
N a 0.00 0.22 0.23 0.15 0.13 0.00 0.22 0.25 0 .16 0.14 0.00 0.22
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -

Table E-113 Experiment 4 % wt o f Element and % Atomic o f No. 2 Slag (1450°c, 
30 min) 3 rd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e ร อ

C 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
O 27 .19 35 .19 32.15 31.51 4.04 45.75 53.78 50.59 50 .04 4.04 27 .19 35 .19
A l 6.37 7.68 7.70 7.25 0.76 6.35 6.96 7.19 6.83 0.43 6.37 7.68
Si 15.50 18.35 18.47 17.44 1.68 14.86 15.97 16.56 15.80 0.86 15.50 18.35
K 1.53 1.21 1.27 1.34 0.17 1.05 0.76 0.82 0.88 0.15 1.53 1.21
F e 6.79 3.61 4.36 4.92 1.66 3.27 1.58 1.96 2.27 0.89 6.79 3.61
Z r 0.00 0 .00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
M n 0.00 0.45 0.48 0.31 0.27 0.00 0.20 0.22 0.14 0.12 0.00 0.45
C a 41 .57 31.95 33 .94 35.82 5.08 27.92 19.49 21 .32 22.91 4.43 41 .57 31.95
T i 0.68 0.48 0.56 0.57 0.10 0.38 0.24 0.30 0.31 0.07 0.68 0.48
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C u 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
P 0.00 0.00 0 .00 0.00 - 0 .00 0.00 0.00 0 .00 - 0.00 0.00
ร 0.00 0.36 0.31 0.22 0.20 0.00 0.27 0.24 0.17 0.15 0.00 0.36

M g 0.37 0.49 0.53 0.46 0.08 0.41 0.49 0.55 0.48 0.07 0.37 0.49
N a 0.00 0.24 0.23 0.16 0.14 0.00 0.26 0.26 0.17 0.15 0.00 0.24
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-114 Experiment 4 % wt of Element and % Atomic of No. 3 Slag (1450°c,
20 min) 1st specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S D

c 0.00 0 .00 0.00 0 .00 - 0.00 0 .00 0.00 0.00 -
0 35 .50 35 .07 41.07 37.21 3.35 54.05 53 .60 59.54 55.73 3.31
A 1 7.84 7.95 7.77 7.85 0.09 7.08 7.21 6.68 6.99 0.28
Si 18.61 18.48 17.75 18.28 0.46 16.14 16.09 14.66 15.63 0.84
K 1.37 1.36 1.24 1.32 0.07 0.86 0.85 0.74 0.82 0.07
F e 4.01 3.72 3.41 3.71 0.30 1.75 1.63 1.42 1.60 0.17
Z r 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

M n 0.00 0 .46 0.00 0.15 0.27 0.00 0.20 0.00 0.07 0.12
C a 31.28 31 .30 27.20 29.93 2.36 19.01 19.09 15.74 17.95 1.91
T i . 0.58 0 .59 0.48 0.55 0.06 0.29 0.30 0.23 0.27 0.04
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -
C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -
p 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -
ร 0.00 0.29 0.23 0.17 0.15 0.00 0.22 0.17 0.13 0.12

M g 0.49 0.48 0.53 0.50 0.03 0.49 0.48 0.51 0.49 0.02
N a 0.32 0.30 0.32 0.31 0.01 0.34 0.31 0.32 0.32 0.02
C l 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 0 0 -

T o ta l 100 100 100 100 - 100 100 100 100 -

Table E-115 Experiment 4 % wt o f Element and % Atomic o f No. 3 Slag (1450°c, 
20 min) 2nd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S D

C 5.77 8.96 6.24 6.99 1.72 11.13 17.26 12.95 13.78 3.15
O 33 .06 30 .87 26.22 30.05 3.49 47 .88 44.63 40.83 44.45 3.53
A l 7.22 5.48 6.42 6.37 0.87 6.20 4 .70 5.93 5.61 0.80
Si 16.69 13.19 15.10 14.99 1.75 13.77 10.86 13.40 12.68 1.58
K 1.50 1.31 1.42 1.41 0.10 0.89 0 .77 0.91 0.86 0.08
F e 2.80 5.76 8.26 5.61 2.73 1.16 2 .39 3.68 2.41 1.26
Z r 1.00 1.84 1.28 1.37 0.43 0.25 0 .47 0.35 0 .36 0.11

M n 0.00 0.72 0.58 0.43 0.38 0.00 0 .30 0.26 0.19 0.16
C a 30.77 30 .29 33.19 31.42 1.55 17.79 17.48 20.63 18.63 1.74
T i 0.48 0.67 0.44 0.53 0.12 0.23 0.32 0.23 0.26 0.05
A u 0.00 0 .00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

C u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

P 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

ร 0.00 0.25 0.25 0.17 0.14 0.00 0.18 0.19 0.12 0.11
M g 0.44 0 .40 0.37 0 .40 0.04 0.42 0.38 0.38 0.39 0.02
N a 0.26 0 .26 0.24 0.25 0.01 0.26 0.26 0.26 0.26 0.00
C l 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o ta l 100 100 100 100 - 100 100 100 100 -
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Table E-116 Experiment 4 % wt of Element and % Atomic of No. 3 Slag (1450°c,
20 min) 3rd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S D

c 0.00 0.00 0 .00 0 .00 - 0.00 0 .00 0.00 0.00 -

0 32.97 34 .19 37 .59 34.92 2.39 51.32 52.85 55.94 53.37 2.35
A 1 7.57 7.42 8.22 7.74 0.43 6.99 6 .80 7.25 7.01 0.23
Si 18.54 17.66 19.04 18.41 0.70 16.44 15.55 16.14 16.04 0.45
K. 1.47 1.50 1.39 1.45 0.06 0.94 0.95 0.84 0.91 0.06
F e 2.92 3.78 2.62 3.11 0.60 1.30 1.68 1.12 1.37 0.29
Z r 0.00 0.00 0 .00 0 .00 - 0.00 0 .00 0.00 0.00 -

M n 0.00 0.00 0.49 0.16 0.28 0.00 0 .00 0.21 0.07 0.12
C a 35.02 33.84 29 .17 32.68 3.09 21.76 20 .88 17.33 19.99 2.35
T i 0.48 0.57 0 .50 0,52 0.05 0.25 0 .29 0.25 0.26 0.02
A u 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

p 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

ร 0.26 0.27 0.26 0.26 0.01 . 0.20 0.21 0.20 0.20 0.01
M g 0.52 0.48 0.46 0.49 0.03 0.53 0.49 0.45 0.49 0.04
N a 0.23 0.28 0.26 0.26 0.03 0.25 0.30 0.27 0.27 0.03
C l 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

T o ta l 100 100 100 100 - 100 100 100 100 -

T a b l e  E - 1 1 7  Experiment 4 % wt o f Element and % Atomic o f No. 4 Slag (1450°c, 
10 min) 1st specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S D

C 0.00 6.96 6.66 4.54 3.93 0.00 14.29 13.06 9.12 7.92 0.00 6.96
0 27.90 26 .48 31.28 28.55 2.47 46.93 40 .79 46 .03 44.58 3.32 27 .90 26.48
A l 6.79 6.27 6.72 6.59 0.28 6.78 5.73 5.87 6.13 0.57 6.79 6.27
Si 16.09 14.99 15.66 15.58 0.55 15.42 13.16 13.13 13.90 1.31 16.09 14.99
K 1.62 0 .19 1.51 1.11 0.80 1.11 0.15 0.91 0.72 0.51 1.62 0.19
F e 9.92 9.47 6.98 8.79 1.58 4.78 4.18 2.94 3.97 0.94 9.92 9.47
Z r 1.29 1.02 1.03 1.11 0.15 0.38 0.28 0.27 0.31 0 .06 1.29 1.02

M n 0.51 0.57 0.58 0.55 0.04 0.25 0.29 0.25 0.26 0.02 0.51 0.57
C a 34.60 1.52 28.49 21 .54 17.60 23.23 0.96 16.74 13.64 11.45 34.60 1.52
Ti 0.61 32 .10 0.51 11.07 18.21 0.34 19.74 0.25 6.78 11.23 0.61 32.10
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
C u 0.00 0.00 0.00 0.00 - 0 .00 0.00 0.00 0.00 - 0.00 0.00
P 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
ร 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00

M g 0.42 0.43 0.36 0.40 0.04 0.46 0.44 0.35 0.42 0.06 0.42 0.43
N a 0.27 0.00 0.23 0.17 0.15 0.32 0.00 0.23 0.18 0.17 0.27 0.00
CI 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-118 Experiment 4 % wt of Element and % Atomic of No. 4 Slag (1450°c,
10 min) 2nd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D I 2 3 4 a v e ra g e S D

c 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00
0 38 .59 30.78 31 .97 33 .78 4.21 57.00 49 .50 50.25 52.25 4.13 38.59 30.78
A i 7.96 7.46 7.55 7.66 0.27 6.97 7.11 7.03 7.04 0.07 7.96 7.46
Si 18.15 17.74 18.53 18.14 0.40 15.27 16.25 16.59 16.04 0.69 18.15 17.74
K 1.21 1.64 1.52 1.46 0.22 0.73 1.08 0.98 0.93 0.18 1.21 1.64
F e 2.44 6.97 2.86 4.09 2.50 1.03 3.21 1.29 1.84 1.19 2.44 6.97
Z r 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

M n 0.00 0.81 0 .00 0.27 0.47 0.00 0.38 0.00 0.13 0.22 0.00 0.81
C a 30 .08 33.32 35.78 33 .06 2.86 17.73 21.38 22.45 20 .52 2.47 30.08 33.32
T i 0.43 0.54 0.71 0.56 0.14 0.21 0.29 0.38 0.29 0.09 0.43 0.54
A u 0 .00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00
p 0.00 0.00 0 .00 0.00 -  • 0.00 0.00 0.00 0 .00 - 0.00 0.00
ร 0.29 0.00 0 .40 0.23 0.21 0.21 0.00 0.31 0.17 0.16 . 0.29 0.00

M g 0 .49 0.44 0.44 0.46 0.03 0.47 0.47 0.45 0.46 0.01 0.49 0.44
N a 0.36 0.30 0.25 0.30 0.06 0.37 0.33 0.27 0.32 0.05 0.36 0.30
C l 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 - 0.00 0.00

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -

Table E-119 Experiment 4 % พt o f Element and % Atomic o f No. 4 Slag (1450°c, 
10 min) 3rd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S D

C 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
O 30 .80 28.62 36 .02 31.81 3.80 49.12 47 .50 54.51 50.38 3.67 30 .80 28.62
A l 7.63 6.95 7.65 7.41 0.40 7.21 6.83 6.86 6.97 0.21 7.63 6.95
Si 18.17 16.64 18.17 17.66 0.88 16.50 15.73 15.66 15.96 0.47 18.17 16.64
K 1.36 1.55 1.33 1.41 0.12 0.89 1.06 0.83 0.93 0.12 1.36 1.55
F e 4.12 10.69 2.14 5.65 4.48 1.88 5.08 0.93 2.63 2.17 4.12 10.69
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

M n 0.55 0.00 0.47 0.34 0.30 0.25 0.00 0.21 0.15 0.13 0.55 0.00
C a 35 .59 34.13 32 .49 34 .07 1.55 22.66 22.61 19.62 21.63 1.74 35.59 34.13
Ti 0.62 0.71 0.54 0.62 0.09 0.33 0.39 0.27 0.33 0.06 0.62 0.71
A u 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C u 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
P 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
ร 0.31 0 .00 0.34 0.22 0.19 0.25 0 .00 0.26 0.17 0.15 0.31 0.00

M g 0 .49 0.43 0.48 0.47 0.03 0.51 0.47 0.48 0.49 0.02 0.49 0.43
N a 0 .36 0 .29 0.36 0.34 0.04 0.40 0.33 0.38 0.37 0.04 0.36 0.29
C l 0 .00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-120 Experiment 4 % wt of Element and % Atomic of No. 5 Slag (1425°c,
30 min) 1st specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S Dc 0.00 0.00 6.69 2.23 3.86 0.00 0.00 12.85 4.28 7.420 33 .50 37 .20 32.61 34.44 2.43 52.64 56.12 47.03 51.93 4.59

AI 7.13 7.67 7.16 7.32 0.30 6.65 6.86 6.13 6.55 0.38
Si 16.50 17.86 16.04 16.80 0.95 14.77 15.35 13.18 14.43 1.12
K 1.44 1.43 1.36 1.41 0.04 0.92 0.88 0 .80 0.87 0.06
F e 6.48 0.44 3.65 3.52 3.02 2.92 0 .19 1.51 1.54 1.37
Z r 0.00 5,77 1.48 2.42 3.00 0.00 2 .50 0.37 0.96 1.35
M n 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C a 33.55 28:37 29.53 30.48 2.72 21.05 17.08 17.00 18.38 2.32
Ti 0.58 0.50 0.43 0.50 0.08 0.31 0.25 0.21 0.26 0.05

A u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C u 0.00 0..00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

p 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -ร 0.36 0 .00 0.37 0.24 0.21 0.29 0.00 0 .27 0.19 0.16
M g 0.46 0:50 0.44 0.47 0.03 0.47 0.50 0.42 0.46 0.04
N a 0.00 0:25 0.24 0.16 0.14 0.00 0.27 0.24 0.17 0.15
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o ta l 100 100 100 100 - 100 100 100 100 -

T able E-121 Experiment 4 % wt o f Element and % Atomic o f No. 5 Slag (1425°c, 
30 min) 2nd specimen

E le m e n t %  E le m e n t % A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S D

C 0.00 0 .00 5.30 1.77 3.06 0.00 0.00 10.45 3.48 6.03
0 33.28 30 .78 31.85 31.97 1.25 51 .59 49 .36 47 .13 49 .36 2.23

A l 7.94 7.77 7.24 7.65 0.37 7.30 7.39 6.35 7.01 0.58
Si 18.45 17.78 16.79 17.67 0.84 16.29 16.24 14.15 15.56 1.22
K 1.46 1.71 1.48 1.55 0.14 0.93 1.12 0 .90 0.98 0.12
F e 2.73 6.31 5.03 4.69 1.81 1.21 2 .90 2.13 2.08 0.85
Z r 0.00 0.00 1.04 0.35 0.60 0.00 0.00 0.27 0.09 0.16

M n 0.00 0.63 0.44 0.36 0.32 0.00 0.29 0 .19 0.16 0.15
C a 34.28 33 .66 29.28 32.41 2.73 21.21 21.55 17.29 20 .02 2.37
T i 0.71 0.59 0.69 0.66 0.06 0.37 0.32 0.34 0.34 0.03
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

P 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

ร 0.32 0 .00 0.22 0.18 0.16 0.25 0.00 0 .16 0.14 0.13
M g 0.52 0.49 0.43 0.48 0.05 0.53 0.51 0.41 0.48 0.06
N a 0.30 0.28 0.22 0.27 0.04 0.32 0.31 0.23 0.29 0.05
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o ta l 100 100 100 100 - 100 100 100 100 -
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Table E-122 Experiment 4 % wt of Element and % Atomic of No. 5 Slag (1425°c,
30 min) 3 rd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S Dc 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

0 33.98 39 .90 39.31 37.73 3.26 52.37 58 .22 57.63 56.07 3.22
A 1 7.97 8.14 8.14 8.08 0 .10 7.29 7.04 7.07 7.13 0.14
Si 18.18 18.20 18.21 18.20 0.02 15.96 15.13 15.21 15.43 0.46
K 1.30 1.24 1.34 1.29 0.05 0.82 0.74 0.80 0.79 0.04
F e 2.03 2.33 2.36 2.24 0.18 0.90 0 .97 0.99 0.95 0.05
Z r 0.00 0 .00 0.00 0.00 0.00 0 .00 0.00 0.00 -

M n 0.00 0 .00 0.00 0.00 -  - 0.00 0 .00 0.00 0.00 -

C a 34.88 28.91 28 .97 30.92 3 .4 3 - 21 .46 16.84 16.95 18.42 2.64
T i 0.71 0.43 0.48 0.54 0.15 0.37 0.21 0.23 0.27 0.09
A u 0.00 0 .00 0.00 0.00 -  • 0.00 0 .00 0.00 0 0 0 -

C u 0.00 0 .00 0.00 0.00 -  . 0.00 0 .00 0 .00 0.00 -

p 0.00 0 .00 0.00 0.00 -  ■ 0.00 0 .00 0.00 0 0 0 -

ร 0.44 0 .00 0 .29 0.24 0 .22 ; 0.34 0.00 0.21 0.18 0.17
M g 0.50 0 .56 0 .56 0.54 0 .03 ' 0.51 0.54 0.54 0.53 0.02
N a 0.00 0 .30 0.34 0.21 0 .1 9 0.00 0 .30 0.35 0.22 0.19
C l 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

T o ta l 100 100 100 100 - 100 100 100 100 -

T able E-123 Experiment 4 % wt o f Element and % Atomic o f No. 6 Slag (1425°c, 
20 min) 1st specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D I 2 3 4 a v e ra g e S D

C 0.00 0 .00 0.00 0 .00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
0 22.96 31 .66 36.43 30.35 6.83 40 .94 50.42 55.22 48 .86 7.27 22 .96 31.66

A l 6.17 7.44 7.89 7.17 0.89 6.52 7.03 7.09 6.88 0.31 6.17 7.44
Si 14.26 17.76 17.98 16.67 2.09 14.49 16.11 15.52 15.37 0.82 14.26 17.76
K 1.81 1.40 1.51 1.57 0.21 1.32 0.91 0.94 1.06 0.23 1.81 1.40
F e 10.52 6.57 5.41 7.50 2.68 5.37 3.00 2.35 3.57 1.59 10.52 6.57
Z r 0.00 0 .00 0 .00 0 .00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

M n 1.05 0 .56 0.45 0 .69 0.32 0.55 0.26 0.20 0.34 0.19 1.05 0.56
C a 42.00 33 .24 29.01 34.75 6.63 29 .89 21.13 17.56 22 .86 6.34 42 .00 33 .24
T i 0.92 0.61 0.43 0.65 0.25 0.55 0.33 0.22 0.37 0.17 0.92 0.61
A u 0.00 0 .00 0 .00 0 .00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
C u 0.00 0 .0 0 0 .00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00
P 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00
ร 0.00 0 .00 0 .00 0 .00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00

M g 0.32 0.47 0.53 0.44 0.11 0.38 0.50 0.52 0.47 0.08 0.32 0.47
N a 0.00 0 .2 9 0.37 0.22 0.19 0.00 0.32 0.39 0.24 0.21 0.00 0.29
C l 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-124 Experiment 4 % wt of Element and % Atomic of No. 6 Slag (1425°c,
20 min) 2nd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S Dc 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00

0 25.70 19.12 25 .29 23 .37 3.69 43.97 35.86 43 .46 41 .10 4.54 25 .70 19.12
A 1 6.32 5.37 6.65 6.11 0.66 6.41 5.97 6.77 6.38 0.40 6.32 5.37
Si 15.81 13.18 15.84 14.94 1.53 15.41 14.09 15.51 15.00 0.79 15.81 13.18
K 1.79 2 .00 1.81 1.87 0.12 1.26 1.53 1.27 1.35 0.15 1.79 2.00
F e 8.03 11.37 9.10 9.50 1.71 3.93 6.11 4.48 4.84 1.13 8.03 11.37
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -  . 0.00 0.00

M n 0.00 1.15 0.65 0.60 0.58 0.00 0.63 0.32 0.32 0.32 0.00 1.15
C a 41.24 46.62 39 .19 42.35 3.84 28.16 34.91 26 .89 29 .99 4.31 41.24 46.62
Ti 0.71 0.93 0.57 0.74 0.18 0.40 0.58 0.33 0.44 0.13 0.71 0.93
A u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 - 0.00 0.00
C u 0.00 0 .00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 - 0 .00 0.00
p 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
ร 0.00 0 .00 0.29 0.10 0.17 0.00 0.00 0.25 0.08 0.14 0.00 0.00

M g 0.40 0 .26 0.37 0.34 0.07 0.45 0.33 0.42 0.40 0 .06  ■ 0.40 0.26
N a 0.00 0 .00 0.25 0.08 0.14 0.00 0.00 0 .30 0.10 0.17  ; 0 .00 0.00
C l 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 - 0.00 0.00

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -

Table E-125 Experiment 4 % wt o f Element and % Atomic o f No. 6 Slag (1420°c, 
20 min) 3rd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 4 a v e ra g e S D 1 2 3 4 a v e ra g e S D

C 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0 .00 - 0.00 0.00
O 31.57 32 .57 27.89 30.68 2.46 50.08 51.15 46.11 49.11 2.66 31.57 32.57
A l 0.52 7.67 7.36 5.18 4.04 0.54 7.14 7.22 4.97 3.83 0.52 7.67
Si 7.87 18.03 17.64 14.51 5.76 7.40 16.13 16.61 13.38 5.18 7.87 18.03
K 1.49 1.58 1.79 1.62 0.15 0.97 1.01 1.21 1.06 0.13 1.49 1.58
F e 5.91 4.58 5.98 5.49 0.79 2.69 2.06 2.83 2.53 0.41 5.91 4.58
Z r 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0 .00 - 0 .00 0.00

M n 0.00 0.00 0.68 0.23 0.39 0.00 0.00 0.33 0.11 0.19 0.00 0.00
C a 33.47 34.18 37.12 34.92 1.94 21 .19 21.43 24 .49 22 .37 1.84 33 .47 34.18
T i 0.65 0.54 0.71 0.63 0.09 0.34 0.28 0 .39 0.34 0 .06 0.65 0.54
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00
C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0 .00 - 0.00 0.00
P 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0 .00 - 0 .00 0.00
ร 18.26 0.34 0.33 6.31 10.35 16.50 0.26 0.27 5.68 9.37 18.26 0.34

M g 0.00 0.51 0.49 0.33 0.29 0.00 0.52 0.54 0.35 0.31 0 .00 0.51
N a 0.26 0 .00 0.00 0.09 0.15 0.29 0.00 0.00 0.10 0.17 0.26 0.00
C l 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 - 0.00 0.00

T o ta l 100 100 100 100 100.00 - 100 100 100 100 100.00 -
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Table E-126 Experiment 4 % wt of Element and % Atomic of No. 7 Slag (1425°c,
15 min) 1st specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S Dc 6.02 0 .00 6.26 4.09 3.55 12.73 0.00 13.11 8.61 7.46

0 24.73 25 .00 25.12 24.95 0.20 39 .24 43.43 39 .47 40.71 2.36
A l 6.26 6.43 6.34 6.34 0.09 5.89 6.63 5.91 6.14 0.42
Si 14.99 15.76 15.34 15.36 0.39 13.55 15.59 13.73 14.29 1.13
K 1.64 1.64 1.68 1.65 0.02 1.07 1.17 1.08 1.11 0.06

F e 8.25 9.96 8.01 8.74 1.06 3.75 4.95 3 .60 4 .10 0.74
Z r 1.06 1.27 1.12 1.15 0.11 0.29 0.39 0.31 0.33 0.05
M n 0.60 0.00 0.52 0.37 0.33 0.28 0.00 0.24 0 .17 0.15
C a 35.19 38.74 34.31 36.08 2.35 22 .29 26 .86 21 .52 23 .56 2.89
T i 0.67 0.57 0.53 0.59 0.07 0.36 0.33 0.28 0.32 0.04
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0 .00 -

p 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

ร 0.20 0.22 0.21 0.21 0.01 0.16 0.19 0 .16 0.17 0.02
M g 0.38 0.40 0.35 0.38 0.03 0.40 0.46 0 .36 0.41 0.05
N a 0.00 0.00 0.20 0.07 0.12 0.00 0.00 0.22 0.07 0.13
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o ta l 100 100 100 100 - 100 100 100 100 -

T able E-127 Experiment 4 % wt o f Element and % Atomic o f No. 7 Slag (1425°c, 
15 min) 2nd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S D

C 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0 .00 -

0 40 .59 42.95 39.87 41.14 1.61 59.44 61 .60 58.71 59.92 1.50
A l 7.55 7.56 7.72 7.61 0.10 6.56 6.43 6.74 6.58 0.16
Si 17.59 17.04 17.56 17.40 0.31 14.67 13.92 14.73 14.44 0.45
K 1.19 1.20 1.24 1.21 0.03 0.71 0.71 0.75 0.72 0.02
F e 5.72 5.20 5.97 5.63 0.39 2.40 2.14 2.52 2.35 0.19
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.46 0.33 0.33 0.37 0.08 0.20 0.14 0.14 0.16 0.03
C a 25 .46 24.24 25.80 25.17 0.82 14.88 13.88 15.16 14.64 0.67
T i 0.55 0.39 0.40 0.45 0.09 0.27 0.19 0 .20 0.22 0.04
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

P 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

ร 0.00 0.17 0.25 0.14 0.13 0.00 0.12 0.18 0 .10 0.09
M g 0.54 0.51 0.45 0.50 0.05 0.53 0.48 0.43 0.48 0.05
N a 0.34 0.40 0.43 0.39 0.05 0.35 0.40 0.44 0.40 0.05
C l 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o ta l 100 100 100 100 - 100 100 100 100 -
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Table E-128 Experiment 4 % wt of Element and % Atomic of No. 7 Slag (1425°c,
1 5 min) 3rd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S D

c 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

o 32.94 34 .52 36 .17 34.54 1.62 51.91 53 .44 55.14 53.50 1.62
A l 7.64 7.49 7.72 7.62 0.12 7.14 6.88 6.97 7.00 0.13
Si 17.70 18.03 17.79 17.84 0.17 15.88 15.91 15.45 15.75 0.26
K 1.56 1.44 1.41 1.47 0.08 1.01 0.91 0.88 0.93 0.07
F e 6.71 6.73 6.80 6.75 0.05 3.03 2.98 2.97 2.99 0.03
Z r 0.00 0.00 0 .0 0 0.00 - 0.00 0.00 0 .00 0.00 -

M n 0.53 0.00 0 .00 0.18 0.31 0.24 0.00 0.00 0.08 0.14
C a 31 .90 30 .59 28 .89 30.46 1.51 20.06 18.91 17.58 18.85 1.24
T i 0.64 0.53 0 .47 0.55 0.09 0.34 0.27 0.24 0.28 0.05
A u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

p 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 -

ร . 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

M g 0.39 0.43 0.47 0.43 0.04 0.40 0.44 0.47 0.44 0.04
N a 0.00 0.24 0 .29 0.18 0.16 0.00 0.25 0.31 0.19 0.16
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o ta l 100 100 100 100 - 100 100 100 100 -

Table E-129 Experiment 4 % wt o f Element and % Atomic o f No. 7 Slag (1400°c, 
40 min) 1st specimen

E le m e n t % E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S D

C 54.55 0 .00 0 .00 18.18 31 .49 77.81 0 .00 0.00 25.94 44.92
0 7.23 27 .04 16.34 16.87 9.92 7.75 44 .77 33 .97 28.83 19.04

A l 0.75 7.66 4 .37 4.26 3.46 0.48 7.52 5.39 4.46 3.61
Si 1.08 17.75 9.48 9.44 8.34 0.66 16.75 11.22 9.54 8.17
K 5.56 1.20 0.57 2.44 2.72 2.44 0.81 0.48 1.24 1.05
F e 22.84 3.82 40 .35 22.34 18.27 7.01 1.81 24 .02 10.95 11.62
Z r 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 -

M n 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 -

C a 3.82 40 .15 24 .29 22.75 18.21 1.63 26 .54 20.15 16.11 12.94
Ti 0.00 1.01 0.50 0.50 0.51 0.00 0 .56 0.35 0.30 0.28

A u 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C u 0.00 0 .00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

P 0.00 0 .00 2.44 0.81 1.41 0.00 0 .00 2.61 0.87 1.51
ร 4.17 0.94 1.37 2.16 1.75 2.23 0.78 1.42 1.48 0.73

M g 0.00 0.44 0.28 0.24 0.22 0.00 0 .47 0 .39 0.29 0.25
N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o ta l 100 100 100 100 - 100 100 100 100 -
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Table E-130 Experiment 4 % wt of Element and % Atomic of No. 7 Slag (1400°c,
40 min) 2nd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S Dc 0.00 49 .49 46.05 31.85 27.63 0.00 71.06 62.02 44 .36 38.680 26 .78 13.12 24 .90 21.60 7.40 46.77 14.14 25 .17 28.69 16.60

A 1 7.22 1.92 2.80 3.98 2.84 7.48 1.23 1.68 3.46 3.49
Si 16.95 1.48 10.63 9.69 7.78 16.86 0.91 6.12 7.96 8.13
K 0.66 1.55 1.16 1.12 0.45 0.47 0.68 0.48 0.54 0.12
F e 28 .38 19.56 10.71 19.55 8.84 14.20 6.04 3.10 7.78 5.75
Z r 0 .00 0.00 0.77 0.26 0.44 0.00 0.00 0 .14 0.05 0.08
M n 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C a 18.16 9.13 2.46 9.92 7.88 12.66 3.93 0 .99 5.86 6.07
Ti 0.50 0.00 0.00 0.17 0.29 0.29 0.00 0 .00 0.10 0.17
A u 0 .00 0:00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C u 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

p 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0 0 0 -

ร 0.97 3.75 0.32 . 1.68 1.82 0.84 2.01 0.16 1.00 0.94
M r 0.38 0 .00 0.00 0.13 0.22 0.43 0.00 0 .00 0.14 0.25
N a 0.00 0 .00 0.21 0.07 0.12 0.00 0.00 0.15 0.05 0.09
C l 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o ta l 100 100 100 100 - 100 100 100 100 -

Table E-131 Experiment 4 % wt o f Element and % Atomic o f No. 7 Slag (1400°c, 
40 min) 3rd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S D

C 0 .00 0 .00 2.33 0.78 1.35 0.00 0.00 6 .40 2.13 3.70
O 33 .56 43.23 16.37 31.05 13.60 51.69 61 .09 33.75 48.84 13.89
A l 8.52 8.82 2 .66 6.67 3.47 7.78 7.39 3.25 6.14 2.51
Si 19.00 18.60 5.89 14.50 7.46 16.67 14.98 6.92 12.86 5.21
K 1.03 0 .00 0.81 0.61 0.54 0.65 0 .00 0 .47 0.37 0.34
F e 1.98 2.19 49.65 17.94 27.46 0.87 0 .89 29.33 10.36 16.43
Z r 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

M n 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

C a 33 .90 25 .04 17.04 25.33 8.43 20.84 14.12 14.03 16.33 3.91
Ti 0.70 0.00 0.42 0.37 0.35 0.36 0.00 0 .29 0.22 0.19
A u 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0 0 0 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

P 0.00 0.00 4.09 1.36 2.36 0.00 0.00 4.35 1.45 2.51
ร 0.83 0.71 1.32 0.95 0.32 0.63 0.50 1.35 0.83 0.46

M r 0.49 0.61 0.24 0.45 0.19 0.49 0.57 0 .32 0.46 0.13
N a 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

C l 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

T o ta l 100 100 100 100 - 100 100 100 100 -
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E. 1.6 Experiment 5

Table E-132 Experiment 5 % wt o f Element and % Atomic o f No. 1 (1425°c, 20
min, mole ratio C/Fe = 1.24/1) 1st specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S Dc 4.55 3.75 4.96 4.42 0.62 12.77 11.62 14.73 13.04 1.57

0 14.32 10.89 12.83 12.68 1.72 30 .19 25 .30 28.57 28.02 2.49
A 1 2.99 2.22 1.64 2.28 0.68 3.73 3.06 2.17 2.99 0.78
Si 6.62 4.37 2.91 4.63 1.87 7.95 5.78 3.70 5.81 2.13
K 0.56 0.31 0.37 0.41 0.13 0.49 0 .30 0.34 0.38 0.10
F e 63.45 71.21 70.64 68.43 4.33 38.33 47 .39 45 .07 43.60 4.71
Z r 1.20 1.02 1.16 1.13 0.09 0.45 0.41 0.45 0.44 0.02

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 4.53 5.23 4.75 4.84 0.36 3.82 4.85 4.22 4.30 0.52
T i 0.00 0.00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

C u 0.00 0 .00 0.11 0.04 0.06  . 0 .00 0.00 0.06 0.02 0.03
p 0.00 0 .00 0.00 0.00 - 0 .00 0 .00 0 .00 0.00 -

ร 0.69 0.68 0.62 0.66 0.04 0.73 0.79 0.69 0.74 0.05
M g 0.45 0 .00 0.00 0.15 0.26 0.62 0.00 0.00 0.21 0.36
N a 0.63 0.31 0.00 0.31 0.32 0.93 0.50 0.00 0.48 0.47
C l 0.00 0.00 0.00 0 .00 - 0.00 0 .00 0.00 0.00 -

T o ta l 100 100 100 100 - 100 100 100 100 -

Table E-133 Experiment 5 % wt o f Element and % Atomic o f No. 1 (1425°c, 20 
min, mole ratio C/Fe = 1.24/1) 2nd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S D

C 0.00 0 .00 1.25 0.42 0.72 0.00 0 .00 5.19 1.73 3.00
O 9.81 14.93 1.57 8.77 6.74 24.33 33.64 4.90 20 .96 14.66
A l 2.88 3.27 0.43 2.19 1.54 4.23 4.37 0.80 3.13 2.02
S i 6.43 7.24 1.02 4 .90 3.38 9.09 9.30 1.81 6.73 4.27
K 0.61 0.58 0.00 0.40 0.34 0.62 0.53 0.58 0.06
F e 64.85 58 .49 91.51 71.62 17.52 46 .07 37 .76 81.61 55.15 23.29
Z r 0.00 0 .00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

M n 0.37 0 .00 0.00 0.12 0.21 0.27 0 .00 0.00 0.09 0.16
C a 13.53 13.50 1.34 9.46 7.03 13.40 12.14 1.66 9.07 6.45
T i 0.00 0 .26 0.00 0.09 0.15 0 .00 0 .20 0 .00 0.07 0.12
A u 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C u 0.00 0 .00 0.59 0.20 0.34 0.00 0 .00 0.46 0.15 0.27
P 0.67 0 .89 0.45 0.67 0.22 0.86 1.04 0.72 0.87 0.16
ร 0.62 0 .59 1.84 1.02 0.71 0.76 0.67 2.86 1.43 1.24

M g 0.23 0.24 0.00 0.16 0.14 0.38 0 .36 0 .00 0.25 0.21
N a 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

T o ta l 100 100 100 100 - 100 100 100 100 -
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T able E-134 Experiment 5 % wt o f Element and % Atomic o f No. 1 (1425°c, 20
min, mole ratio C/Fe = 1.24/1) 3rd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S Dc 0.00 0.00 2.33 0.78 1.35 0.00 0 .00 6 .40 2.13 3.70

0 33.56 43.23 16.37 31.05 13.60 51.69 61 .09 33.75 48.84 13.89
A l 8.52 8.82 2.66 6.67 3.47 7.78 7.39 3.25 6.14 2.51
Si 19.00 18.60 5.89 14.50 7.46 16.67 14.98 6.92 12.86 5.21
K 1.03 0.00 0.81 0.61 0.54 0.65 0 .00 0.47 0.37 0.34
F e 1.98 2.19 49.65 17.94 27 .46 0.87 0.89 29.33 10.36 16.43
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C a 33 .90 25.04 17.04 25.33 8.43 20.84 14.12 14.03 16.33 3.91
T i 0.70 0.00 0.42 0.37 0.35 0.36 0 .00 0.29 . . 0.22 0.19
A u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

p 0.00 0.00 4.09 1.36 2.36 0.00 0.00 4.35 1.45 2.51ร 0.83 0.71 1.32 0.95 0.32 0.63 0.50 1.35 0.83 0.46
M s 0.49 0.61 0.24 0.45 0.19 0.49 0.57 0.32 0.46 0.13
•Na 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 - 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o ta l 100 100 100 100 - 100 100 100 100 -

T able E-135 Experiment 5 % wt o f Element and % Atomic o f No. 2 (1425°c, 20 
min, mole ratio C/Fe = 1.34/1) 1st specimen

E le m e n t %  E le m e n t %  A to m ic  .

1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S D
C 4.78 3.47 3.65 3.97 0.71 15.08 111  1 11.53 12.57 2.18
0 7.21 7.96 10.60 8.59 1.78 17.08 19.16 25 .16 20 .47 4.20
A l 2.47 2 .60 1.70 2.26 0.49 3.48 3.71 2.40 3.20 0.70
Si 5.31 5.69 3.56 4.85 1.14 7.17 7.80 4.81 6.59 1.58
K 0.36 0.43 0.31 0.37 0.06 0.35 0.42 0.30 0.36 0.06
F e 68.57 68.33 73.06 69.99 2.66 46 .57 47 .12 49.65 47 .78 1.64
Z r 0.96 0.97 0.95 0.96 0.01 0.40 0.41 0.39 0.40 0.01

M n 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C a 9.15 8.97 4.97 7.70 2.36 8.66 8.62 4.71 7.33 2.27
T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.32 0.54 0.26 0.37 0.15 0.19 0.33 0.16 0.23 0.09
P 0.27 0.22 0.47 0.32 0.13 0.14 0.12 0.24 0.17 0.06
ร 0.21 0.31 0.25 0.26 0.05 0.24 0.38 0.30 0.31 0.07

M g 0.17 0.25 0.00 0.14 0.13 0.26 0.39 0.00 0.22 0.20
N a 0.24 0.26 0.21 0.24 0.03 0.39 0.43 0.34 0.39 0.05
C l 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

T o ta l 100 100 100 100 - 100 100 100 100 -
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Table E-136 Experiment 5 % wt of Element and % Atomic of No. 2 (1425°c. 20
min, mole ratio C/Fe = 1.34/1) 2nd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S Dc 0.00 0.00 0 .00 0.00 - 0 .00 0.00 0.00 0.00 -

0 6.29 3.99 11.07 7.12 3.61 17.45 12.03 26 .38 18.62 7.25
A 1 2.03 1.20 3.61 2.28 1.22 3.34 2.14 5.10 3.53 1.49
Si 4.28 2.41 7.62 4.77 2.64 6.76 4.14 10.34 7.08 3.11
K 0.28 0.15 0.51 0.31 0.18 0.32 0.18 0 .50 0.33 0.16
F e 78 .85 87.81 60 .79 75.82 13.76 62.61 75.85 41 .48 59.98 17.34
Z r 0 .00 0.00 0 .0 0 . . 0.00 - 0.00 0.00 0 .00 0.00 -

M n 0 .00 0.00 0 .0 0 0.00 - 0.00 0.00 0.00 0.00 -

C a 6.87 3.34 14.50 8.24 5.70 7.60 4.02 13.79 8.47 4.94
Ti 0.00 0.00 0 .00 0.00 - 0 .00 0.00 0 .00 0.00 -

A u 0.00 0.00 0 .0 0  - 0.00 - 0 .00 0.00 0 .00 0.00 -

C u 0.17 0.16 0 .0 0  . 0.11 0.10 0.12 0.12 0 .00 0.08 0.07
p 0.39 0.26 0.95 0.53 0.37 0.56 0.40 1.17 0.71 0.41
ร 0.62 0.55 0 .64  : 0.60 0.05 0.86 0.83 0.76 0.82 0.05

M r 0.20 0.14 0.31 0.22 0.09 0.37 0.28 0.48 0.38 0.10
N a 0.00 0.00 0 .0 0 - - 0.00 - 0 .00 0.00 0.00 0.00 -

C l 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

T o ta l 100 100 100 100 - 100 100 100 100 -

T able E-137 Experiment 5 % wt o f Element and % Atomic o f No. 2 (1425°c, 20 
min, mole ratio C/Fe = 1.34/1) 3rd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S D

C 0 .00 0.00 0 .00 0.00 - 0 .00 0.00 0.00 0.00 -

0 13.61 6.51 14.27 11.46 4.30 31.05 17.89 31.81 26.92 7.83
A l 3.78 2.61 4.09 3.49 0.78 5.12 4.26 5.40 4.93 0.59
Si 8.35 4.70 8.84 7.30 2.26 10.85 7.35 11.23 9.81 2.14
K 0 .67 0.28 0.65 0.53 0.22 0.63 0.32 0.59 0.51 0.17
F e 55 .86 76.75 54 .70 62.44 12.41 36.51 60 .42 34.92 43.95 14.29
Z r 1.48 0.95 0 .00 0.81 0.75 0 .59 0.46 0.00 0.35 0.31

M n 0 .00 0.00 0 .00 0.00 - 0 .00 0.00 0.00 0.00 -

C a 15.32 7.43 15.68 12.81 4.66 13.95 8.15 13.95 12.02 3.35
T i 0 .00 0.00 0 .00 0.00 - 0 .00 0.00 0 .00 0.00 -

A u 0 .00 0.00 0 .00 0.00 - 0 .00 0.00 0 .00 0.00 -

C u 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

P 0 .00 0.00 0.45 0.15 0.26 0 .00 0.00 0.52 0.17 0.30
ร 0.31 0.52 0.98 0.60 0.34 0 .36 0.72 1.09 0.72 0.37

M r 0.37 0.24 0.34 0.32 0.07 0.55 0.44 0 .50 0.50 0.06
N a 0.25 0.00 0 .00 0.08 0.14 0.39 0.00 0.00 0.13 0.23
C l 0 .00 0.00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 -

T o ta l 100 100 100 100 - 100 100 100 100 -
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Table E-138 Experiment 5 % wt of Element and % Atomic of No. 3 Iron nugget
(1425°c, 20 min, mole ratio C/Fe = 1.44/1) 1st specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S D

c 2.20 1.89 1.89 1.99 0.18 8.60 7.80 7.80 8.07 0.46
0 2.84 1.35 1.35 1.85 0.86 8.35 4.18 4.18 5.57 2.41
A l 0.30 0.34 0.34 0.33 0.02 0.52 0.62 0.62 0.59 0.06
Si 0.74 0.67 0.67 0.69 0.04 1.24 1.18 1.18 1.20 0.03
K 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

F e 89.67 93 .56 93 .56 92 .26 2.25 75.48 82.95 82.95 80.46 4.31
Z r 0.00 0.00 0.00 0.00 - 0.00 . 0 .00 0 .00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 ' 0 .00 0 .00 0.00 -

C a 0.39 0.52 0.52 0.48 0.08 0.46 0.64 0.64 0.58 0.10
T i 0.00 0.00 0.00 0.00 - 0 .00 0 .00 0 .00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 ■0 .00 0 .00 0.00 -

C u 0.45 0.00 0.00 0.15 0.26 0.33 .0 .00 0 .00 0.11 0.19
p 0.40 0.90 0.90 0.73 0.29 0.61 ไ .43 1.43 1.16 0.47
ร 3.01 0.78 0.78 1.52 1.29 4.41 .1.20 1.20 2.27 1.85

M g 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

N a 0.00 0.00 0.00 0.00 - 0.00 - ;0.00 0 .00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0 .0 0 0 .00 0.00 -

T o ta l 100 100 100 100 - 100 .100 100 100 -

T able E-139 Experiment 5 % wt o f Element and % Atomic o f No. 3 Iron nugget 
(1425°c, 20 min, mole ratio C/Fe = 1.44/i) 2nd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S D

C 2.38 2.25 1.53 2.05 0.46 9.43 9.52 6.64 8.53 1.64
O 2.07 0.00 0.00 0 .69 1.20 6.17 0.00 0.00 2 .06 3.56

A l 0.46 0.15 0.29 0 .30 0.16 0.82 0.15 0 .30 0.42 0.35
S i 1.06 0.34 0.61 0.67 0 .36 1.79 0,27 0.50 0.85 0.82
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0 .00 -

F e 91.38 94.95 86.26 90 .86 4.37 78.01 95 .76 89 .14 87.64 8.97
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C a 0.74 0.15 0.18 0.36 0.33 0.88 0.15 0.19 0.41 0.41
Ti 0.00 0.00 V 0.00 - 0.00 0 .00 0 .00 0.00 -

A u 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

C u 0.00 0.42 0.33 0.25 0.22 0.00 0.37 0.31 0.23 0.20
P 1.00 1.00 1.65 1.22 0.38 1.54 0 .99 1.66 1.40 0.36
ร 0.91 0.73 1.16 0.93 0.22 1.36 0.77 1.25 1.13 0.31

M g 0.00 0.00 0 .00 0 .00 - 0.00 0 .00 0 .00 0.00 -

N a 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o ta l 100 100 100 100 - 100 100 100 100 -
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Table E-140 Experiment 5 % wt of Element and % Atomic of No. 3 Iron nugget
(1425°c, 20 min, mole ratio C/Fe = 1.44/1) 3rd specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S D

c 2.66 1.86 1.92 2.15 0.45 9.85 7.70 7.55 8.37 1.29
0 4.93 1.19 3.18 3.10 1.87 13.70 3.72 9.38 8.93 5.00
A1 0.78 0.25 0.45 0.49 0.27 1.29 0.47 0.78 0.85 0.41
Si 1.45 0.53 1.04 1.01 0.46 2.30 0 .94 1.75 1.66 0.68
K 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

F e 86.24 93.61 90.47 90.11 3.70 68.57 83.52 76.41 76.17 7.48
Z r 1.00 0.00 0.00 0.33 0.58 0.49 0 .00 0 .00 0.16 0.28

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

C a 1.01 0.38 0.77 0.72 0.32 1.12 0.47 0.91 0.83 0.33
T i 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 •-

C u 0.02 0.34 0.00 0.12 0 .19 0.01 0.27 0.00 0 .09 0.15
p 0.00 0.98 0.53 0.50 0 .49 0.00 1.58 0.81 0.80 0.79
ร 1.74 0 .86 1.63 1.41 0.48 2.41 1.33 2 .40 2.05 0.62

M g 0.14 0 .00 0.00 0.05 0.08 0.26 0 .00 0 .00 0.09 0.15
N a 0.00  I 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 '  -

C l 0.00  0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 :

T o ta l 100  1 100 100 100 - 100 100 100 100 -

Table E-141 Experiment 5 % wt o f Element and % Atomic o f No. 4 Iron nugget 
(1425°c, 20 min, mole ratio C/Fe = 1.53/1) 1st specimen

E le m e n t %  E le m e n t %  A to m ic
1 2 3 a v e ra g e S D 1 2 3 a v e ra g e S D

C 2.24 1.95 2.18 2.12 0.15 9.09 7 .99 8.73 8.60 0.56
0 1.62 1.67 2.54 1.94 0.52 4.94 5.14 7.64 5.91 1.50

A l 0.29 0.24 0.24 0.26 0.03 0.52 0.44 0.43 0.46 0.05
Si 0.67 0.64 0.62 0.64 0.03 1.16 1.11 1.07 1.11 0.05
K 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

F e 93.23 93 .54 93.04 93.27 0.25 81.46 82 .46 80.06 81.33 1.21
Z r 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

M n 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 -

C a 0.17 0.14 0.00 0.10 0.09 0.21 0 .18 0.00 0.13 0.11
T i 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 -

C u 0.18 0.22 0.00 0.13 0.12 0.13 0.17 0.00 0 .10 0.09
P 0.85 0.86 0.59 0.77 0.15 1.33 1.37 0.91 1.20 0.25
ร 0.76 0.75 0.78 0.76 0.02 1.15 1.15 1.17 1.16 0.01

M g 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o ta l 100 100 100 100 - 100 100 100 100 -
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Table E-142 E x p e r im e n t 5 % w t o f  E le m e n t and  %  A to m ic  o f  N o . 4  Iron n u g g e t
(1425°c, 20 min, mole ratio C/Fe = 1.53/1) 2nd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 1.89 2.19 1.71 1.93 0.24 8.06 9.27 7.37 8.23 0.96
0 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

A 1 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

S i 0.24 0.00 0 .00 0.08 0.14 0.43 0.00 0 .00 0.14 0.25
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

F e 95.17 94.88 95 .70 95.25 0.42 87.46 86 .50 88 .84 87.60 1.18
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

M n 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C a 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C u 0.46 0.62 0.58 0.55 0.08 0.37 0.50 0.47 0.45 0.07
p 1.30 1.25 1.17 1.24 0.07 2.16 2.05 1.96 2.06 0.10
ร 0.95 1.06 0.84 0.95 0.11 1.52 1.68 1.36 1.52 0.16

M g 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .0 0 0.00 -

N a 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .0 0 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

Table E-143 Experiment 5 % wt o f Element and % Atomic o f No. 4 Iron nugget 
(1425°c, 20 min, mole ratio C/Fe = 1.53/1) 3rd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 2.82 1.73 2.20 2.25 0.55 11.06 7.12 9.00 9.06 1.97
0 1.91 1.58 1.28 1.59 0.32 5.61 4.87 3.95 4 8 1 0.83

A l 0.44 0.41 0.27 0.37 0.09 0.77 0.76 0 .49 0.67 0.16
S i 1 02 0.98 0.62 0.87 0.22 1.71 1.72 1.09 1.51 0.36
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

F e 90.72 93.31 93 .42 92.48 1.53 76.58 82.52 82 .27 80.46 3.36
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .0 0 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .0 0 0.00 -

C a 0.37 0.33 0.21 0.30 0.08 0.43 0 .40 0 .26 0.36 0.09
T i 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

A u 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

C u 0 .56 0.07 0.22 0.28 0.25 0.41 0.06 0 .17 0.21 0.18
P 1.03 0.81 0 .96 0.93 0.11 1.56 1.29 1.52 1.46 0.15
ร 0.83 0.68 0.82 0.78 0.08 1.22 1.05 1.26 1.18 0.11

M g 0.13 0.11 0.00 0.08 0.07 0.25 0.22 0 .00 0 .16 0.14
N a 0.20 0.00 0.00 0.07 0.12 0.40 0.00 0 .00 0.13 0.23
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -
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Table E - 1 4 4  E x p e r im e n t  5 % พ t o f  E le m e n t and % A to m ic  o f  N o . 5 Iron  n u g g e t
(1425°c, 20 min, mole ratio C/Fe = 1.63/1) 1st specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 2.63 2.40 1.95 2.33 0.35 10.46 10.01 7.33 9.27 1.69
0 1.90 0.00 6.14 2.68 3.14 5.69 0.00 17.33 7.67 8.83

A l 0.30 0.21 0.10 0.20 0.10 0.54 0.39 0.17 0.37 0.19
S i 0.61 0.51 0.32 0.48 0.15 1.04 0.91 0.51 0.82 0.28
K 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0 .00 -

F e 91.88 93 .98 90.32 92 .06 1.84 78.64 84.43 73.00 78 .69 5.72
Z r 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

C a 0.29 0.18 0.00 0.16 0.15 0.35 0.23 0.00 0 .19 0.18
T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

A u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

C u 0.45 0 .40 0.00 0.28 0.25 0.34 0.31 0.00 0.22 0.19
p 1.12 1.34 0.35 0.94 0.52 1.72 2.17 0.51 1.47 0.86
ร 0.82 . 0 .99 0.82 0.88 0.10 1.22 1.55 1.15 1.31 0.21

M g 0 .00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

N a - 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

Table E-145 Experiment 5 % wt o f Element and % Atomic o f No. 5 Iron nugget 
(1425°c, 20 min, mole ratio C/Fe = 1.63/1) 2nd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 2.71 2.06 2.38 2.38 0.33 11.23 8.28 9.60 9 .70 1.48
0 0.16 1.97 1.63 1.25 0.96 0.11 5.94 4.92 3 .66 3.11
A l 0.18 0.42 0.32 0.31 0.12 0.33 0.75 0.57 0.55 0.21
S i 0.46 1.04 0.79 0.76 0.29 0.81 1.79 1.35 1.32 0.49
K 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

F e 93.76 91.93 92.31 92.67 0.97 83.61 79.58 79.88 81.02 2.25
Z r 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

M n 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

C a 0.13 0.43 0.29 0.28 0.15 0.17 0.52 0.34 0.34 0.18
T i 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

A u 0 .00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

C u 0.46 0.22 0.24 0.31 0.13 0.36 0.16 0.18 0.23 0.11
P 1.20 1.12 1.12 1.15 0.05 1.93 1.75 1.74 1.81 0.11
ร 0.93 0.81 0.93 0.89 0.07 1.45 1.23 1.41 1.36 0.12

M g 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

N a 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0 .00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

T o t a l 100 100 100 100 - 100 100 100 100 -
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Table E-146 E x p e r im e n t  5 % w t  o f  E le m e n t and  % A to m ic  o f  N o . 5 Iron  n u g g e t
(1425°c, 2 0  m in , m o le  ratio C /F e  =  1.6 3 /1 )  3 rd s p e c im e n

E le m e n t
%  E l e m e n t %  A t o m i c

1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D
c 1.31 1.55 1.75 1.54 0.22 5.50 6.55 7.21 6.42 0.86
0 1.39 1.01 1.71 1.37 0.35 4.39 3.19 5.28 4.29 1.05
A l 0.34 0.25 0 .46 0.35 0.11 0.63 0.47 0.85 0.65 0.19
S i 0.93 0.52 0.92 0.79 0.23 1.66 0.93 1.62 1.40 0.41
K 0.00  0.00 0.00 0.00 - 0.00 0.00 0 . ๓ 0.00 -

F e 94.21 94 .94 93.43 94.19 0.76 84.96 86.12 82.61 84.56 1.79
Z r 0.00 0 .00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 -

M n 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C a 0.30 0.18 0.82 0.43 0.34 0.38 0.23 1.01 0.54 0.41
T i 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

A u 0.00 0 .00 0.00 ■ 0.00 - 0.00 0 .00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

p 0.84 0.92 0.44 0.73 0.26 1.37 1.50 0.71 1.19 0.42
ร 0.59 0.64 0.45 0.56 0.10 0.93 1.01 0 .69 0.88 0.17

M r 0.09 0.00 0.00 0.03 0.05 0.19 0 .00 0.00 0.06 0.11
N a 0.00  ' 0.00 0.00 ■ 0.00 - 0.00 0 .00 0.00 0.00 -

C l 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

Table E-147 Experiment 5 % พt o f Element and % Atomic o f No. 6 Iron nugget 
(1425°c, 20 min, mole ratio C/Fe = 1.72/1) l sl specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 2.81 2.44 3.58 2.94 0.58 11.65 10.23 13.95 11.94 1.88
0 0.00 0 .00 1.60 0.53 0.92 0.00 0 .00 4.66 1.55 2.69

A l 0.25 0.14 0.30 0.23 0.08 0.45 0.25 0.52 0.41 0.14
S i 0.55 0.23 0.65 0.48 0.22 0.97 0.41 1.08 0.82 0.36
K 0.00 0 .00 0 .00 0.00 - 0.00 0.00 0.00 0.00 -

F e 94.23 95.31 91 .52 93.69 1.95 83.91 86.12 76.62 82.22 4.97
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C a 0.29 0.17 0 .30 0.25 0.07 0.36 0.22 0.35 0.31 0.08
T i 0.00 0 .00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.37 0.00 0.30 0.22 0.20 0.29 0.00 0.22 0.17 0.15
P 0.82 0.96 0.95 0.91 0.08 1.32 1.56 1.44 1.44 0.12
ร 0.67 0 .76 0 .79 0.74 0.06 1.04 1.20 1.16 1.13 0.08

M g 0.00 0 .00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 -

N a 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C I 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -



188

Table E-148 E x p e r im e n t  5 % w t o f  E le m e n t  an d  % A to m ic  o f  N o . 6  Iron n u g g e t
(1425°c, 20 min, mole ratio C/Fe = 1.72/1) 2nd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 2.49 2.44 3.20 2.71 0.43 10.44 10.31 12.60 11.12 1.29
0 0 .00 0.00 1.55 0.52 0 .89 0.00 0.00 4 .59 1.53 2.65

A l 0 .00 0.00 0.37 0.12 0.21 0.00 0 .00 0.64 0.21 0.37
S i 0.22 0.00 0.64 0.29 0.33 0.40 0.00 1.08 0.49 0.55
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

F e 94 .77 96.14 91.93 94.28 2.15 85.46 87 .40 77 .92 83.59 5.01
Z r 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

M n 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C a 0.12 0.00 0 .50 0.21 0.26 0.16 0 .00 0.59 0.25 0.31
T i 0 0 0 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C u 0.37 0.00 0.20 0.19 0.19 0.29 0 .00 0.15 0.15 0.15
p 1.21 0.81 0.83 0.95 0.23 1.97 1.32 1.26 1.52 0.39
ร 0.82 0.61 0.78 0.74 0.11 1.28 0.97 1.16  . 1.14 0.16

M g 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

N a 0 .00 0.00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 -

C l 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

Table E-149 Experiment 5 % พt o f Element and % Atomic o f No. 6 Iron nugget 
(1425°c, 20 min, mole ratio C/Fe = 1.72/1) 3rd specimen

E le m e n t %  E le m e n t %  A t o m i c
T 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 2.69 2.88 2.40 2.66 0.24 11.21 11.57 9.83 10.87 0.92
0 0 .00 1.14 1.12 0.75 0.65 0.00 3.44 3.44 2.29 1.99

A l 0.23 0.30 0.27 0.27 0.04 0.42 0.54 0.48 0.48 0.06
S i 0.45 0.45 0.40 0.43 0.03 0.81 0.78 0 .70 0.76 0.06
K 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

F e 94 .48 93 .26 93.95 93 .90 0.61 84.57 80.72 82 .70 82.66 1.93
Z r 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

M n 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C a 0.29 0.25 0.19 0.24 0.05 0.36 0 .30 0.23 0.30 0.07
T i 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C u 0 .40 0.00 0.00 0.13 0.23 0.31 0 .00 0 .00 0.10 0.18
P 0.83 0.95 1.04 0.94 0.11 1.33 1.48 1.65 1.49 0.16
ร 0.64 0.78 0.63 0.68 0.08 0.99 1.18 0.97 1.05 0.12

M g 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

N a 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -
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Table E-150 E x p e r im e n t  5 %  w t o f  E le m e n t and  %  A to m ic  o f  N o . 7  Iron  n u g g e t
(1425°c, 20 min, mole ratio C/Fe = 1.82/1) 1st specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 average S D

c 2.57 2.26 2.21 2.35 0.20 10.37 9.59 9.35 9.77 0.53
0 1.62 0.00 0.00 0.54 0.94 4.92 0.00 0.00 1.64 2.84

A 1 0.10 0 .00 0.08 0.06 0.05 0.18 0 .00 0.16 0.11 0.10
S i 0.28 0.20 0.23 0.24 0.04 0.48 0 .36 0.41 0.42 0.06
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

F e 93 .50 95 .48 95.24 94.74 1.08 81 .29 87 .00 86.73 85.01 3.22
Z r 0.00 . 0.00 0.00 0 .00 - 0.00 0.00 0.00 0.00 -

M n 0 .00  - - 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C a 0.12 - 0 .00 0.00 0.04 0.07 0.15 0 .00 0.00 0.05 0.09
T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00

A u 0 .00  ' 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00
C u 0.23 . 0.35 0.35 0.31 0.07 0.18 0.28 0.28 0.25 0.06

p 0.93 1.02 1.19 1.05 0.13 1.46 1.67 1.95 1.69 0.25
ร 0.65 ; 0.69 0.70 0.68 0.03 0.99 1.09 1.11 1.06 0 .0 6 '

M g 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

N a 0 .00  - - 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

T able E-151 Experiment 5 % wt o f Element and % Atomic o f No. 7 Iron nugget 
( i4 2 5 °c , 20 min, mole ratio C/Fe = 1.82/1) 2nd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 2.50 2 .19 2.15 2.28 0.19 9.99 8.78 8.77 9.18 0.70
0 1.81 1.92 1.53 1.75 0.20 5.41 5.78 4.68 5.29 0.56
A l 0 .40 0.50 0.32 0.41 0.09 0.72 0.90 0.57 0.73 0.17
S i 0.89 1.05 0.71 0.88 0.17 1.52 1.80 1.23 1.52 0.29
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

F e 91.93 91 .72 93 .34 92.33 0.88 78 .89 79.08 81.82 79.93 1.64
Z r 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0 .00 0 .00 0.00 0.00 -

C a 0.45 0 .70 0.40 0.52 0.16 0.54 0.84 0.48 0.62 0.19
T i 0.00 0 .00 0.00 0.00 - 0 .00 0 .00 0.00 0 .00 -

A u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.18 0.15 0.00 0.11 0.10 0.14 0.12 0.00 0 .09 0.08
P 1.10 1.03 0.93 1.02 0.09 1.70 1.60 1.47 1.59 0.12
ร 0.73 0.74 0.63 0.70 0.06 1.09 1.12 0.96 1.06 0.09

M g 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

N a 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C l 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -
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Table E-152 E x p e r i m e n t  5  %  wt o f  E l e m e n t  a n d  %  A t o m i c  o f  N o .  7  I r o n  n u g g e t

(1425°c, 20 min, mole ratio C/Fe = 1.82/1) 3rd specimen

E le m e n t %  E l e m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 2.10 1.80 2.44 2.11 0.32 8.95 7.77 10.27 9.00 1.25
0 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

A 1 0.08 0.00 0.00 0.03 0.05 0.16 0 .00 0 .00 0.05 0.09
S i 0.18 0.13 0.91 0.41 0.44 0.32 0.24 1.49 0.68 0.70
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

F e 96 .04 96 .42 95.83 96 .10 0.30 87.97 89.28 86.94 8 8 0 6 1.17
Z r 0.00 0 .00 0 .00 0.00 0.00 0.00 0.00 0 .00 -

M n 0.00 0 .00 0.00 0.00 ' ‘- 0.00 0.00 0.00 0 .00 -

C a 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 -

T i 0.00 0 .00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 -

A u 0.00 0 .00 0.00 0.00 0.00 0 .00 0.00 0.00 -

C u 0.00 0 .00 0.00 0.00 0.00 0 .00 0.00 0.00 -

p 0.86 0 .96 0.82 0.88 0.07 1.42 1.60 1.30 1.44 0.15
ร 0.74 0 .69 0.00 0.48 0141 1.18 1.11 0.00 0.76 0.66

M g 0.00 0.00 0.00 0.00 0.00 0 .00 0.00 0.00 -

N a 0.00 0 .00 0.00 0.00 • •- 0.00 0.00 0.00 0.00 -

C l 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

Table E-153 Experiment 5 % wt o f Element and % Atomic o f No. 8 Iron nugget 
(1425°c, 20 min, mole ratio C/Fe = 1.91/1) 1st specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 1.57 1.15 1.48 1.40 0.22 6.69 5.05 6.20 5.98 0.84
0 0.00 0.00 1.02 0.34 0.59 0.00 0.00 3.23 1.08 1.86

A l 0.25 0.00 0.00 0.08 0.14 0.48 0.00 0.00 0.16 0.28
S i 0.25 0.17 0.43 0.28 0.13 0.46 0.31 0.77 0.51 0.23
K. 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

F e 94 .06 95 .42 93.20 94.23 1.12 86.47 89 .70 84.14 86.77 2.79
Z r 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 0.13 0.00 0.00 0.04 0.08 0.16 0.00 0 . ๓ 0.05 0.09
T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0 . ๓ 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.46 0.31 0.29 0.35 0.09 0.38 0.25 0.23 0.29 0.08
P 2.14 1.77 2.01 1.97 0.19 3.55 3.01 3.27 3.28 0.27
ร 1.13 0.93 1.24 1.10 0.16 1.81 1.52 1.95 1.76 0.22

M g 0.00 0.25 0.33 0.19 0.17 0.00 0.17 0.21 0.13 0.11
N a 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C l 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

T o t a l 100 100 100 100 - 100 100 100 100 -
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Table E-154 E x p e r i m e n t  5  %  w t  o f  E l e m e n t  a n d  %  A t o m i c  o f  N o .  8  I r o n  n u g g e t

(1425°c, 2 0  m i n ,  m o l e  r a t i o  C / F e  =  1 . 9 1 / 1 )  2 nd s p e c i m e n

E le m e n t %  E l e m e n t %  A t o m i c
1 1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 1.47 1.50 2.68 1.88 0.69 6.27 6.41 11.06 7.91 2.73o 0 .00  0.00 0 .00 0.00 - 0 .00 0.00 0 .00 0.00 -

A 1 0.19 0.12 0.17 0.16 0.04 0.36 0.23 0 .32 0.30 0.07
S i 0.46 0.19 0 .27 0.31 0.14 0.84 0.35 0.47 0.55 0.26
K 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

F e 93 .27 93.87 93 .27 93.47 0.35 85.55 86.51 82 .86 84.97 1.89
Z r 0.00 0.00 0 .00 0.00 - 0 .00 0.00 0 .0 0 . 0.00 -

M n 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .0 0  - 0.00 -

C a 0.18 0.00 0 .00 0.06 0.10 0.22 0.00 0 .0 0 - 0.07 0.13
T i 0.00 0.00 0.00 0.00 - 0 .00 0.00 0 .00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0 .00 0.00 0 .0 0 0.00 -

C u 0.58 0.70 0.52 0.60 0.09 0 .46 0.57 0 .4 1 . 0.48 0.08
p 2.38 2.23 1.89 2.17 0.25 3.93 3.70 3 .0 2 ' 3.55 0.47
ร 1.48 1.39 1.21 1.36 0.14 2.36 2.24 1.8 7 . 2.16 0.26

M g 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0 .0 0 ' 0.00 -

N a 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .๓ - 0.00 -

C l 0.00 0.00 0.00 0.00 - 0 .00 0.00 0 .0 0 . 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

Table E-155 Experiment 5 % wt o f Element and % Atomic o f No. 8 Iron nugget 
(1425°c, 20 min, mole ratio C/Fe = 1.91/1) 3rd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 1.29 1.25 1.85 1.46 0.34 5.26 5.10 7.87 6.08 1.56
0 2.03 2.55 0.00 1.53 1.35 6.23 7.79 0 .0 0 4.67 4.12

A l 0.33 0.21 0.13 0.22 0.10 0.59 0.38 0 .26 0.41 0.17
S i 0.87 0.57 0 .30 0.58 0.29 1.52 0.98 0 .55 1.02 0.49
K 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

F e 91 .29 91.82 94 .86 92.66 1.93 80.25 80.25 86 .70 82.40 3.72
Z r 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

M n 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0 0 0 -

C a 0.37 0.23 0.00 0.20 0.19 0.46 0.27 0 .00 0.24 0.23
T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0 .00 0.00 0 .00 0.00 -

C u 0.36 0.00 0.00 0.12 0.21 0.28 0.00 0 .00 0.09 0.16
P 2.00 1.69 1.59 1.76 0.21 3.17 2.67 2.61 2.82 0.31
ร 1.47 1.67 1.27 1.47 0.20 2.25 2.55 2.02 2.27 0.27

M g 0.00 0.00 0 .00 0.00 - 0 .00 0.00 0 .0 0 0 .00 -

N a 0.00 0.00 0 .00 0.00 - 0 .00 0.00 0 .00 0.00 -

C l 0.00 0.00 0 .00 0.00 - 0 .00 0.00 0 .00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -



1 9 2

Table E-156 E x p e r i m e n t  5  %  w t  o f  E l e m e n t  a n d  %  A t o m i c  o f  N o .  3  S l a g  (1425°c,
2 0  m i n ,  m o l e  r a t i o  C / F e  =  1.44/1) 1st s p e c i m e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 7.76 6.08 0 .00 4.61 4.08 15.36 12.05 0 .0 0 9.14 8.08
0 28.43 31.23 28.01 29.22 1.75 42 .26 46.45 46 .48 45 .06 2.43

A 1 6.23 6.25 6.82 6.43 0.34 5.49 5.51 6.71 5.90 0.70
S i 14.52 14.50 16.28 15.10 1.02 12.30 12.28 15.39 13.32 1.79
K 1.33 1.26 1.40 1.33 0.07 0.81 0.76 0.95 0.84 0.10
F e 5.12 4.88 5.47 5.16 0.30 2.18 2.08 2 .60 2.29 0.28
Z r 1.16 1.42 0.00 0.86 0.76 0 .30 0.37 0 .0 0 0.22 0.20

M n 0.00 0.50 0.66 0.39 0.34 0.00 0.22 0.32 0.18 0.16
C a 33.93 32.60 40 .10 35.54 4.00 20 .14 19.36 26 .56 22.02 3.95
T i 0.56 0.56 0.57 0.56 0.01 0.28 0.28 0.31 0.29 0.02
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0 0 0 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

p 0.00 0.00 0.00 0.00 - 0.00 0 . ๓ 0 .00 0.00 -

ร 0.28 0.32 0.26 0.29 0.03 0.21 0.23 0.22 0.22 0.01
Mg 0.45 0.41 0.42 0.43 0.02 0.44 0.40 0 .46 0.43 0.03
N a 0.23 0.00 0.00 0.08 0.13 0.23 0.00 0 .00 0.08 0.13
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100 100 100 100 - 100 100 1๓ 100 -

Table E-157 Experiment 5 % wt o f Element and % Atomic o f No. Slag (1425°c, 20 
min, mole ratio C/Fe = 1.44/1) 2nd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 6.95 0.00 0 .00 2.32 4.01 13.15 0.00 0 . ๓ 4.38 7.59
O 36.74 35 .96 30.97 34.56 3.13 52.22 57.33 50 .22 53.26 3.67
A l 5.62 5.03 6.80 5.82 0.90 4.74 4 .76 6.53 5.34 1.03
S i 12.48 11.36 15.52 13.12 2.15 10.10 10.31 14.33 11.58 2.38
K 1.17 1.30 1.36 1.28 0.10 0.68 0.85 0 .90 0.81 0.12
F e 10.48 17.42 4.85 10.92 6.30 4.27 7.96 2.25 4.83 2.90
Z r 1.54 0.00 1.22 0.92 0.81 0.38 0.35 0.37 0.02

M n 0.00 0.00 0.62 0.21 0.36 0 .00 0.00 0 .29 0.10 0.17
C a 23.56 26.12 37.78 29.15 7.58 13.37 16.62 24 .46 18.15 5.70
T i 0.38 0.42 0.53 0.44 0.08 0.18 0.23 0 .2 9 0.23 0.06
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .0 0 0 .00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .0 0 0 .00 -

P 0.00 1.62 0.00 0.54 0.94 0.00 1.33 0 .0 0 0.44 0.77
ร 0.51 0.78 0.00 0.43 0.40 0.36 0.62 0 .0 0 0.33 0.31

M g 0.34 0.00 0.35 0.23 0.20 0.32 0.00 0 .37 0.23 0.20
N a 0.23 0.00 0.00 0.08 0.13 0.23 0.00 0 .00 0.08 0.13
C l 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0 .00 -

T o t a l 100 100 100 100 - 100 100 100 100 -



193

Table E-158 E x p e r i m e n t  5 %  w t  o f  E l e m e n t  a n d  %  A t o m i c  o f  N o .  S l a g  (1425°c, 2 0
m i n ,  m o l e  r a t i o  C / F e  =  1.44/1) 3 rd s p e c i m e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 0 0 -

0 32.40 33 .57 25.86 30.61 4.16 51.02 52 .29 43 .56 48 .96 4.72
A i 7.41 7.20 6.59 7.07 0.43 6.92 6.65 6.58 6.72 0.18
S i 17.40 16.94 16.27 16.87 0.57 15.61 15.04 15.61 15.42 0.33
K 1.37 1.31 1.70 1.46 0.21 0.88 0.83 1.17 0.96 0.18
F e 1.43 2.41 2.25 2.03 0.53 0.65 1.08 1.09 0.94 0.25
Z r 1.11 0.00 0.00 0.37 0.64 0.31 0.00 0.00 0.10 0.18

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 37.54 37 .50 45.88 40.31 4.83 23.60 23.32 30 .86 25.93 4.27
T i 0.56 0.62 0.69 0.62 0.07 0.30 0.32 0 .39 0.34 0.05

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

p 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

ร 0.37 0.00 0.37 0.25 0.21 0.29 0.00 0.31 0.20 0.17
M g 0.42 0.45 0.39 0.42 0.03 0.43 0.46 0.43 0.44 0.02
N a 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

T able E-159 Experiment 5 % wt o f Element and % Atomic o f No. 4 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1) 1st specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

0 31.97 31.74 32.01 31.91 0.15 50.15 50.07 50.27 50 .16 0.10
A l 7.66 7.46 7.64 7.59 0.11 7.12 6.98 7.12 7.07 0.08
S i 17.99 17.40 17.73 17.71 0.30 16.07 15.63 15.86 15.85 0.22
K 1.22 1.26 1.18 1.22 0.04 0.78 0.81 0.76 0.78 0.03
F e 1.06 1.81 1.10 1.32 0.42 0.48 0.82 0 .50 0.60 0.19
Z r 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 38.52 38.63 38.96 38 .70 0.23 24.11 24.32 24.42 24 .28 0.16
T i 0.52 0.58 0.50 0.53 0.04 0.27 0 .30 0.26 0.28 0.02
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

P 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

ร 0.37 0.48 0.36 0.40 0.07 0.29 0.38 0.28 0.32 0.06
M g 0.42 0.46 0.51 0.46 0.05 0.44 0.47 0.53 0.48 0.05
N a 0.26 0.20 0.00 0.15 0.14 0.29 0.22 0.00 0.17 0.15
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -



1 9 4

Table E-160 E x p e r i m e n t  5  %  w t  o f  E l e m e n t  a n d  %  A t o m i c  o f  N o .  4  S l a g  (1425°c,
2 0  m i n ,  m o l e  r a t i o  C / F e  =  1 . 5 3 / 1 )  2 nd s p e c i m e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

0 23 .99 32 .46 30 .10 28.85 4.37 41.31 50.87 48.35 46.84 4.95
A l 6.30 7.42 7.05 6.92 0.57 6.43 6.89 6.71 6.68 0.23
S i 15.41 17.22 16.81 16.48 0.95 15.11 15.37 15.39 15.29 0.16
K 1.32 1.07 1.21 1.20 0.13 0.93 0 .69 0 .79 0.80 0.12
F e 1.84 0.82 1.02 1.23 0.54 0.91 0.37 0.47 0.58 0.29
Z r 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C a 49 .82 39 .59 42.18 43.86 5.32 34.24 24 .76 27.04 28.68 4.95
T i 0 .60 0 .66 0.65 0.64 0.03 0.34 0.35 0.35 0.35 0.01
A u 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C u 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

p 0 .00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

ร 0.37 0.34 0.55  . 0.42 0.11 0.32 0.27 0.44 0.34 0.09
M s 0.36 0.42 0.43 0.40 0.04 0.41 0.43 0.45 0.43 0.02
N a 0 .00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

Table E-161 Experiment 5 % wt o f Element and % Atomic o f No. 4 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1) 3rd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0 .00 0.00 8.08 2.69 4.66 0.00 0.00 15.55 5.18 8.98
0 26.25 26 .52 31.51 28.09 2.96 44 .19 45.18 45.51 44 .96 0.69
A l 6.79 6.09 5.80 6.23 0.51 6.77 6.15 4.97 5.96 0.91
S i 16.18 14.14 12.06 14.13 2.06 15.51 13.72 9.92 13.05 2.85
K 1.36 1.35 0.00 0.90 0.78 0.94 0.94 0.00 0.63 0.54
F e 1.94 3.90 3.63 3.16 1.06 0.93 1.90 1.50 1.44 0.49
Z r 1.14 1.80 0.00 0.98 0.91 0.34 0.54 0.00 0.29 0.27

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 45 .02 44 .66 37.47 42.38 4.26 30.25 30 .37 21 .60 27.41 5.03
T i 0.63 0.75 0.89 0.76 0.13 0.35 0.43 0.43 0.40 0.05
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C il 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

P 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

ร 0.24 0.42 0.00 0.22 0.21 0.20 0.36 0.00 0.19 0.18
M g 0 .46 0.37 0.56 0.46 0.10 0.51 0.41 0.53 0.48 0.06
N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -



1 9 5

Table E-162 E x p e r i m e n t  5 %  พ t  o f  E l e m e n t  a n d  %  A t o m i c  o f  N o .  5 S l a g  (1425°c,
20 m i n ,  m o l e  r a t i o  C / F e  =  1 . 6 3 / 1 )  1 st s p e c i m e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 3.68 4.50 0.94 3.04 1.86 7.20 8.71 1.94 5.95 3.55
0 34 .67 34.47 31.78 33.64 1.61 50.99 50.10 49 .46 5 0 . 18 0.77

A l 7.15 7.18 7.49 7.27 0.19 6.24 6.19 6.91 6.45 0.40
S i 16.62 16.61 17.78 17.00 0.67 13.92 13.75 15.77 14.48 1.12
K 1.19 1.12 1.29 1.20 0.09 0.71 0.67 0.82 0.73 0.08
F e 2.98 2.19 2.71 2.63 0.40 1.26 0.91 1.21 1.13 0.19
Z r 0.95 0.96 0.00 0.64 0.55 0.25 0.24 0.00 0.16 0.14

M n 0.38 0.00 0 .00 0.13 0.22 0.16 0.00 0 .00 0.05 0.09
C a 30.92 31.33 36.42 32 .89 3.06 18.15 18.18 22.62 19.65 2.57
T i 0.49 0.54 0.58 0.54 0.05 0.24 0 .26 0 .30 0.27 0.03
A u 0.00 0.00 0.00 0 .00 -• 0 .00 0 .00 0 .00 0 .00 -

C u 0.00 0.00 0.00 0 .00 - 0.00 0 .00 0 .00 0.00 -

p 0.00 0.00 0.00 0.00 0.00 0.00 0 .00 0.00 -

ร 0.27 0.32 0.28 0.29 0.03 0.20 . 0.23 0.22 0.22 0.02
M g 0.46 0.50 0.49 0.48 0.02 0.44 0.48 0 .5 0 0.47 0.03
N a 0.23 0.27 0.23 0.24 0.02 0.24 0.28 0.25 0.26 0.02
C l 0.00 0.00 0.00 0 .00 - 0.00 0 .00 0 .00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

Table E-163 Experiment 5 % wt o f Element and % Atomic o f No. 5 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.63/1 ) 2nd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 7.06 4.70 12.15 7.97 3.81 12.69 9.18 26 .17 16.01 8.97
O 40 .50 34.12 15.81 30 .14 12.82 54.64 49 .97 25 .56 43 .39 15.62

A l 6.30 6.67 5.05 6.01 0.85 5.04 5.79 4.84 5.22 0.50
S i 14.24 15.55 9.53 13.11 3.17 10.95 12.98 8.78 10.90 2.10
K 0.93 1.26 1.33 1.17 0.21 0.51 0.76 0.88 0.72 0.19
F e 2.02 3.87 7.17 4.35 2.61 0.78 1.62 3.32 1.91 1.29
Z r 1.39 1.04 2.48 1.64 0.75 0.33 0.27 0 .7 0 0 4 3 0.23

M n 0.36 1.04 0 .70 0.48 0.14 0 .49 0.32 0.25
C a 25.85 31.53 44.83 34 .07 9.74 13.92 18.43 28.93 20.43 7.70
T i 0.38 0.47 0 .60 0.48 0.11 0.17 0.23 0.32 0.24 0.08

A u 0.00 0.00 0.00 0 .00 - 0.00 0 .00 0 .00 0.00 -

C u 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0 .0 0 0.00 -

P 0.00 0.00 0.00 0 .00 - 0.00 0 .00 0 .00 0.00 -

ร 0.23 0.00 0.00 0.08 0.13 0.16 0 .00 0 .00 0.05 0.09
M g 0 .39 0.51 0.00 0 .30 0.27 0.35 0.49 0 .00 0 2 8 0.25
N a 0.35 0.28 0.00 0.21 0.19 0.33 0.29 0 .00 0.21 0.18
C l 0 .00 0.00 0.00 0 .00 - 0 .00 0 .00 0 .00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -



1 9 6

Table E-164 E x p e r i m e n t  5  %  w t  o f  E l e m e n t  a n d  %  A t o m i c  o f  N o .  5  S l a g  (1425°c,
20 m i n ,  m o l e  r a t i o  C / F e  =  1 . 6 3 / 1 )  3 rd s p e c i m e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 9.33 7.52 0.00 5.62 4.95 18.14 14.75 0.00 10.96 9.64
0 27 .58 29 .04 32 .54 29.72 2.55 40 .27 42 .75 51.05 44 .69 5.65

A 1 6.35 6.61 7.39 6.78 0.54 5.50 5.77 6.87 6.05 0.73
S i 15.13 15.90 17.88 16.30 1.42 12.58 13.34 15.98 13.97 1.78
K 1.35 1.37 1.37 1.36 0.01 0.81 0.83 0.88 0.84 0.04

F e 3.65 3.43 3.24 3.44 0.21 1.53 1.45 1.46 1.48 0.04
. Z r 0.98 0.89 0.00 0.62 0.54 0.25 0.23 0.00 0.16 0.14
•M n 0.44 0.45 0.00 0.30 0.26 0.19 0.19 0.00 0.13 0.11
•C a 33.76 33.35 36.19 34.43 1.54 19.67 19.60 22 .67 20.65 1.75

T i 0.54 0.54 0.55 0.54 0.01 0.26 0.26 0.29 . 0.27 0.02
- A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

. C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

p 0.00 0.00 0.00 0.00 - ' 0.00 0 .00 0.00 0.00 -

- ร 0.22 0.28 0.28 0.26 0.03 0.16 0.20 0.22 0.19 0.03
M g 0.44 0.38 0.56 0.46 0.09 0.42 0.37 0.58 0.46 0.11

- - N a 0.22 0.25 0.00 0.16 0.14 0.22 0.25 0 .00  - 0.16 0.14
C l 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

Table E-165 Experiment 5 % wt o f Element and % Atomic o f No. 6 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.72/1 ) 1st specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

0 22 .96 31 .66 36.43 30.35 6.83 40 .94 50.42 55.22 48.86 7.27
A l 6.17 7.44 7.89 7.17 0.89 6.52 7.03 7.09 6.88 0.31
S i 14.26 17.76 17.98 16.67 2.09 14.49 16.11 15.52 15.37 0.82
K 1.81 1.40 1.51 1.57 0.21 1.32 0.91 0.94 1.06 0.23
F e 10.52 6.57 5.41 7.50 2.68 5.37 3.00 2.35 3.57 1.59
Z r 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

M n 1.05 0.56 0.45 0.69 0.32 0.55 0 .26 0.20 0.34 0.19
C a 42 .00 33 .24 29.01 34.75 6.63 29 .89 21.13 17.56 22 .86 6.34
T i 0.92 0.61 0.43 0.65 0.25 0.55 0.33 0.22 0.37 0.17
A u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

P 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

ร 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 -

M g 0.32 0.47 0.53 0.44 0.11 0.38 0 .50 0.52 0.47 0.08
N a 0.00 0.29 0.37 0.22 0.19 0.00 0.32 0.39 0.24 0.21
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

T o t a l 100 100 100 100 - 100 100 100 100 -



1 9 7

Table E-166 E x p e r i m e n t  5  %  w t  o f  E l e m e n t  a n d  %  A t o m i c  o f  N o .  6 S l a g  (1425°c,
2 0  m i n ,  m o l e  r a t i o  C / F e  =  1.72/1) 2 nd s p e c i m e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

0 25 .70 19.12 25 .29 23.37 3.69 43 .97 35 .86 43 .46 41.10 4.54
A 1 6.32 5.37 6.65 6.11 0.66 6.41 5.97 6.77 6.38 0.40
S i 15.81 13.18 15.84 14.94 1.53 15.41 14.09 15.51 15.00 0.79
K 1.79 2 .00 1.81 1.87 0.12 1.26 1.53 1.27 1.35 0.15
F e 8.03 11.37 9.10 9.50 1.71 3.93 6.11 4.48 4.84 1.13
Z r 0 .00 0 .00 0 .00 . 0.00 - 0.00 0 .00 0 .00 0.00 -

M n 0 .00 1.15 0 .6 5 - 0.60 0.58 0.00 0.63 0.32 0.32 0.32
C a 41 .24 46.62 3 9 .1 9 42.35 3.84 28.16 34.91 26 .89 29.99 4.31
T i 0.71 0.93 0 .5 7 0.74 0.18 0.40 0.58 0.33 0.44 0.13
A u 0 .00 0.00 0 .0 0 0.00 - 0.00 0 .00 0 .00 0.00 -

C u 0 .00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

p 0 .00 0.00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 -

ร 0.00 0.00 0 .2 9 ; 0.10 0.17 0.00 0 .00 0.25 0.08 0.14
M g 0 .40 0.26 0 .37 ' 0.34 0.07 0.45 0.33 0.42 0.40 0.06
N a 0 .00 0.00 0 .25- 0.08 0.14 0.00 0 .00 0.30 0.10 0.17
C l 0 .00 0.00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

T able E-167 Experiment 5 % wt o f Element and % Atomic o f No. 6 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.72/1) 3rd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0.00 0.00 0 .0 0 0.00 - 0.00 0.00 0 .00 0.00 -

O 31.57 32 .57 27 .89 30.68 2.46 50.08 51.15 46.11 49.11 2.66
A l 0 .52 7.67 7.36 5.18 4.04 0.54 7.14 7.22 4.97 3.83
S i 7.87 18.03 17.64 14.51 5.76 7.40 16.13 16.61 13.38 5.18
K 1.49 1.58 1.79 1.62 0.15 0.97 1.01 1.21 1.06 0.13

F e 5.91 4.58 5.98 5.49 0.79 2.69 2.06 2.83 2.53 0.41
Z r 0 .00 0 .00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

M n 0 .00 0.00 0.68 0.23 0.39 0.00 0.00 0.33 0.11 0.19
C a 33.47 34.18 37 .12 34.92 1.94 21 .19 21.43 24 .49 22.37 1.84
T i 0.65 0.54 0.71 0.63 0 .09 0.34 0.28 0.39 0.34 0.06

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

P 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

ร 18.26 0.34 0.33 6.31 10.35 16.50 0 .26 0.27 5.68 9.37
M g 0 .00 0.51 0 .49 0.33 0.29 0.00 0.52 0.54 0.35 0.31
N a 0 .26 0.00 0 .00 0.09 0.15 0.29 0.00 0 .00 0.10 0.17
C l 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -



1 9 8

Table E-168 E x p e r i m e n t  5  %  w t  o f  E l e m e n t  a n d  %  A t o m i c  o f  N o .  7  S l a g  (1425°c,
20 m i n ,  m o l e  r a t i o  C / F e  =  1.82/1) 1st s p e c i m e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 0.00 0.00 0.00 0.00 - 0 .00 0 .00 0 .00 0.00 -

0 32.71 29.13 32.87 31.57 2.11 51.04 47 .04 51 .19 49 .76 2.35
A 1 7.83 7.43 7.64 7.63 0.20 7.25 7.12 7.05 7.14 0.10
S i 17.87 18.10 17.42 17.80 0.35 15.89 16.65 15.45 16.00 0.61
K 1.12 1.35 1.10 1.19 0.14 0.71 0.89 0.70 0.77 0.11

F e 1.24 1.44 1.17 1.28 0.14 0.55 0.67 0.52 0.58 0.08
Z r 0.00 0.00 0.00 0.00 - 0 .00 . 0.00 0 .00 0.00 -

M n 0.54 0.00 0.00 0.18 0.31 0 .25  - - 0.00 0 .00 0.08 0.14
C a 37.03 40 .72 37.76 38 .50 1.95 23 .06 - 26.25 23 .47 24.26 1.74
T i 0.60 0  80 0.64 0.68 0.11 0.31 0.43 0.33 0.36 0.06

A u 0.00 0 .00 0 .00 0.00 - 0.00 - 0 .00 0 .00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0 .00 . 0 .00 0 .00 0.00 -

p 0.00 0.00 0 .00 0.00 - 0.00 - 0 .00 0 .00 0.00 -

ร 0.59 0.54 0.66 0.60 0.06 0.46 : 0.44 0.51 0.47 0.04
M s 0.46 0 .49 0.49 0.48 0.02 0 .48 0.52 0.51 0.50 0.02
N a 0.00 0 .00 0.25 0.08 0.14 0 .00  - - 0.00 0.27 0.09 0.16
C l 0.00 0.00 0.00 0.00 - 0 .00 0 .00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

Table E-169 Experiment 5 % wt o f Element and % Atomic o f No. 7 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.82/1) 2nd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 21 .24 0.00 0.00 7.08 12.26 38 .19 0.00 0.00 12.73 22.05
0 20.21 29.65 28.32 26.06 5.11 27 .27 48.03 46 .7 9 40 .70 11.64
A l 4.55 6.91 6.82 6.09 1.34 3.64 6.64 6.68 5.65 1.74
S i 10.30 15.73 15.31 13.78 3.02 7.92 14.52 14.41 12.28 3.78
K 0 .90 1.17 1.13 1.07 0.15 0 .50 0.78 0.76 0.68 0.16
F e 1.98 1.69 1.77 1.81 0.15 0 .76 0.78 0.84 0.79 0.04
Z r 1.33 0.00 1.37 0.90 0.78 0.31 0.00 0 .40 0.24 0.21

M n 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C a 37 .97 42 .97 43.34 41.43 3.00 20.45 27.78 28 .59 25.61 4.48
T i 0.61 0.61 0.67 0.63 0.03 0.27 0.33 0.37 0.32 0.05
A u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

P 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

ร 0.66 0.82 0.82 0.77 0.09 0.45 0.66 0.68 0.60 0.13
M g 0 .26 0.44 0.45 0.38 0.11 0.23 0.47 0 .49 0.40 0.14
N a 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C l 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -
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Table E-170 E x p e r i m e n t  5  %  w t  o f  E l e m e n t  a n d  %  A t o m i c  o f  N o .  7  S l a g  (1425°c,
2 0  m i n ,  m o l e  r a t i o  C / F e  =  1.82/1) 3 rd s p e c i m e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 0.00 0.00 0.00 0.00 - 0 .00 0 .0 0 0.00 0.00 -

0 32.09 31.43 33.52 32.35 1.07 50.43 49 .56 52.13 50.71 1.31
A ! 7.39 7.73 7.11 7.41 0.31 6 .89 7.23 6.56 6.89 0.34
S i 17.84 17.74 16.97 17.52 0.48 15.97 15.93 15.03 15.64 0.53
K 1.13 1.10 1.01 1.08 0.06 0.73 0.71 0.64 0.69 0.05
F e 2.68 1.25 3.25 2.39 1.03 1.21 0.57 1.45 1.08 0.45
Z r 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 . -

M n 0.59 0.00 0.00 0.20 0.34 0.27 0 .00 0.00 0 .09 ■ 0.16
C a 35.05 38.73 34.84 36.21 2.19 21 .99 24 .37 21.63 22 .66 1.49
T i 0.49 0.60 0.46 0.52 0.07 0.26 0 .32 0.24 0.27 0.04

A u 0.00 0.00 0.00 0.00 - 0.00 0 .0 0 0.00 0.00 • -

C u 0.00 0.00 0.00 0.00 - 0 .00 0 .00 0.00 0 .00 . -

p 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

ร 2.29 0.69 2.37 1.78 0.95 1.79 0 .54 1.84 1.39 ซ .74
M g 0.45 0.46 0.47 0.46 0.01 0.47 0 .47 0.49 0.48 0.01
N a 0.00 0.27 0.00 0.09 0.16 0.00 0.29 0.00 0.10 - 0 17
C ! 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

Table E-171 Experiment 5 % wt o f Element and % Atomic o f No. 8 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.91/1) 1st specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

0 40.46 28 .07 31.06 33 .20 6.47 58.95 46 .0 0 49 .54 51 .50 6.69
A l 7.42 7.07 7.29 7.26 0.18 6.41 6.87 6.90 6.73 0.27
S i 16.76 17.04 16.16 16.65 0.45 13.91 15.90 14.68 14.83 1.00
K 0.76 1.06 0.99 0.94 0.16 0.45 0.71 0.65 0 .60 0.14
F e 0.79 1.19 1.38 1.12 0.30 0.33 0.56 0.63 0.51 0.16
Z r 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00

M n 0.44 0.00 0.00 0.15 0.25 0.19 0 .00 0.00 0.06 0.11
C a 31.58 43 .89 41.81 39.09 6.59 18.37 28.71 26 .62 24 .57 5.47
T i 0.51 0.78 0.54 0.61 0.15 0.25 0.43 0.29 0.32 0.09

A u 0.00 0.00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0 .00 0 .00 0.00 0 .00 -

P 0.00 0.00 0.00 0.00 - 0 .00 0 .00 0.00 0 .00 -

ร 0.44 0.58 0.39 0.47 0.10 0.32 0 .47 0.31 0.37 0.09
M g 0.46 0.32 0.37 0.38 0.07 0.44 0 .34 0.39 0 .39 0.05
N a 0.38 0.00 0.00 0.13 0.22 0 .38 0 .00 0.00 0.13 0.22
C l 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 -

T o t a l 100 100 100 100 - 100 100 100 100 -



2 0 0

Table E-172 E x p e r i m e n t  5 %  w t  o f  E l e m e n t  a n d  %  A t o m i c  o f  N o .  8  S l a g  (1425°c,
2 0  m i n ,  m o l e  r a t i o  C / F e  =  1 . 9 1 / 1 )  2nd s p e c i m e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

0 36.61 34.87 33.57 35.02 1.53 54.86 53.30 51.89 53.35 1.49
A I 8.06 7.79 7.72 7.86 0.18 7.16 7.06 7.07 7.10 0.06
S i 18.27 18.02 17.51 17.93 0.39 15.59 15.69 15.42 15.57 0.14
K 0.77 0.80 0.84 0.80 0.04 0.47 0.50 0.53 0.50 0.03

F e 0.78 2.31 1.04 1.38 0.82 0.33 1.01 0.46 0.60 0.36
Z r 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

M n 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 -

C a 33.73 34.28 37 .56 35.19 2.07 20.18 20 .92 23 .18 21.43 1.56
T i 0.56 0.62 0.49 0.56 0.07 0.28 0.32 0 .26 0.29 0.03

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

p 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

ร 0.40 0.54 0.51 0.48 0.07 0.30 0.41 0 .39 0.37 0.06
M g 0.54 0.49 0.47 0.50 0.04 0.54 0.49 0.48 0.50 0.03
N a 0.28 0.29 0.29 0.29 0.01 0.29 0.30 0.31 0.30 0.01
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -

T able E-173 Experiment 5 % wt o f Element and % Atomic o f No. 8 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.91/1) 3rd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

0 29 .76 31.85 28.23 29.95 1.82 47.72 50.03 46 .08 47 .94 1.98
A i 7.42 7.82 7.53 7.59 0.21 7.05 7.28 7.29 7.21 0.14
S i 18.12 17.98 17.16 17.75 0.52 16.55 16.09 15.96 16.20 0.31
K 0.79 0.85 1.03 0.89 0.12 0.52 0.55 0 .69 0.59 0.09
F e 0.88 1.14 1.24 1.09 0.19 0.40 0.51 0.58 0.50 0.09
Z r 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

M n 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C a 41.33 38.70 43.15 41 .06 2.24 26 .46 24 .27 28.12 26.28 1.93
T i 0.70 0.62 0 .66 0.66 0.04 0.38 0.33 0.36 0.36 0.03

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

P 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

ร 0.52 0.51 0.56 0.53 0.03 0.42 0.40 0.45 0.42 0.03
M g 0.48 0.53 0.44 0.48 0.05 0.51 0.55 0.47 0.51 0.04
N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100 100 100 100 - 100 100 100 100 -



2 0 1

E.1.7 Experiment 6

Table E-174 Experiment 6 % wt o f Element and % Atomic o f No. 1 Iron nugget 
(1425°c, 20 min, mole ratio C/Fe = 1.53/1, Limestone/Al203+Si0 2  = 
0.50) 1st specimen

E le m e n t %  E le m e n t %  A t o m i c
1 1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 3.36  14.05 9.20 8.87 5.35 13.74 42.90 30 .99 29.21 14.66
0 0.00  0.00 1.01 0.34 0.58 0.00 0.00 2.55 0.85 1.47

A 1 0.30  1 0.00 0.26 0.19 0.16 0.54 0.00 0 .39 0.31 0.28
S i 0.23 0.16 0.45 0.28 0.15 0.40 0.21 0.65 0.42 0.22
K 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

F e 94 .89 84.38 87.06 88.78 5.46 83.56 55.42 63 .05 67.34 14.55
Z r 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 0.00 0.00 0.21 0.07 0.12 0.00 0.00 0.21 0.07 0.12
T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

A u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C u 0.21 0.29 0.25 0.25 0.04 0.16 0.17 0 .16 0.16 0.01
p 0.63 0.59 0.85 0.69 0.14 1.00 0.70 1.11 0.94 0.21
ร 0.39 0.53 0.70 0.54 0.16 0.60 0.61 0 .89 0.70 0.16

M g 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 0.00
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -



2 0 2

Table E-l 75 E x p e r i m e n t  6  %  พ t  o f  E l e m e n t  a n d  %  A t o m i c  o f  N o .  1 I r o n  n u g g e t

(1425°c, 2 0  m i n ,  m o l e  r a t i o  C / F e  =  1 . 5 3 / 1 ,  L i m e s t o n e / A l 20 3+ S i 0 2  =

0.50) 2nd s p e c i m e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 3.86 10.23 12.79 8.96 4 .60 14.66 34 .36 40 .26 29 .76 13.41
0 2.09 0 .00 0.00 0.70 1.21 5.96 0 .00 0.00 1.99 3.44
A 1 0.56 0.41 0.10 0.36 0.23 0.94 0.61 0.14 0.56 0.40
S i 1.27 0 .00 0.11 0.46 0.70 2.06 0.00 0.15 0.74 1.15
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

F e 90.14 88 .49 85.68 88.10 2.26 73.62 63.91 57.99 65 .17 7.89
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 0.25 0.00 0.00 0.08 0.14 0.28 0.00 0.00 0.09 0.16
T i 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

A u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

C u 0.43 0.00 0.19 0.21 0.22 0.31 0.00 0.11 0.14 0.16
p 0.56 0.41 0.63 0.53 0.11 0.83 0.54 0.77 0.71 0.15
ร 0.60 0.46 0.49 0.52 0.07 0.85 0.58 0.58 0.67 0.16

M g 0.00 0.00 0.00 0 .00 - 0.00 0.00 0.00 0.00 -

N a 0.25 0.00 0.00 0.08 0.14 0.50 0.00 0.00 0.17 0.29
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

T able E-176 Experiment 6 % wt o f Element and % Atomic o f No. 1 Iron nugget 
(1425°c, 20 min, mole ratio C/Fe = 1.53/1, Limestone/Al20 3+Si0 2  = 
0.50) 3rd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 5.95 5.97 12.71 8.21 3.90 22 .56 22 .66 40 .19 28.47 10.15
0 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

A l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S i 0.00 0.09 0.00 0.03 0.05 0.00 0.15 0 .00 0.05 0.09
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

F e 92 .96 93.11 86.42 90.83 3.82 75.85 76 .00 58 .77 70.21 9.90
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

A u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
P 0.54 0.41 0.39 0.45 0.08 0.79 0.60 0.48 0.62 0.16
ร 0.56 0.42 0.47 0.48 0.07 0.80 0.59 0.56 0.65 0.13

M g 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -



2 0 3

Table E-177 E x p e r i m e n t  6  %  w t  o f  E l e m e n t  a n d  %  A t o m i c  o f  N o .  2  I r o n  n u g g e t

(1425°c, 20 m i n ,  m o l e  r a t i o  C / F e  =  1 . 5 3 / 1 ,  L i m e s t o n e / A E C E + S i C E  =

0 . 6 0 )  1 st s p e c i m e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 27.64 38 .19 12.84 26.22 12.73 60.45 73 .90 40.21 58.19 16.960 3.51 0.00 0.00 1.17 2.03 5.76 0 .0 0 0.00 1.92 3.33
A i 2.06 0.00 0.00 0.69 1.19 2.00 0 .00 0.00 0 6 7 1.15
S i 0.16 0.16 0.45 0.26 0.17 0.15 0 .13 0.63 0.30 0.28
K 0.00 0.00 0.00 0.00 - 0.00 0 .0 0 0.00 0 0 0 -

F e 65.83 60.33 85.29 70.48 13.11 30.97 25 .10 57.46 37.84 17.24
Z r 0.00 0.24 0.00 0.08 - 0.00 0.07 0.00 0.02 -

M n 0.00 0 .00 0.00 0.00 - 0.00 0 .0 0 0 .00 0.00 -

C a 0.00 0 .00 0.00 0.00 - 0.00 3100 0 .00 0.00 -

T i 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

A u 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .0 0 . 0.00 -

p 0.41 0.60 0.88 0.63 0.24 0.34 0.45 1.07 0.62 0.39
ร 0.40 0.48 0.53 0.47 0 .07 0.33 0.35 0.62 0.43 0.16

M g 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

N a 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

T able E-178 Experiment 6 % wt o f Element and % Atomic o f No. 2 Iron nugget 
(1425°c, 20 min, mole ratio C/Fe = 1.53/1, Limestone/AECE+SiCE = 
0.60) 2nd specimen

E le m e n t %  E l e m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 23 .16 20 .88 41.81 28.62 11.48 57.76 54.78 76.58 63.04 11.82
0 0.00 0 .00 0.00 0.00 - 0.00 0 .0 0 0 .00 0.00 -

A l 0.24 0.25 0.20 0.23 0.03 0.26 0 .3 0 0.17 0.24 0.07
S i 0.18 0.00 0.00 0.06 0 .10 0.19 0 .0 0 0.00 0.06 0.11
K 0.00 0.00 0.00 0.00 - 0.00 0 .0 0 0.00 0.00 -

F e 74.54 77 .89 56.66 69.70 11.41 39.99 43 .95 22.32 35.42 11.52
Z r 0 .00 0.00 0.00 0.00 - 0.00 0 .0 0 0 .00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C a 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

T i 0.00 0.00 0.00 0.00 - 0.00 0 .0 0 0 .00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C u 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

P 1.21 0 .49 0.78 0.83 0 .36 1.17 0 .50 0.55 0.74 0.37
ร 0.68 0.48 0.55 0.57 0 .10 0.63 0 .47 0.37 0.49 0.13

M g _____ 0.00 0 .00 0.00 0.00 - 0.00 0 .0 0 0 .00 0.00 -

N a 0.00 0 .00 0.00 0.00 - 0.00 0 .0 0 0 .00 0.00 -

C l 0.00 0 .00 0.00 0.00 - 0.00 0 .0 0 0 .00 0.00 -

T o t a l 23 .16 20 .88 41.81 28.62 11.48 57.76 54 .78 76.58 63.04 11.82
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Table E-179 E x p e r i m e n t  6  %  w t  o f  E l e m e n t  a n d  %  A t o m i c  o f  N o .  2  I r o n  n u g g e t

(1425°c, 2 0  m i n ,  m o l e  r a t i o  C / F e  =  1 . 5 3 / 1 ,  L i m e s t o n e / A l 203+ S i 0 2  =

0 . 6 0 )  3 rd s p e c i m e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 25.83 16.62 29 .36 23.94 6.58 61.27 48.05 65 .29 58.20 9.02

0 0.00 0.00 0 .00 0.00 - 0 .00 0.00 0 .00 0.00 -

A 1 0.28 0.00 0.94 0.41 0.48 0.30 0 .00 0.93 0.41 0.47
S i 0 .29 0.00 0.00 0.10 0.17 0.30 0.00 0 .00 0.10 0.17
K. 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

F e 71.61  . 81 .69 68 .49 73.93 6.90 36.53 50.81 32.75 40.03 9.53
Z r 0.00 1.00 0 .00 0.33 0.58 0 .00 0.38 0 .00 0.13 0.22

M n 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 - ,

C a 0 .0 0  . 0.00 0.00 0.00 - 0.00 0.00 0 .00 0 .00 ■-

T i 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0 .00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C u 0.41 - 0.00 0.00 0.14 0.24 0.19 0.00 0.00 0.06 0.11
p 1.03 - 0.26 0.73 0.67 0.39 0.94 0.29 0.63 0.62 0.33
ร 0 .5 4  - 0.43 0.47 0.48 0.06 0.48 0.47 0.39 0.45 0.05

M g 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

N a 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C l 0 .0 0  ' 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

Table E-180 Experiment 6 % wt o f Element and % Atomic o f No. 3 Iron nugget 
(1425°c, 20 min, mole ratio C/Fe = 1.53/1, Limestone/Al20 3+Si0 2  = 
0.70) 1st specimen

E lem ent % E lem ent % A to m ic
1 2 3 average SD 1 2 3 average SD

C 7.87 21.62 18.89 16.13 7.28 26.64 53.16 51.51 43.77 14.86
0 2.85 3.60 0.00 2.15 1.90 7.24 6.65 0.00 4.63 4.02
Al 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

Si 0.38 0.16 0.18 0.24 0.12 0.54 0.16 0.21 0.30 0.21
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

Fe 86.59 73.22 79.14 79.65 6.70 63.00 38.71 46.42 49.38 12.41
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

Ti 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

Au 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

Cu 0.62 0.00 0.00 0.21 0.36 0.40 0.00 0.00 0.13 0.23
P 1.00 0.83 0.88 0.90 0.09 1.32 0.79 0.94 1.02 0.27
ร 0.69 0.58 0.91 0.73 0.17 0.87 0.53 0.93 0.78 0.22

M g 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

Total 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -
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Table E-181 E x p e r i m e n t  6  %  w t  o f  E l e m e n t  a n d  %  A t o m i c  o f  N o .  3  I r o n  n u g g e t

( 1 4 2 5 ° c ,  2 0  m i n ,  m o l e  r a t i o  C / F e  =  1 . 5 3 / 1 ,  L i m e s t o n e / A F C b + S i C h  =

0 . 7 0 )  2 nd s p e c i m e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 20.91 7.01 22.17 16.70 8.41 54.81 23.74 56.44 45 .00 18.43

0 0.00 3.88 0.00 1.29 2.24 0.00 9.87 0 .00 3.29 5.70
A 1 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

S i 0.16 0.26 0.16 0.19 0.06 0.18 0.38 0.18 0.25 0.12
K 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

F e 77 .16 85.85 75.69 79.57 5.49 43 .50 62.49 41.45 49.15 11.60
Z r 0.45 0.45 0.00 0.30 0 .2 6 0.18 0.29 0.00 0 .16 0.15

M n 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

C a 0.00 0.18 0 .00 0.06 • 0.10 0 .00 0.19 0.00 0 .06 0.11
T i 0.00 0 .00 0.00 0.00 - 0 .00 0.00 0 .00 0.00 -

A u 0.00 0 .00 0.00 0.00 - - 0 .00 0.00 0 .00 0.00 -

C u 0.00 0 .00 0.00 0.00 ; - 0 .00 0.00 0.00 0.00 -

p 0.70 1.45 1.25 1.13 0.39 0.72 1.90 1.23 1.28 0.59
ร 0.62 0.91 0.74 0.76 - 0.15 0.61 1.16 0 .70 0.82 0.30

M g 0.00 0 .00 0 .00 0.00 - 0 .00 0.00 0.00 0 .00 -

N a 0.00 0.00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

C l 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

Table E-182 Experiment 6 % wt o f Element and % Atomic o f No. 3 Iron nugget 
(1425°c, 20 min, mole ratio C/Fe = 1.53/1, Limestone/AFCb+SiC^ = 
0.70) 3rd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 10.07 13.01 18.46 13.85 4.26 33 .39 40 .74 50 .89 41 .67 8.79
0 0 .00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

A l 2.01 0.00 0.00 0.67 1.16 2.97 0.00 0.00 0 .99 1.71
S i 0.28 0.00 0.00 0 .09 0.16 0.40 0.00 0.00 0.13 0.23
K 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

F e 86 .20 85 .30 79.87 83.79 3.42 61 .49 57.47 47.35 55.44 7.29
Z r 0 .00 0.00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 0.25 0.00 0.00 0.08 0.14 0.25 0.00 0.00 0.08 0.14
T i 0.00 0.00 0.00 0.00 - 0 .00 0 .00 0.00 0.00 -

A u 0.00 0 .00 0.00 0.00 - 0 .00 0.00 0 .00 0.00 -

C u 0.00 0 .39 0 .00 0.13 0.23 0.00 0.23 0.00 0.08 0.13
P 0.57 0.75 1.00 0.77 0.22 0.73 0.92 1.07 0.91 0.17
ร 0.62 0.54 0.68 0.61 0.07 0.78 0.63 0.70 0.70 0.08

M g 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

N a 0 .00 0 .00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

C l 0 .00 0 .00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -
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Table E-183 Experiment 6 % wt o f Element and % Atomic o f No. 4 Iron nugget
(1425°c, 20 min, mole ratio C/Fe = 1.53/1, Limestone/Al203+Si02 =
0.75) 1st specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

c 5.33 4.90 0.00 3.41 2.96 19.90 19.07 0 .00 12.99 11.26
0 1.37 0.00 0 .00 0.46 0.79 3.85 0 .00 0 .00 1.28 2.22
A l 0.16 0.14 0 .00 0.10 0 .09 0.26 0 .24 0 .00 0.17 0.14
S i 0.44 0.22 0.25 0.30 0.12 0.69 0.36 0.48 0.51 0.17
K 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 ,00 0.00 -

F e 90.91 93.16 98 .38 94.15 3.83 72.95 78 .02 9 7 . 1-9 82.72 12.79
Z r 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

M n 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

C a 0.69 0.17 0.22 0.36 0.29 0.77 0 .20 Ô .30 0.42 0.30
T i 0.00 0.00 0 .00 0.00 - 0.00 0 .0 0 0 .Q0 0.00 -

A u 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .0 0 0.00 -

p 0.60 0.72 0.56 0.63 0.08 0.87 1.08 0.99 0.98 0.11
ร 0.50 0.70 0 .60 0.60 0.10 0.70 1.02 1:03 0.92 0.19

M g 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

N a 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

C l 0.00 .  0.00 0 .00 0.00 - 0.00 0 .00 0 .0 Ô 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

T able E-184 Experiment 6 % wt o f Element and % Atomic o f  No. 4 Iron nugget 
(1425°c, 20 min, mole ratio C/Fe = 1.53/1, Limestone/Al20 3 +Si0 2  = 
0.75) 2nd specimen

E le m e n t %  E l e m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 1.49 2.32 2 .30 2.04 0.47 6.47 9.81 9 .42 8.57 1.83
0 0.00 0.00 1.19 0.40 0.69 0.00 0 .00 3.67 1.22 2.12
A l 0.00 0.11 0.34 0.15 0.17 0.00 0.21 0.61 0.27 0.31
S i 0.21 0.23 0.67 0.37 0.26 0.39 0.41 1.18 0.66 0.45
K 0.00 0.00 0 .00 0.00 - 0.00 0 .0 0 0 .00 0.00 -

F e 96.26 95.24 93 .66 95.05 1.31 89.97 86 .58 82.34 86.30 3.82
Z r 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

M n 0 .00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

C a 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

T i 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.22 0.48 0 .10 0.27 0.19 0.14 0 .39 0.07 0.20 0.17
P 1.02 0.82 0.97 0.94 0 .10 1.72 1.35 1.54 1.54 0.19
ร 0.80 0.79 0 .76 0.78 0.02 1.30 1.26 1.17 1.24 0.07

M g 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 -

N a 0.00 0.00 0 .00 0.00 - 0.00 0 .00 0 .00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -
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Table E-185 Experiment 6 % wt o f Element and % Atomic o f No. 4 Iron nugget
(1425°c, 20 min, mole ratio C/Fe = 1.53/1, Limestone/AhCb+SiCh =
0.75) 3rd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 2.32 2.46 2.81 2.53 0.25 9.81 10.38 11.68 10.62 0.96

0 0 .00 0.00 0.00 0.00 - 0 .00 0.00 0 .00 0.00 -

A 1 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

S i 0.18 0.00 0.17 0.12 0.10 0.32 0 .00 0.30 0.21 0.18
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

F e 95 .50 95.22 94.89 95.20 0.31 86.66 86.28 84 .67 85.87 1.06
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C a 0.00 0.00 0.00 0.00 - 0 .00 0.00 0 .00 0.00 -

T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C u 0.00 0.47 0.00 0.16 0.27 0.00 0.37 0 .00 0.12 0.21
p 1.10 0.99 1.00 1.03 0.06 1.80 1.61 1.61 1.67 0.11ร 0.90 0.86 1.13 0.96 0.15 1.42 1.36 1.75 1.51 0.21

M g 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.01 -

T a b l e  E - 1 8 6  Experiment 6 % wt o f Element and % Atomic o f No. 5 Iron nugget 
(1425°c, 20 min, mole ratio C/Fe = 1.53/1, Limestone/Al2C>3+Si02 = 
0.89) 1st specimen

E le m e n t %  E le m e n t %  A t o m i c
1 1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 2.25  1 13.92 1.93 6.03 6.83 9.06 42.42 8.23 19.90 19.50
0 1.59 0.00 0.00 0.53 0.92 4.81 0.00 0 .00 1.60 2.78
A l 0.37 0.00 0.00 0.12 0.22 0.67 0.00 0 .00 0.22 0 .39
S i 0.87 0.31 0.08 0.42 0.41 1.51 0.40 0.14 0.68 0.72
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0 .00 -

F e 92.48 83.17 95.25 90.30 6.33 80.46 54.52 87 .60 74 .19 17.41
Z r 0.00 0.52 0.00 0.17 0.30 0.00 0.24 0 .00 0.08 0.14

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C a 0.30 0.00 0.00 0.10 0.18 0.36 0.00 0 .00 0.12 0.21
T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0 .00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0 .00 -

C u 0.28 0.00 0.55 0.28 0.28 0.21 0.00 0.45 0.22 0.22
P 0.93 1.26 1.24 1.14 0.18 1.46 1.49 2.06 1.67 0.34
ร 0.78 0.82 0.95 0.85 0.09 1.18 0.93 1.52 1.21 0.30

M g 0.08 0.00 0.00 0.03 0.05 0.16 0.00 0.00 0.05 0.09
N a 0.07 0.00 0 .00 0.02 0.04 0.13 0.00 0.00 0.04 0.08
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -
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Table E-187 Experiment 6 % wt o f Element and % Atomic o f No. 5 Iron nugget
(1425°c, 20 min, mole ratio C/Fe = 1.53/1, Limestone/AECE+SiOa =
0.89) 2nd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 6.90 10.49 7.89 8.43 1.85 25.35 34.93 28 .07 29.45 4.94

0 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

A 1 0.00 0 .00 0.34 0.11 0.20 0.00 0.00 0.54 0.18 0.31
S i 0.27 0 .19 0.30 0.25 0.06 0.43 0.27 0.45 0.38 0.10
K 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

F e 90.91 87 .80 89.88 89.53 1.58 71.82 62.87 68 .77 67.82 4.55
Z r 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.42 0.00 0.00 0.14 0.24 0.29 0.00 0.00 0.10 0.17
p 0.84 0.88 0.90 0.87 0.03 1.20 1.14 1.24 1.19 0.05
ร 0.66 0.63 0.70 0.66 0.04 0.91 0.79 0.93 0.88 0.08

M g 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 1 0 0 0 0 -

T a b l e  E - 1 8 8  Experiment 6 % wt o f Element and % Atomic o f No. 5 Iron nugget 
(1425°c, 20 min, mole ratio C/Fe = 1.53/1, Limestone/AECE+SiCE = 
0.89) 3rd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 2.12 8.79 10.21 7.04 4.32 8.60 28.25 34 .14 23 .66 13.37
0 1.94 4.41 0.00 2.12 2.21 5.91 10.63 0.00 5.51 5.33
A l 0.26 0 .00 0.00 0.09 0.15 0.46 0.00 0.00 0.15 0.27
S i 0.64 0.31 0.00 0.32 0.32 1.11 0.42 0.00 0.51 0.56
K 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

F e 93.27 84 .18 87.53 88.33 4.60 81.33 58.18 62 .96 67 .49 12.22
Z r 0.00 0 .40 0.00 0.13 0.23 0.00 0.19 0.00 0.06 0.11

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 0.10 0.17 0.00 0.09 0.09 0.13 0.16 0 .00 0.10 0.09
T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.13 0.00 0.00 0.04 0.08 0.10 0.00 0.00 0.03 0.06
P 0.77 1.02 1.54 1.11 0.39 1.20 1.27 2.00 1.49 0.44
ร 0.76 0.74 0.72 0.74 0.02 1.16 0.89 0.90 0.98 0.15

M g 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

N a 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -
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Table E-189 Experiment 6 % wt o f Element and % Atomic o f No. 6 Iron nugget
(1425°c, 20 min, mole ratio C/Fe = 1.53/1, Limestone/AECE+SiCE =
1.00) 1st specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 22 .06 17.61 8.18 15.95 7.09 56.24 49 .38 28.97 44  86 14.18

0 0 .00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

A I 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

S i 0.45 0.00 0.00 0.15 0.26 0.50 0 .00 0.00 0.17 0.29
K 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

F e 75.62 80.44 89.96 82.01 7.30 41.45 48.52 68.51 52.83 14.03
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T i 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

A u 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

p 1.04 1.20 1.10 111 0.08 1.03 1.30 1.52 1.28 0.25
ร 0.82 . 0.76 0.76 0.78 0.03 0.78 0.80 1.00 0.86 0.12

M g 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

Table E-190 Experiment 6 % wt o f Element and % Atomic o f No. 6 Iron nugget 
(1425°c, 20 min, mole ratio C/Fe = 1.53/1, Limestone/AECE+SiCE = 
1.00) 2nd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 17.45 11.33 20 .48 16.42 4.66 45.70 36.77 54.07 45.51 8.65
O 4.89 0.00 0.00 1.63 2.82 9.61 0.00 0 .00 3.20 5.55
A l 0.40 0.00 0.00 0.13 0.23 0.46 0 .00 0.00 0.15 0.27
S i 0 .39 0.00 0.00 0.13 0.23 0.44 0.00 0.00 0.15 0.25
K 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

F e 75.53 86.23 77.75 79.84 5.65 42.54 60 .20 44.14 48 .96 9.77
Z r 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 0.46 0.00 0.00 0.15 0.27 0.36 0.00 0.00 0.12 0.21
T i 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

P 0.49 1.58 1.14 1.07 0.55 0.50 1.99 1.17 1.22 0.75
ร 0 .40 0.86 0.63 0.63 0.23 0.40 1.05 0.62 0.69 0.33

M g 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -
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Table E-191 Experiment 6 % wt o f Element and % Atomic o f No. 6 Iron nugget
(1425°c, 20 min, mole ratio C/Fe = 1.53/1, Limestone/AECE+SiCE =
1.00) 3rd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 10.21 14.32 16.06 13.53 3.00 33 .70 42.78 42 .14 39.54 5.07

0 0.00 0.00 6.66 2.22 3.85 0.00 0.00 13.13 4.38 7.58
A 1 0.37 0.00 0.00 0.12 0.21 0.54 0.00 0.00 0.18 0.31
S i 0.68 0.61 0.25 0.51 0.23 0.96 0.78 0.28 0.67 0.35
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

F e 84.56 80.76 74.84 80.05 4.90 60.01 51.87 42 .24 51.37 8.90
Z r 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

M n 0.00 0.00 0 .00 0.00 ■ - 0 .00 0.00 0 .00 0.00 -

C a 1.64 1.22 0 .00 0.95 0.85 1.62 1.10 0.00 0.91 0.83
T i 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 -

A u 0.00 0.00 0 .00 0.00 0 .00 0.00 0.00 0.00 -

C u 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 -

p 0.75 0.72 1.47 0.98 0.42 0 .96 0.84 1.50 1.10 0.35
ร 1.79 2.36 0.72 1.62 0.83 2.21 2.64 0.70 1.85 1.02

M g 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C l 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

Table E-192 Experiment 6 % wt o f Element and % Atomic o f No. 7 Iron nugget 
(1425°c, 20 min, mole ratio C/Fe = 1.53/1, Limestone/AECE+SiO? = 
1.26) 1st specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 8.49 7.60 8.03 8.04 0.44 29 .29 26 .46 28.91 28.22 1.54
0 0 .96 0.79 0.00 0.58 0.51 2.48 1.90 0 .00 1.46 1.30

A l 0.27 0.13 0.00 0.13 0.14 0.42 0.20 0 .00 0.21 0.21
S i 0.32 0.36 0.19 0.29 0.09 0.47 0.54 0 .29 0.43 0.13
K 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 -

F e 88.71 89.64 90 .99 89.78 1.15 65.83 69 .39 70.42 68.55 2.41
Z r 0 .00 0.27 0.78 0.35 0.40 0.00 0.14 0.37 0.17 0.19

M n 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C a 0.00 0.05 0.00 0.02 0.03 0.00 0.04 0 .00 0.01 0.03
T i 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.21 0.23 0.00 0.15 0.13 0.14 0.15 0.00 0.10 0.08
P 0.57 0.51 0.00 0.36 0.31 0.76 0.66 0.00 0.47 0.41
ร 0.48 0.41 0.00 0.30 0.26 0.62 0.53 0.00 0.38 0.33

M g 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -
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Table E-193 E x p e r i m e n t  6  %  w t  o f  E l e m e n t  a n d  %  A t o m i c  o f  N o .  7  I r o n  n u g g e t

( 1 4 2 5 ° c ,  2 0  m i n ,  m o l e  r a t i o  C / F e  =  1 . 5 3 / 1 ,  L i m e s t o n e / A E C E + S i C E  =

1 . 2 6 )  2 nd s p e c i m e n

E l e m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 11.52 4.23 6.67 7.47 3.71 35 .20 16.90 24 .22 25.44 9.21

0 2.93 0.00 0.42 1.12 1.58 6.72 0.00 1.10 2.61 3.61
A 1 0.27 0.13 0.07 0.16 0.10 0.36 0.22 0.10 0.23 0.13
S i 0.58 0.24 0.42 0.41 0.17 0.76 0.41 0.64 0.60 0.18
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

. F e 81.33 94.51 91.15 89.00 6.85 53.45 81.12 72 .77 69.11 14.19
• Z r 0.00 0.00 0.43 0.14 0.25 0.00 0 .00 0.23 0.08 0.13

M n 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

. C a 0.29 0.00 0.00 0.10 0.17 0.26 0 .00 0 .0 0 - 0.09 0.15
T i 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

- A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

- C u 0.61 0.00 0.29 0.30 0.31 0.35 0.00 0.21 0.19 . 0.18
P 1.51 0.47 0.26 0.75 0.67 1.79 0.73 0.35 0.96 0.75

. ■ ร 0.96 0.41 0.31 0.56 0.35 1.10 0.62 0.41 - 0.71 0.35
M g 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

'  C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

T able  E-194 Experiment 6 % wt o f Element and % Atomic o f No. 7 Iron nugget 
(1425°c, 20 min, mole ratio C/Fe = 1.53/1, Limestcme/AECE+SiCE = 
1.26) 3rd specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 4.78 8.56 7.88 7.07 2.01 18.92 29.51 26.05 24.83 5.40
0 0.00 0.84 1.47 0.77 0.74 0.00 2.19 3.36 1.85 1.71

A l 0.00 0.13 0.20 0.11 0.10 0.00 0.19 0 .29 0.16 0.15
S i 0.21 0.63 0.41 0.42 0.21 0.36 0.92 0 .59 0.62 0.28
K 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

F e 93.63 88 .66 87.92 90.07 3.11 79.78 65 .76 67 .29 70.94 7.69
Z r 0.86 0.00 0.00 0.29 0.50 0.45 0.00 0.00 0.15 0.26

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 0.00 0.00 0.15 0.05 0.08 0.00 0.00 0.13 0.04 0.08
T i 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.38 0.20 0.31 0.30 0.09 0.28 0.13 0.18 0.20 0.08
P 0.00 0.52 0.99 0.50 0.50 0 .00 0 .69 1.26 0.65 0.63
ร 0.14 0.47 0.69 0.43 0.27 0.21 0.61 0.86 0.56 0.33

M g 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C l 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -
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Table E-195 E x p e r i m e n t  6  %  w t  o f  E l e m e n t  a n d  %  A t o m i c  o f  N o .  8  (1425°c, 20
m i n ,  m o l e  r a t i o  C / F e  =  1.53/1, L i m e s t o n e / A l 20 3 + S i 0 2  =  1 . 7 6 )  1 st

s p e c i m e n

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 0.00 0 .00 13.98 4.66 - 0.00 0.00 31.52 10.51 -

0 17.19 8.11 16.06 13.79 4.95 38.46 21 .28 27 .19 28.98 8.73
A 1 2.57 15.28 3.19 7.01 7.17 3.40 30.11 3.20 12.24 15.48
S i 3.56 0.77 3.95 2.76 1.73 4.54 0 .90 3.81 3.08 1.93
K 0.21 1.15 0.00 0.45 0.61 0.19 1.13 0.00 0.44 0.61
F e 59.97 58 .59 41 .57 53.38 10.25 38.44 33 .07 20 .16 30.56 9.40
Z r 0.00 0.00 1.02 0.34 - 0.00 0.00 0.30 0.10 -

M n 0.00 0.00 0 .0Ô 0.00 - 0.00 0.00 0.00 0.00 -

C a 14.60 13.49 19,37 15.82 3.12 13.03 10.61 13.09 12.24 1.41
T i 0.59 0.00 0.00 0.20 0.34 0.44 0.00 0.00 0.15 0.25

A u 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 -

p 0.62 2.30 0.00 0.97 1.19 0.71 2.58 0.00 1.10 1.33
ร 0.69 0.32 0.86 0.62 0.28 0.77 0.33 0.73 0.61 0.24

M g 0.00 0 .00 0 .00 0.00 - 0.00 0.00 0.00 0.00 -

N a 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C l 0.00 0 .00 0 .0Ô 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 0.00 0 .00 13.98 4.66 - 0.00 0.00 31.52 10.51 -

T able E-196 Experiment 6 % wt o f Element and % Atomic o f No. 8 (1425°c, 20 
min, mole ratio C/Fe = 1.53/1, Limestone/AhCE+SiCF = 1.76) 2nd 
specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 5.67 11.31 14.02 10.33 4.26 14.26 28.63 34 .26 25.72 10.31
0 20.21 13.32 10.57 14.70 4.97 38.17 25.31 20.17 27 .88 9.27
A l 1.77 1.20 1.38 1.45 0.29 1.98 1.36 1.53 1.62 0.32
S i 3.30 2.73 2.42 2.82 0.45 3.55 2 .9 6 2.55 3.02 0.51
K 0 .00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

F e 48 .76 56 .19 57.86 54.27 4.84 26.38 30 .59 31 .79 29 .59 2.84
Z r 0.00 1.31 1.33 0.88 0.76 0.00 0 .44 0.44 0.29 0.25

M n 0.00 0 .00 0.43 0.14 0.25 0.00 0 .00 0.24 0.08 0.14
C a 17.31 13.14 10.86 13.77 3.27 13.05 9 .97 7.98 10.33 2.56
T i 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

A u 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C u 0.42 0 .00 0.11 0.18 0.22 0.20 0 .00 0.05 0.08 0.10
P 0.41 0 .00 0.00 0.14 0.24 0.40 0 .00 0.00 0.13 0.23
ร 2.15 0.79 1.04 1.33 0.72 2.02 0.75 0.97 1.25 0.68

M g 0 .00 0.00 0.14 0.05 0.08 0.00 0 .00 0.16 0.05 0.09
N a 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C l 0 .00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -
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Table E-197 Experiment 6 % 
min, mole ratio

wt o f Element and % Atomic o f No. 8 (1425°c, 20 
C/Fe = 1.53/1, Limestone/Al20 3+Si0 2  = 1.76) 3rd

specimen

E le m e n t %  E l e m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 18.70 9.33 0 .00 9.34 9.35 42.83 25 .68 0 .00 22.84 21.56

0 9.63 11.51 11.46 10.87 1.07 16.55 23 .79 26.21 22.18 5.03
A 1 1.59 1.17 19.41 7.39 10.41 1.62 1.44 33.34 12.13 18.37
S i 3.03 1.80 2.56 2.46 0.62 2 .9 7 - 2.12 2.61 2.57 0.43
K 0.00 0.00 0 .90 0.30 0.52 0.00 0 .00 0.77 0.26 0.44
F e 49.63 66 .09 45.83 53.85 10.77 24.45 39.13 22 .55 28.71 9.07
Z r 1.44 1.22 0.00 0.89 0.78 0 .4 3  ■ 0.44 0 .00 0.29 0.25

M n 0.38 0.47 0 .00 0.28 0.25 0.19 0.28 0 .00 0.16 0.14
C a 14.13 7.58 16.24 12.65 4.52 9.70 6.25 11.13 9.03 2.51
T i 0.00 0.00 0.29 0.10 0.17 0.00 0 .00 0 .17 0.06 0.10

A u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C u 0.11 0.00 0 .00 0.04 0.06 0.05  - - 0 .0 0 0 .00 0.02 0.03
p 0.00 0.00 0.00 0.00 0.00 0.00 0 .00 0 .00 0.00 0.00
ร 1.23 0.84 3.30 1.79 1.32 1.06 0.87 3.23 1.72 1.31

. - - M g 0.14 0.00 0.00 0.05 0.08 0.16 0.00 0 .00 0.05 0.09
N a 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

C l 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 . 100.00 100.00 100.00 -

Table E-198 Experiment 6 % พt o f  Element and % Atomic o f No. 9 (1425°c, 20 
min, mole ratio C/Fe = 1.53/1, Limestone/Al2C>3+Si02 = 2.26) 1st 
specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 25.43 3.04 11.81 13.43 11.28 49.54 10.08 30 .02 29.88 19.73
0 13.72 9.38 10.70 11.27 2.22 20.07 23.31 20.43 21 .27 1.78
A l 1.14 1.47 1.75 1.45 0.31 0.99 2.17 1.98 1.71 0.63
S i 3.10 1.49 2 .99 2.53 0.90 2.59 2.11 3.25 2.65 0.57
K 0.18 0.00 0.14 0.11 0.09 0.11 0.00 o i l 0.07 0.06
F e 37.07 78.20 53.35 56.21 20.71 15.53 55.67 29 .1 7 33.46 20.41
Z r 0.98 0.00 0.00 0.33 0.57 0.25 0.00 0 .00 0.08 0.14

M n 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

C a 16.00 5.36 16.64 12.67 6.34 9.34 5.31 12.68 9.11 3.69
T i 0.47 0.00 0 .50 0.32 0.28 0.23 0 .00 0.32 0.18 0.17

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C u 0.20 0.00 0.00 0.07 - 0.07 0.00 0.00 0.02 -

P 0 .00 0.72 0.49 0.40 0.37 0.00 0.92 0.48 0.47 0.46
ร 1.60 0.34 1.63 1.19 0.74 1.16 0.42 1.56 1.05 0.58

M g 0.11 0.00 0.00 0.04 0.06 0.11 0.00 0 .00 0.04 0.06
N a 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -
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Table E-199 Experiment 6 % wt o f Element and % Atomic o f No. 9
min, mole ratio C/Fe = 1.53/1, Limestone/Al20 3+Si0 2

(1425°c, 20 
= 2.26) 2nd

specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 10.27 19.66 7.55 12.49 6.35 27.48 40 .00 18.79 28 .76  •' . 10.66

0 10.39 16.18 16.73 14.43 3.51 20 .87 24.71 31.25 25.61 . 5.25
A 1 1.32 1.81 1.91 1.68 0.32 1.58 1.64 2.12 1.78 ' 0.30
S i 2.56 3.60 3.27 3.14 0.53 2.93 3.13 3.48 3.18  - 0.28
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

F e 61.27 31.87 41.05 44.73 15.04 35 .26 13.95 21 .97 23.73 - 10.76
Z r 0.00 0.90 1.29 0.73 0.66 0 .00 0.24 0.42 0.22 - 0.21

M n 0.00 0.00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

C a 11.82 22 .59 23.57 19.33 6.52 9.48 13.77 17.58 13.61 . . 4.05
T i 0.20 0.29 0.00 0.16 0.15 0.14 0.15 0 .00 0.10 ■ 0.08

A u 0.00 0.00 0.00 0.00 - 0 .00 0.00 0 .00 0 .00  - -

C u 0.00 0.00 0.00 0.00 - 0 .00 0.00 0 .00 0.00 '

p 0.71 0.00 0.00 0.24 0.41 0.74 0.00 0 .00 0.25 0.43
ร 1.21 2.94 4.42 2.86 1.61 1.22 2.24 4.12 2.53 1.47

M g 0.24 0.17 0.22 0.21 0.04 0.31 0.17 0 .27 0.25 0.07
N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0 .00  ." -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

Table E-200 Experiment 6 % 
min, mole ratio 
specimen

พt o f Element and % Atomic o f No. 9 (1425°c, 20 
C/Fe = 1.53/1, Limestone/Al20 3+Si0 2  = 2.26) 3rd

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 35.02 16.86 2.72 18.20 16.19 59.02 36 .34 9.13 34.83 24.98
0 14.06 16.51 8.02 12.86 4.37 17.80 26.71 20.21 21 .57 4.61

A l 1.43 1.22 1.02 1.22 0.21 1.07 1.17 1.53 1.26 0.24
S i 3.02 3.05 1.75 2.61 0.74 2.18 2.81 2.51 2.50 0.32
K 0.20 0.00 0.00 0.07 0.12 0.11 0.00 0 .00 0.04 0.06
F e 24.68 39.81 74.09 46 .19 25.32 8.95 18.45 53.49 26 .96 23.46
Z r 0.71 1.16 0.00 0.62 0.58 0 .16 0.33 0 .00 0.16 0.17

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0 .00 -

C a 19.16 18.56 9.98 15.90 5.14 9.68 11.99 10.04 10.57 1.24
T i 0.18 0.35 0.00 0.18 0.18 0.08 0.19 0.00 0.09 0.10

A u 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C u 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

P 0.00 0.00 0.95 0.32 0.55 0 .00 0.00 1.23 0.41 0.71
ร 1.53 2.37 1.48 1.79 0.50 0 .96 1.91 1.87 1.58 0.54

M g 0.00 0.11 0.00 0.04 0.06 0 .00 0.12 0.00 0.04 0.07
N a 0.00 0.00 0.00 0.00 - 0 .00 0.00 0 .00 0.00 -
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C l 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

T able E-201 Experiment 6 % wt o f Element and % Atomic o f No. 1 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1, Limestone/Al20 3+Si0 2  = 0.50) 1st 
specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -O 42.60 40 .89 41.31 41.60 0.89 59.88 58.62 59.11 59.20 0.64

A l 11.81 10.27 10.12 10.73 0.94 9.84 8.73 8.58 9.05 0.69
S i 19.69 20.41 20 .36 20.15 0.40 15.77 16.67 16.59 16.34 0.50
K 1.41 1.62 1.49 1.51 0.11 0.81 0.95 0.87 0.88 0.07
F e 2.61 3.86 3.62 3.36 0.66 1.05 1.58 1.48 1.37 0.28
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C a 20.28 21 .48 21 .86 21.21 0.82 11.38 12.30 12.49 12.06 0.59
T i 0.41 0.58 0.65 0.55 0.12 0.19 0.28 0.31 0.26 0.06

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

P 0.00 0.00 0 .00 0.00 0.00 0.00 0.00 0.00 -ร 0.24 0 .00 0.00 0.08 0.14 0.17 0.00 0 .00 0.06 0.10
M g 0.57 0.50 0.60 0.56 0.05 0.53 0.47 0 .56 0.52 0.05
N a 0.39 0.40 0.00 0.26 0.23 0.38 0.40 0 .00 0.26 0.23
C l 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

T able E-202 Experiment 6 % wt o f Element and % Atomic o f No. 1 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1, Limestone/Al20 3 +Si0 2  = 0.50) 2nd 
specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

0 42.17 41.01 40.57 41.25 0.83 60 .06 58.65 58.51 59.07 0.86
A l 9.68 9.59 9.54 9.60 0.07 8.17 8.13 8.16 8.15 0.02
S i 20.13 21 .00 20 .30 20.48 0.46 16.33 17.11 16.67 16.70 0.39
K 1.46 1.49 1.42 1.46 0.04 0.85 0.87 0 .84 0.85 0.02
F e 2.70 3.07 4.88 3.55 1.17 1.10 1.26 2.02 1.46 0.49
Z r 1.23 0.00 0.00 0.41 0.71 0.31 0.00 0 .00 0.10 0.18

M n 0.47 0.00 0.00 0.16 0.27 0.19 0 .00 0 .00 0.06 0.11
C a 20.47 22 .07 21.33 21.29 0.80 11.64 12.60 12.28 12.17 0.49
T i 0.43 0.51 0.52 0.49 0.05 0.20 0.24 0.25 0.23 0.03

A u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

P 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

ร 0.27 0.25 0.45 0.32 0.11 0.19 0.18 0.32 0.23 0.08
M g 0.66 0.57 0.60 0.61 0.05 0.62 0.54 0.57 0.58 0.04
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N a 0.34 0.42 0 .39 0.38 0.04 0.33 0.42 0 .39 0.38 0.05
C l 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

T able E-203 Experiment 6 % wt o f Element and % Atomic o f No. 1 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1, Limestone/Al20 3+Si0 2  = 0.50) 3rd 
specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 2.53 0.00 0.00 0.84 1.46 4.47 0.00 0.00 1.49 2.58

O 47 .09 35.22 37 .89 40.07 6.23 62.45 53.33 56 .16 57.31 4.67
A l 8.61 9.10 9 .00 8.90 0.26 6.77 8.18 7.91 7.62 0.75
S i 18.58 20 .20 19.53 19.44 0.81 14.04 17.42 16.49 15.98 1.75
K 1.20 1.73 1.69 1.54 0.30 0.65 1.07 1.02 0.91 0.23

F e 2.37 4.15 3.97 3.50 0.98 0.90 1.80 1.69 1.46 0.49
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

M n 0.32 0.00 0.55 0.29 0.28 0.12 0.00 0.24 0.12 0.12
C a 17.50 27.87 25.85 23.74 5.50 9.27 16.84 15.29 13.80 4.00
T i 0.45 0.66 0.63 0.58 0.11 0.20 0.33 0.31 0.28 0.07

A u 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C u 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

P 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

ร 0.28 0.26 0 .00 0.18 0.16 0.19 0.20 0 .00 0.13 0.11
M g 0.55 0.52 0.51 0.53 0.02 0.48 0.52 0 .50 0.50 0.02
N a 0.52 0.29 0.39 0.40 0.12 0.48 0.31 0 .40 0.40 0.09
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

T able E-204 Experiment 6 % wt o f Element and % Atomic o f No. 2  Slag ( 1 4 2 5 ° c , 

20 min, mole ratio C/Fe = 1 . 5 3 / 1 , Limestone/Al20 3+Si0 2  = 0.60) 1 st  

specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 5.95 6.98 8.70 7.21 1.39 10.09 11.84 14.52 12.15 2.23
O 47.04 45 .66 45.41 46.04 0.88 59.87 58.12 56 .88 58.29 1.50
A l 8.20 8.06 7.79 8.02 0.21 6.19 6.08 5.78 6.02 0.21
S i 17.70 17.67 17.07 17.48 0.36 12.83 12.81 12.18 12.61 0.37
K 1.11 1.08 1.15 1.11 0.04 0.58 0.56 0 .59 0 5 8 0.02
F e 0.84 1.20 1.29 1.11 0.24 0.30 0.44 0.46 0.40 0.09
Z r 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C a 17.38 18.11 17.34 17.61 0.43 8.83 9.20 8.67 8.90 0.27
T i 0.35 0.31 0.33 0.33 0.02 0.15 0.13 0.14 0.14 0.01

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

P 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

ร 0.32 0.00 0 .00 0.11 0.18 0.20 0.00 0 .00 0.07 0.12
M g 0.67 0.49 0.53 0.56 0.09 0.57 0.41 0.44 0.47 0.09
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N a 0.43 0 .46 0.39 0.43 0.04 0.38 0.40 0.34 0.37 0.03
C l 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

T able E-205 Experiment 6 % wt o f Element and % Atomic o f No. 2 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1, Limestone/Al20 3 +Si0 2 = 0.60) 2nd 
specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S Dc 0.00 0 .00 15.63 5.21 9.02 0.00 0.00 24 .17 8.06 13.95

O 50.92 44 .87 45.92 47.24 3.23 67 .17 62.25 53.33 60.92 7.02
A l 8.84 10.48 7.25  ' 8.86 1.62 6.91 8.62 4.99 6.84 1.82
S i 19.51 18.90 15.16 17.86 2.36 14.66 14.93 10.03 13.21 2.75
K 1.07 1.32 0.85 1.08 0.24 0.58 0.75 0.40 0.58 0.18
F e 1.05 1.38 0.80 1.08 0.29 0.40 0.55 0.26 0.40 0.15
Z r 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 17.27 22.03 13.91 17.74 4.08 9.09 12.20 6.45 9.25 2.88
T i 0.00 0.52 0.00 0.17 0.30 0.00 0.24 0.00 0.08 0.14

A u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

P 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

ร 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M g 0.65 0 .50 0.49 0.55 0.09 0.57 0.46 0.37 0.47 0.10
N a 0.68 0.00 0.00 0.23 0.39 0.63 0.00 0.00 0.21 0.36
C l 0.00 0 .00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

Table E-206 Experiment 6 % wt o f Element and % Atomic o f No. 2 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1, Limestone/Al20 3+Si02 = 0.60) 3rd 
specimen

E le m e n t %  E le m e n t %  A t o m i c
1 1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0.00 0 .00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

0 42 .08 40 .75 39.24 40 .69 1.42 59 .76 58.55 57.44 58.58 1.16
A l 8.95 8.98 9.06 9.00 0.06 7.53 7.65 7.86 7.68 0.17
S i 20 .57 20 .4 9 19.56 20.21 0.56 16.64 16.77 16.31 16.57 0.24
K 1.44 1.59 1.70 1.58 0.13 0.84 0.94 1.02 0.93 0.09
F e 1.85 1.53 2.56 1.98 0.53 0.75 0.63 1.07 0.82 0.23
Z r 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 24 .47 26 .17 27.88 26.17 1.71 13.87 15.01 16.29 15.06 1.21
T i 0.00 0.00 0.00 0.00 - 0 .00 0.00 0.00 0.00 -

A u 0 .00  0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

P 0 .00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

ร 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M g 0 .64  1 0.48 0.00 0.37 0.33 0.60 0.46 0.00 0.35 0.31
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N a 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C l 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100 00 -

T able E-207 Experiment 6 % wt o f Element and % Atomic o f No. 3 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1, Limestone/AECE+SiCE = 0.70) 1st 
specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

0 39.72 36 .86 41.38 39.32 2.29 57.85 - 55.48 59 .50 57.61 2.02
A l 8.42 7.98 8.87 8.42 0.45 7.27 7.12 7.56 7.32 0.22
S i 19.14 18.47 19.27 18.96 0.43 15.88 15.83 15.78 15.83 0.05
K 1.55 1.71 1.69 1.65 0.09 0.92 1.05 0 .99 0.99 0.07

F e 1.65 3.03 2.23 2.30 0.69 0.69 1.31 0.92 0.97 0.31
Z r 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

M n 0.00 0.00 0.00 0 .00  , - 0.00 0 .00 0 .00 0.00 -

C a 28 .90 31.95 26.56 29.14 2.70 16.80 19.20 15.24 17.08 1.99
T i 0.00 0 .00 0.00 0.00 - 0.00 0 .0 0 0.00 0.00 -

A u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

P 0.00 0.00 0.00 0  00 - 0.00 0 .0 0 0.00 0.00 -

ร 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

M g 0.60 0.00 0.00 0.20 0.35 0.58 0 .00 0.00 0.19 0.33
N a 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 99 .99 -

Table E-208 Experiment 6 % wt o f Element and % Atomic o f No. 3 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1, Limestone/AECE+SiCE = 0.70) 2nd 
specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 6.28 0 .00 0.00 2.09 3.63 10.96 0 .00 0.00 3 6 5 6.33
0 43.93 47 .36 41.32 44 .20 3.03 57.55 65.11 59.38 60.68 3.94
A l 7.22 8.38 8.00 7.87 0 .59 5.60 6.83 6.81 6.41 0.70
S i 16.52 18.07 19.22 17.94 1.35 12.33 14.16 15.73 14.07 1.70
K 1.17 1.10 1.45 1.24 0.19 0.62 0.62 0.85 0.70 0.13
F e 1.56 1.09 1.39 1.35 0.24 0.59 0.43 0.57 0.53 0.09
Z r 0.00 1.69 0.00 0.56 0.98 0.00 0.41 0 .00 0.14 0.24

M n 0.00 0.00 0.00 0.00 - 0.00 0 .0 0 0 .00 0.00 -

C a 22.27 21.75 28.01 24.01 3.47 11.65 11.94 16.07 13.22 2.47
T i 0.47 0 .00 0.00 0.16 0.27 0.21 0 .0 0 0.00 0.07 0.12

A u 0.00 0.00 0.00 0.00 - 0.00 0 .0 0 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0 .0 0 0.00 0.00 -

P 0.00 0.00 0.00 0.00 - 0.00 0 .0 0 0.00 0.00 -

ร 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

M g 0.58 0.56 0.61 0.58 0.03 0.50 0.51 0.58 0.53 0.04
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N a 0 .00 0.00 0.00 0.00 - 0 .00 0 .00 0 .00 0.00 -

C l 0 .00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100 .0 0 . -

Table E-209 Experiment 6 % wt o f Element and % Atomic o f No. 3 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1, Limestone/Al20 3 +Si0 2  = 0.70) 3rd 
specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0 .00 0.00 0 .00 0.00 - 0 .00 0.00 0.00 0.00 -

0 39 .66 43.53 38 .22 40.47 2.75 57.79 61.45 56.92 58.72 2.40
A l 8,75 8.89 8.00 8.55 0.48 7.56 7.44 7.07 7.36 0 .2 6
S i 18.98 19.01 17.75 18.58 0.72 15.75 15.28 15.06 15.36 0.35
K 1.25 1.33 1.64 1.41 0.21 0.75 0.77 1.00 0.84 0.14

F e 2.24 1.80 2.48 2.17 0.34 0.93 0.73 1.06 0.91 0.17
Z r 0 .00 0.00 0 .00 0.00 - 0 .00 0.00 0 .00 0.00 -

M n 0 .00 0.00 0 .00 0.00 - 0 .00 0.00 0 .00 0.00 -

C a 28.42 25 .44 31.14 28.33 2.85 16.53 14.34 18.51 16.46 2 .0 9
T i 0 .00 0.00 0.75 0.25 0.43 0.00 0.00 0.37 0.12 0.21

A u 0 .00 . 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

P 0 .00 0.00 0.00 0.00 - 0 .00 0.00 0 .00 0 0 0 -

ร 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M g 0.71 0.00 0.00 0.24 0.41 0.68 0.00 0.00 0.23 0.39
N a 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C l 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0 0 0 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 . -

Table E-210 Experiment 6 % wt o f Element and % Atomic o f No. 4 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1, Limestone/Al20 3+Si0 2  = 0.75) 1st 
specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

0 28 .06 38.54 29 .86 32.15 5.60 45.87 57 .06 47.93 50.29 5.96
A l 7 .60 7.40 7.75 7.58 0.18 7.36 6.49 7.38 7.08 0.51
S i 18.03 17.29 18.20 17.84 0.48 16.79 14.59 16.64 16.01 1.23
K 1.63 1.30 1.61 1.51 0.19 1.09 0.78 1.06 0.98 0.17
F e 2.56 1.39 2.53 2.16 0.67 1.20 0.59 1.16 0.98 0.34
Z r 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

M n 0 .59 0.00 0.00 0.20 0.34 0.28 0.00 0.00 0 0 9 0.16
C a 39 .80 32.22 38.43 36.82 4.04 25.97 19.04 24.63 23.21 3.68
T i 0.62 0.60 0.78 0.67 0  10 0.34 0.29 0.42 0 3 5 0.07
A u 0.00 0.00 0 .00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

P 0.00 0.00 0.00 0.00 - 0 .00 0.00 0 .00 0.00 -

ร 0.44 0.44 0.42 0.43 0.01 0 .36 0.33 0.33 0 3 4 0.02
M g 0.41 0.51 0.43 0.45 0.05 0.45 0.50 0.45 0.47 0.03
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N a 0.25 0.31 0.00 0.19 0.16 0.28 0.32 0 .00 0.20 0.17
C l 0.00 0 .00 0 .00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

Table E-211 Experiment 6 % wt o f Element and % Atomic o f No. 4 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1, Limestone/Al20 3+SiC>2 = 0.75) 2nd 
specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e  - S D 1 2 3 a v e r a g e S Dc 0.00 0 .00 0 .00 0.00 - 0.00 0 .00 0.00 0.00 -

O 37.93 38 .24 40 .14 38.77 . 1.20 56.03 56.34 58 .17 56.85 1.16
A l 8.50 8.29 8.37 8.39  . 0.11 7.45 7.25 7.19 7.30 0.14
S i 19.01 18.81 18.72 18.85 0.15 16.00 15.79 15.45 15.75 0.28
K 1.00 1.04 1.06 1.03 0.03 0.61 0.62 0.63 0.62 0.01

F e 0.96 0.82 0.87 0.88 0.07 0.41 0.35 0 .36 0.37 0.03
Z r 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

M n 0.32 0.00 0.00 0.11 0.18 0.14 0.00 0 .00 0.05 0.08
C a 30.37 30 .84 28 .96 30 .06 0.98 17.91 18.14 16.75 17.60 0.75
T i 0.53 0.51 0.52 0.52  . 0.01 0.26 0.25 0.25 0.25 0.01

A u 0.00 0 .00 0.00 0.00 0.00 0 .00 0 .00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

P 0.00 0.00 0.00 0.00  . - 0.00 0.00 0 .00 0.00 -ร 0.60 0.63 0.52 0.58 0.06 0.45 0.46 0.38 0.43 0.04
M g 0.54 0.53 0.56 0.54  - ' 0.02 0.53 0.51 0.53 0.52 0.01
N a 0.23 0.29 0.29 0.27  ' 0.03 0.23 0.29 0.29 0.27 0.03
C l 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

Table E-212 Experiment 6 % wt o f Element and % Atomic o f No. 4 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1, Limestone/AECE+SiCE = 0.75) 3rd 
specimen

E l e m e n t %  E l e m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

0 33.21 34.77 34.83 34.27 0.92 51.70 53.08 53 .17 52.65 0.82
A l 7.64 7.95 7.85 7.81 0.16 7.05 7.20 7.11 7.12 0.08
S i 17.62 18.49 18.28 18.13 0.45 15.63 16.08 15.89 15.87 0.23
K 1.47 1.53 1.39 1.46 0.07 0.94 0.96 0.87 0.92 0.05
F e 2.59 2 .07 2.01 2.22 0.32 1.15 0.91 0.88 0.98 0.15
Z r 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

M n 0.47 0 .00 0.00 0.16 0.27 0.22 0 .00 0 .00 0.07 0.13
C a 35.15 33.28 33 .86 34 .10 0.96 21.84 20.28 20.63 20.92 0.82
T i 0.65 0.64 0.50 0.60 0.08 0.34 0.32 0.26 0.31 0.04
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

P 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

ร 0.43 0.48 0.45 0.45 0.03 0.34 0.36 0.34 0.35 0.01
M g 0.47 0.53 0.54 0.51 0.04 0.49 0.53 0.54 0.52 0.03
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N a 0.29 0.27 0.30 0.29 0.02 0.31 0.28 0.31 0 .30 0.02
C l 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0 .00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

Table E-213 Experiment 6 % wt o f Element and % Atomic o f No. 5 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1, Limestone/Al20 3+Si0 2  = 0.89) 1st 
specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 - -3 a v e r a g e S Dc 2.69 22 .04 0.00 8.24 12.02 5.18 34 .96 0.00 13.38 18.87

O 28.09 34 .76 28.85 30.57 3.65 44 .96 41 .39 46 .84 44 .40 2.77
A l 6.23 5.48 6.92 6.21 0.72 5.96 3.87 . 6.68 5.50 1.46
S i 14.13 11.22 16.48 13.94 2.63 13.05 7.61 15.29 11.98 3.95
K 0.90 0.82 1.20 0.97 0.20 0.63 0.40 0.80 0.61 0.20

F e 3.16 3.23 1.23 2.54 1.14 1.44 1.10 0.58 1.04 0.43
Z r 0.98 0 .00 0.00 0.33 0.57 0.29 0.00 0-00 0.10 0.17

M n 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C a 42.38 22 .46 43 .86 36.24 11.95 27.41 10.67 28 .68 22.25 10.05
T i 0.76 0 .00 0.64 0.46 0.41 0.40 0.00 0:35 0.25 0.22

A u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

P 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

ร 0.22 0.00 0.42 0.21 0.21 0.19 0.00 0:34 0.18 0.17
M g 0.46 0.00 0.40 0.29 0.25 0.48 0.00 0 .43 0.30 0.27
N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

Table E-214 Experiment 6 % wt o f Element and % Atomic o f No. 5 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1, Limestone/AECE+SiCE = 0.89) 2nd 
specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 8.77 0.00 0.00 2.92 5.06 14.84 0.00 0.00 4.95 8.57
0 44.13 50.93 48.93 48 .00 3.49 56.08 67 .90 66 .20 63 .39 6.39
A l 6.80 7.66 7.80 7.42 0.54 5.12 6.05 6.25 5.81 0.60
S i 15.55 17.03 17.36 16.65 0.96 11.26 12.94 13.38 12.53 1.12
K 0.53 0.55 0.60 0.56 0.04 0.28 0.30 0.33 0 .30 0.03
F e 0.68 0.63 0.62 0.64 0.03 0.25 0.24 0.24 0.24 0.01
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 21.99 21 .87 23.66 22.51 1.00 11.16 11.64 12.78 11.86 0.83
T i 0.44 0.32 0.00 0.25 0.23 0.19 0.14 0.00 0.11 0.10

A u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

P 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

ร 0.44 0.44 0.47 0.45 0.02 0.28 0 .29 0.32 0.30 0.02
M g 0.67 0.57 0.56 0.60 0.06 0.56 0.50 0.50 0.52 0.03
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N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

Table E-215 Experiment 6 % wt o f Element and % Atomic o f No. 5 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1, Limestone/Al20 3+Si0 2  = 0.89) 3rd 
specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

0 31.91 35.13 42 .30 36.45 5.32 50.16 54 .40 60 .38 54.98 5.13
A l 7.59 6.87 7.93 7.46 0.54 7.07 6.31 6.71 6.70 0.38
S i 17.71 15.12 18.18 17.00 1.65 15.85 13.34 14.79 14.66 1.26
K 1.22 1.15 0.87 1.08 0.19 0.78 0.73 0.51 0.67 0.14
F e 1.32 3.30 1.03 1.88 1.23 0.60 1.46 0.42 0.83 0.56
Z r 0.00 0.00 0.00 0.00 - 0.00 0 .00 0 .00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0 .00 0 .00 0 .00 0.00 -

C a 38 .70 38.42 28 .59 35.24 5.76 24.28 23.75 16.29 21.44 4.47
T i 0.53 0.00 0.00 0.18 0.31 0.28 0.00 0 .00 0.09 0.16

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

P 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

ร 0 .40 0.00 0.54 0.31 0.28 0.32 0 .00 0 .39 0.24 0.21
M g 0.46 0.00 0.55 0.34 0.30 0.48 0 .00 0.51 0.33 0.29
N a 0.15 0.00 0.00 0.05 0.09 0.17 0 .00 0 .00 0.06 0.10
C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

Table E-216 Experiment 6 % wt o f Element and % Atomic o f No. 6 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1, Limestone/Al20 3+Si0 2  = 1.00) 1st 
specimen

E le m e n t %  E le m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

0 41.32 40.35 40.35 40.67 0.56 60 .06 58.68 58 .68 59.14 0.80
A l 7.71 7.56 7.56 7.61 0.09 6.64 6.52 6.52 6.56 0.07
S i 15.34 17.12 17.12 16.53 1.03 12.70 14.18 14.18 13.69 0.85
K 0.61 0.64 0.64 0.63 0.02 0.37 0.38 0.38 0.38 0.01
F e 0.93 0.00 0.00 0.31 0.54 0.39 0 .00 0 .00 0.13 0.23
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C a 32.80 33.08 33 .08 32.99 - 19.04 19.20 19.20 19.15 -

T i 0.54 0.00 0.00 0.18 0.31 0.26 0.00 0.00 0.09 0.15
A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

P 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

ร 0.74 0.69 0.69 0.71 0.03 0.54 0.50 0.50 0.51 0.02
M g 0.00 0.56 0.56 0.37 0.32 0.00 0.53 0.53 0.35 0.31
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N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -
C l 0 .00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

T able E-217 Experiment 6 % wt o f Element and % Atomic o f No. 6 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1, Limestone/Al20 3 +Si0 2  = 1.00) 2nd 
specimen

E l e m e n t %  E l e m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0.00 9.96 0.00 3.32 5.75 0.00 16.84 0 .00 5.61 9.72
0 47.43 42.64 47 .18 45.75 2.70 65.12 54.11 64 .85 61 .36 6.28
A l 7.46 6.79 7.56 7.27 0.42 6.07 5.11 6.16 5.78 0.58
S i 16.65 14.92 17.00 16.19 1.11 13.02 10.79 13.31 12.37 1.38
K. 0.63 0.72 0.73 0.69 0.06 0.36 0.37 0.41 0.38 0.03
F e 0.57 0.72 0.54 0.61 0.10 0.22 0.26 0.21 0.23 0.03

- Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C a 25 .59 23.25 25.98 24.94 1.48 14.02 11.78 14.25 13.35 1.36
T i 0.45 0.00 0.00 0.15 0.26 0.20 0.00 0 .00 0.07 0.12

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

P 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

ร 0.58 0.47 0.54 0.53 0.06 0.40 0.29 0.37 0.35 0.06
M g 0.65 0.53 0.48 0.55 0.09 0.58 0.44 0.43 0.48 0.08
N a 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

Table E-218 Experiment 6 % wt o f Element and % Atomic o f No. 6 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1, Limestone/AECE+SiCE = 1.00) 3rd 
specimen

E l e m e n t %  E l e m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0.00 0.00 1.66 0.55 0.96 0.00 0.00 2.81 0.94 1.62
O 45.03 45.64 43.21 44.63 1.26 63 .49 63.48 60 .25 62.41 1.87

A l 7.12 7.36 7.44 7.31 0.17 5.95 6.07 6.17 6.06 0.11
S i 16.18 17.40 16.36 16.65 0.66 12.99 13.78 13.03 13.27 0.45
K 0.68 0.72 0.66 0.69 0.03 0.39 0.41 0.38 0.39 0.02

F e 0.52 0.72 0.46 0.57 0.14 0.21 0.29 0.18 0.23 0.06
Z r 1.39 0.00 0.00 0.46 0.80 0.34 0.00 0 .00 0.11 0.20

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -
C a 27 .56 26.91 28 .96 27.81 1.05 15.51 14.94 16.25 15.57 0.66
T i 0 .39 0.00 0.17 0.19 0.20 0.18 0.00 0.08 0.09 0.09

A u 0 .00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -
C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

P 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -
ร 0.51 0.59 0.62 0.57 0.06 0.36 0.41 0.43 0.40 0.04

M g 0.62 0.66 0.46 0.58 0.10 0.58 0.61 0.42 0.54 0.10
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N a 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C l 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

T able E-219 Experiment 6 % พ t o f Element and % Atomic o f No. 7 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1, Limestone/Al203+SiC>2 = 1.26) 1st 
specimen

E l e m e n t %  E l e m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e ร อ

C 5.73 0 .00 0.00 1.91 3.31 11.87 0.00 0.00 3.96 6.85
0 27.05 37 .56 34.65 33.09 5.43 42 .09 56.81 54.25 51.05 7.86
A l 5.48 6.52 5.83 5.94 0.53 5.05 5.85 5.41 5.44 0.40
S i 13.38 15.14 13.81 14.11 0.92 11.86 13.05 12.31 12.41 0.60
K 0.56 0.61 0.59 0.59 0.03 0.36 0.38 0.38 0.37 0.01
F e 3.28 2.74 3.47 3.16 0.38 1.46 1.19 1.56 1.40 0.19
Z r 1.18 0 .00 0.00 0.39 0.68 0.32 0.00 0.00 0.11 0.18

M n 0.63 0.42 0.55 0.53 0.11 0.29 0.19 0.25 0.24 0.05
C a 41.61 35 .78 39.82 39.07 2.99 25.85 21.60 24.88 24.11 2.23
T i 0.46 0.41 0.53 0.47 0.06 0.24 0.21 0.28 0.24 0.04

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 - -
P 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

ร 0.28 0.31 0.39 0.33 0.06 0.22 0.23 0 .30 0.25 0.04
M g 0.39 0.51 0.37 0.42 0.08 0.40 0.51 0.38 0.43 0.07
N a 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

T able E-220 Experiment 6 % wt o f Element and % Atomic o f No. 7 Slag (1425°c, 
20 min, mole ratio C/Fe = 1.53/1, Limestone/Al20 3 +Si0 2  = 1.26) 2nd 
specimen

E l e m e n t %  E l e m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

O 30.44 30.44 28 .74 29.87 0.98 49 .09 49 .09 47.21 48 .46 1.09
A l 6.34 6.34 6.14 6.27 0.12 6.06 6.06 5.98 6.03 0.05
S i 15.30 15.30 14.78 15.13 0.30 14.06 14.06 13.83 13.98 0.13
K 0.54 0.54 0.62 0.57 0.05 0.36 0 .36 0.42 0.38 0.03

F e 1.63 1.63 1.41 1.56 0.13 0.75 0.75 0.66 0.72 0.05
Z r 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

M n 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -
C a 44.22 44 .22 46.65 45.03 1.40 28 .46 28 .46 30.59 29.17 1.23
T i 0.47 0.47 0.58 0.51 0.06 0.26 0.26 0.32 0.28 0.03

A u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -
C u 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

P 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -
ร 0.61 0.61 0.64 0.62 0.02 0.49 0.49 0.53 0.50 0.02

M g 0.45 0.45 0.43 0.44 0.01 0.48 0.48 0.47 0.48 0.01



225

N a 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C l 0.00 0.00 0 .00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -

T able E-221 Experiment 6 % wt 
20 min, mole ratio

o f Element and % Atomic o f No. 7 Slag 
C/Fe = 1.53/1, Limestone/Al20 3+Si0 2 =

(1425°c, 
1.26) 3rd

specimen

E l e m e n t %  E l e m e n t %  A t o m i c
1 2 3 a v e r a g e S D 1 2 3 a v e r a g e S D

C 0.00 0.00 0.00 0.00 0.00 0 .00 0 .00 0.00 -
0 28.44 40.95 35.82 35.07 6 .29 47 .56 60.03 55 .17 54.25 6.29

A l 5.45 6.28 5.88 5.87 0.42 5.40 5.46 5.37 5.41 0.05
S i 13.56 14.48 14.05 14.03 0.46 12.92 12.09 12.32 12.44 0.43
K 1.24 0.50 0.65 0.80 0.39 0.85 0.30 0.41 0.52 0.29
F e 6.35 1.40 1.89 3.21 2.73 3.04 0.59 0.83 1.49 1.35
Z r 0.00 0.00 0.00 0.00 •- 0.00 0 .00 0 .00 0.00 -

M n 0.48 0.00 0.00 0.16 0.28 0.23 0 .00 0 .00 0.08 0.13
C a 42 .47 34.65 40 .06 39.06 4.00 28.35 20 .28 24.63 24.42 4.04
T i 0.50 0.59 0.51 0.53 0.05 0.28 0.29 0 .26 0.28 0.02
A u 0.00 0 .00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C u 0.00 0 .00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

P 0.00 0 .00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

ร 1.10 0.65 0.62 0.79 0.27 0.92 0.48 0.48 0.63 0.25
M r 0.41 0.51 0.51 0.48 0.06 0.45 0.49 0.52 0.49 0.04
N a 0.00 0.00 0.00 0.00 - 0.00 0 .00 0.00 0.00 -

C l 0.00 0.00 0.00 0.00 - 0.00 0.00 0 .00 0.00 -

T o t a l 100.00 100.00 100.00 100.00 - 100.00 100.00 100.00 100.00 -
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E.2 X -Ray D iffraction  S pectrom eter (XRD)

The sample was characterized for its structures by XRD (Rigaku D/max; model 
2000), (Philips; model PW3719 and software X ’Pert APD) .The specimens were 
placed on the glass slide, clamped on the sample holder, and then exposed to X-ray. 
The anode tube o f X-ray was Copper K-alpha. The measurement voltage and current 
were 40 k v  and 30 mA, respectively. The measurement angle (20) was from 5 
degree to 90 degree with a scanning speed o f 5 degree/min under the wide angle 
mode. One sample was divided into 3 specimens for each measurement. Each 

. specimen was chosen randomly from the whole o f the sample.

E.2.1 XK-01

Qua 3 i tat 1 ve ana lysis (ver- î f icat À on)

F igure E - l l  XRD spectrum o f XK-01 1st specimen.
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Qualitative analysis (Verification.)
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r\ 1 o n dFigure E-12 XRD spectrum o f XK-01 2nd specimen.
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Qualitative analysis(Verification)
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Figure E-13 XRD spectrum o f XK-01 3rd specimen.
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E.2.2 Dai coal

Qualitative analysis (Verification)
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Figure E-14 XRD spectrum of Dai coal 1st specimen.
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Qua 1ltative analysis (Verification)
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Figure E-15 XRD spectrum o f Dai coal 2nd specimen.
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Figure E-16 XRD spectrum of Dai coal 3rd specimen
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E.2.3 Experiment 6,

[Swnpie ilent. : LB. 76 18-Ha« - 2811 l i ^ v t

Figure E-17 XRD spectrum o f Iron nugget, Experiment 6, No. 3.
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Figure E-18 XRD spectrum o f Iron nugget, Experiment 6, No. 4.
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(รพเแ»le ident - • IB-83__________________ 1..... ................... ........... ......

F igure E-19 XRD spectrum of Iron nugget, Experiment 6, No. 5.

E.2.4 Reference
The XRD reference data came from software X ’Pert APD.

. St ~ r

pictme
Reference pattern : CÉ-0S9Ç 18-May-20

f i-iameFormulaElementsGroupsCrystal type Subfiles
Pattern deleted

I ranI ran 1 syi2FeFe
CubicInorganic, Minerals, Alloys, Common phases, MBS patterns. Forensics, Educational, patterns NO

; d value Angle R ei.lac .!
2. . 0 2 G ร 44.674 1001.4332 e s .023 201 1702 82.335 รน1.0X3 4 SS.949 1C0.9064 116.390 120.8275 137.144 ร

Figure E-20 XRD reference 06-0696 Iron.
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inference pattern : 34-000!

If NaraeKamaForraul aElementsGroupsCrystal typeSubfilesPat ไ: a rะ. àe 1Bt.ed

Iron Carbide Cohenita, syn cementite Fs3C c, Fa
Orthorombic Xnorganic, Mineralร, NO Alloys

....................  - - 4 -- ------------ h---------- - - 4d value I Angle J R ei. I n t . i

........................... 4 ............... - - - 4 - - - - - - - - 42.5470 35.208 22.3870 37.653 252.3810 3 ไ 753 352.2640 39.783 402,2190 40.525 352 . 1.080 43.867 802.0680 43.738 1002 .0320 44.554 452.0140 •'44.974 4ร1.8775 iS.851 651.87.30 48.569 201.8540 49.099 451,7635 51.800 141.6852 54.400 121.6852 54.400 121.6 4 น: 55.97: 101.5896 ร".: . 97! 251,5474 ร9 .709 81.5119 น ไ , ; " 101.3295 70.791 101.3299 70.791 101.2256 '7.880 141.2168 78.552 81.2052 77.456 4

Figure E-21 XRD reference 34-0001 Iron carbide.
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Rs£erence pa«tern: 03-0411 --May
jName -name Formula Elements 

G r o u p s  Crystal type Sub’CIles Pattern deleted

Iron Carbide A -ferrite  Feec, Pe
OrthorombicInorganic, Alloys, Common phases 
NO

d value I Angle (R e l.ln t.j
26 .42b3.3700 2 5000 2.1400 2.0400 1.8100 1.$900 1.6300 1.5500 1.4900 1.4700 1,3900 1.2400 I .1800 1.1660 1.1170 1.0800

35.892 42.195 44.370 50.375 54.233 56.403 59.599 62.260 63.204 67.30? 76.809 81.506 82.S97 87.199 90.998

1 lù.î204 030208010602 0204 080

40

Figure E-22 XRD reference 03-0411 Iron carbide.
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A ppendix F: E x perim en t 7

Experiment 7 using the mol ratio o f mixture C/Fe = 1.53 (the suitable mol ratio 
from Experiment 5.) and the mol ratio Limestone/Al20 3+Si0 2  o f mixture was varied. 
All pellets were reduced at the reduction temperature 1425°c and the reduction time 
o f 20 min. The weights o f No. 1-3 after the reduction are shown in table F - l .

T able F -l  Experiment 7; the weight o f No. 1-9 after the reduction through Mold A

No.
Reduction

Temperature
(๐๑

Hold on 
reduction 

temperature 
(min)

Mol ratio
Limestone/Al203+Si0 2

After
Reduction (3 
pellets) (g)
Iron

nugge t
Slag

1 0.45
2 1425 20 0.55
3 0.65

No. 1 1425°c, 20 m in 

L im e s to n e /A I20 3+ S i0 2= 0.45/1 
Iro n  n u g ge t size = 0.25-3.89 cm

N o. 2 1425°c, 20 m in  

L im e s to n e /A I20 3+Si02= 0.55/1 

Iron  n u g ge t size = 0.96- 3.53 cm

No. 3 1425°c, 20 m in  

บ ท าe s to n e /A I20 3+ S i0 2= 0 .6 5 /1  

Iron  nug ge t size = 0 .9 6 -3 .5 3  cm

Figure F -l Experiment 7: the pellets after the reduction.
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Products from the reduction were characterized wt % Element by EDX;
characterization result is shown in Appendix A-2. Table F-2 shows the % Element of
No. 1-3 in the experiment 7. The % yield o f No. 1-3 is shown in Table F-3.



Table F-2 Experiment 6 % wt Element o f No. 1-3

Element
% wt Element o f pellet SD

1 2 3 1 2 3
Iron

nugget Slag Iron
nugget Slag Iron

nugget Slag Iron
nugget Slag Iron

nugget Slag Iron
nugget Slag

c
0
A1
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu
p
ร

Mg
Na
Cl
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Table F-3 Experiment 7 % yield after reduction from Iron nuggets

No.

% w t 

Iron 

Ore in 

m ix tu re

% w t 

Fe in 

m ix tu re

Dried 

W e igh t 

o f  3 

pelle ts 

(g)

Fe เท 

p u t 

(g)

% Fe 

Nugget 

fro m  

EDX

Iron

nugget

(g)

Fe

O u tp u t

(g)

% Yield
Separation

sta tus

1

2

3

Table F-4 Experiment 7 density o f Iron nuggets

No.
% Fe N ugget fro m  

EDX

D ensity (g /c m 3)

Average SD

1

2

3
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