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APPENDICES

Appendix A: Raw Materials
A.l. Raw Material

A.11. 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 Y%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.12. 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 A2
Characterization.

A.13. 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 of the Limestone is
presented in A.4 Raw Material Characterization.

A.L4. 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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of 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 % of elements by EDX (Horiba,
model 51-ADDO0014), an Energy Dispersive X-Ray Fluorescence Spectrometer
(Hitachi, model -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 kv 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 of X-ray by the air molecules. 3
measurements were taken from different parts of each sample. The peaks of platinum
were subtracted out before calculating the total wt % element and the % atomic of
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 of 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 of 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 of the sample.
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A.2.3. Scanning Electron Microscope (SEM)

Sample particle sizes were measured by SEM (Hitachi, model -
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 of X-ray by the air
molecules.

A.24. 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 of Mineral
Resources, Ministry of Natural Resources and Environment Thailand.

A.25. Proximate Analysis
The Dai coal was analyzed by the Proximate Analysis by the
Electricity Generating Authority of Thailand, Mar Moh. Lampaeng.

A.2.6. Microstructure Analysis
The Iron nugget from suitable condition was prepared the surface by
using P1200 glass paper and Aluminum powder (particle size > 5 pm). After the
surface was clear, the 2 % Nitral was used to etching. The microstructure of Iron
nugget was measured by SEM (Hitachi, model -4800) as shown in A.2.3.

A.2.7. Density of Iron nugget
All of the iron nuggets were measured the density by pycnometer.
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A.3. Raw Material Characterization

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

specified in Figures E-I and E-2 in Appendix E. The results are presented in Table
A-l.



Table A-1 Particle size of the raw materials

No . Particle size o
* XK-Ol(mm) Dai coal (nm) Limestone (jim) Bentonite (i-im)
1 0.110 0.160 8.55 28.09
) 0.060 0.100 6.54 33.60
3 0.080 0.080 5.78 22.53
— 4~ 0.070 0.070 5.27 46.98
h 0.040 0.190 4,76 19.46
6 0.060 0.170 10.26 36.06
7 0.050 0..100 4.95 21.29
8 0.070 0.170 6.29 48.09
9 0.060 0.110 3.92 39.13
10 0.030 0.100 3.64 40.02
1 0.030 0.120 5.39 33.65
12 0.040 0,120 4.90 26.59
13 0.030 0.130 4.25 26.88
14 0.050 0:070 4.86 1581
15 0.020 0.-180 5.44 43.48
16 0.040 0.140 3.27 13.83
17 0.020 0.140 6.31 8.84
18 0.050 0.190 5.56 11.86
19 0.020 0.080 5.62 27.46
20 0.040 0.230 3.27 33.54
21 0.030 0.130 381 32.89
22 0.040 0.220 458 25.77
23 0.040 0.100 3.73 21.38
24 0.020 0.070 1.63 23.72
25 0.020 0.080 4.44 15.93
26 0.040 0.040 5.78 21.01
27 0.030 0.020 1.63 31.93
28 0.020 0.040 2.38 25.31
29 0.040 0.040 3.33 1581
30 0.030 0.050 476 38.37
average 0.043 0.115 5.03 21.64
SD 0.021 0.056 1.76 10.37

Min-Max o.110-0.020 0220-0.020  1.63-10.26 8.84-48.09



55

A.3.2. EDX Characterization

The % wt of element and the % atomic of the XK-01 iron ore are
tabulated in Table A-2.

Table A-2 % wt Element and % Atomic of XK-01

Sample

Name c 0 Al Si K Fe Zr Mn Ca Ti Au Cu p Mg Na cl
\* 5.67 32.63 174 257 026 5600 093 000 0.00 003 000 005 012 000 000 000 0.0
2nd 1060 3371 174 214 032 5039 08 000 000 000 000 000 022 000 000 000 000
3rd 1.58 3117 15 212 020 6159 082 000 000 005 000 010 02L 000 000 000 000

Average 5.95 32.70 169 228 026 5599 087 000 000 003 000 005 018 000 000 000 0.0
sD 452 0.93 010 026 0.6 5.60 005 000 000 003 0.00 005 006 000 000 000 000

A.3.3. XRD Characterization
Results XRD of XK-01 iron ore and the Dai coal are shown in table
A-2 and A-3

Table A-3 XRD Characterization of XK-01

XK

" Types of Compounds
| % Feéo S|20 Al2Si0 Fe3A|if(§Sl04 N/A N/A FeZITiO Fe2si0 A|2(05i04) NIA N/A NIA NJA I\LI
) Si Fe2 Sio A125i0 Fe3AI2(Si04  TiO Fe.eSi0 NJA NJA NJA Fe2Tijo Fe3 Feds NJA
c 2 h 2 4 i A
Si Fe Sio Aljsio Tio Fel6Sio FeSi
N/A
3 c 3 ) N/A ) 4 / N/A N/A . N/A N/A N/A )
Dai
coa Types of Compounds
1
1 c Sio A12(S04) Al2 i0 Mg2A14SijOi Fe2( 04 NJA N/A Fe2Al4Si50i Fed (FeM g”Sio NJA
2 3 5 8 8 3
Si0 ai2(S04) AljSio Mg2A14Si50 , Fehso.) FeTs MgSio Fe2 (Fe.Mg)2Si0
2 c ) 3 5 8 3 o N/A 3 N/A
Sio A12(S04) A128i0 Mg2Al4Si,0, Fe:(SO.) FeTs MgSio Fe2Al4Si50 | (FeMg)Sio
3 c 2 3 3 8 3 8 3 N/A N/A

A.3.4. Wet Chemical Analysis Results
Results of the XK-01 iron ore from the Rock and Mineral Analysis
Department of Mineral Resources, Ministry of Natural Resources and Environment
Thailand are shown in Table A-5.

NI e
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Table A-5 Composition of the XK-01 iron ore by the Wet Chemical Analysis from
the Rock and Mineral Analysis Department of Mineral Resources,

Thailand
Composition Wt%
Fe203 80.95
FeO 1.28
Si02 4.34
Al1203 1.65
CaO 0.14
MqO 0.05
Naz20 0.06
K20 0.16
H20 0.57

A.3.5. Proximate Analysis
The Dai coal Proximate Analysis was obtained from the Electricity
Generating Authority of Thailand. The results are presented in Table A-s.

Table A-s Proximate Analysis of the Dai coal

Parameter Unit Method Result

Moisture % by weight ASTM D3302-02asl 21.29

Ash % by weight ASTM D5142-09 5.97

Volatile matter % by weight ASTM D5142-09 3547

As received basis Fixed carbon % by weight ASTM D5142-09 31.26
Sulphur % by weight ~ ASTM D4239-08 Method B 0.89

Gross calorific value Kl\{l:gm?g ASTM D5865-0Ta 25%%27

Net calorificvaie MK ASTM DSB65-0Ta 1o

A.3.6. Specifications Limestone and Bentonite from venders
Table A-s shows the composition of the limestone from CP®
(Thailand); it has an average molecule weight 99.311 of g/mal.
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Table A-7 Composition of CP® limestone

Composition % by weight ~ Mw %ObelcweightxMw

omposition
CaC0s 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 of Sodium Bentonite from Volclay Siam Ltd. is
shown in Table A-7. Bentonite has an average molecule weight of 73.615 g/mal.

Table A-s Composition of Sodium Bentonite from Volclay Siam Ltd

N _ % b{/‘weight X
Composition % by weight ~ Mw W of
composition
Si02 61.16 60.08 36.75
Al203 21.20 101.96 21.62
Ca0 0.01 74.93 0.01
Fe20 3 5.09 159.69 8.13
P20s 0.08 141.95 0.11
k 20 0.70 94.20 0.66
Ti02 0.19 79.87 0.15
MgO 2.96 40.30 1.19
Ca0 4.12 56.08 2.31
Na20 1.76 54.99 0.97
W03 0.01 231.84 0.02
PbO 0.01 223.20 0.02
Ba0 0.04 153.33 0.06
/n0 0.01 81.41 0.01
2102 0.03 123.22 0.04
Mn20 3 0.03 157.87 0.05
h2o 8.44 18.02 152

Average 13.62
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Appendix B: Calculation of Pellet Mixtures
B.I Mol Ratio of C/Fe
Reduction Equation of Hematite (Fe203)

Fe203 + 3CO —» 2Fe + 3C02 Eg. (E-I)
C03+ C—>2C0 Eq. (E-2)

Mv- Fe =55.85 g/mol
C= Dyimol
0=16 g/mol
Fe2o0s = 159.7 g/mol

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

From Eq. (E-I)
1 mol Fezo3 34nol CO
2 mol Fe mol C
1 mol Fe 15mol ¢
1 molFe = 558 gFe
5.8 gFe = 99.750  goflronore (XK-01)
15  molc = 18 g9C _
8 ¢C = 45 g of Reductant (Dai coal)

Iron ore  Reductant ratio from Eq. E-I is:

goflron Ore . gof Reductant
99.750 : 45
1000 . 45112

The other C/Fe mol ratios are calculated the same as these steps and shown in Table
B-|
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Table B-I Weight Iron ore (XK-01): Reductant (Dai coal)

Mol ratio  Weight ~ Weight lron Mol jgit -~ Weight of Redugctant/
Fe Fe gg) ore (g)  ratioC \ﬁa Reductant 1000
(9) Iron ore

0.49 5.9 12.7 147.00

1.24 14.9 37.3 374.36

134 161 40.2 403.15

14 172 431 431.95

1 55.85 99.75 153 18.4 46.0 460.75
1.63 195 48.8 489.55

172 207 hL.7 518.34

182 218 54.6 547.14

191 230 57.4 575.94

B.2 Mol Ratio of Limestone/ Al20s + SiCs
From Raw material data Iron Ore (XK-01), Appendix A
XK-01 has %A1 = 1,688
% Si = 2.276 .

Table B-2 Molecular Weights

Substance Mw (g/mol)
Al 26.98
Si 28.09
Al203 101.96
Si02 60.08
CaC0s 100.08
Ca0 56.08
Bentonite 72.09
Limestone 99.31

At 1000 g XK-01;



1688  gAl - 06256 mol Al
06256 molAl = 03128 mol ACs
2276 ¢Si = 08104 molSi
08104 molS = 08104 molSi02

Moles of Al20 3+Si02= 1.12319 mol
At mol ratio Limestone/AL203+Sio 2= 1.0

mol Limestone
1.12319  mol Limestone

1.12319  mol
11154 g Limestone

Table B-3 Weight Limestone: 1000 g Iron ore

Dai coal at  Bentonite at

: : Mol ratio
Ironore  molratio  mol ratio Mol of limestone/
(0) CIFe = Bentonite/Fe LATe%tOEeS{%Ol limestone q<g|ronore
193 (g) =002 (g)

0.50 0.6 56.01

0.60 0.7 66.93

0.70 0.8 78.08

0.75 0.8 84.01

1000.00 460.75 13.99 0.89 1.0 99.31
1.00 11 111.54

1.26 14 140.02

1.76 2.0 196.03

2.26 2.5 252.03

60
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Appendix C: Sample Preparation
C.2 Grinding Raw Materials

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 of the IKg spherical type, with 20 balls, and the critical speed was 60 rpm.
Raw materials of 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-1. The weight after each grinding step is tabulated in Table C-I.

< 20 kg Raw material -

Record

I N N i weight

1Kg x 20 spherical balls 7777777777777 x WA S ‘
‘// Critical Speed 60 rpm. A / E{”Tyi

[( Mesh 17

——F5

_~"Sizing ™ |
“~.analysis—

.

XY es " Record /
weight

| No

Composition analysis

FigureC-1 Grinding steps.
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XK-01 Dai coal
FigureC-2 XK-01 and the Dai coal before grinding.

Table C-I Weights from the grinding steps

Step Raw material Weight (Kg) Weight Loss (Kg)  Size

- 7 - 3

Before grinding [;(a}fc%lal 72975 ! . 3-50rcnm
- XK-01 79.30. 0.48 Mesh 17

After grinding—— pai'ooal 26.42 1.08 Mesh 17

The particle size after grinding was measured by SEM (Hitachi, model -
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 Mixing and the Pellet Preparation

¢.3.1 Amounts of the raw materials in mixtures of experiments 1-6
XK-01, Dai coal, Limestone, Bentonite were mixed where amounts of
the raw materials in the mixture are shown in Table C-2. Water of 10 % by weight of
the mixture was added to the mixture of 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.



Before o After

FigureC-3 Mixture of the raw materials before and after the mixing.
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Table C-2 Amounts of the raw materials in the mixtures of experiments 1-6

Experiment

NS FON NCRTN

No.

OO T TTEWRN s 00— S U1 &~ GO N

Fe C/Fe Limestone/AECE+SiCh Bentonite XK-01 (g) Daicoal (g) Limestone (g) Bentonite (g)

1
1
1
1

0.49
1.72
1.72
1.72
1.24
1.34
1.44
1.53
1.63
112
1.82
191

1.53

Mol ratio

0.89
0.89
0.89
0.89

0.89

0.50
0.60
0.70
0.75
0.89
1.00
1.26
1.76
2.26

0.02
0.02
0.02
0.02

0.02

0.02

1000.00
300.06
300.06
300.05

200.00

200.00

147.00
155.53
155.53
155.53
14.87
80.63
86.39
92.15
97.91
103.67
109.43
115.19

92.15

Weight

99.31
29.78
29.78
29.79

19.86

11.20
13.39
15.62
16.80
19.86
2231
28.00
39.21
50.41

13.99
422
422
4.20

2.80

2.80

Mold



¢.3.2 Pellet Preparation

65

The mixture was fed into a cylindrical mold (Mold A has a diameter of 4

cm and 7 ¢cm high, Mold B has a diameter of 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 of the pellet preparation are

shown in Figure C-4,

=

1 1

<\/ XK-01 > \/ Dai coal N \Limcsm@ < Bentonite >
N L \77f1 / & L e

Record sy S/ /E B w
MoldA:D=4cm, H=3cm or
Mold B: D=2.5cm, H=1.5cm
! & Compressor
777777 6,000 psi, 60 sec
Recod /. /i )
weight e, =
[ Dryer
| 80°C, 20 hr
Record
weight /=
= X Y
[ Pellets ]

FigureC-4 Step of pellet preparation.



Mold A Mold B
FigureC-5 Cylindrical molds A and B.

Mold B -~ MoldA

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

C.33Reduction
C.33.1 Experiments Land 2
All pellets of 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 of 10 °c/min and then held on during the
reduction time (Error of furnace +/- 5 C). The temperatures profile of furnace is
shown in Figure C-7. The reduction condition and weight of 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 20 °C.

Temperature

T reduction |— — — —

T out below
200 °c

T room 30 °c

v

1 T
i |
1 i
| |
I |
i |
i l
I |
| |
| I
f

t reduction y Time

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

¢.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 of 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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A
Temperature

T reduction |— — — -— —

T room'30 °c

A 4

i treduction 2 Time

FigureC-8 Temperature profile of fumnace, experiments 3-6.

Tahle C-3 Experiment 1, the sample weight of each step in the pellet preparation and
reduction through Mold A

- - Weight
Reduction _ Time (min) (L pel ¢t (q)

No.  Temperature Heating from Hold on Cool _
(°C) room temperature  reduction down  Wet Dried

(30°C) temperature (hr)

1 1500 147 50 90.37 85.63
2 1400 137 50 79.00 73.76
3 1300 127 50 20 8233 7834
4 1200 117 50 89.04 845
5 1100 107 50 83.71 79.35
6 1000 99 50 81.35 82.78



Table C-4 Experiment 2, the weight of each step in the pellet preparation and
reduction through Mold B

e

[ SR I NCYN

Table C-5

No.

o

~N OO OT WO —

\ Reduction
Temperature ( C)

1500
1450
1400
1300
1200

Heating from room
temperature (so-c)

147
137
127

117
107

Time (min)

Hold on
reduction
temperature
50
50
50
50
50

Cool
down

(hr)

on

69

Weight
(L pel ¢t) (9)

Wet

1322
1461
1497
1821
1325

Experiment 3, the weight of each step in the pellet preparation and
reduction by Mold A

Reduction
Temperature (°C)

1500
1450
1400
1375
1350
1300
1200

50
50
50

Hold on reduction
.temperature (min)

Wet

59.41
59.36
59.61
58.43
58.85
59.77
59.64

Dried

11.58
12.79
12.93
17.00
11.98

Weight (L pellet) (g)

Dried

53.09
53.09
53.37
50.73
52.63
534
53.09
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Table C-6 Experiment 4, the weight of each step in the pellet preparation and the

=
o

[N
KEhEBSwowoco~wro e

reduction by Mold A

Reduction Hold on reduction
Temperature (°C)  temperature (min)

1450 40

1450 30

1450 20

1450 10

1425 30

1425 20

1425 15

1425 10

1400 40

1400 35

1400 30

1375 40

Weight (L pellet) (g)

Wet

58.08
58.66
58.08
58.42

; 58.81

58.08
58.44

- 9112

58.70

. 99.12
. 58.61
- 57.43

Dried

52.63
52.35
52.63
51.19

Table C-7 Experiment 5, the weight of each step in the pellet preparation and the

=
©

CO—~1O U1~ WP —

reduction by Mold A
Reduction Hold on
Temperature reduction
(°C) temperature
min)
1425 20

Mol ratio
CIFe

1.24
1.34
144
1.53
1.63
1.72
1.82
191

Wet

176.21
178.96
176.39
167.54
169.22
174.45
174.56
180.07

Weight (3 pellets) (g)

Dried

155.24
156.19
159.23
149.90
150.10
153.05
152.96
156.35
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Table C-8 Experiment 6, the weight of each step in the pellet preparation and the

=
o

© o~ OUT B W N

reduction by Mold A

Reduction Hold on
Temperature reduction
(°C) temperature
(min)
1425 20

Mol ratio
Limestone/Al203+Si02

0.50
0.60
0.70
0.75
0.89
1.00
1.26
1.76
2.26

Weight (3 pellets)

(9)
W et

172.65
176.36
176.36
174.94
183.14
179.46
175.98
178.30
177.23

Dried

156.31
157.64
157.90
158.27 ¢
163.91
159.70-
159.31
160.60
157.36

Table C-9 Experiment 7, the weight of each step in the pellet preparation and the

=
o

a)\l(jﬁ()'l-l>(au)|\_)|A

reduction by Mold A

Reduction
Temperature ( C)

1400
1400
1400
1350
1350
1300
1300
1300

Hold on reduction
temperature (min)

30
20
10
30
20
30
20
10

Weight (3 pellet) (g)

W et

Dried
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Appendix D: Result
D.I Experiments 1

XK-01, Dai coal, Limestone, Bentonite were mixed by using mol ratio C/Fe =
0.49 (less than 15 from Eq.B-1 in Appendix B.) The weights of pellet after

reduction are shown in Table C-I.

Table D-| Experiment 1;the sample weight after reduction through Mold A

Time (min) After
Reduction Pleating from Hold on Cool Reduction
No. Temperature room . down 1 pellet
( temperature reduction ( pellet)
(30°C) temperature (g)
1 1500 147 50 : 51.16
2 1400 137 50 : 39.71
3 1300 127 50 : 44 .45
4 1200 117 50 , 55.42
5 1100 107 50 » 53.26
6 1000 99 50 , 57.38

Figure D-I Experiment 1:No. 1and 6 after the reduction.

Products from the reduction were characterized % wt Element by EDX
(Horiba, model 51-ADD0014). EDX characterization is show in Appendix A-2.
Table D-2 shows the % Element ofNo. 1-6 in the experiment L.



Tahle D-2 Experiment 1% wt Element of No. 1-5 at reduction time 50 min

Element

C

0

Al
Si

K
Fe
Zr
Mn
Ca
Ti
Au
Cu

p

M
i
cl

1
4.28
21.54
4.68
3.16
0.06
53.45
0.81
0.00
4.82
0.00
0.00
0.18
0.73
0.30
0.00
0.00
0.00

% wt Element of pellet

4
067 212 165
2959 2148 2691
499 254 213
460 423 500
016 022 0.38

5
2.12

6
3.90

25,77 22.86

124
3.15
0.21

1.14
244
0.08

5181 6290 5454 60.75 6235

0.00 017 0.00
0.00 000 000
6.54 529 7.8
0.00 000 0.0
0.00 000 0.0
0.00 019 0.0
151 062 125
014 024 033
000 006 0.4
0.00 000 041
0.00 000 0.00

0.48
0.00
5.26
0.00
0.00
0.04
0.67
0.15
0.00
0.17
0.00

0.46
0.00
5.68
0.00
0.00
0.05
0.86
0.10
0.05
0.04
0.00

1
141
3.25
0.89
0.62
0.06
2.86
140
N/A
1.46
N/A
N/A
0.31
0.38
0.29
N/A
N/A
N/A

N/A

PP WITITTWITWWOoONND IO W

(BRSSP S s —porcll =P P s B PPN S =

=
—
&K

N/A

w
O

4
242
147
041
0.51
0.09
3.20
N/A
N/A
0.92
N/A
N/A
N/A
0.13
0.09
0.11
0.12
0.04

TR LLOON = —J OOl
oS Eroo—Ja—

o
w
(S6]

N/A

0.07
0.40
0.08
0.00
0.19
N/A

=
>

13

oOTC—oromoo o
Sr/)FgUdoeooeosS

N/A

0.07
0.04
0.00
0.07
0.06
N/A

=
>

% Fe of experiment 1, No. 1-6 is shown vs. the reduction temperature at the 50

min reduction time in Figures D-2.
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Figure D-2 Experiment 1graph of % Fe vs. reduction temperature (Mold A).

From experiment 1, with the reduction temperature of 1300°c. and at 50 min,
it yields 62.90 % Fe. With increasing or decreasing reduction temperature, % Fe after

reduction changes slightly. Then % Fe is independent of the reduction temperature,

with the mol ratio of mixture C/Fe = 0.49, Limestone/Al203+Si02 = 0.89,

Bentonite/Fe = 0.02 and Mold A which has a diameter of 4 cm and 7 cm high.
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D.2 Experiments 2

To improve productivity of Iron Nuggets from experiment 1, uses increased the
mol ratio C/Fe of mixture from 0.49 to 1.72 and reduce size of pellet from mold A
which has a diameter of 4 cm and 7 ¢cm high to mold B which has a diameter of 2.5
cm and 4 cm high. The weights of pellet after reduction are shown in Table D-3.

Table D-3 Experiment 2; the weight of No. 1-5 after reduction through Mold B

After Redljction

Reduction Tireain) (L pellet)(g)
No.  Temperature Heating from Hold on Cool |
(°C) room temperature reduction down ront Slag
(30°C) temperature (hr) nugge
1 1500 147 50 4.16 0.85
2 1450 137 50 265 3.4
3 1400 127 50 20 5.15
4 1300 117 50 9.15
5 1200 107 50 6.67

No. 11500°c, 50 min No. 5 1200°C, 50 min
Iron nugget size = 6.58-11.71 mm

Figure D-3 Experiment 2: the pellet after the reduction.
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Products from the reduction were characterized % wt Element by EDX;
characterization is shown in Appendix A-2. Table D-2 shows the % Element of No.
1-5 in the experiment 2. % Fe of experiment 2 is shown vs. the reduction temperature

at the 50 min reduction time in Figures D-4.



Table D-4 Experiment 2 % wt Element of No. 1-5 at reduction time 50 min

Element

Al
Si

Fe
Zr
Mn
Ca
Ti
Au
Cu

My
Na
Cl

[ron
nugget
1.83
1.71
0.22
0.4
0.00
92.9
0.65
0.00
0.07
0.00
0.00
0.16
0.28
1.64
0.16
0.00
0.00

2.74
28.02
11.38
10.03
1.88
24.12
1.07
0.00
19.97
0.22
0.00
0.00
0.24
0.12
0.04
0.18
0.00

% wt ElementofNo. 1-5

[ron
nugget
1.85
0.00
0.00
0.00
0.00
95.5
0.00
0.00
0.00
0.00
0.00
0.00
1.67
0.97
0.00
0.00
0.00

2

3.77
11.83
1.04
2.10
0.33
76.28
1.48
0.00
2.41
0.00
0.00
0.05
0.00
0.52
0.08
0.13
0.00

4

8.45
12.70
1.14
2.09
0.36
70.02
0.52
0.04
3.91
0.02
0.00
0.02
0.17
0.54
0.04
0.00
0.00

5

0
26.39
173
3.66
0.82
61.21
0.22
0.00
4.56
0.00
0.00
0.00
0.26
0.85
0.20
0.10
0.00

[ron
nugget
0.28
111
0.03
0.07
N/A
1.92
0.21
N/A
0.06.
N/A-
N/A
0.27
0.15
0.58
0.27
N/A
N/A

3.04
2.08
1.02
0.52
0.67
3.36
151
N /A

421
"0:25

N /A
N /A
0.31
0.15
0.04
0.16
N/A

1.97
2.22
0.16
0.12
0.09
1.38
0.20
N/A
0.14
N/A
N/A
0.05
N/A
0.14
0.04
0.03
N /A

4.00
0.76
0.34
0.46
0.12
3.28
0.22
0.06
0.88
0.03
N/A
0.04
0.17
0.10
0.02
N /A
N /A

N /A
0.17
0.18
0.23
0.04
0.05
0.38
N/A
021
N /A
N /A
N/A
0.26
0.15
0.34
0.18
N /A



100

9%

80

70

60 A

50

% Fe

40

30

1

20

10 1

0

—&— Reduction time.50 min

T

T

T

T

T

LR E 3 2 |

18

1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600

Reduction Temperature (°C)

Figure D-4 Experiment2:% Fe vs. reduction temperature (Mold B).

From experiment 2,the metal and slag separate perfectly at the reduction
temperature between 1450-1500°C and at 50 min with mol ratio of mixture C/Fe =
1.72 (more than 15 from Eq.E-1 in Appendix E.), Limestone/Al203+Si02 = 0.89 and
Bentonite/Fe = 0.02 and Mold B which has a diameter of 25 cm and 4 cm high. The

sizes of Iron nuggets are small (less than 1 cm) because of using the smaller pellets
from Mold B. The % yield ofNo. 1-5is shown in Table D-5.
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Table D-5 Experiment 2; % vyield vs. reduction temperature after the reduction of

Iron nuggets

hwt %wt Fe Dried % Fe [ron Fe

No, |ronin0re in Weightof "o n Nfurgg]et nugget  Output % Yield

mixture  Mixture  pellet(g) put 9 EDX (9) (9)

1 11.58 3.97 92.90 4.03 3.74 94.20
2 12.79 4.39 95.50 2.65 2.53 57.65
3 61288 3432 12.93 4.44 . _ _ _

4 17.00 5.83

5 11.98 411

D.3 Experiment3

Experiment 3 using mold A to making pellets for increase size of Iron nugget

from experiment 2. The weights of pellet after reduction are shown in Table D-6.
Table D-6 Experiment 3; the weight of No. 1-7 after reduction through Mold A

After Rteduction
(L pel et) (g)

N o Reduction Hold on reduction

Temperature ( C) temperature (min) Iron nugget Slag
1 1500 50 19.63 6.83
2 1450 50 19.75 5.21
3 1400 50 18.38 11.65
4 1375 50 24.78
5 1350 50 27.26
6 1300 50 24.00
7 1200 50 28.53
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No. 11500°c, 50 min No. 2 1450°C, 50 min
Iron nugget size = 1.43-2.97 cm Iron nugget size = 0.45-2.03 cm
Slag Size= 2.01-2.49 ¢m Slag size = 0.78-1.66 cm

No. 5 1350°C, 50 min No. 6 1300°C, 50 min
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No. 7 1200°C, 50 min

Figure D-5 Experiment 3: the pellet after the reduction.

Products from the reduction were characterized % wt Element by EDX;
characterization is show in Appendix A-2. Table D-7 shows the % Element of No. 1—

7 in the experiment 3. % Fe of experiment 3 is shown vs. the reduction temperature at

the 50 min reduction time in Figures D-5.



Table D-7 Experiment 3; % wt Element of No. 1-7 at the reduction time 50 min

Element

Al
Si

Fe
Zr
Mn
Ca
Ti
Au
Cu

Mg
Na
Cl

Iron
nugget

3.68
1.12
0.03
0.01
0.00
93.09
0.31
0.00
0.07
0.00
0.00
0.23
0.76
0.69
0.00
0.00
0.00

Slag

3.07
34.65
6.97
14.99
0.55
6.72
0.10
0.17
31.20
0.46
0.00
0.06
0.00
0.58
0.38
0.08
0.02

Iron
nugget

705
1.00
0.01
0.00
0.00
90.20
0.23
0.00
0.04
0.00
0.00
0.19

0.63
0.00
0.00
0.00

% wt Element ofNo. 1-7

Slag
0.00
35.85
8.68
16.59
0.93
2.70
0.90
0.22
32.85
0.43
0.00
0.00
0.00

0.43
0.14
0.00

Iron
nugget

2.58
2.26
0.01
0.13
0.00
92.15
0.21
0.00
0.17
0.00
0.00
0.06
1.14
1.29
0.00
0.00
0.00

3

Slag
0.64
36.77
1.77
17.82
0.58
4.13
0.09
0.11
30.42
0.52
0.00
0.00
0.09
0.49
0.54
0.02
0.00

1.60
12.29
1.44
2.89
0.27
74.02
0.41
0.03
5.39
0.02
0.00
0.13
0.64
0.68
0.08
0.10
0.00

4.44
14.72
0.88
1.35
0.17
74.04
0.23
0.00
3.52 %
0.00
0.00
0.00
0.10
0.50
0.03
0.00
0.00

0.52
13.84
1.04
1.84
0.12
17.32
0.37
0.00
4.10
0.00
0.00
0.07
0.20
0.55
0.02
0.00
0.00

1.46
15.19
0.72

1.42
0.10
77.00
0.00
0.00
3.50
0.00
0.00
0.00
0.37
0.21
0.00
0.04
0.00

Iron
nugget

0.37
0.33
0.05
0.02
0.00
0.71
0.35
0.00
0.02
0.00
0.00
0.20
0.22
0.05
0.00
0.00
0.00

5.06
4.09
0.22
2.33
0.37
4.62
0.18
0.19
10.04
0.27
0.00
0.11
0.00°'
0.20
0.20
0.13
0.04

Iron
nugget

0.35
0.57
0.01
0.00
0.00
1.36
0.40
0.00

0.07 .

0.00
0.00
0.17
0.15
0.11
0.00
0.00
0.00

w
Q

0.00
1.07
1.7

0.30
0.44
1.56
0.16
1.84
0.23
0.00
0.00

0.09
0.10
0.09
0.00

SD

Iron
nugget

0.47
0.86
0.02
0.07
0.00
0.73
0.37
0.00

- 0.07

0.00
0.00
0.10
0.20
0.17
0.00
0.00
0.00

Slag
1.1
1.23
0.48
0.76
0.11
3.59
0.16
0.19
0.83
0.04
0.00
0.00
0.16
0.08
0.05
0.03
0.00

0.47
1.20
0.43
1.35
0.08
3.28
0.17
0.05
1.53
0.04
0.00
0.06
0.37
0.02
0.04
0.02
0.00

2.11
1.73
0.24
0.50
0.10
3.44
0.25
0.00
0.91
0.00
0.00
0.00
0.18
0.18
0.06
0.00
0.00

0.16
1.24
0.51
1.00
0.11
5.35
0.46
0.00

0.00
0.00
0.13
0.18
0.50
0.03
0.00
0.00

0.06
1.02
0.26
0.52
0.05
3.37
0.00
0.00
1.36
0.00
0.00
0.00
0.25
0.03
0.00
0.04
0.00
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Figure D-6 Experiment 3 graph of % Fe vs. reduction temperature (Mold A).

From experiment 3,the metal and slag separate perfectly at the reduction
temperature between 14504500°C at 50 min, with the mol ratio of mixture C/Fe =
1.72 (more than 1.5 from Eq.E-1 in appendix E.), Limestone/Al203+Sio2 = 0.89 and
Bentonite = 0.02/Fe and Mold A which has a diameter of 2.5 ¢cm and 4 c¢m high. The
% yield ofNo. 1-7 is shown in Table D-8.
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Table D-8 Experiment 3; % yield vs. reduction temperature after the reduction of

Iron nuggets

% wt Dried % Fe

[ron %V\./t e W eight Fe In Nugget Iron e :
No. Ore in . of pellet put ¢ nugget Output % Yield

. mixture perie rom

mixture (9) (9) EDX (9) (9)

1 53.09 18.22  93.09  19.63  18.27  100.29
2 53.09 18.22  90.20  19.75 1781 97.77
3 53.37 18.32  92.15 18.38  16.94 92.46
4 61.288  34.32 50173 17.41
5 52.63 18.06
0 53.40  18.33
7 53.09 18.22

The % yield after reduction,of No. 1is over 100 % because other raw materials
have iron contents (Dai coal has % Fe = 2.25 and Bentonite has % Fe = 3.56) and

errors from the measurements.
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D.4 Experiment 4

The reduction time and reduction temperature were varied to determine
suitable conditions for the iron nugget production. The weights of pellet after
reduction are shown in Table D-9.

Table D-9 Experiment 4; the weight of No. 1-12 after reduction through Mold A

After R(eduction

Reduction Hold on reduction (1 pel et) (g)
No Temperature ( C) temperature (min)
Iron nugget Slag
1 1450 40 16.68 7.11
2 1450 30 - 1851 8.24
3 1450 20 17.54 8.70
4 1450 10 - 17.96 9.57
5 1425 30 17.90 8.77
6 1425 20 17.30 10.47
7 1425 15 17.20 7.16
8 1425 10 26.86
9 1400 40 15.92 8.88
10 1400 35 27.11
il 1400 30 26.73
12 1375 40 26.29

lem!
No. 1 1450°c, 40 min No. 2 1450°c, 30 min
Iron nugget size = 0.48-2.49 cm Iron nugget size = 1.24-2.12 cm

Slag size = 0.33-1.90 cm Slag size = 0.56-1.18 cm



No. 3 1450°C, 20 min No. 4 1450°C, 10 min

Iron nugget size = 0.21-1.92 cm Iron nugget size = 0.67-1.96 cm
Slag size = 0.81-1.20 ¢cm Slag size = 0.44-1.14 cm

No. 5 1425°C, 30 min No. 6 1425°C, 20 min |
Iron nugget size = 0.56-2.23 cm Iron nugget size = 1.22-2.37 ¢m
Slag size = 0.68-1.48 cm Slag size = 0.72-1.36 cm

No. 7 1425°, 15 min No. 8 1425°C, 10 min
Iron nugget size = 0.54-2.32 ¢m
Slag size = 0.41-1.06 cm

86
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No. 11 1400°c, 30 min No. 12 1375°c, 40 min
Figure D-7 Experiment 4: the pellet after the reduction.

Products from the reduction were characterized % wt Element by EDX;
characterization is shown in Appendix A-2. Table D-10 shows the % Element of No.

1-12 in the experiment 4.



Table D-10

Element

§

Fe

L EF N

Ti
Au
Cu

Na

Iron
nugget
2.98
11
0.56
083
0.00
92.13
0.00
0.00
0.18
0.00
0.00
0.15
081
0.64
0.00
0.00
0.00

Experiment 4 %

Slag

1.07
25.94
6.90
16.23
585
351
0.18
0.14
38.55
0.64
0.00
0.00
0.00
0.36
0.36
021
0.06

Iron
nugget
831
011
0.12
0.00
0.00
89.92
0.00
0.00
0.01
0.00
0.00
0.08
0.78
0.56
0.10
0.00
0.00

Slag

0.68
3245
741
17.64
1.26
423
0.09
0.37
34.44
0.57
0.00
0.00
0.00
0.26
047
0.15
0.00

tElementofNo. 1-12

Iron
nugget
2.36
1.63
041
0.88
0.01
92.06
0.00
0.00
0.62
0.00
0.00
0.19
0.9
0.83
0.02
0.00
0.00

Slag

2.33
34.06
7.32
17.23
140
4.14
0.46
0.25
31.34
0.53
0.00
0.00
0.00
0.20
0.46
0.27
0.00

Iron
nugget
311
0.00
0.06
0.22
0.00
94.49
0.00
0.00
0.07
0.00
0.00
0.37
0.92
0.76
0.00
0.00
0.00

Slag

151
31.38
7.22
1713
133
6.18
0.37
0.39
29.56
4.09
0.00
0.00
0.00
0.15
0.44
0.27
0.00

Iron
nugget
2.03
021
0.08
0.19
0.00
95.67
0.00
0.00
0.05
0.00
0.00
011
0.95
0.72
0.00
0.00
0.00

%wt Element of No. 1-12

Slag

133
3471
7.68
17.56
142
348
0.92
0.12
3127
057
0.00
0.00
0.00
0.22
0.50
021
0.00

Iron

nugget

2.17
0.60
021
0.40
0.00
93.95
0.00
0.00
0.23
0.00
0.00
0.18
0.93
0.72
0.00
0.00
0.00

Slag

1.36
33.54
7.19
16.87
144
7.04
0.38
031
30.57
0.53
0.00
0.00
0.00
0.12
0.44
021
0.00

Iron
nugget
1.85
1.92
0.49
1.05
0.04
91.86
0.00
0.00
0.64
0.00
0.00
0.15
1.05
0.83
0.07
0.02
0.00

Slag

1.36
33.54
719
16.87
144
7.04
0.38
031
3057
0.53
0.00
0.00
0.00
0.12
0.44
0.21
0.00

192
758
0.98
0.84
0.07
85.72
0.23
0.00
0.92
0.00
0.00
013
031
0.75
051
0.03
0.00

Iron
nugget
2.50
2.28
0.09
0.10
0.00
91.45
0.00
0.00
0.37
0.00
0.00
0.00
140
181
0.00
0.00
0.00

Slag

16.94
2317
4.97
n2a
139
19.94
0.09
0.00
19.33
0.35
0.00
0.00
0.73
1.60
0.27
0.02
0.00

10

1.28
529
041
081
0.23
88.94
021
0.00
0.69
0.00
0.00
031
0.50
1.29
0.00
0.04
0.00

Iron
nugget
1.60
174
0.53
0.50
0.06
92.65
0.19
0.00
1
0.00
0.00
0.10
0.50
0.99
0.01
0.00
0.00

Slag

17.03
21.04
525
11.16
112
3.
0.23
0.14
20.76
0.35
0.00
0.00
052
2.26
0.23
0.14
0.00

12

2.98
8.57
2.18
401
0.34
74.14
0.57
0.00
6.14
0.00
0.00
0.03
0.22
0.46
0.19
0.00
0.17



Element

Al
S

Fe
Zr
Mn
Ca
Ti
Au
Cu

Mg
Na
Cl

Iron
nugget

1.09
0.20
0.08
0.34
0.00
1.07
0.00
0.00
0.14
0.00
0.00
0.12
0.25
0.12
0.00
0.00
0.00

Slag

1.64
4.21
0.62
115
751
0.80
031
0.24
481
0.23
0.00
0.00
0.00
0.24
0.10
0.04
0.05

Iron
nugget
0.20
0.19
0.10
0.00
0.00
0.60
0.00
0.00
0.02
0.00
0.00
0.07
0.18
0.07
0.17
0.00
0.00

Slag

118
091
0.16
0.34
0.07
0.62
0.15
0.08
122
0.01
0.00
0.00
0.00
0.03
0.02
0.01
0.00

Iron
nugget

0.25
0.68
0.22
0.46
0.02
14
0.00
0.00
041
0.00
0.00
0.06
0.12
0.03
0.03
0.00
0.00

Slag

4.04
3.66
0.82
1.94
0.07
1.30
0.79
0.16
138
0.02
0.00
0.00
0.00
0.05
0.05
0.03
0.00

Iron
nugget

0.64
0.00
0.03
0.03
0.00
0.93
0.00
0.00
0.07
0.00
0.00
0.10
0.19
0.09
0.00
0.00
0.00

Slag

2.62
2.64
0.56
1.36
0.19
2.39
0.64
0.15
6.96
6.05
0.00
0.00
0.00
0.13
0.03
0.09
0.00

[ron
nugget

0.22
0.19
0.04
0.01
0.00
0.20
0.00
0.00
0.05
0.00
0.00
0.09
0.18
0.13
0.00
0.00
0.00

Slag

118
2.89
0.38
0n
0.13
123

131,

0.21
101
0.08
000
0.00
0.00
0.04
0.04
0.05
0.00

SD

Iron
nugget

0.15
0.13
0.07
0.10
0.00
0.30
0,00
0.00
0.02
0.00
0.00
0.05
0.02
0.03
0.00
0.00
0.00

Slag

2.36
8.14
0.73
132
0.22
158
0,66
0.11
5.46
0.07
0.00
0.00
0.00
0.11
0.06
0.16
0.00

Iron
nugget

0.37
0.88
0.19
0.44
0.04
1.80
0.00
0.00
0.26
0.00
0.00

0.191

0.07
0.10
0.06
0.04
0.00

Slag

2.36
8.14
0.73
132
0.22
158
0.66
011
5.46
0.07
0.00
0.00
0.00
0.11
0.06
0.16
0.00

1.07
1.35
0.52
0.56
0.13
242
0.21
0,00
0.69
0.00
0.00
0.12
0.04
0.29
0.88
0.06
0.00

Iron
nugget

0.53
0.19
0.04
0.03
0.00
0.53
0.00
0.00
0.10
0.00
0.00
0.00
0.15
0.27
0.00
0.00
0.00

Slag

15.57
1.22
148
2.85
0.94
2.22
0.15
0.00
8.26
0.17
0.00
0.00
0.69
0.61
0.16
0.04
0.00

10

1.05
047
0.12
0.28
0.13
1.08
0.18
0.00
0.12
0.00
0.00
0.14
0.14
0.29
0.00
0.06
0.00

Iron
nugget
0.86
1.34
0.42
0.22
011
0.07
0.17
0.00
0.72
0.00
0.00
0.07
0.17
0.53
0.02
0.00
0.00

Slag

128
1.96
0.88
2.30
0.38
2.83
0.20
0.04
163
0.07
0.00
0.00
0.66
0.49
0.06
0.12
0.00

12

0.68
2.14
0.28
0.49
0.02
3.60
0.32
0.00
091
0.00
0.00
0.03
0.27
0.19
0.07
0.00
0.15
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From Experiments 3-4, we can classify the type of separation into 3 types as

shown in Figure C4. The % yield of each pellet is shown in Table C-2.

Complete separation:
The Iron was reduced completely. The metal and
slag separate perfectly.

Experiment 4
No. 5 1425°c, 30 min
Iron nugget size = 0.56-2.23 ¢m
Slag size = 0.68-1.48 cm

= Partial separation:
The metal and slag separate partially.

Direct reduction:
The Iron reduction was not yet complete. The
metal and slag are not separated.

Experiment 3
No. 5 1350°c, 50 min

Figure D-8 Type of separation.



Table D-I'1 Experiment 4 % yield after reduction of Iron nuggets

Yowt Yt Fe Dried

Iron Weight
No : In

Orein - of eqlet
| e Mixture 5&33
2 52.59
3 51.61
4 52.01
5 52.17
6 51.61
7 6129 3432 5105
8 5151
9 52.63
10 52.35
il 5243
12 51.19

Fe In
put

©)
17.82
18.05
17.71
17.85
1791
17.71
17.83
17.68
18.06
17.97
17.99

17.57

% Fe
Nugget
from
EDX

92.13
89.92
92.06
94.49
95.67
93.95
91.86

91.45

Iron
nugget

©)
16.68
18.51
17.54
17.96
17.90
17.30
17.20

15,92

Fe -
Output % Yielg SeREration

91

1537 8622  Complete
1664 9221 Complete
1615 9116  Complete
1697 9507  Complete
1712 9564  Complete
1625 9176  Complete
1580 8861  Complete
- : Partial
1456  80.60  Complete
. Partial
Partial
Direct
reduction

From Experiments 3—4, the suitable conditions for making Iron nugget at %

yield more than 90 % are from using the mol ratio of mixture C/Fe = 1.12 (more than
15 from Eq.E-1 in Appendix E.), Limestone/AFOs+SiCF = 0.89 and Bentonite/Fe =
0.02 and Mold A which has a diameter of 25 ¢cm and 4 cm high with the reduction

temperature 1425°C, and at 20 min reduction time.
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D.5 Experiment5

All pellets were reduced at the reduction temperature 1425°C and the reduction
time of 20 min. Experiment 5, the mol ratio C/Fe of mixture was varied to minimize
the Dai coal usage. The weights of No. 1-8 after the reduction are shown in Table D-

12.

Table D-12 Experiment 5; the weight ofN 0.1-8 after the reduction through Mold A

Hold on After Reduction
No Reduction reduction mol ratio (3 pellets) (g)
Temperature (°C) temperature ClFe Iron
(min) nugget Slag
1 1.24 84.05
2 1.34 82.54
3 1.44 61.92 21.79
4 1.53 57.60 19.29
5 1425 2 1.63 54.72 18.62
6 1.72 52.51 20.47
7 1.82 49.20 25.36
8 1.91 52.69 16.26

-l

No. 11425°C, 20 min No. 2 1425°C, 20 min
ClFe =1.24]1 cre =1.34/1



No.3 1425°c, 20 min No. 4 1425°C, 20 min
ClFe= 1.44/1 C/Fe = 153/1
[ron nugget size = 2.46-6.1 cm Iron nugget size = 1.88-3.58 ¢m
Slag size = 0.74-3.0 ¢cm Slag size = 048-2.19 cm

S5

No. 5 1425°C, 20 min No. 6 1425°c, 20 min
ClFe = 1.63/1 ClFe= 17211
Iron nugget size = 0.64-3.79 c¢m Iron nugget size = 1.22-2.37 ¢m
Slag size = 0.47-1.94 ¢m Slag size = 0.72-1.36 cm

L - A

No. 7 1425%, 20 min No. 8 1425°. 20 min

ClFe=182/1 ClFe= 191/
[ron nugget size = 0.44-2.39 c¢m Iron nugget size = 0.99-2.39 cm
Slag size = 0.54-1.42 cm Slag size = 0.69-1.15 cm

Figure D-9 Experiment 5: pellets after the reduction.

93



94

Products from the reduction were characterized % wt Element by EDX;
characterization is shown in Appendix A-2. Table D-13 shows the % Element of No.
1-8 in the experiment 5. The % yield of No. 1-8 is shown in Table D-14.



Table D-13 Experiment 5% wt Element of No. 1-8

Element

Al

Si

Fe

zr

Ca
Ti
All

Cu

Mg
Na

a

Element

Al

Si

zr

Ca
Ti
Au

Cu

Mg
Na

Cl

161
10.71
2.22
471
0.37
71.05
0.52
0.04
731
0.03
=0.00
0.09
0.33
0.74
0.15
0.10
0.00

2.44
1.96
0.05
0.17
0.05
2.38
0.57
0.07
2.33
0.05
0.00
0.09
0.34
0.24
0.01
0.18

0.00

132
9.06
2.68
5.64
0.40
69.41
0.59
0.00
9.58
0.00

0.00

0.33
0.49
0.22

011

0.00

2.29
221
0.71
144
01
6.71
0.52
0.00
281
0.00
0.00
0.19
019
0.20
0.09
0.12

000

Iron
nugget

2.06
1.88
0.37
0.79
0.00
91.08

0.11

0.82

Iron

nugget

0.08
121
0.10
0.19
0.00
1.09
0.19
0.00
0.19
0.00
0.00
0.07
0.36
0.31
0.03

0.00

000

231
31.46
6.44
15.03

1.36

0.72
0.20
35.00
0.54

0.00

0.18
0.32
0.36
0.05
0.00

Slag

231
2.77
0.63
188
0.09
451
0.30
0.19
5.60
0.09
0.00
0.00
031
0.10
011
0.04

0.00

Iron
nugget

2.10
1.18
0.21
0.53
0.00
93.67
0.00
0.00
0.14
0.00
0.00
0.32

0.98

0.03
0.02

0.00

Iron
nugget
0.16
104
0.19
0.41
0.00
143
0.00
0.00
0.15
0.00
0.00
0.21
0.24
0.10
0.05
0.04

0.00

% wt Element of No. 1-8

Slag

29.62
6.91
16.10
i1
1.90
0.33
0.00
41.65
0.64
0.00

0.00

0.35
0.44
0.05

0.00

Slag

155
2.02
0.68
1.82
0.18
1.09
0.57
0.00
2.66
0.11
0.00
0.00
0.00
oil

0.03

0.09

Iron
nugget

2.08
177
0.29
0.68
0.00
92.97
0.00
0.00
0.29
0.00
0.00
0,20
0.94
0.78
0.01
0.00

0.00

Iron
nugget

0.47
0.79
0.08
0.17
0.00
1.10
0.00
0.00
0.14
0.00
0.00
0.17
0.21
0.19
0.02
0.00

0.00

5

5.54
31.17
6.69
15.47
125
3.47
0.97
0.37

33.80

0.00
0,00
0.00
0.21
0.41
0.20
0.00

SD

Slag

2.47
2.15
0.64
2.08
0.10
0.86
0.58
0.29
0.81
0.03
0.00
0.00
0.00
0.12
0.10

0.04

Iron
nugget

2,77
0.60
0.21
0.40
0.00
93.95

0.00

0.00
0.00
0.00

Iron
nugget
0.15
0.13
0.07
0.10
0.00
0,30
0.00
0.00
0.02
0.00
0.00
0.05
0.02
0.03
0.00
0.00

0.00

7.04
0.38
0.3!

30.57

0.00
0.00
0.00
0.12
0.44
0.21
0.00

Slag

2.36
8.14

0.73

0.22
1.58

0.66

0.11

0.07
0.00
0.00
0.00
011
0.06
0.16

0.00

Iron
nugget

2.25
0.76
0.16
0.51
0.00
94.39

0.00

0.19
0.00

0.00

0.98
0.62
0.00
0.00

0.00

Iron
nugget

0.29
0.00
0.00
0.16
0.09
0.12
0.00
0.00

0.00

Slag

2.36
29.99
7.05
16,36
M
183
0.30
0.13
38.71
0.61
0.00
0.00
0.00
105
0.44
0.06

0.00

0.52
011
262
0.08
0.00
0.00
0.00
0.64
0.05
0.05

0.00

Iron
nugget

158
0.62
016
0.39
0.00
93.45

0.00

0.00
0.00
0.36
197
131
0.06
0.00

0.00

Iron
nugget
0.26
0.80
0.07
0.16
0.00
0.79
0.00
0.00
0.09
0.00
0.00
0.24
0.20
0.19
0.11
0.00

0.00

95

Slag

0.00
32.72
7.57

17.45

1.19
0.00
0.05
38.45
0.61
0.00
0.00
0.00
0.49
0.46
0.14
0.00

Slag

0.00

0.05
0.00
0.00
0.00
0.03
0.06
0.14

0.00
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Tahle D-14 Experiment 5 % yield after reduction from Iron nuggets

Dried
BV gt e Wei%ht Feln (0P8 jon R

|ron Nugget : Separation
No. : n of put nugget Output % Yield

QOrein from status

mixgure  MXUUre pe('g'§t5 © egx © @
1612 e 14 w4 - - .. D
2 6594 393 15619 5768 - - - : ol
3 6471 3624 15923 5171 9108 6192 5640  97.73 Complete
4 6353 3558 14990 5333 9367 5760 5395 10017 Complete
5 6239 3494 15010 5244 9297 5472 5088  97.01 Complete
6 6129 3432 15305 5253 9395 5251 4934 9392 Complete
76023 3373 15296 5159 9439 4920 4644  90.02 Complete
8 5920 3315 15635 5183 9345 5269 4924  95.00 Complete

The mol ratio C/Fe

1.53 of No. 4 is suitable because high % Fe in Iron
nuggets, high % Yield, and low Dai coal usage. The % yield after the reduction of No.
4 is over 100 % because other raw materials have iron contents (Dai coal has % Fe =

2.25 and Bentonite has % Fe = 3.56) and errors from the measurements.

Table D-15 Experiment 5 density of Iron nuggets

% Fe Nugget Density (g/cm?3)

from ED X

P
o

Average SD
1
2 : : .
3 91.08 6.1410 0.1512
4 93.67 7.0701 0.2173
5 92.97 6.4010 0.1992
6 93.95 7.1340 0.3241
7 94.39 7.3518 0.2151
8 93.45 6.9439 0.3119



97

D.6 Experiment 6

Experiment 6 using the mol ratio of mixture C/Fe = 153 (the suitable mol ratio
from Experiment 5.) and the mol ratio Limestone/Al203+Si02 of mixture was varied
to minimize the Limestone usage. All pellets were reduced at the reduction
temperature 1425°C and the reduction time of 20 min. The weights of No. 1-9 after

the reduction are shown in table D-16.

Table D-16 Experiment5; the weight of No. 1-9 after the reduction through Mold A

Reduction Flold on ' After Reduction
N o Tem perature reduction : Mol ratio ' (3 pellets) (g)
(°C) temperature Limestone/AECE+SiCE Iron Slag
(min) nugget
1 0.50 63.07 13.76
2 0.60 60.82 18.06
3 0.70 63.56 18.07
4 0.75 59.92 17.52
5 1425 20 0.89 63.88 23.78
6 1.00 61.71 23.16
7 1.26 60.25 19.45
8 1.76 83.19
9 2.26 69.30
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No. 1 1425°c, 20 min No. 2 1425°¢, 20 min
Limestone/Al203+Si02= 0.5/1 Limestone/Al203+Si02= 0.6/1
Iron nugget size = 0.25-3.89 cm Iron nugget size = 0.96-3.53 cm
Slag size=0.67-1.66 cm Slag size = 0.13-1.46 c¢m

No. 3 1425°c, 20 min No. 4 1425°C, 20 min
Limestone/Al203+Sio2= 0.7/1 Limestone/Alzos+Sio 2= 0.70/1
Iron nugget size = 0.86-1.33 cm iron nugget size = 0.49-3.19 cm

Slag size = 0.27-1.45 c¢m slag size = 0.3-2.25 ¢m
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No. 5 1425°C, 20 min No. 6 1425°, 20 min
Limestone/A120 3+ Si02= 0.89/1 Limestone/Al203+Si02= 1.0/1
Iron nugget size = 0.35-2.94 ¢m Iron nugget size = 0.99-2.23 cm

Slag size = 0.35-1.65 ¢m Slag size = 0.78-1.99 cm

No.6 1425°, 20 min No. 7 1425°c, 20 min
Limestone/Al20 3+Si02= 1.26/1 Limestone/Al120 3+Si02= 1.76/1
Iron nugget size = 0.59-2.41 cm
Slag size = 1.83-2.75 cm
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No. 8 1425°C, 20 min
Limestone/A12C>3+Si02= 2.26/1

Figure D-10 Experiment 6: the pellets after the reduction.

Products from the reduction were characterized. % wt Element by EDX;
characterization result is shown in Appendix A-2. Table D-17 shows the % Element
0fNo. 1-9 in the experiment 6. The % yield ofNo. 1-9 is shown in Table D-I 8.



Table D-17 Experiment 6 % wt Element ofNo. 1-9

Element

Al
Si

Fe
Zr
Mn
Ca
Ti
Au
Cu

Mg
Na
Cl

89.24
0.00
0.00
0.05
0.00
0.00
0.15
0.56
0.51
0.00
0.03
0.00

0.28
40.97
9.75
20.02
1.50
3.47
0.14
0.15
22.08
0.54
0.00
0.00
0.00
0.19
0.56
0.35
0.00

26.26
039
0.44
0.14
0.00
71.37
0.14
0.00
0.00
0.00
0.00
0.05
0.71
0.51
0.00
0.00
0.00

4.14
44.65
8.62
18.51
1.26
1.39
0.00
0.00
20.51
0.17
0.00
0.00
0.00
0.04
0.49
0.22
0.00

Iron
nugget

15.56

1.15
0.22
0.18
0.00
81.00
0.10
0.00
0.05
0.00
0.00
0il
0.94
0.70
0.00
0.00
0.00

Slag

0.70
41.33
8.28
18.49
143
1.94
0.19
0.00
27.16
0.14
0.00
0.00
0.00
0.00
0.34
0.00
0.00

% wt Element of pellet

Iron
nugget
2.66
0.28
0.08
0.26
0.00
94.80
0.00
0.00
0.12
0.00
0.00
0.14
0.86
0.78
0.00
0.00
0.00

4

Slag

0.00
35.06
1.93
18.27
1.34
1.76
0.00
0.15
33.66
0.59
0.00
0.00
0.00
0.49
0.50
0.25
0.00

Iron
nugget
=
0.88
0.11
0.33
0.00
89.39
0.10
0.00
0.06
0.00
0.00
0.15
1.04
0.75
0.01
0.01
0.00

5

Slag

3.72
38.34
7.03
15.86
0.87
1.69
0.11
0.00
31.33
0.30
0.00
0.00
0.00
0.33
0.41
0.02
0.00

Iron
nugget
15.30
1.28
0.09
0.26
0.00
80.63
0.00
0.00
0.37
0.00
0.00
0.00
1.05
1.01
0.00
0.00
0.00

Slag

1.29
43.68
7.40
16.45
0.67
0.50
0.15
0.00
28.58
0.17
0.00
0.00
0.00
0.60
0.50
0.00
0.00

Iron
nugget
7.53
0.82
0.13
0.37
0.00
89.61
0.26
0.00
0.05
0.00
0.00
0.25
0.54
0.43
0.00
0.00
0.00

Slag

0.64
32.68
6.03
14.42
0.65
2.64
0.13
0.23
41.05
0.50
0.00
0.00
0.00
0.58
0.45
0.00
0.00

8.11
13.12
5.28
2.68
0.25
53.83
0.70
0.14
14.08
0.10
0.00
0.07
0.37
1.25
0.03
0.00
0.00

14.71
12.85
1.45
2.76
0.06
49.04
0.56
0.00
15.96
0.22
0.00
0.02
0.32
1.95
0.09
0.00
0.00



Element

Al
S

Fe
VAT
Mn
Ca
Ti
Au
Cu

Mg
Na
Cl

[ron
nugget
0.41
0.35
0.18
0.22
0.00
1.42
0.00
0.00
0.04
0.00
0.00
0.13
0.12
0.03
0.00
0.05
0.00

Slag

0.49
0.80
0.92
0.53
0.04
0.10
0.24
0.15
1.44
0.05
0.00
0.00
0.00
0.12
0.04
0.07
0.00

[ron
nugget
2.34
0.68
0.23
0.10
0.00
2.25
0.17
0.00
0.00
0.00
0.00
0.08
0.10
0.06
0.00
0.00
0.00

Slag

3.72
3.49
0.53
1.48
0.28
0.51
0.00
0.00
491
0.17
0.00
0.00
0.00
0.06
0.11
0.21
0.00

[ron
nugget
1.51
1.08
0.39
0.07
0.00
2.41
0.17
0.00
0.04
0.00
0.00
0.10
0.18
0.08
0.00
0.00
0.00

Iron
nugget
0.70
0.25
0.08
0.13
0.00
0.57
0.00
0.00
0.21
0.00
0.00
0.13
0.21
0.18
0.00
0.00
0.00

Slag

0.00
3.38
0.41
0.52
0.26
0.76
0.00
0.05
3.40
0.07
0.00
0.00
0.00
0.08
0.05
0.05
0.00

SD

[ron
nugget
1.20
1.10
0.02
0.08
0.00
1.00
0.09
0.00
0.06
0.00
0.00
0.12
0.15
0.09
0.02
0.01
0.00

Slag

4.18
8.87
0.71
1.67
0.27
0.96
0.19
0.00
7.65
0.15
0.00
0.00
0.00
0.12
0.17
0.03
0.00

[ron
nugget
1.55
1.15
0.07
0.22
0.00
1.20
0.00
0.00
051
0.00
0.00
0.00
0.07
0.54
0.00
0.00
0.00

Slag

1.78
2.67
0.19
0.24
0.03
0.16
0.27
0.00
4.08
0.02
0.00
0.00
0.00
0.09
0.11
0.00
0.00

[ron
nugget
0.49
0.27
0.02
0.07
0.00
0.56
0.11
0.00
0.04
0.00
0.00
0.09
0.20
0.13
0.00
0.00
000

Slag

1.10
2.62
0.21
0.61
0.13
0.94
023
0.27
3.44
0.03
0.00
0.00
0.00
0.23
0.03
0.00
0.00

3.03
2.00
3.33
0.19
0.23
0.45
0.31
0.14
1.61
0.10
0.00
0.09
0.53
0.59
0.03
0.00
0.00

3.06
1.58
0.23
0.34
0.05
6.25
0.21
0.00
3.33
0.09
0.00
0.04
0.08
0.84
0.10
0.00
0.00



Table D-18 Experiment 6 % yield after reduction from Iron nuggets

%wt
[ron
Ore in
mixtur
e
65.33
64.86
64.40
64.15
63.53
63.04
61.93

59.85

No

o ~N O o1 B~ WO s

o

57.91

%wt Fe

In

mixtur

36.58
36.32
36.06
35.93
35.58
35.30
34.68

33.52

32.43

Dried
Weight
of3
pellets

158

157.64
157.90
158.27
163.91
159.70
159.31

160.60
157.36

Fe In
put

(9)

57.18
57.26
56.94
56.86
58.31
56.38
95.25

% Fe

EDX

89.24
71.37
81.00
94.80
89.39
80.63
89.61

[ron
nugget

(9)

63.07
60.82
63.56
59.92
63.88
61.71
60.25

Fe
Output

(9)

56.28
43.41
51.49
56.81
57.10
49.76
53.99

% Yield

98.42
75.80
90.41
99.90
97.92
88.26
97.73
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Separation
status

Complete
Complete
Complete
Complete
Complete
Complete
Complete
Direct
reduction
Direct
reduction

At the reduction temperature 1425°c and the reduction time of 20 min and the
mol ratio of mixture C/Fe = 1.53. The mol ratio Limestone/AEOa+SiCh = 0.75 of No.

4 is suitable because high % Fe in Iron nuggets, high % Yield, and the low Limestone

usage. The microstructure of Iron nugget No. 4 is shown in Figure D-I L.

Tahle D-19

=
e

O© o 4 O U1 B~ W PO s

% Fe Nugget from

EDX

89.24
11.31
81.00
94.80
89.39
80.63
89.61

Experiment 6 density of Iron nuggets

Density (g/cm?3)

Average

6.1017
5.6549
6.4182
7.1195
7.1106
6.3356
6.7752

SD

0.4219
0.1861
0.4096
0.3753
0.2779
0.3188
0.3230



Iron Sulfide

Pearlite

- Eutectic Cementite

Cementite

Noat

25.0kV 19.8mm x500 SE(M,LA3)

Figure D -1l The backscattered SEM image of cross section iron nugget from

Experiment 6, No. 3 at reduction temperature |,425°C and reduction

time 0f 20 min.

Iron Sulfide

Pearlite

B [ ytectic Cementite

2 Cementite

25.0kV 17.7mm x500 SE(M,LA3)

Figure D-12 The backscattered SEM image of cross section iron nugget from
Experiment 6, No. 4 at reduction temperature E425°C and reduction
time of 20 min.
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V ngm m Lo . I I A ] .
A 7 Iron Sulfide
[
N 1 1 .
-- w7 Pearlite
D o
A \/I *.8
A . .
> Eutectic Cementite
I Vo Y, T 1) _
. Cementite
25.0kV 25.5mm x500 SE(M,I|A3) fooum

Figure D-13 The backscattered SEM image of cross section iron nugget from

Experiment 6, No. 5 at reduction temperature 1,425°c and reduction
time of 20 min.

The lamellar structure represents pearlite, which is alternating layers of a iron

and Fe3C, light-gray areas represent cementite (Fe3C) and dark-gray areas represent
the iron sulfides. This structure is similar to the white cast iron.
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jSsawple ident.: L8.78 ta-Wag-2B11  :54
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Figure D-14 XRi) spectrum of Iron nugget. Experiment 6, No. 3 (34-0001 : Cementite
and.06-0696: Iron).

ISawple idefttm: HON 16:2?,

34-48481

86 -8696
83-8411

Figure D-15 XRD spectrum of Iron nugget, Experiment 6, No. 4 (34-0001 :
Cementite, 06-0696: Iron and 03-0411 : Iron carbide).
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[Sawple tdenl.» 18,89 1 :56
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Figure D-16 XRD spectrum of Iron nugget, Experiment 6, No. 5 (34-0001 : Cementite
and 06-0696: Iron).
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Appendix E: Raw Data
E.l Scanning electron microscope (SEM)

The particle size was measured by SEM (Hitachi, model -4800), a scanning
electron microscope. The SEM accelerating voltage, current and magnification are

specified in the figures below.

1.0kV 7.2mm x600 SE(M) 50.0um

Figure E-l Particle of Limestone from SEM.
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:
4!’

1.0kV 7.0mm x100 SE(M)

25.0kV 19.9mm x40 SE(M)

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



1.0kV 2.89mm x35 SE(M)

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



- Iron Sulfide

. Pearlite

S Eutectic Cementite

Cementite

sedlos
25.0kV 19.8mm x500 SE(M,LA3)

Figure E-5 The backscattered SEM image of cross section iron nugget from
Experiment 6, No. 3 at reduction temperature 1,425°C and reduction
time of 20 min,

Iron Sulfide
A .
Pearlite
o
-V'
| L. - 1 Eutectic Cementite

A \ ' *__\A A

Cementite

to « 1| .

25 0kv 17.7mm x500 SE(M.LA3, ioo'um

Figure E-6 The backscattered SEM image of cross section iron nugget from
Experiment 6, No. 4 at reduction temperature 1425°C and reduction
time of 20 min.
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L Iron Sulfide

= Pearlite

BRBS [ utcctic Cementite

— Cementite

1 |l 1 ' 1 1 1 1 !

25.0kV 25.5mm x500 SE(M,LA3) 100um

Figure E-7 The backscattered SEM image of cross section iron nugget from
Experiment 6, No. 5 at reduction temperature 1,425°C and reduction
time of 20 min.
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Energy Dispersive X-Ray Fluorescence Spectrometer (EDXRF)

The samples were ground into fine and characterized for % wt of Element by
EDX (Eloriba, model 51-ADD0014), an Energy Dispersive X-Ray Fluorescence
Spectrometer (Hitachi, model -4800), connected to a scanning electron microscope.
The SEM accelerating voltage and current were 25 kv 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 the holder and placed into a high vacuum SEM chamber
for preventing the attenuation of X-ray by the air molecules.

E.I.I XK-Ol

Table E-1 % wt of Element and % Atomic of XK-01 1g specimen

Element % Element w Atomic

1 2 3 average SD 1 2 3 average  SD
C 0.00 431 2.18 5.67 4.17 0.00 8.68 4.32 1197 - 7.90
0 46.73 36.92 38.47 32.63 6.03 73.46 60.84 64.58 55.00 5.29
Al 2.53 2.24 2.30 174 0.55 2.36 2.21 2.31 174 0.43
Si 3.38 331 2.11 2.57 0.64 3.02 3.16 2.61 251 0.61
K 0.36 0.32 0.37 0.26 0.12 0.23 0.21 0.25 0.18 0.06
Fe 45.66 51.71 52.80 56.00 10.09  20.56 2451 25.58 28.19 9.33
Ir 1.35 1.10 118 0.92 0.42 0.37 0.31 0.35 0.27 0.09
Mn 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 :
Ca 0.00 0.00 0.00 0.00 : 0.00 0.00 0.00 0.00 :
Ti 0.00 0.04 0.00 0.03 0.03 0.00 0.02 0.00 0.02 0.02

Au 0.00 0.00 0.00 0.00 : 0.00 0.00 0.00 0.00 :
Cu 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
0.00 0.00 0.00 0.00 : 0.00 0.00 0.00 0.00 :

Mg 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

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



Table E-2 % wt of Element and % Atomic of XK-01 2nd specimen

Element

8

Al
S
K
Fe
Zr
Mn
Ca
Ti
Au
Cu

p

Mg

Na

Cl
Total

10.35
35.24
1.83
2.25
0.33
48.77
1.23
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
100.00

2
14.26
29.87

142
1.65
0.38
51.86
0.00
0.00
0.00
0.00
0.00
0.00
0.56
0.00
0.00
0.00
0.00
100.00

% Element
3
7.18
36.03
1.98
252
0.25
50.54
1.40
0.00
0.00
-0:00
0:00
0.00
0.11
0.00
0:00
0.00
0.00
100.00

average
10.60
3371
174
2.14
0.32
50.39
0.88
0.00
0.00
0.00
0.00
0.00
0.22
0.00
0.00
0.00
0.00

100.00

)

3.55
3.35
0.29
0.45
0.06
155
0.76

0.30

1
20.98
53.62

1.65
1.95
0.21
21.26
0.33
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
100.00

2
28.80
45.29

1.28
143
0.24
22.53
0.00
0.00
0.00
0.00
0.00
0.00
0.44
0.00
0.00
0.00
0.00
100.00

w Atomic
3
14.47
57.46
1.89
2.32
0.15
23.22
0.39
0.00
0.00
0.00
0.00
0.00
0.08
0.00
0.00
0.00
0.00
100.00

Table E-3 % wt of Element and % Atomic of XK-01 3rdspecimen

Element

Total

1
2.36
25.74
115
2.15
0.12
67.52
0.44
0.00
0.00
0.06
0.00
0.14
0.30
0.00
0.00
0.00
0.00
100.00

2
2.36
28.24
121
1.53
0.14
65.44
0.50
0.00
0.00
0.09
0.00
0.15
0.33
0.00
0.00
0.00
0.00
100.00

w Element
3
0.00
41.31
2.37
2.67
0.34
51.79
1.52
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
100.00

average
1.57
3117
1.58
2.12
0.20
61.58
0.82
0.00
0.00
0.05
0.00
0.10
0.21
0.00
0.00
0.00
0.00
100.00

D

1.36
8.36
0.69
0.57
0.12
8.55
0.61

0.05

1
6.24
50.54
1.36
241
0.10
38.80
0.16
0.00
0.00
0.04
0.00
0.07
0.30
0.00
0.00
0.00
0.00
100.00

2
6.08
53.92
1.38
1.68
0.11
36.22
0.18
0.00
0.00
0.06
0.00
0.07
0.32
0.00
0.00
0.00
0.00
100.00

w Atomic
3
0.00
69.45
2.36
2.56
0.23
24.95
0.45
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
100.00

average
21.42
52.12
161
1.90
0.20
22.34
0.24

0.17
0.00
0.00
0.00
0.00
100.00

average
4.10
57.97
1.70
221
0.15
33.32
0.26
0.00
0.00
0.03
0.00
0.05
021
0.00
0.00
0.00
0.00
100.00

114

SD

.17
6.22
0.31
045
0.04
1.00
021

0.24

SD
3.55
10.09
0.57
047
0.07
7.36
0.16

0.03

0.04
0.18
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0 05 1 15 2 25 3 3.5 4 45 5
ull Scale 15588 cts Cursor: 0.000

keV

Figure E-8 EDX spectrum of XK-01 1¢ specimen.

Spectrum 30

T Ty MR ' — * T T —ry Y

[‘J ol O.IS 1 15 2 25 3 35 4 45 5
Full Scale 15588 cts Cursor: 0.000 keV
Figure E-9 EDX spectrum of XK-01 2ruspecimen.
) . 7
0 05 1 rﬁ1.157 ™ 2‘ o 2?5' b 3l = YB,TS t; 4.'5 ; SAIS
keV

ull Scale 4471 cts Cursor: 1.747 (611 cts)

Figure E-10 EDX spectrum of XK-01 3rdspecimen.
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E. 12 Experiment 1

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

1% specimen
% Element % Atomic
Element 1 2 average  SD 1 2 average  SD
C 0.00 0.00 0.00 : 0.00  0.00 0.00 :
0 26.14 3037 2826 299 509 5735 5413 456
Al 51 313 412 139 589 35 470 169

Si 454 313 380 100 504 337 421 118
K 02  0.00 010 014 016 0.00 008 011
Fe 5531 5757  56.44 160 3086 31.15 3101 021

Zr 000 0.00 0.0 0.00 0.00 0.00

Mn 0.00 0.0  0.00 : 0.00  0.00 0.00 :
Ca 697 461 579 167 542 347 445 138
Ti 000 0.00  0.00 : 0.00 0.00 0.00 :
Au 000 000 ~ 0.00 - 000 0.00 0.00

Cu 0.00 0.00 ~ 0.00 : 0.00 0.00 0.00 :
p 146 084 115 044 147 082 115 046
028 035 032 005 027 033 030 0.4

Mg 000 0.00 0.0 : 0 0 0.00
Na 000 0.00  0.00 - 0 0 0.00
Cl 000 000  0.00 » 0 0 0.00
Total 100 1200 10000 - 100 100  100.00

Table E-5 Experiment 1%wt of Element and % Atomic of No. 1(1500°c, 50 min)

2ndspecimen
% Element % Atomic
Element 1 2 average  SD 1 2 average  SD
C 0.00  0.00 0.00 : 0.00 0.00 0.00

0 3539 2537 30.38 7.09 63.69 50.09 5689 9.62
Al 291 555 423 187 311 65 481 240
Si 203 396 300 136 208 446 321 1.68
K 000 018 009 013 000 0.4 007 010
Fe 4901 573 5316 586 2527 3242 2885 5.06
Zr 484 000 242 342 153 0.00 077 1.08

Mn 000 0.00 0.0 : 0.00  0.00 0.00 :
Ca 504  6.02 553 069 362 474 418  0.79
Ti 000 0.00  0.00 : 0.00 0.00 0.00 :
Au 000 000  0.00 : 0.00  0.00 0.00

Cu 000 0.00 0.0 : 0.00  0.00 0.00 -
P 0 124 062 088 0 1.26 063  0.89

078 039 059 028 07 039 055 022
Mg 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
cl 0.00 0.00 0.00 : 0 0 0.00

Total 100 100 10000 - 100 100  100.00
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Table E-6 Experiment 1% wt of Element and % Atomic of No. 1(1500°c, 50 min)

3rdspecimen
Element 1

C 25.66

0 2345

Al 2.94

Si 1.16

K 000

Fe 44,61

Zr 0.00

Mo 0.00
Ca 1

i 0.00

Au 0.00

Cu 1.07

D 0.00

0.00

Ms 0.0

Na 0.0

Cl 0.00
Total 100

% Element

2 average
0.00 12.83
2454 24.00
8.47 571
4.11 2.64
0.00 0.00
56.88  50.75
0.00 0.00
0.00 0.00
5.19 3.15
0.00 0.00
0.00 0.00
0.00 0.54
0.81 041
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
100~ 100.00

SD
18.14
0.77
391
2.09

8.68

288

1
46.49
31.89

237
0.9
0.00
17.38
0.00
0.00
0.6
0.00
0.00
0.37
0.00
0.00
0.00
0.00
0
100

% Atomic

2 average
000 2325
4841 40.15
9.91 6.14
4.62 2.76
0.00 0.00
3215 2411
0.00 0.00
0.00 0.00
4.08 2.34
0.00 0.00
0.00 0.00
0.00 0.19
0.83 0.42
0.00 0.00
0.00 0.00
0.00 0.00

0 0.00
100 100.00

SD
32.87
11.68

533
2.63

10.44

2.46

Tahle E-7 Experiment 1% wt of Element and % Atomic of No. 2 (1400°c, 50 min)

Element

b

Total

1¢ specimen

% Element
1 2 3 4
000 000 000 000
3T79 3204 2289 28.26
536 632 56 468
578 67 528 462
031 045 04  0.00
4722 4462 5645 54
0.00 0.00 000 0.00
000 000 000 000
787 833 796 681
000 000 000 000
000 000 000 000
000 000 000 000
139 117 142 163
029  0.38 0 0
000 000 000 000
0.00 0.00 000 0.0
000 000 000 0.0
100 100 100 100

average

0.00
28.75
5.49
5.60
0.29
50.57
0.00
0.00
1.74
0.00
0.00
0.00
140
0.17
0.00
0.00
0.00
100.00

SD

4.21

1
0.00
56.85
5.68
5.88
0.22

2

0.00
56.53
6.61
6.73
0.32
22.55
0.00
0.00
5.87
0.00
0.00
0.00
1.06
0.33
0.00
0.00
0.00

100

w Atomic

3 4
0.00  0.00
46.27 53.63
6.72  5.27
6.08  4.99
0.33  0.00
32.69 29.35
0.00  0.00
0.00 0.00
642 516
0.00  0.00
0.00 0.00
0.00 0.00
1.48 16
0 0

0.00 0.00
0.00 0.00
0.00 0.00
100 100

average

0.00
53.32

SD



118

Table E-8 Experiment 1% t of Element and % Atomic of No. 2 (1400°c, 50 min)

Element

C
0

Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu

p

Mg

Na

Cl
Total

2nd specimen

% Element
1 2 3 4
000 437 000 000
272 3038 3096 211
432 599 531 559
649 394 558 371
035 000 038 0.00
515 4863 50.24 58.84
0.00 0.00 000 0.00
000 000 000 0.0
862 532 635 3.7
000 000 000 0.0
0.00 000 0.00 0.0
000 000 0.00 0.00
118 109 117 109
035 029 000 0.0
000 000 000 000
000 000 000 0.0
000 000 000 000
100 100 100 100

average
1.09
2891
5.30
4.93
0.18
52.30
0.00
0.00
5.99
0.00
0.00
0.00
113
0.16
0.00
0.00
0.00
100.00

SD

2.19
2.05
071
1.33
021
451

207

0.05
0.19

1

0.00
51.73
4.87
7.03
0.27
28.06
0.00
0.00
6.54
0.00
0.00
0.00
1.16
0.33
0.00
0.00
0.00

100

2
9.9
51.71
6.04
3.82
0.00
23.71
0.00
0.00
3.61
0.00
0.00
0.00
0.96
0.25
0.00
0.00
0.00
100

% Atomic

3 4
0.00 0.00
56.31  52.71
573  6.45
578 411
028  0.00
26.18  32.79
0.00 0.00
0.00 0.00
4,61 2.85
0.00 0.00
0.00 0.00
0.00 0.00
11 1.09
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average
248
53.12
577
5.19
0.14
27.69
0.00
0.00
4.40
0.00
0.00
0.00
1.08
0.15
0.00
0.00
0.00

100.00

SD
4.95
2.18
0.67
1.50
0.16
3.84

160

Tahle E-9 Experiment 1% wt of Element and % Atomic of No. 2 (1400°c, 50 min)

Element

0.00C
0
Al
Si
K
Fe
r
Mn
Ca
Ti
Au
Cu

P
0.00s

Total

3rdspecimen
% Element
1 2 3 4
0 3.67 0.00 0.0
3286 3523 25.73  30.67
3.49 342 392 585
3.14 3.4 303 351
000 000 000 0.0
51.74 4163 6256 54.29
0.00 000 000 000
0.00 0.00 000 0.00
641 898 379 433
0.00 000 000 0.0
000 000 000 0.0
0.00 000 000 0.0
235 333 098 135
0.00 033 000 0.0
0.00 000 000 0.0
000 000 000 0.0
0.00 000 000 000
100 100 100 100

average
0.92
31.12
4.17
3.27
0.00
52.56
0.00
0.00
5.88
0.00
0.00
0.00
2.00
0.08
0.00
0.00
0.00
100.00

SD

184
4,05
1.14
0.22

8.62

2.36

1.06
017

100

7.96

% Atomic

3 4
0.00 0.00
51.75  56.68
468 641
347 3.69
0.00 0.00
36.05 28.74
0.00 0.00
0.00 0.00
3.04 319
0.00 0.00
0.00 0.00
0.00 0.00
1.02 1.29
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average
1.99
56.28
4.54
3.39
0.00
21.75
0.00
0.00
4.17
0.00
0.00
0.00
1.83
0.07
0.00
0.00
0.00

100.00

SD

3.98
3.24
1.38
0.24

6.85

132

082
0.14
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Table E-10 Experiment 1% wt of Element and % Atomic of No. 3 (1300°C, 50
min) 1stspecimen

Element

1

C 6.64
0 22.35
Al 1.22
Si 1.55
K 0.00
Fe 66.05
Zr 0.00
Mn 0.00
Ca 2.18
Ti 0.00
Au 0.00
Cu 0.00
p 0.00
0.00

Ms 0.00
Na 0.00
Cl 0.00
Total 100
Table E-II

Element 1

C 0.00
(0] 19.12
Al 2.11
Si 4.46
K 0.23
Fe 67.64
Zr 0.00
Mn 0.00
Ca 5.34
Ti 0.00
Au 0.00
Cu 0.00
P 0.74
0.37

Mg 0.00
Na 0.00
Ci 0.00
Total 100

2
0.1
23.39
241
4.96
0.34
61.34
0.00
0.00
6.17
0.00
0.00
0.00
0.99
0.00
0.00
0.00
0.00
100

% Element
3 4
0.00 9.24
31.11 21.15
3.09 1.29
6.59 2.76
0.33 0.00
49.81 60.94
0.00 0.00
0.00 0.00
7.64 3.84
0.00 0.00
0.00 000
0.00 0.00
1.06 0.78
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average

4.00
24.50
2.00
3.97
0.17
59.54
0.00
0.00
4.96
0.00
0.00
0.00
0.71
0.00
0.00
0.00
0.00
100.00

SD
4.68
4.50
0.91
2.25
0.19
6.89

2.42

0.49

.0.20

1
16.82
42.5

1.38
1.68
0.00
35.97
0.00
0.00
1.66
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
100

2
0.28
48.11
2.93
5.81
0.29
36.15
0.00
0.00
5.06
0.00
0.00
0.00
1.05
0.32
0.00
0.00
0.00
100

% Atomic
3 4

0.00 2231
56.68 38.32
3.34 1.38
6.83 2.85
0.24 0.00
26 31.63
0.00 0.00
0.00 0.00
5.56 2.78
0.00 0.00
0.00 0.00
0.00 0.00
1 0.73
0.34 0.00
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average
9.85
46.40
2.26
4.29
0.13
32.44
0.00
0.00
3.77
0.00
0.00
0.00
0.70
0.17
0.00
0.00
0.00
100.00

SD
11.44
7.94
1.03
2.43
0.15
4.77

1.85

0.48
0.19

Experiment 1% wt of Element and % Atomic of No. 3 (1300°c, 50

min) 2nd specimen

2
0.00
20.75
221
4.16
0.24
66.48
0.00
0.00
4.82
0.00
0.00
0.00
0.69
0.32
0.33
0.00
0.00
100

% Element
3 4
0.00 0.00
24.38  17.97
2.59 2.05
4.91 4
0.27 0.23
60.84 69.95
0.00 0.00
0.00 0.00
5.89 4.77
0.00 0.00
0.00 0.00
0.00 0.00
0.76 0.64
0.36 0.39
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average

0.00
20.56
2.24
4.38
0.24
66.23
0.00
0.00
521
0.00
0.00
0.00
0.71
0.36
0.08
0.00
0.00
100.00

SD

0.00
14.25

0.46
0.67
0.02

15.07

0.52

0.05
0.02

1
0.00
42.41
2.77
5.63
0.21
42.99
0.00
0.00
4.72
0.00
0.00
0.00
0.85
0.41
0.00
0.00
0.00
100

2
0.00
44.88
2.84
5.13
0.21
41.2
0.00
0.00
4.16
0.00
0.00
0.00
0.77
0.35
0.47
0.00
0.00
100

% Atomic

3 4
0.00 0.00
49.58 40.81
3.13 2.76
5.69 5.18
0.22 0.21
35.44 4551
0.00 0.00
0.00 0.00
4.78 4.33
0.00 0.00
0.00 0.00
0.00 0.00
0.8 0.75
0.37 0.44
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average

0.00
44.42
2.88
5.41
0.21
41.29
0.00
0.00
4.50
0.00
0.00
0.00
0.79
0.39
0.12
0.00
0.00
100.00

SD

3.83
0.17
0.29
0.01
4.28

0.30

0.04
0.04
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Table E-12 Experiment 1% wt of Element and % Atomic of No. 3 (1300°c, 50
min) 3rdspecimen

Element

C
0
Al
Si
K
Fe
r
Mn
Ca
Ti
Au
Cu

p

Mg

Na

Cl
Total

1
0.00
16.75

100

2
9.5
18.43
2.32
3.28
0.19
58.86
2.06
0.00
4.93
0.00
0.00
0.00
0
0.44
000
0.00
0.00
100

% Element
3 4
0.00 0.00
2272 19.64
407 372
545 454
026 031
59.21  64.65
0.00 0.00
0.00 0.00
6.9 5.55
0.00 0.00
0.00 0.00
0.00 0.00
095 0.72
043 051
000 0.36
0.00 0.00
0.00 0.00
100 100

average
2.38
19.39
3.39
435
0.24
62.95
0.52
0.00
5.70
0.00
0.00
0.00
0.58
043
0.09
0.00
0.00
100.00

SD
4.75
2.52
0.76
0.90
0.06
4.87
1.03

0.84

041
0.07
0.18

1
0.00
38.36
4.66
5.39
0.17
4531
0.00
0.00
4.95
0.00
0.00
0.00
0.78
0.38
0.00
0.00
0.00

100

2
23.52
34.25

2.56
3.47
0.14
31.33
0.67
0.00
3.65
0.00
0.00
0.00

Cooo . @

Sooo

% Atomic
3 4

0.00 0.00
4658 4255
495 478
6.37 561
022 027
3478 40.12
0.00 0.00
0.00 0.00
5.65 4.8
0.00 0.00
0.00 0.00
0.00 0.00
101 081
044 055
0.00 0.52
0.00 0.00
0.00 0.00
100 100

average
5.88
40.44
4.24
5.21
0.20
37.89
0.17
0.00
4,76
0.00
0.00
0.00
0.65
0.44
013
0.00
0.00
100.00

SD
11.76
532
112

1.23
0.06
6.13

0.83

0.45
0.08
0.26

Table E-13 Experiment 1 % wt of Element and % Atomic of No. 4 1200-¢ . 50
min) 1d specimen

Element

Al
Si

Fe

Total

100

% Element
3 4
1.96 1.76
29.53  25.11
1.64 1.84
4.71 4.92
036 027
5201 568
0.00 0.00
0.00 0.00
7.18 7.38
0.00 0.00
000 0.00
0.00 0.00
16 1.17
022 025
026 0.00
053 048
0.00 0.00
100 100

average

443
28.60
1.67
4.44
0.33
51.33
0.00
0.00
6.93
0.00
0.00

SD

1
18.05
48.62

1.48
3.65
0.21
2191
0.00
0.00
4,01
0.00
0.00
0.00
0.99
021
0.00
0.74
0.12

100

% Atomic
3 4
473 453
5351 4853
176 211
486 54
027 021
27 31.45
0.00 0.00
0.00 0.00
5.19 5.7
0.00 0.00
0.00 0.00
0.00 0.00
1.49 1.17
0.2 0.24
0.31 0.00
0.67  0.65
0.00 0.00
100 100

average
10.01
50.29
1.76
4.49
0.24
26.08
0.00
0.00
491
0.00
0.00
0.00
122
0.23
0.10
0.67
0.06
100.00

SD
6.58
2.33
0.26
0.80
0.03
4.14

0.72

021

0.18
0.05
0.06
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Table E-14 Experiment 1 % wt of Element and % Atomic of No. 4 (1200°c, 50
min) 2rdspecimen

Element

C
0
Al
Si
K
Fe
VA
Mn
Ca
Ti
Au
Cu

p
Mg

d

Total

Table E-15 Experiment 1 % wt of Element and %

Element

Total

1
0.35
26.85
2.19
6.21
0.35
49.87
0.00 .
0.00
9.81
a0
0.00.
1.38

0.33 .

0.00
0.46
0.00
100

1

0.00
26.23
2.92
6.47

0.5
52.67
0.00
0.00

100

2
0.79
22.04
2.26
4.1
03
62.86
0.00
0.00
6.38
0.00
0.00
0.00
0.98
0.39
0.79
0.43
0.00
100

% Element
3 4
0.00 0.93
2847 2746
209 271
466  6.08
0.31 0.38
53.82 5167
0.00 0.00
0.00 0.00
849 859
0.00 0.00
0.00 0.00
0.00 0.00
1.57 1.35
0.2 0.29
000 0.25
039 029
0.00 0.00
100 100

min) 3rdspecimen

2

0.00
28.01
2.96

6.5
0.75
52.05
0.00
0.00
741
0.00
0.00
0.00
1.36
031
0.28
0.36
0.00

100

% Element
3 4
0.00 0.00
2353 25.97
1.43 1.72
3.13 4.4
036 031
65.55  60.62
0.00 0.00
0.00 0.00
4.24 5.7
0.00 0.00
0.00 0.00
0.00 0.00
0.8 0.8
055  0.48
0.00 0.00
041 0.00
0.00 0.00
100 100

average  SD
0.52 0.42
2621 2.86
246 034
543 0.83
0.34 0.04
5456 577
0.00
0.00
8.32 142
0.00 :
0.00
0.00 :
132 025
030  0.08
026 037
0.39 0.07
0.00 -
100.00

average  SD
0.00 :
2594 184
226 0.80
513 1.65
0.48 0.20
5172 6.52
0.00
0.00
6.59 2.07
0.00
0.00
0.00 :
110 034
0.43 0.11
0.07 0.14
030 020
0.00 :
100.00

I
0.9
51.45
3.18
6.78
0.27
27.38
0.00
0.00
75
0.00
0.00
0.00
137
0.32
0.00
0.61
0.00
100

2
0.125
46.42

2.83
5.12
0.26
37.93
0.00
0.00
5.37
0.00
0.00
0.00
1.07
041
0.125
0.58
0.00
100

% Atomic
3 4
000 233
54.25 5145
237 301
506  6.49
024  0.29
29.38 2774
0.00 0.00
0.00 0.00
6.46  6.42
0.00 0.00
0.00 0.00
0.00 0.00
1.54 13
019 0.28
000 031
0.51 0.38
0.00 0.00
100 100

average  SD
0.84 1.07
5089  3.26
2.85 0.35
6.01 0.78
0.27 0.02
3061 496
0.00
0.00
6.44 0.87
0.00
0.00
0.00
1.32 0.19
0.30 0.09
0.11 0.15
038 .0.10
0.00 :
100.00

Atomic of No. 4 (1200°c, 50

0.00
52.91
3.32

0.58
28.17

0.00
5.59
0.00
0.00
0.00
1.33
0.29
0.35
0.47

100

% Atomic
3 4
0.00 0.00
49.27  52.02
178 2.04
373 5.02
0.31 0.26
39.33  34.79
0.00 0.00
0.00 0.00
355 4.56
0.00 0.00
0.00 0.00
0.00 0.00
087 0.82
057 0.8
0.00 0.00
0.6 0.00
0.00 0.00
100 100

average  SD
0.00
5122 159
2.62 0.83
512 1.64
0.39 0.14
3286 5.20
0.00
0.00
5.16 145
0.00
0.00
0.00 :
11 0.31
0.42 0.13
0.09 0.18
0.42 0.28
0.00 :
100.00
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Table E-16 Experiment 1% wt of Element and % Atomic of No. 5 (1100°c, 50
min) 1s specimen

Element

C
0
A
Si
K
Fe
r
Mn
Ca
Ti
Au
Cu

p

Mg

Na

Cl
Total

1

0.00
28.54
1.24
2.84
0.25
59.95
0.00
0.00
5.52
0.00
0.00
0.00
1.16
0.00
0.00
0.49
0.00

100

2

0.00
29.01
132
3.44
0.29
57.02
0.00
0.00
7.01
0.00
0.00
0.00
1.66
0.26
0.00
0.00
0.00

100

% Element

3 4
0.00 444
22.09 26.17
149  0.77
4.06 1.57
024  0.00
64.48 6357
0.00 1.24
0.00 0.00
6.37 1.82
0.00 0.00
0.00 0.00
0.00 0.00
101 0.00
026 041
0.00 0.00
0.00  0.00
0.00 0.00
100 100

average

L1
26.45
12
2.98
0.20
61.26
0.3]
0.00.
5.18
0.00
0.00
0.00
096
0.23.
0.00
0.12.
0.00.
100.00

SD

2.22
3.16
031
1.06
0.13
3.44
0.62

232

2

0.00
55.81

15
3.7
0.23
31.42
0.00
0.00
5.38
0.00
0.00
0.00
1.65
0.25
0.00
0.00
0.00

100

% Atomic
3 4
000 1121
46.95 49.56
188 087
4.92 1.7
0.21 0.00
39.26  34.48
0.00 041
0.00 0.00
5.4 1.38
0.00 0.00
0.00 0.00
0.00 0.00
111 0.00
028 0.39
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average

2 80
51.98
142
3.39
0.16
34.66
0.10
0.00
4.12
0.00
0.00
0.00
0.98
0.23
0.00
0.17
0.00

100.00

SD
561
4.43
0.42
1.34
011
3.32
021

1.89

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

Element

C
0
Al
Si
K
Fe
VA
Mn
Ca
Ti
Au
Cu

Total

1
0.00
28.16
181
4.39
0.21
56.72
0.00
0.00
6.98
0.00
0.00
0.00
1.14
0.23
0.00
0.35
0.00
100

2
0.00
26.62
1.56
3.96
0.32
59.35
0.00
0.00
6.42
0.00
0.00
0.00
112
0.21
0.00
0.45
0.00
100

% Element
3 4
9.56  0.00
2218 26.73
0.69 1.35
2.02 353
0.23 0.22
60.53 60.47
145  0.00
0.00 0.00
279 6.29
0.00 0.00
0.00  0.00
0.00 0.00
0.00 1.07
0.17  0.00
0.00 0.00
039  0.33
0.00 0.00
100 100

average
2.39
25.92
1.35

SD

4.78
2.59
0.48
1.03
0.05
1.78
0.73

191

w Atomic

3 4
2289  0.00
39.87 53.19
0.73 1.6
2.07 4
0.17  0.18
3117 3447
046  0.00
0.00 0.00
2 5
0.00 0.00
0.00 0.00
0.00 0.00
0.00 11
0.16  0.00
0.00 0.00
049  0.46
0.00 0.00

100

average
5.72
50.04
1.56
3.84
0.20
32.67
0.12
0.00
4.36
0.00
0.00
0.00
0.85
0.15
0.00
051
0.00
100.00

SD
11.45
6.81
0.59
1.23
0.04

1.66
0.23

158
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Table E-18 Experiment 1 % wt of Element and % Atomic of No. 5 (1100°c, 50
min) 3rdspecimen

Total

100

% Element
3 4
0.00 0.00
2283 23.53
11 1.57
294 411
023 027
65.57 6251
199  0.00
0.00 0.00
509  6.65
0.00 0.00
0.00 0.00
0.00 051
0.00 085
026  0.00
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average
287
24.94
117
2.99
0.18
61.72
0.77
0.00
4.97
0.00
0.00
0.13
021
0.07
0.00
0.00
0.00
100.00

SD

5.74
2.15
0.43
1.08
0.12
4.82
0.96

158
026

0.43
0.13

100

2
0.00
52.75

1.69
3.88
0.00
37.36
0.00
0.00
431
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
100

% Atomic
3 4
0.00 0.00
49.05 48.97
14 1.94
3.6 4.87
0.2 0.23
4037 37.28
0.75 . 0.00
0.00 - 40.00
437 .552
0.00 0.00
0.00 0.00
0.00 0.27
0.00 - 0091
0.28 . 0.00
0.00 . 0.00
0.00. 0.00
0.00 . 0.00
100 . 100

average
6.26
48.94
1.40
3.45
0.14
35.17
0.27
0.00
4,01
0.00
0.00
0.07
0.23
0.07
0.00
0.00
0.00
100.00

SD
1251
3.17
0.59
1.44
0.10
6.50
0.35

1.55
0.14

0.46
0.14

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

Total

4.93

22.55
091

2.03
0.00
64.15
0.00
0.00
4.79
0.00

100

2

4.09
25.03
1.15
3.21
0.00
58.12
0.00
0.00

6.7
0.00

% Element
3 4
135 241
2276 23.22
1.42 1.25
2.96 2.3
043 0.00
63.52 62.29
0.00 1.84
0.00 0.00
6.14 6.5
0.00 0.00
0.00 0.00
0.00 0.00
142 0.00
0.00 0.19
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average

3.20
23.39
1.18
2.63
0.11
62.02
0.46
0.00
6.03
0.00
0.00
0.00
0.89
0.09
0.00
0.00
0.00
100.00

SD

1.62
113
0.21
0.55
0.22
211
0.92

0.86

071
0.11

1
12.76
43.85

1.05
2.25
0.00
35.73
0.00
0.00
3.72
0.00
0.00
0.00
0.64
0.00
0.00
0.00
0.00

100

2
10.25
47.06

1.29
3.44
0.00
313
0.00
0.00
5.03
0.00
0.00
0.00
1.46
0.17
0.00
0.00
0.00
100

% Atomic
3 4
3.69 6.5
46.78  47.07
1.74 15
347 265
036  0.00
3741 36.17
0.00 0.65
0.00 0.00
504 526
0.00 0.00
0.00 0.00
0.00 0.00
151 0.00
0.00 0.2
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average

8.30
46.19
1.40

SD

401
157
0.29
0.60
0.18
2.67
0.33

0.70
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Table E-20 Experiment 1% wt of Element and % Atomic of No. 6 (1000°c, 50
min) 2rdspecimen

Element 1

C 3.94
0 25.32
Al 1.26
Si 2.58
K 0.00
Fe 59.49
Zr 0.00
Mn 0.00
Ca 6.37
Ti 0.00
Au 0.00
Cu 0.00
p 0.84
0.2

Mg 0.00
Na 0.00
Cl 0.00
Total 100

2
3.5
171
1.38
3.28
0.00
65.99
0.00
0.00
147
0.00
0.00
0.00
1.28
0.00
0.00
0.00
0.00
100

% Element
3 4
3.96  7.03
25.23  21.63
126 052
2.6 0.37
0.00 0.17
59.1  66.13
0.00 181
0.00 0.00
6.07 14
0.00 0.00
0.00 0.00
039  0.00
123 0.00
000 0.9
0.00 0.4
0.00 035
0.00 0.00
100 100

E.1.3 Experiment 2

average

461
22.32
L1
2.25
0.04
62.68
0.45
0.00
533
0.00
0.00
0.10
0.84
0.10
0.10
0.09
0.00

100.00

SD

1.63
3.88
0.39
1.29
0.09
391
091

2.69

0.20
0.59
0.11
0.20
0.18

1

47.86
142
2.78
0.00

32.22
0.00
0.00
481
0.00
0.00

0.82
0.18
0.00
0.00
0.00

100

% Atomic
3 4
9.96 18.08
4769 41.73
14 0.6
297 041
0.00 0.13
32 36.55
0.00 0.1
0.00 0.00
458 1.07
0.00 0.00
0.00 0.00
0.19  0.00
1.2 0.00
0.00 0.18
0.00 017
0.00 0.48
0.00 0.00
100 100

average

11.97
43.42
129
2.53
0.03
35.25
0.15
0.00
4.20
0.00
0.00
0.05
0.86
0.09
0.04
0.12
0.00

100.00

SD

4.08
548
0.49
151
0.07
3.93
031

2.23

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

Element 1
C 3.70
0 2.88
Al 0.41
Si 0.72
K 0.00
Fe 90.52
Zr 0.00
Mn 0.00
Ca 0.39
Ti 0.00
Au 0.00
Cu 0.00
p 0.39

0.99
Mg 0.00
Na 0.00
Cl 0.00

Total

100

2
1.84
343
0.00
031
0.00

90.39
0.00
0.00
0.00
0.00
0.00
0.84
0.50
2.68
0.00
0.00
0.00

100

% Element
3 4
2.67  0.00
3.10  0.00
0.00 057
026 0.60
0.00 0.00
89.32 94,58
0.00 1.62
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
1.04  0.00
0.77  0.00
284 264
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average

2.05
2.35
0.25
0.47
0.00
91.20
041
0.00
0.10
0.00
0.00
0.47
0.42
2.29
0.00
0.00
0.00
100

SD

1.57
1.58
0.29
0.22

231
081

0.20

13.98
8.18
0.69
117
0.00
13.57
0.00
0.00
0.44
0.00
0.00
0.00
0.58
140
0.00
0.00
0.00

100

% Atomic
3 4
1033 0.00
9.00  0.00
0.00 1.15
0.43 1.16
0.00 0.00
7422 9225
0.00 097
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.76  0.00
115 0.00
4.11 4.48
0.00 0.00
0.00  0.00
0.00 0.00
100 100

average

7.90
6.84
0.46
0.82
0.00
79.18
0.24
0.00
0.11
0.00
0.00
0.35
0.63
3.49
0.00
0.00
0.00
100

SD
5.94
4.63
0.56
0.40

8.81
0.49

0.2
0.40

0.48
141
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Table E-22 Experiment 2 % wt of Element and % Atomic of No. 1 Iron nuggets
(1500°c, 50 min) 2rdspecimen

Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu

p

Mg

Na

Cl
Total

0.00
0.00
0.00
0.34
0.00
96.82
157
0.00
0.00
0.00
0.00
0.00
0.00
127
0.00
0.00
0.00

100

2
2.32
172
0.00
031
0.00

93.67
0.00
0.00
0.00
0.00
0.00
0.00
0.46
152
0.00
0.00
0.00

100

% Element
3 4
000 3.73
0.00 0.00
037 0.38
038 038
0.00 0.00
95.80 93.68
1.60  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 1.82
1.86  0.00
0.00  0.00
0.00 0.00
100 100

average

151

043

0.19

0.35

0.00
94.99
0.79

0.00

0.00

0.00
0.00
0.00
0.12

115
0.47
0.00
0.00

100

SD

184
0.86
0.22
0.03

158
092

023
0.80
0.03

Table E-23 Experiment 2 % wt of Element
(1500°c, 50 min) 3rd specimen

Element

1.68
0.00

%

Element
3
181
1.28
0.00
041
0.00
94.68
0.00
0.00
0.00
0.00
0.00
0.00
0.40
1.43
0.00
0.00
0.00
100

average

SD

0.68
1.20
0.19
0.04

1.96
129

0.19

1
0.00
0.00
0.00
0.66
0.00
96.18
0.95
0.00
0.00
0.00
0.00
0.00
0.00
2.20
0.00
0.00
0.00
100

% Atomic
2 3 4
940  0.00 1499
523 0.00 0.00
000 076  0.68
055 075  0.66
0.00 0.00 0.00
81.78 96.41 80.93
0.00 099 0.00
0.00 0.00 0.00
0.00 000 0.00
0.00 000 0.00
0.00 0.00 0.00
0.00 000 0.00
0.72  0.00 0.00
232 000 274
0.00 1.09  0.00
0.00 000 0.00
0.00 0.00 0.00
100 100 100

average

6.10
131
0.36
0.66
0.00
88.83
0.49
0.00
0.00
0.00
0.00
0.00
0.18
1.82
0.27
0.00
0.00
100

SD

7.40
2.62
0.42
0.08

863
0.56

0.36
123
0.55

and % Atomic of No. 1 lron nuggets

10.16
10.50

0.54
0.00
75.14
0.00
0.00
0.38
0.00
0.00
0.00
0.79
193
0.00
0.00
0.00
100

% Atomic
2 3

5.44 7.55
6.59 4.00
0.63 0.00
0.62 0.72
0.00 0.00
82.85 84.85
1.23 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.65
2.63 2.23
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average
1.72
7.03
0.40
0.63
0.00
80.95
041
0.00
0.13
0.00
0.00
0.00
0.48
2.26
0.00
0.00
0.00
100

SD
2.36
3.21
0.35
0.09

5.13
071

0.22

042
0.35
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Table E-24 Experiment 2 % wt of Element and % Atomic of No. 2 Iron nuggets
(1450.¢ . 50 min) 1d specimen

Element 1
C 1.68
0 0.00
Al 0.00
Si 0.00
K 0.00
Fe 95.82
Zr 0.00
Mn 0.00
Ca 0.00
Ti 0.00
Au 0.00
Cu 0.00
P 1.80

0.70

Mg 0.00
Na 0.00
Cl 0.00
Total 100

Table E-25

Element 1
C 0.00
0 0.00
Al 0.00
Si 0.00
K 0.00
Fe 95.64
Zr 0.00
Mn 0.00
Ca 0.00
Ti 0.00
Au 0.00
Cu 0.00
P 2.88

1.48

Mg 0.00
Na 0.00
Cl 0.00
Total 100

2
221
0.00
0.00
0.00
0.00
94.53
0.00
0.00
0.00
0.00
0.00
0.00
197
1.29
0.00
0.00
0.00
100

% Element
3 4
2.68 1.83
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
9413  96.18
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
2.16 1.24
1.03 . 0.7
0.00 0.00
0.00  0.00
0.00 0.00
100 100

average
2.10
0.00
0.00
0.00
0.00
95.17
0.00
0.00
0.00
0.00
0.00
0.00
1.79
0.94
0.00
0.00
0.00
100

SD
0.45

0.99

0.27

% Atomic

3 4
1109 786
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
83.84 88.86
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
347 207
1.60 1.20
0.00 0.00
0.00 0.00
0.00 0.00

100 100

average
8.86

100

SD
1n

246

042

Experiment 2 % wt of Element and % Atomic of No. 2 Iron nuggets
(1450-¢ . 50 min) 2nd specimen

% Element
3 4
249 258
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
9432 9489
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
2.25 1.53
0.94 1.00
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average
1.27
0.00
0.00
0.00
0.00
95.89
0.00
0.00
0.00
0.00
0.00
0.00
1.86
0.99
0.00
0.00
0.00
100

SD
1.46

195

091
0.39

1
0.00
0.00
0.00
0.00
0.00
92.48
0.00
0.00

0.00
0.00
0.00
5.02
2.50
0.00
0.00
0.00
100

% Atomic

3 4
10.36  10.76
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
8453 85.20
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
3.64 2.47
1.47 1.57
0.00 0.00
0.00 0.00
0.00 0.00

100

100

average

5.28
0.00
0.00
0.00
0.00
89.98
0.00
0.00

SD
6.10

6.28
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Table E-26 Experiment 2 % wt of Element and % Atomic of No. 2 Iron nuggets
(1450°c, 50 min) 3rdspecimen

Element 1
C 2.40
0 0.00
A 0.00
Si 0.00
K 0.00
Fe 94.97
Zr 0.00
Mn 0.00
Ca 0.00
Ti 0.00
Au 0.00
Cu 0.00
P 1.52

1.10

Mr 0.00

Na 0.00

Cl 0.00

Total 100

Table E-27

Element 1
C 4.10
0 14.30
Al 1.62
Si 3.13
K 0.32
Fe 69.76
Zr 1.85
Mn 0.00
Ca 3.84
Ti 0.00
Au 0.00
Cu 0.00
p 0.00

0.57

Mg 0.25
Na 0.26

Cl 0.00

Total 100

100

Experiment 2 % wt of Element and %

% Element
3 4
215 224
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
96.46 94.78
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00  0.00
0.00 0.00
0.81 1.40
0.58 1.57
0.00 0.00
0.00 0.00
0.00 0.00
100 100

min) 1¢ specimen

% Element
3 4
324 083
1437 14.00
1.07 024
134 042
0.17  0.00
76.24  82.86
161 1.34
0.00 0.00
1.69  0.30
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.14  0.00
0.13  0.00
0.00 0.00
0.00 0.00
100 100

average

2.20
0.00
0.00
0.00
0.00
95.46
0.00
0.00
0.00
0.00
0.00
0.00
1.36
0.98
0.00

0.00 .

0.00
100

average

3.14
13.63
122

SD
0.17

0.76

SD

1.61
121
0.74
151
0.18
6.24
0.27

191

12.10
31.69
2.14
3.95

4430
0.72
0.00
3.39
0.00
0.00
0.00
0.00
0.63
0.37
041
0.00

100

100

% Atomic
3 4
9.18 943
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
88.55  85.80
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
134 228
093 248
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average

9.30
0.00
0.00
0.00
0.00
86.92
0.00
0.00
0.00
0.00
0.00
0.00
2.22
1.56
0.00
0.00
0.00

100

SD
0.66

1.40

063
071

Atomic of No. 3 (1400°c, 50

2
13.26
26.92
2.60
4.73
0.38
4553
0.77
0.00
4.02
0.00
0.00
0.20
0.00
0.88
0.20
0.52

0.00
100

% Atomic
3 4
10.00 281
33.35 3536
147 036
177 0.61
0.16  0.00
50.67 59.97
066 0.59
0.00 0.00
157 0.30
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.16  0.00
020  0.00
0.00 0.00
0.00 0.00
100 100

average

9.54
31.83
1.64
2.71
0.21
50.12
0.69
0.00
2.32
0.00
0.00
0.05
0.00
0.42
0.19
0.23
0.00
100

SD

4.69
3.60
0.97
191
0.17
1.12
0.08

1.70

0.10
041
0.45
027
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Table E-28 Experiment 2 % wt of Element and % Atomic of No. 3 (1400°c, 50
min) 2nd specimen

% Element % Atomic
Element 2 3 4 average  SD 1 2 3 4 average  SD
c 415 1442 388 144 597 576 1254 36.01 11.94 498 1637  13.54
0 1359 0.2 1189 1116 934 584 3085 107 2750 2895  22.09  14.08
AL 150 000 172 038 090 084 202 000 235 058 1.4 113
i 215 150 3.68 051 197 133 278 2.6 485 075  2.64 170

0.22 0.97 0.41 0.00 0.40 042 021 0.99 0.39 0.00 0.40 0.43
Fe 73.10  77.57 7237 85.33 77.09 595 47.53 5551 47.94 63.40 53.60 7.50

Zr 1.86 132 1.96 0.00 1.29 090 0.74 0.58 0.79 0.00 0.53 0.36
Mn 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 -
Ca 2.89 2.63 3.03 0.71 2.32 108  2.62 2.62 2.80 0.74 2.20 0.97
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 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 :
0.29 0.85 0.52 0.47 0.53 023 033 1.06 0.60 0.61 065 . 030
My 0.00 0.00 0.17 0.00 0.04 0.09  0.00 0.00 0.26 0.00 0.07 0.13
Na 0.24 0.00 0.36 0.00 0.15 0.18  0.39 0.00 0.57 0.00 0.24 0.29
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 - 100 100 100 100 100

Table E-29 Experiment 2 % wt of Element and % Atomic of No. 3(1400°C. 50
min) 3rdspecimen

Element % Element % Atomic

1 2 3 4 average  SD 1 2 3 4 average  SD
C 4.25 4.52 0.00 0.00 2.19 253 1350  13.37  0.00 0.00 6.72 7.76
0 9.49 1415 10.76  15.67 12.52 2.88 22,63 3140 29.17 38.48 30.42 6.54
Al 1.51 1.32 0.56 0.66 1.01 047 213 1.74 0.90 0.96 143 0.60
Si 3.98 2.57 1.00 1.27 2.21 137 540 3.25 1.54 1.78 2.99 1.77
K 0.35 0.22 0.24 0.60 0.35 0.17  0.34 0.20 0.26 0.61 0.35 0.18
Fe 75.05 7140 84.32 77.44 77.05 544 5125 4540 6550 54.48 54.16 8.44
Zr 1.67 1.34 1.46 1.35 1.46 0.15  0.70 0.52 0.69 0.58 0.62 0.09
Mn 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 :
Ca 1.80 4.02 1.21 2.33 2.34 1.21 1.71 3.57 1.31 2.28 2.22 0.99
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 0.26 0.00 0.00 0.00 0.07 0.13  0.16 0.00 0.00 0.00 0.04 0.08
P 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1.12 031 0.46 0.68 0.64 0.35 1.33 0.34 0.63 0.83 0.78 0.42
My 0.13 0.15 0.00 0.00 0.07 0.08 0.20 0.21 0.00 0.00 0.10 0.12
Na 0.40 0.00 0.00 0.00 0.10 0.20  0.66 0.00 0.00 0.00 0.17 0.33
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 : 100 100 100 100 100
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Table E-30 Experiment 2 % wt of Element and % Atomic of No. 4 (1300°C, 50
min) lstspecimen

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu

p

Mg

Na

Cl
Total

1
5.04
10.74
1.10
348
0.57
70.89
0.00
043
5.89
021
0.00
0.00
0.93
071
0.00
0.00
0.00
100.00

2
0.89
1421
171
2.93
0.45
73.35
0.00
0.00
5.56
0.00
0.00
0.00
0.39
051
0.00
0.00
0.00
100.00

% Element
3 4
17.68 15.35
10.61 12.05
0.86 100
1.87 187
0.35 0.36
62.98 64.12
0.90 0.76
0.00 0.00
3.91 3.80
0.0Q 0.00
0.00 0,00
0.00 0.00
0.00 0.00
0.71 0.69
0.12 0.00
0.00 - 0.00
0.00 0.00
100.00 - 100,00

average
974
11.90
117
2.54
0.43
67.84
0.42
0.11
4.79
0.05
0.00
0.00
0.33
0.66
0.03
000
0.00
100.00

SD

8.06
167
037
0.80
0.10
507
048
0.22
1.09
0.11

044
0.10
0.06

1
15.25
24.41

148
451
0.53
46.14
0.00
029
534
016
0.00
0.00
1.09
081
000
0.00
000
100.00

2
2.83
33.87
241
3.98
044
50.09
0.00
0.00
5.29
0.00
0.00
0.00
0,47
0.61
0.00
0.00
0.00
100.00

% Atomic
3 4
42.00 37.41
18.91 22.04
0.91 1.08
1.90 1.95
0.26 0.27
32.18 33.60
0.28 0.24
0.00 0.00
2.18 2.1
0.00 0.00
0.00 0.00
000 0.00
000 0.00
0.63 063
0.15 0.00
0.00 0.00
0.00 0.00
100.00 100.00

average
2437
24.81
147
3.09
0.38
40.50
0.13
0.07
4.05
0.04
000
000
0.39
067
0.04
000
000

100.00

SD
1851
6.45
0.67
1.36
0.13
8.96
015
0.15
147
0.08

05
0.09
0.08

Table E-31 Experiment 2 % wt of Element and % Atomic of No. 4 (1300°C, 50

min) 2nd specimen

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu
P

Mg

Na

Cl
Total

1
4.13
13.17
0.86
1.79
0.00
73.84
0.79
0.00
4.73
0.00
0.00
0.26
0.00
0.44
0.00
0.00
0.00
100

2
3.60
12.45
0.91
1.33
0.35
77.48
0.00
0.00
3.26
0.00
0.00
0.00
0.00
0.62
0.00
0.00
0.00
100

% Element
3 4
1.35 6.76
14.12 13,96
3.60 0.48
4.50 0.79
0.35 0.17
68.88  74.95
0.00 0.71
0.00 0.00
5.72 1.88
0.00 0.00
0.00 0.00
0.00 0.00
0.66 0.00
0.58 0.31
0.26 0.00
0.00 0.00
0.00 0.00
100 100

average

3.96
13.43
1.46
2.10
0.22
73.79
0.38
0.00
3.90
0.00
0.00
0.07
0.17
0.49
0.07
0.00
0.00
100

SD
2.22

0.77 .

1.44
1.65
0.17
3.61
0.43
0.00
1.68

0.13
0.33
0.14
0.13

1
12.59
30.17
117
2.33
0.00
48.45
0.32
0.00
4.32
0.00
0.00
0.15
0.00
0.50
0.00
0.00
0.00
100

2
11.29
29.29
1.26
1.79
0.33
52.24
0.00
0.00
3.06
0.00
0.00
0.00
0.00
0.73
0.00
0.00
0.00
100

% Atomic
3 4
4 13 19.46
3240 3017
4.89 061
5.89 0.97
0.32 0.15
4529 4641
0.00 0.27
0.00 0.00
5.24 1.62
0.00 0.00
0.00 0.00
0.00 0.00
0.78 0.00
0.66 0.34
0.39 0.00
0.00 0.00
0.00 0.00
100 100

average

11.87
30.51
E98
2.75
0.20
48.10
0.15
0.00
3.56
0.00
0.00
0.04
0.20
0.56
0.10
0.00
0.00
100

SD
6.28
1.33
1.96
2.17
0.16
3.06
0.17
0.00
1.57

0.08
0.39
0.17
0.20
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Table E-32 Experiment 2 % t of Element and % Atomic of No. 4 (1300°C, 50
min) 3rdspecimen

Element

C
0
Al

S
K
Fe
zr
Mn
Ca
Ti
Au
Cu

p

Mg

Na

Ci
Total

1
18.78
10.65
0.74
217
0.57
62.05
081
0.00
373
000
0.00
000
0.00
0.49
0.00
0.00
0.00

100.00

% Element

2 3 4
6.78 9.78 11.23
13.84 14.02 12.59
0.71 0.89 0.76
142 1.48 142
0.45 0.29 0.41
731 68.95 69 66
0.80 0.76 073
0.00 0.00 0.00
2.43 3.25 2.75
0.00 0.00 0.00
0.00 0.00 000
0.00 0.00 0.00
0.00 0.00 0.00
0.47 0.44 0.45
0.00 014 0.00
0.00 0.00 0.00
0.00 0.00 0.00
100.00  100.00  100.00

average
11.64
12.18
0.78
1.62
0.43
68.44
0.78
0.00
3.04
0.00
0.00
0.00
0.00
0.46
004
0.00
0.00
100.00

D
511
155
0.08
037
0.12
4.63
0.04

0.57

0.02
0.07

1
43.72
1860
0.77
216
041
31.06
0.25
0.00
2.60

000
000
000
000
0.43
0.00
0.00
000
100.00

2
1939
29.71
0.90
1713
0.39
44.98
0.30
0.00
2.09
0.00
0.00
0.00
0.00
051
0.00
0.00
0.00
100.00

% Atomic
3 4
26.04 29.70
28.01 24.98
1.06 0.90
169 1.60
0.24 0.33
39.48 39.61
0.27 0.25
0.00 0.00
2.59 2.18
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.44 045
0.19 0.00
0.00 0.00
0.00 0.00
100.00 100.00

average
29.71
2533
091
1.80
0.34
38.78
0.27
0.00
237
0.00
0.00
0.00
0.00
0.46
0.05
0.00
000
100.00

D
10.27
4.89
0.12
0.25
0.08
575
002

0.27

0.04
0.10

Table E-33 Experiment 2 % wt of Element and % Atomic of No. 5 (1200°C, 50

min) lstspecimen

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu

P

Mg

Na

Cl
Total

1
0.00
27.14
1.49
2.38
1.17
63.44
0.00
0.00
3.34
0.00
0.00
0.00
0.00
1.04
0.00
0.00
0.00
100

2
0.00
24.14
1.62
5.05
0.50
60.45
0.00
0.00
6.19
0.00
0.00
0.00
0.96
1.08
0.00
0.00
0.00
100

% Element

3
0.00
28.42
1.69
3.53
0.79
59.63
0.00
0.00
4.48
0.00
0.00
0.00
0.61
0.85
0.00
0.00
0.00
100

average

0.00
26.57
1.60
3.65
0.82
61.17
0.00
0.00
4.67
0.00
0.00
0.00
0.52
0.99
0.00
0.00
0.00
100

SD

2.20
0.10
1.34
0.34
2.01

1.43

0.49
0.12

1
0.00
54.41
177
2.12
0.96
36.43
0.00
0.00
2.67
0.00
0.00
0.00
0.00
1.04
0.00
0.00
0.00
100

% Atomic
2 3

0.00 0.00
49.26 55.33
1.96 1.96
5.87 3.91
0.42 0.63
35.34 33.25
0.00 0.00
0.00 0.00
5.04 3.48
0.00 0.00
0.00 0.00
0.00 0.00
1.01 0.62
1.10 0.82
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average

0.00
53.00
1.90
4.17
0.67
35.01
0.00
0.00
3.73
0.00
0.00
0.00
0.54
0.99
0.00
0.00
0.00
100

SD

3.27
0.11
1.59
0.27
1.62

1.20

051
0.15
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Table E-34 Experiment 2 % wt of Element and % Atomic of No. 5 (1300°C, 50
min) 2nd specimen

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

C 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -
0 2553 2550  27.64 26.22 123 51.37 52.63 5471 52,90 1.69
Al 2.31 1.35 1.30 1.65 057  2.76 1.65 1.53 1.98 0.68
5i 4.24 3.17 2.90 3.44 071 4.86 3.73 3.27 3.95 0.82
K. 0.93 0.47 1.16 0.85 035  0.77 0.39 0.94 0.70 0.28
Fe 60.66  63.70  59.42 61.26 220 34.97 37.66 33,69 3544 2.03
Zr 0.00 0.00 1.99 0.66 115 0.00 0.00 0.69 0.23 0.40
Mn 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00- -
Ca 5.35 4.05 356 432 093 4.30 3.34 2.81 3.48'. 0.76
Ti 0.00 0.00 0.00 0.00 7 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 0.00 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" -
0.98 0.00 1.08 0.69 0.60  0.99 0.00 1.07 0.69'.  0.60

Mg 0.00 1.76 0.00 0.59 1.02 0,00 0.61 0.00 0.20 0.35
Na 0.00 0.00 093 0.31 054 0.00 0.00 1.28 0.43 0.74
Cl 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-35 Experiment 2 % wt of Element and % Atomic of No. 5 (1300°C, 50

min) 3rdspecimen

Element % Element % Atomic
1 2 3 average 1 2 3 average

C 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00
0 28.67 25.52 24.98 26.39 1.99  56.09 51.83 50.20 52.71 3.04
Al 1.53 1.40 2.86 1.93 0.81 1.78 1.68 3.41 2.29 0.97
Si 3.08 4.08 4.50 3.89 0.73 343 4.72 5.15 4.43 0.90
K 0.90 0.74 0.70 0.78 0.11 0.72 0.62 0.58 0.64 0.07
Fe 61.74 62.63 59.22 61.20 177 34.60 36.44 34.09 35.04 1.24
Zr 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 :
Ca 3.10 4.94 6.05 4.70 1.49 2.42 4.00 4.85 3.76 1.23
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 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 :
P 0.00 0.00 0.73 0.24 0.42 0.00 0.00 0.75 0.25 0.43

0.98 0.69 0.97 0.88 0.16 0.96 0.70 0.97 0.88 0.15
Mg 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
Cl 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
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Table E-36 Experiment 2 % wt of Element and % Atomic of No. 1Slag (1500°C,
50 min) 14 specimen

% Element %Atomm

Element v ver
C 080 0%0 000 8.84 i 4?52 080 0%0 000 1864 af.eaage 95.st

0 33.04 36.00 25.64 2641 3027 506 53.60 5615 4599 41.82 49.39  6.64
Al 12.09 13.99 1246 1074 1232 134 1163 16% 13.25 1009  11.98 144
Si 11.76 1]{55 1029 671 10.04 230 1087 1051 6.05 9.39 225

K 1.42 0.78 1.43 063 094 078 1.67 051 9 0.50
Fe 22 18.67 3408 2718 7.74 15.46 6&%
oMWW o o W W B
Mn A , , A . A :
Ca . 0 1592 3.92 0 114 . 04 2.59
Ti , , : A ; , , | | :
Au : , ] , \ , :
Cu : . - : . | . .
D : ) . : ) . ) 02
0.23 0.06 %% : , 0.18 0.05 0.09
Mg ” . X . 7 0.13
Na \ , . \ :
Cl i ; | ,
Total ; ! \ ,

Table E-37 Experiment 2 % wt of Element and % Atomic of No. 1 Slag (1500°c,
50 min) 2nd specimen

0 0 .
Element 1 % Element % Atomic

average  SD 2 3 4 average  SD

6 425 4. 52 0%)0 OLbO 219 é% 13. 50 1337 000 000 672 776
9.49 1415 10.76 567 1. 2263 3140 29.17 3848 3042 654

Al 151 1.32 ?ﬁ 00 ;g{ 047 213 174 090 0.96 143 0.60
i 1.27

Si 3.98 . 137 540 . 154 178 2.99 17
K 0.35 6% 0.24  0.60 035 017 034 6% 0.26 061 0.35 0.18

Fe 7506 7140 8432 7744 7705 544 5125 4540 6550 54.48 5416  8.44

o O 00 g of o b ik

| 0 g
2R Etl1 N
Eghl

111N
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Table E-38 Experiment 2 % wt of Element and % Atomic of No. 1Slag (1500°C,
50 min) 3rdspecimen

Element

Al
Si
K
Fe
r
Mn
Ca
Ti
Au
Cu

p

Mg

Na

Cl
Total

ol

27.49
12.74
12.07
4.41
24.75
14.70
47

i

7.12

3
bl
10.74
1.44
17.29

16.71

% Element

3
10.92
19.74
9.15
hih
19.53
ob

21.55

MR o

26.17
11.52

)

19.65

0.29
0.07

i

2617
115
o
2052
280

19.65
0.49

0.29
0.07
0.30

Table E-39 Experiment 2 % wt of Element
50 min) 1stspecimen

Elemen
t

C

0
Al
Si
K

Fe

lr
Mn

Ca

Ti
Au
Cu

3

Mg
Na
Cl

Total

29.52

13.23
1.28
2.73
0.25

46.42
086
0.00

5.02
0.00
0.00
0.00
0.00
0.68
0,00
0.00
0.00
100,0
0

10.13

13.59
1
1.86
0.00

67.90
0.00
000

4.16
0.00
0,00
000
0.00
0.57
0.00
0.00
0.00
100.0
0

% Elem
3

21.74

26.05
1.48
4.88
0.00

7.79
0.00
0.00

2321
0.00
0.00
0.00
0.00
8.85
0.00
0,00
0.00
100.0
0

ent
4

averag
e

16.85

21.75
2.53
608
0,18

32.16
0.22
0.00

17.22
0.30
000
0.00
0.00
2.72
0.00
0.00
0,00

100.00

SD
142
101
2.05
5.98
0.22
301
043
15.5
0.59

409

47.57
13.07
11.90
3.12
12.27
10.16

2

and % Atomic

55.56

18.70
1.08
2.20
0.15

18.79
021
0.00

2.83
0.00
0.00
0.00
0.00
0.48
0.00
0.00
000
100.0
0

14.06

46.38
11.15

s

?):.66

"

26.67

26.86
2.08
2.10
000

38.44
0.00
0.00

3.28
0.00
0.00
0.00
0.00
0.57
0.00
0.00
0.00
100.0
0

% Atomic

3
23.59
32.01
8.80
5.29
141
9.07

17.84

1

average
12.55

il
8.75
1.80
9.56
ol

12.63

0.24
0.07

%

D
12.55
i
8.75

1.80

9.56
0.80

12.63
0.27

0.24
0.07
0.34

of No. 2 Slag (145000,

% Atomic

3 4
4476 0.00
3155 5391
1.06 5.23
3.37 13.35
0.00 0.29
2.70 2.96
0.00 0.00
0.00 0.00
1122 23.01
0.00 0.62
0.00 0.00
0.00 0.00
0.00 0.00
5.35 0.62
0.00 0.00
0.00 0.00
000 0.00
1000 100.0

0 0

averag
e

3175

32.76
2.36
5.26
0il

15.72
0.05
000

10.09
0.16
0.00
000
000
1.76
0.00
0.00
0,00

100 00

SD
24.2

15.0
1.97
543
0.14
16.9
0.11

9.44
031

240



Table E-40
Elemen
t 1
¢ 3174
0 18.42
Al 241
Si 2.88
K 060
Fe 26.75
Zr 0.00-
Mn 0.00
Ca 1252
Ti 0.00
Au 0.00
Cu 0.00
D 0.00
468
Mg 0.00
Na 0.00
cl 0.00
Total 108'0
Table E-41
Elemen
t 1
¢ 50.56
T
Al 4.16
Si 3.35
K 0.00
P 1108
Zr 0.00
Mn 0.00
Ca 1178
Ti 000
Au 000
Cu 000
P 0.00
140
Mg 0.00
Na 0.00
cl 0.00
Total 108'0

134

Experiment 2 % wt of Element and % Atomic of No. 2 Slag (1450°c,

50 min) 2nd specimen

5741
14.93
112
2.32
0.00
8.45
145
0.00
10.29
0.00
0.00
0.00
0.00
3.44
0.00
0.00
0.00
100,0
0

% Element
3 4
59.67  58.50
1574 15.06
1.65 2.08
102 1.04
0.00 0.00
15.11 9.91
0.00 1.92
0.00 0.00
5.04 7.67
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
1.78 3.81
0.00 0.00
0.00 . 0.00
0.00 0.00
100.0  100.0
0 0

averag
¢

51.83
16.04
1.97
1.82
0.15
15.06
0.84
0.00
8.88
0.00
0.00
0.00
0.00
3.43
0.00
0.00
0.00

100.00

SD
134

163
0.35
0.93
0.30
8.30
099

3.24

122

Experiment 2 % wt of Element

min) 3rdspecimen

0.00

24.80
694
8 86
0.88

34.21
0.00
0.00

23.38
0.00
000
0.00
0.00
088
0.00
0.00
0.00
100 0

0

% Element

3 4
5710 47.34
2355  18.92
152 1.20
1.19 1.58
0.00 0.00
8.11 24.88
0.00 0.00
0.00 0.00
5.66 6.09
0.00 000
0.00 0.00
0.00 0.00
0.00 0.00
2.87 0.00
0,00 0.00
0.00 0.00
000 0.00
100.0  100.0

0 0

averag
¢

38.75

21.01
3.46
3.75
0.22

19.81
0.00
0.00
1173
0.00
0.00
0.00
0.00
1.29
0.00
0.00
0.00

100.00

SD
26 1

3.80
2.68
3.54
0.44
12.0

8.25
1.20

5351
23.32
181
2.08
0.31
9.70
0.00
0.00
6.33
0.00
000
0.00
0.00
295
000
0.00
0.00
100.0

74.80
14.60
1.00
129
0.00
2.37
0.25
0.00
4.02
0.00
0.00
0,00
0.00
1.68
0.00
0.00
0.00
100.0

and % Atom

69.21

17,22
2.54
1.96
0.00

3.53
0.00
000
483
0.00
000
0.00
0.00
0.72
0.00
0.00
0.00
100.0
0

0.00

46.01
7.64
9.36
0.67

18.21
0.00
0.00
1731
0.00
000
0.00
0.00
0.81
0.00
0.00
0.00
100.0
0

% Atomic

3 4
76.42  75.69
1513 1463
094 1.20
0.56 0.58
000 0.00
4 16 2.76
000 0.33
0.00 0.00
194 2.97
0.00 0.00
0.00 0.00
000 000
000 000
0.85 1.85
0.00 0.00
000 0.00
000 0.00
100.0  100,0

0 0

averag
¢

7011
16.92
124
113
008
4.75
015
000
3.82
0.00
0.00
000
0.00
183
0.00
0.00
000

100.00

SD
110

427
0.40
0.72
0.16
3.39
0.17

1.88

0.86

ic No. 2 slag (1450°C, 50

% Atomic

3 4
7095  67.70
2197 2031
0.84 076
063 096
0.00 000
2.17 7.65
000 0.00
000 0.00
2 1l 261
0.00 000
000 0.00
0.00 0.00
000 0.00
1,34 0.00
0.00 0.00
000 0.00
0.00 0.00
1000 100.0

0 0

averag
e

51.97

26.38
2.95
3.23
0.17

7.89
0.00
0.00
6.72
0.00
000
0.00
0.00
0.72
0.00
0.00
0.00

100.00

SD

34.6
7
132
4
3.24
413
0,34

7.26

716

055
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E.1.4 Experiment 3

Table E-42 Experiment 3 % wt of Element and % Atomic of No. 1 Iron nuggets
(1500°c, 50 min) 1stspecimen

% Element % Atomic
Element 1 2 3 average SD 1 2 3 average SD
C 8.16 2.01 1.67 3.95 3.65 28.98 8.59 6.91 14.83 12.29
0 0.00 0.00 2.24 0.75 1.29 0.00 0.00 6.95 2.32 4.01
Al 0.00 0.00 0.25 0.08 - 0.00 0.00 0.46 0.15
Si 0.00 0.00 0.12 0.04 - 0.00 0.00 0.22 0.07
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .
Fe 90.43 96.26 94.23 93.64 2.96 69.10 88.57 83.97 80.55 10.18
Zr 0.00 0.00 0.75 0.25 0.43 0.00 0.00 0.41 0.14 0.24
Mn 0.00 0.00 0.00 0.00 : 0.00 0.00 0.00 0.00 -
Ca 0.00 0.00 0.27 0.09 0.16 0.00 0.00 0.33 0.11 0.19
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 0.00 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00
p 0.71 0.98 0.00 0.56 0.51 0.98 1.63 0.00 0.87 0.82
0.70 0.75 0.48 0.64 0.14 0.93 1.21 0.74 0.96 0.24
Mg 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 f 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 100 100 100 100 - 100 100 100 100

Table E-43 Experiment 3 % wt of Element and % Atomic of No. 1 lron nuggets

(1500°C, 50 min) 2rdspecim en

Element % Element % Atomic
1 2 3 average SD 1 2 3 average SD
C 1.86 1.81 1.87 3.85 3.48 7.79 7.52 27.70 14.34 11.57
0 1.08 153 1.49 1.37 0.25 3.40 4717 3.93 4.03 0.69
Al 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 -
K 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -
Fe 94.83 94.58 87.45 92.29 4.19 85.52 84.71 66.19 78.81 10.93
Zr 0.00 0.00 2.06 0.69 . 0.00 0.00 0.95 0.32 -
Mn 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00
Ca 0.00 0.00 0.22 0.07 - 0.00 0.00 0.24 0.08
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 0.35 0.39 0.32 0.35 0.04 028 0.31 0.21 0.27 0.05
P 1.15 0.98 0.00 0.71 0.62 187 1.58 0.00 1.15 1.01
0.73 0.71 0.59 0.68 0.08 1.14 111 0.77 1.01 0.21
My 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
Cl 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
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Table E-44 Experiment 3 % wt of Element and % Atomic of No. 1 Iron nuggets
(1500°c, 50 min) 3rdspecimen

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu

p

Mg

Na

Cl
Total

1
2.08
0.00
0.00
0.00
0.00
96.53
.0.00
-0.00
0.00
0.00
' 0.00
0.00
0.68
0.70
0.00
+0.00
0.00
100

2
561
2.52
0.00
0.00
0.00
88.41
0.00
0.00
0.14
0.00
0.00
0.69
1.70
0.93
0.00
0.00
0.00
100

% Element

3
2.08
1.25
0.00
0.00
0.00
95.13
0.00
0.00
0.00
0.00
0.00
0.29
0.63
0.62
0.00
0.00
0.00
100

average

3.26
1.26
0.00
0.00
0.00

93.36
0.00
0.00
0.05
0.00
0.00
0.33
1.00
0.75
0.00
0.00
0.00
100

SD
2.04
1.26
0.00
0.00

4.34
0.00

0.08

0.35
0.60
0.16

1
8.91
0.00
0.00
0.00
0.00
88.84
0.00
0.00
0.00
0.00
0.00
0.00
1.14
112
0.00
0.00
0.00
100

20.25
6.83
0.00
0.00
0.00

68.66
0.00
0.00
0.15
0.00
0.00
0.47
2.38

1.26
0.00
0.00
0.00
100

% Atomic
3
8.65
3.92
0.00
0.00
0.00
85.22
0.00
0.00
0.00
0.00
0.00
0.23
1.02
0.97
0.00
0.00
0.00
100

average

12.60
3.58
0.00
0.00
0.00
80.91
0.00
0.00
0.05
0.00
0.00
0.23
151
1.12
0.00
0.00
0.00
100

SD
6.62
3.43
0.00
0.00

10.76
0.00

0.09

0.24
0.75
0.15

Table E-45 Experiment 3 % wt of Element and % Atomic of No. 2 Iron nuggets

(1450°C, 50 min) 1dspecimen

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu
P

Mg

Na

Cl
Total

1
8.16
0.00
0.00
0.00
0.00
90.43
0.00
0.00
0.00
0.00
0.00
0.00
0.71
0.70
0.00
0.00
0.00
100

2
7.87
1.49
0.00
0.00
0.00
87.45
2.06
0.00
0.22
0.00
0.00
0.32
0.00
0.59
0.00
0.00
0.00
100

%
3
5.61
2.52
0.00
0.00
0.00
88.41
0.00
0.00
0.14
0.00
0.00
0.69
1.70
0.93
0.00
0.00
0.00
100

Element
4
7.21
1.34
0.00
0.00
0.00
88.76
0.69
0.00
0.12
0.00
0.00
0.34
0.80
0.74
0.00
0.00
0.00
100

average

1.40
1.27

1.52
1.19

011
0.35

0.85
0.17

100.00

28.98
0.00
0.00
0.00
0.00

69.10
0.00
0.00
0.00
0.00
0.00
0.00
0.98
0.93
0.00
0.00
0.00

27.70
3.93
0.00
0.00
0.00

66.19
0.95
0.00
0.24
0.00
0.00
0.21
0.00
0.77
0.00
0.00
0.00

100

20.25
6.83
0.00
0.00
0.00

68.66
0.00
0.00
0.15
0.00
0.00
0.47
2.38
1.26
0.00
0.00
0.00

100

% Atomic
3 4
25.64 471
3.59 343
0.00 :
0.00
0.00 :
67.98 157
032 0.55
0.00 :
013 0.12
0.00
0.00 :
0.23  0.24
112 1.20
099 0.25
0.00 :
0.00
0.00 :
100 100

average

8.16
0.00
0.00
0.00
0.00
90.43
0.00
0.00
0.00
0.00
0.00
0.00
0.71
0.70
0.00
0.00
0.00
100.00

SD
7.87
149
0.00
0.00
0.00
87.45
2.06
0.00
0.22
0.00
0.00
0.32
0.00
0.59
0.00
0.00
0.00



Tahle E-46
Element 1
C 5.0
0 0.00
Al 0.00
Si 0.00
K 0.00
Fe 93.46
Zr 0.00
Mn 0.00
Ca 0.00
Ti 0.00
Au 0.00
Cu 0.00
p 0.78
0.67
My 0.00
Na 0.00
Cl 0.00
Total 100
Table E-47
Element 1
C 8.37
0 1.40
Al 0.00
Si 0.00
K 0.00
Fe 89.21
Zr 0.00
Mn 0.00
Ca 0.00
Ti 0.00
Au 0.00
Cu 0.00
P 0.54
0.48
My 0.00
Na 0.00
Cl 0.00
Total 100
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Experiment 3 % wt of Element and % Atomic of No. 2 Iron nuggets

(1450°c, 50 min) 2ndspecimen

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

4.03 10.82  6.65 3.65 19.78  16.20 35.19 23.72  10.09 5.09 4.03
0.00 1.03 0.34 0.59 0.00 0.00 2.52 0.84 1.45 0.00 0.00
0.00 0.06 0.02 0.03 0.00 0.00 0.09 0.03 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 : 0.00 0.00
94.21  86.76 91.48 4.10 78.08 81.47 6070 73.42 11.14 93.46 94.21
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 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 0.00 : 0.00 0.00
0.49 0.24 0.24 0.25 0.00 0.37 0.15 0.17 0.19 0.00 0.49
0.65 0.51 0.65 0.14 117 1.01 0.65 0.94 0.27 0.78 0.65
0.63 0.58 0.63 0.05 0.97 0.95 0.71 0.88 0.14 0.67 0.63
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 0.00 0.00 0.00 0.00 : 0.00 0.00
100 100 100 100.00 - 100 100 100 100 100.00

Experiment 3% wt of Element and % Atomic of No. 2 Iron nuggets

(1450°C, 50 min) 3rdspecimen

% Element % Atomic
2 3 4 average 1 2 3 4 average
8.03 5.45 7.28 1.60 2886 28.10 20.38 25.78 4.69 8.37 8.03
1.13 1.44 132 0.17 3.62 2.96 4.05 3.54 0.55 1.40 1.13
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 - 0.00 0.00 0.00 0.00 : 0.00 0.00
89.82 92.06 90.36 1.50 66.18 67.57 74.07 69.27 4.21 89.21 89.82
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 - 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 0.00 - 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.49 0.49 051 0.03 0.73 0.67 071 0.70 0.03 0.54 0.49

0.53 0.56 0.52 0.04 0.62 0.70 0.78 0.70  0.08 0.48 0.53
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 0.00 0.00 0.00 0.00 : 0.00 0.00

100 100 100 100.00 - 100 100 100 100 100.00
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Table E-48 Experiment 3 % wt of Element and % Atomic of No. 3 Iron nuggets
(1400°c, 50 min) & specimen

Element

C
o]
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu

p

Mg

Na

Cl
Total

1
1.22
2.54
0.12
0.26
0.00
92.83
1.92
0.00
0.34
0.00
0.00
0.00
0.00
0.78
0.00
0.00
0.00
100

2
2.70
0.00
0.00
0.00
0.00
92.90
0.00
0.00
0.00
0.00
0.00
0.53
2.43
1.44
0.00
0.00
0.00
100

% Element

3 4
2.17 2.23
2.36 1.63
0.00 0.04
0.30 0.19
0.00 0.00
91.21  92.31
0.00 0.64
0.00 0.00
0.35 0.23
0.00 0.00
0.00 0.00
0.00 0.18
0.95 113
2.06 1.43
0.00 0.00
0.00 0.00
0.00 0.00
100 100

Table E-49 Experiment 3 %
(1400°c, 50 min)

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu
P

My

Na

Cl
Total

1
3.05
7.46
0.00
0.18
0.00
86.57
0.00
0.00
0.35
0.00
0.00
0.00
0.99
1.40
0.00
0.00
0.00
100

2
2.17
2.27
0.00
0.14
0.00
92.67
0.00
0.00
0.21
0.00
0.00
0.00
1.55
0.99
0.00
0.00
0.00
100

% Element
3 4
1.96 2.39
0.00 3.24
0.00 0.00
0.14 0.15
0.00 0.00
94,82 91.35
0.00 0.00
0.00 0.00
0.00 0.19
0.00 0.00
0.00 0.00
0.00 0.00
1.48 1.34
1.60 1.33
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average

0.88
142
0.07
0.16

0.96
1.11

0.20
031

1.22
0.64

wt of Element and %

SD
5.09
7.97
0.23
0.46
0.00
83.55
1.06
0.00
0.42
0.00
0.00
0.00
0.00
1.23
0.00
0.00
0.00

2nd specimen

average
0.58
3.82
0.02

4.28

031
031

100.00

SD
10.76
19.75
0.00
0.27
0.00
65.65
0.00
0.00
0.37
0.00
0.00
0.00
1.35
1.86
0.00
0.00
0.00

11.14
0.00
0.00
0.00
0.00
82.34
0.00
0.00
0.00
0.00
0.00
0.41
3.88
2.23
0.00
0.00
0.00
100

1

8.72
6.85
0.00
0.24
0.00
80.04
0.00
0.00
0.25
0.00
0.00
0.00
241

1.49
0.00
0.00
0.00

100

10.83
6.95
0.00
0.50
0.00
76.84
0.00
0.00
0.41
0.00
0.00
0.00
1.44
3.02
0.00
0.00
0.00
100

%
3

9.02
4.97
0.08
0.32
0.00
80.91
0,35
0.00
0.28
0.00
0.00
0.14
1.77
2.16
0.00
0,00
0.00
100

Atomic
4
3.41
4.34
0.13
0.28

3.58
0.61

0.24

0.24
1.96
0.90

100

average
1.22
2.54
0.12
0.26
0.00
92.83
1.92
0.00
0.34
0.00
0.00
0.00
0.00
0.78
0.00
0.00
0.00
100.00

SD
2.10
0.00
0.00
0.00
0.00
92.90
0.00
0.00
0.00
0.00
0.00
0.53
2.43
1.44
0.00
0.00
0.00

Atomic of No. 3 Iron nuggets

2
8.31
0.00
0.00
0.26
0.00
86.46
0.00
0.00
0.00
0.00
0.00
0.00
2.43
2.54
0.00
0.00
0.00
100

<

b
3
9.26
8.87
0.00
0.26
0.00
77.38

0.00
0.00
0.21
0.00
0.00
0.00
2.06
1.96
0.00
0.00
0.00

100

Atomic
4
131
10.03

0.62
0.53

100

average

3.05
7.46
0.00
0.18
0.00
86.57
0.00
0.00
0.35
0.00
0.00
0.00
0.99
1.40
0.00
0.00
0.00
100.00

SD
2.17
2.21
0.00
0.14
0.00
92.67
0.00
0.00
0.21
0.00
0.00
0.00
1.55
0.99
0.00
0.00
0.00
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Table E-50 Experiment 3 % wt of Element and % Atomic of No. 3 Iron nuggets
(1400°c, 50 min) 3rdspecimen

Element

C
0
A
S
K
Fe

Zr
Mn

Total

Table E-51 Experiment 3 % wt of Element and %

Element

Total

100

1
3.49
15.00
343
8.21
0.66
51.371
0.9
0.26
14.85
0.21
0.00
0.28
0.20
0.53
0.23
0.33
0.00
100

OO ODOGHOODOON

cooo—Io
oS

100

% Element
3 4

1.29
0.%
0.00
0.00
0.00
96.30
0.00
0.00
0.00
0.00
0.00
0.00
0.72
0.74
0.00
0.00
0.00

100

3.12
191
0.00
0.05
0.00
92.78
0.00
0.00
0.10
0.00
0.00
0.00
0.95
1.10
0.00
0.00

0.00
100

min) lstspecimen

1131
1.25
2.69
0.24
719.45
0.00
0.00
341
0.00

0.07
0.58
101
0.00
0.00

100

% Element
3 4

2.80
8.26
1.03
2.31
0.19
80.51
0.82
0.00
321
0.00
0.00
0.17
0.00
0.52
0.11
0.00
0.00

100

2.10
11.52
190
442
0.36
70.44
0.59
0.09
1.16
0.07
0.00
0.17

average
212
137
008
452
017
039

0.42

100.00

average
18
3.38
133
3.28

100.00

D
19.34

D

9.62
3102
421

9.67
0.56
30.44
0.34
0.16
12.26
0.14
0.00
0.15

0.09
0.55
0.31

0.48

1
10.67
3.96
0.00
0.00
0.00
82.68
0.00
0.00
0.00
0.00
0.00
0.00
114

154
0.00
0.00
0.00
100

0.
100

OO WO OO RO~

% Atomic
3 4
1185 698
542 333
0.00 :
007 013
0.00 :
7953 1139
0.00 :
0.00 :
011 018
0.00 :
0.00 :
0.00 :
142 044
161 044
0.00 :
0.00 :
0.00 :
100 100

average
54

0.00
100.00

D

2.62
1.30
0.00
0.00
0.00
94.35
0.00
0.00
0.00
0.00
0.00
0.00
0.72
101
0.00
0.00
0.00

Atomic of No. 4 (1375°C, 50

9.60
21.23
157
348
0.20
59.29
0.37
0.00
329
0.00
0.00
0.11

% Atomic
3 4

6.41
21.18
2.57
5.70
0.34
49.56
0.24
0.05
6.36
0.05

5.9
5.2
143
3.44
0.19
16.56
0.21
0.09
5.1
0.08

0.05
0.42
041
0.16
0.28

100

average
3.49
15.00
343
8.21
0.66
51.37
0.95
0.26
14.85
021
0.00

D
0.00
1131
125
2.69
0.24
1945
0.00
0.00
341
0.00
0.00
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Table E-52 Experiment 3 % wt of Element and % Atomic of No. 4 (1375°C, 50

Element |
C 3.16
0 7.27
Al 1.77
Si 3.05
K 0.27
Fe 79.07
Zr 0.76
Mn 0.00
Ca 3.99
Ti 0.00
Au 0.00
Cu 0.20
P 0.00

0.13

Mg 0.11

Na 0.23

Cl 0.00

Total 100
Table E-53

Element )
C 3.84
0 13.52
Al 0.25
Si 0.50
K 0.17
Fe 76.67
Zr 1.16
Mn 0.00
Ca 3.13
Ti 0.00
Au 0.00
Cu 0.00
P 0.00

0.60
Mg 0.00
Na 0.16
Cl 0.00
Total 100

min) 2nd specimen

2
031
15.74
0.80
1.36
0.20
74.26
0.00
0.00
5.14
0.00
0.00
0.13
0.66
1.23
0.16
0.00
0.00
100

Experiment 3 % wt of Element and %

% Element
3 4
0.00 1.16
12.01  11.67
1.47 1.35
2.66 2.36
0.23 0.23
77.35 76.89
0.00 0.25
0.00 0.00
4.12 4.42
0.00 0.00
0.00 0.00
0.17 0.17
1.38 0.68
0.61 0.66
0.00 0.09
0.00 0.08
0.00 0.00
100 100

min) 3rdspecimen

2
0.80
1551
1.59
2.84
0.25
69.26
0.00
0.00
6.65
0.00
0.00
0.00
2.20
0.63
0.12
0.15
0.00
100

% Element
3 4
0.00 1.55
11.97  13.67
1.33 1.06
2.29 1.88
0.23 0.22
78.28 7474
0.00 0.39
0.00 0.00
4.04 4.61
0.00 0.00
0.00 0.00
0.19 0.06
0.78 0.99
0.88 0.70
0.00 0.04
0.00 0.10
0.00 0.00
100 100

average

1.74
4.25
0.50
0.88
0.04
2.44
0.44
0.63

0.04
0.69
0.55
0.08
0.13

100.00

average

2.03
1.71
0.71
1.22
0.04
481
0.67

1.83

0.1

1.12
0.15
0.07
0.09

100.00

SD
10.78
18.60
2.69
4.44
0.28
57.93
0.34
0.00
4.07
0.00
0.00
0.13
0.00
0.16
0.19
0.40
0.00

SD
11.90
31.47
0.34
0.67
0.16
51.11
0.47
0.00
2.91
0.00
0.00
0.00
0.00
0.70
0.00
0.26
0.00

1
0.99
37.56
1.13
1.84
0.20
50.76
0.00
0.00
4.89
0.00
0.00
0.08
0.81
1.47
0.26
0.00
0.00
100

1
2.45
35.77
2.18
3.73
0.24
45.75
0.00
0.00
6.12
0.00
0.00
0.00
2.62
0.72
0.19
0.23
0.00
100

2
0.00
30.52
2.21
3.85
0.24
56.30
0.00
0.00
4.18
0.00
0.00
0.11
1.81
0.78
0.00
0.00
0.00
100

% Atomic
3 4
3.92 5.96
28.89 9,58
2.01 0.80
3.38 1.36
0.24 0.04
55.00 3.76
0.11 0.20
0.00 -
4.38 0.45
0.00 -
0.00 -
0.11 0.03
0.87 0.91
0.80 0.66
0.15 0.13
0.13 0.23
0.00 -

100 100

average

3.16
1.27
1.77
3.05
0.27
79.07
0.76
0.00
3.99
0.00
0.00
0.20
0.00
0.13
0.11
0.23
0.00
100.00

SD
031
15.74
0.80
1.36
0.20
74.26
0.00
0.00
5.14
0.00
0.00
0.13
0.66
1.23
0.16
0.00
0.00

Atomic of No. 4 (1375°C, 50

2
0.00
30.63
2.02
3.34
0.24
57.37
0.00
0.00
4.12
0.00
0.00
0.12
1.03
1.12
0.00
0.00
0.00
100

% Atomic
3 4
4.78 6.28
32.62 2.76
151 1.02
2.58 1.67
0.21 0.05
5141 5.82
0.16 0.27
0.00 .
4.38 1.62
0.00
0.00 .
0.04 0.07
1.22 1.32
0.85 0.24
0.06 0.11
0.16 0.14
0.00 :
100 100

average

3.84
13.52
0.25
0.50
0.17
76.67
1.16
0.00
3.13
0.00
0.00
0.00
0.00
0.60
0.00
0.16
0.00
100.00

SD
0.80
1551
1.59
2.84
0.25
69.26
0.00
0.00
6.65
0.00
0.00
0.00
2.20
0.63
0.12
0.15
0.00
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Table E-54 Experiment 3 % wt of Element and % Atomic of No. 5 (1350°C, 50
min) lstspecimen

Element 1
C 8.01
0 15.24
Al 0.93
Si 1.25
K 0.26
Fe 69.58
Zr 0.62
Mn 0.00
Ca 3.59
Ti 0.00
Au 0.00
Cu 0.00
P 0.00

0.52
Mg 0.00
Na 0.00
cl 0.00
Total 100

Table E-55

Element 1
c 3.39
0 13.69
Al 0.62
Si 0.84
K 0.00
Fe 78.16
Zr 0.00
M n 0.00
Ca 2.71
Ti 0.00
Au 0.00
Cu 0.00
P 0.00

0.60
Mg 0.00
Na 0.00
cl 0.00
Total 100

2
0.00
17.13
1.14
2.26
0.24
73.62
0.00
0.00
4.63
0.00
0.00
0.00
0.46
0.38
0.15
0.00
0.00
100

Experiment 3% wt of Element and %

% Element
3 4
0.00 2.67
17,13 16.50
1.14 1.07
2.26 1.92
0.24 0.25
73.62 7227
0.00 0.21
0.00 0.00
4.63 4.28
0.00 0.00
0.00 0.00
0.00 0.00
0.46 0.31
0.38 0.43
0.15 0.10
0.00 0.00
0.00 0.00
100 100

min) 2nd specimen

0.17
15.22
0.88
1
0.17
76.99
0.00
0.00
4.81
0.00
0.00
0.00
0.00
0.66
0.00
0.00
0.00
100

% Element
3 4
16.75 6.77.
14,94 14.62
1.39 0.96
1.40 1.12
0.49 0.22
60.38 71.84
0.00 0.00
0.00 0.00
3.80 3.77
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.85 0.70
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average
4.62
1.09
0.12
0.58
0.01
2.33
0.36

0.60

0.27
0.08
0.09

100.00

average
8.79
0.81
0.39
0.28
0.25
9.94

1.05

100.00

SD
21.76
31.10
1.13
1.45
0.21
40.67
0.22
0.00
2.93
0.00
0.00
0.00
0.00
0.53
0.00
0.00
0.00

SD
10.55
31.97

0.86
1.11
0.00
52.29
0.00
0.00
2.52
0.00
0.00
0.00
0.00
0.70
0.00
0.00
0.00

1
0.00
40.16
1.59
3.02
0.23
49.45
0.00
0.00
4.33
0.00
0.00
0.00
0.55
0.45
0.23
0.00
0.00
100

1
0.55
37.14
1.27
1.54
0.17
53.84
0.00
0.00
4.68
0.00
0.00
0.00
0.00
0.80
0.00
0.00
0.00
100

2
0.00
40.16
1.59
3.02
0.23
49.45
0.00
0.00
4.33
0.00
0.00
0.00
0.55
0.45
0.23
0.00
0.00
100

% Atomic
3 4
7.25 12.56
37.14 5.23
1.44 0.27
2.50 0.91
0.22 0.01
46.52 5.07
0.07 0.13
0.00 -
3.86 0.81
0.00
0.00
0.00 :
0.37 0.32
0.48 0.05
0.15 0.13
0.00 .
0.00 :
100 100

average
8.01
15.24
0.93
1.25
0.26
69.58
0.62
0.00
3.59
0.00
0.00
0.00
0.00
0.52
0.00
0.00
0.00
100.00

SD
0.00
17.13
1.14
2.26
0.24
73.62
0.00
0.00
4.63
0.00
0.00
0.00
0.46
0.38
0.15
0.00
0.00

Atomic of No. 5 (1350°C, 50

2
38.26
25.62
1.41
137
0.35
29.67
0.00
0.00
2.60
0.00
0.00
0.00
0.00
0.73
0.00
0.00
0.00
100

% Atomic
3 4
11.69  13.05
20,05  12.34
1.02 0.36
1.13 0.41
0.17 0.15
45,27 1353
0.00 :
0.00 :
3.27 1.22
0.00
0.00
0.00
0.00 :
0.74 0.05
0.00
0.00
0.00 .
100 100

average

3.39
13.69
0.62
0.84
0.00
78.16
0.00
0.00
2.71
0.00
0.00
0.00
0.00
0.60
0.00
0.00
0.00
100.00

SD
0.17
15.22
0.88
1
0.17
76.99
0.00
0.00
481
0.00
0.00
0.00
0.00
0.66
0.00
0.00
0.00
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Table E-56 Experiment 3 % Wt of Element and % Atomic of No. 5 (1350°C, 50
min) 3rdspecimen

Element 1
C 8.55
0 12.16
Al 0.59
Si 0.72
K 0.17
Fe 72.78
Zr 0.64
Mn 0.00
Ca 3.72
Ti 0.00
Au 0.00
Cu 0.00
P 0.00

0.66
Mg 0.00
Na 0.00
Cl 0.00
Total 100

Table E-57

Element )
C 0.63
0 13.11
Al 0.71
Si 1.42
K 0.00
Fe 80.56
Zr 0.88
Mn 0.00
Ca 251
Ti 0.00
Au 0.00
Cu 0.00
P 0.00

0.19
M g 0.00
Na 0.00
Cl 0.00
Total 100

2
1.27
14.46
0.83
1.70
0.00
77.99
0.85
0.00
2.68
0.00
0.00
0.00
0.00
0.22
0.00
0.00
0.00
100

Experiment 3 % wt of Element and %

% Element
3 4
1.81 3.88
12.54  13.05
0.43 0.62
0.61 1.01
0.00 0.06
83.22  78.00
0.00 0.50
0.00 0.00
1.14 251
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.25 0.38
0.00 0.00
0.00 0.00
0.00 0.00
100 100

min) lstspecimen

2
0.00
10.16
0.98
1.59
0.00
82.27
1.19
0.00
3.42
0.00
0.00
0.00
0.00
0.40
0.00
0.00
0.00
100

% Element
3 4
0.68 0.44
13.97 1241
0.12 0.60
0.00 1.00
0.00 0.00
83.96 82.26
0.60 0.89
0.00 0.00
0.49 2.14
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.18 0.26
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average
4.06
1.23
0.20
0.60
0.10
5.22
0.44

1.30

0.25

100.00

average
0.38
2.00
0.44
0.87
1.70
0.30

1.50

0.12

100.00

SD
24.15
25.78
0.74
0.87
0.15
44.22
0.24
0.00
3.15
0.00
0.00
0.00
0.00
0.70
0.00
0.00
0.00

SD
2.11
33.19
1.06
2.05
0.00
58.42
0.39
0.00
2.54
0.00
0.00
0.00
0.00
0.24
0.00
0.00
0.00

1
4.10
35.03
1.19
2.34
0.00
54.12
0.36
0.00
2.59
0.00
0.00
0.00
0.00
0.26
0.00
0.00
0.00
100

1
0.00
27.48
1.57
2.44
0.00
63.72
0.56
0.00
3.69
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
100

2
6.03
31.38
0.64
0.87
0.00
59.64
0.00
0.00
1.14
0.00
0.00
0.00
0.00
031
0.00
0.00
0.00
100

% Atomic
3 4
11.43  11.06
30.73 4,66
0.86 0.29
1.36 0.85
0.05 0.09
52.66 7.81
0.20 0.18
0.00 .
2.29 1.04
0.00
0.00
0.00
0.00 .
0.42 0.24
0.00
0.00
0.00 .
100 100

average

8.55
12.16
0.59
0.72
0.17
72.78
0.64
0.00
3.72
0.00
0.00
0.00
0.00
0.66
0.00
0.00
0.00

100.00

SD
1.27
14.46
0.83
1.70
0.00
77.99
0.85
0.00
2.68
0.00
0.00
0.00
0.00
0.22
0.00
0.00
0.00

Atomic of No. 6 (1300°C, 50

2
231
35.45
0.18
0.00
0.00
61.04
0.27
0.00
0.50
0.00
0.00
0.00
0.00
0.26
0.00
0.00
0.00
100

% Atomic
3 4
1.47 1.28
32.04 411
0.94 0.70
1.50 1.31
0.00 :
61.06 2.65
0.41 0.15
0.00 -
2.24 1.62
0.00
0.00
0.00
0.00 :
0.35 0.17
0.00
0.00
0.00 -
100 100

average
0.63
13.11
0.71
1.42
0.00
80.56
0.88
0.00
2.51
0.00
0.00
0.00
0.00
0.19
0.00
0.00
0.00
100.00

SD
0.00
10.16
0.98
1.59
0.00
82.27
1.19
0.00
3.42
0.00
0.00
0.00
0.00
0.40
0.00
0.00
0.00
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Table E-58 Experiment 3 % wt of Element and % Atomic of No. 6 (1300°C, 50

Element

1

C 0.00
0 15.76
Al 1.77
Si 3.13
K 0.31
Fe 66.00
Zr 0.00
Mn 0.00
Ca 9.66
Ti 0.00
Au 0.00
Cu 0.66
p 0.00
2.72

Mg 0.00
Na 0.00
Cl 0.00
Total 100
Table E-59

Element )

C 0.00
0 1453
Al 0.28
Si 0.49
K 0.00
Fe 82.36
Zr 0.70
Mn 0.00
Ca 1.48
Ti 0.00
Au 0.00
Cu 0.00
P 0.00
0.17

My 0.00
Na 0.00
Cl 0.00
Total 100

min) 2nd specimen

2
2.11
12.05
152
3.37
0.00
74.61
0.00
0.00
5.37
0.00
0.00
0.00
0.56
0.41
0.00
0.00
0.00
100

Experiment 3 % wt of Element and %

% Element
3 4

0.00 0.70
16.25  14.69
1.52 1.60
2.33 2.94
0.17 0.16
7431  71.64
0.00 0.00
0.00 0.00
4.71 6.58
0.00 0.00
0.00 0.00
0.00 0.22
0.48 0.35
0.23 1.12
0.00 0.00
0.00 0.00
0.00 0.00
100 100

min) 3rdspecimen

2
0.00
16.15
221
3.78
0.64
67.45
0.00
0.00
8.33
0.00
0.00
0.00
0.80
0.45
0.18
0.00
0.00
100

% Element
3 4

1.27 0.42
12.54 1441
0.25 0.91
0.44 1.57
0.00 0.21
84.37 78.06
0.00 0.23
0.00 0.00
0.96 3.59
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.27
0.16 0.26
0.00 0.06
0.00 0.00
0.00 0.00
100 100

average
1.22
2.30
0.14
0.54
0.16
4.89

0.38
0.30
1.39

100.00

average
0.73
1.81
112
1.91
0.37
9.24
0.40

4.11

0.46
0.16
0.10

100

SD
0.00
36.64
2.44
4.15
0.29
43.97
0.00
0.00
8.97
0.00
0.00
0.38
0.00
3.15
0.00
0.00
0.00

MY
0.00
36.91
0.42
0.71
0.00
59.94
031
0.00
1.50
0.00
0.00
0.00
0.00
0.21
0.00
0.00
0.00

1
6.74
28.91
2.17
4.60
0.00
51.26
0.00
0.00
5.14
0.00
0.00
0.00
0.69
0.49
0.00
0.00
0.00
100

1
0.00
37.31
3.03
4.98
0.61
44.64
0.00
0.00
7.68
0.00
0.00
0.00
0.96
0.52
0.27
0.00
0.00
100

2
0.00
38.61
2.15
3.15
0.16
50.59
0.00
0.00
4.47
0.00
0.00
0.00
0.60
0.27
0.00
0.00
0.00
100

% Atomic
3 4
2.25  3.89
3472 513
2.25 0.16
3.97  0.74
0.15 0.15
48.61  4.03
0.00
0.00 .
6.19  2.43
0.00
0.00 :
0.13 0.22
0.43 0.38
1.30 1.60
0.00 :
0.00
0.00 :
100 100

average

0.00
15.76
1.77
3.13
031
66.00
0.00
0.00
9.66
0.00
0.00
0.66
0.00
2.12
0.00
0.00
0.00

100.00

SD
2.11
12.05
1.52
3.37
0.00
74,61
0.00
0.00
5.37
0.00
0.00
0.00
0.56
0.41
0.00
0.00
0.00

atomic of No. 6 (1300°C, 50

2
431
31.94
0.38
0.63
0.00
61.55
0.00
0.00
0.98
0.00
0.00
0.00
0.00
0.21
0.00
0.00
0.00
100

% Atomic

3 4
1.44 249
3539 2.99
1.28 1.52
2.11 2.49
0.20  0.35
55.38  9.33
0.10 0.18
0.00 -
3.39 3.73
0.00
0.00
0.00 .
0.32 0.55
0.31 0.18
0.09 0.16
0.00 .
0.00 .
100 100

average

0.00
14.53
0.28
0.49
0.00
82.36
0.70
0.00
148
0.00
0.00
0.00
0.00
0.17
0.00
0.00
0.00
100

SD
0.00
16.15
2.21
3.78
0.64
67.45
0.00
0.00
8.33
0.00
0.00
0.00
0.80
0.45
0.18
0.00
0.00
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Table E-60 Experiment 3 % wt of Element and % Atomic of No. 7 (1200°C, 50
min) Istspecimen

Mg

Na

Cl
Total

Table E-61 Experiment 3 % wt of Element and %

min) 2nd specimen

Element

cl
Total

1
2.15
16.69
0.711
1.30
0.00
74.08
0.00
0.00
3.65
0.00
0.00
0.00
0.58
0.25
0.00
0.00
0.00

100

1
0.00
13.78
0.30
0.81
0.19
82.79
0.00
0.00
1.69
0.00
0.00
0.00
0.00
0.26
0.00
0.18
0.00

100

% Element

2 3
000 147
16.02 1451
127 054
269 082
0.23  0.00
7289  80.37
000 000
0.00 -0.00
576 229
0.00 0.00
0.00 0.0
0.00 0.00
087  0.00
028  0.00
0.00  0.00
0.00 -0.00
0.00 0.00
100 100

% Element
2 3
2.19 2.39
13.87 14.38
0.39 0.55
0.75 0.96
0.00 0.00
80.85 78.79
0.00 0.00
0.00 0.00
177 2.51
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.23
0.18 0.19
0.00 0.00
0.00 0.00
0.00 0.00
100 100

4
141
15.74
0.84
1.60
0.08
75.78
0.00
0.00
3.90
0.00
0.00
0.00
0.48
0.18
0.00
0.00
0.00
100

average

1.38
1.12
0.38
0.97
013
4.02

175

100

average

153
14.01
041
0.84
0.06
80.81
0.00
0.00
1.99
0.00
0.00
0.00
0.08
0.21
0.00
0.06
0.00

100

SD
8.21
3141
0.94
1.66
0.00
47,57
0.00
0.00
3.21
0.00
0.00
0.00
0.67
0.28
0.00
0.00
0.00

SD

1.33
0.32
013
0.11
0.11
2.00

0.45

013
0.04

0.10

1
0.00
37.99
1.78
3.63
0.22
49.52
0.00
0.00
5.46
0.00
0.00
0.00
1.07
033
0.00
0.00
0.00
100

1
0.00
35.21
0.46
1.18
0.19
60.58
0.00
0.00
1.72
0.00
0.00
0.00
0.00
0.34
0.00
0.32
0.00
100

% Atomic

2 3
4TS 432
35.23  36.88
078 L7
113 214
000 0.07
55.89  50.99
0.00  0.00
0.00 0.00
222 365
0.00 0.0
0.00 0.0
0.00  0.00
0.00 0.58
000 020
0.00 0.00
0.00  0.00
0.00 0.0
100 100

4
412
1.46
0.54
1.32
013
435

1.65

100

average
2.75
16.69
0.71
1.30
0.00
74,08
0.00
0.00
3.65
0.00
0.00
0.00
0.58
0.25
0.00
0.00
0.00
100

SD
0.00
16.02

1.21
2.69
0.23
72.89
0.00
0.00
5.76
0.00
0.00
0.00
0.87
0.28
0.00
0.00
0.00

Atomic of No. 7 (1200°C, 50

Y% Atomic
2 3

7.04 7.55
33.50 34.06
0.56 0.77
1.03 1.29
0.00 0.00
55.93 53.45
0.00 0.00
0.00 0.00
1.70 2.37
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.28
0.22 0.22
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average

4.86
34.26
0.60
L17
0.06
56.65
0.00
0.00
1.93
0.00
0.00
0.00
0.09
0.26
0.00
0.11
0.00
100

SD
4.22
0.87
0.16
0.13
0.11
3.62

038
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Table E-62 Experiment 3 % wt of Element and % Atomic of No. 7 (1200°c, 50
min) 3rdspecimen

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

C 0.52 2.40 1.41 1.44 0.94 1.59 7.41 4.32 444 291 0.52 2.40
0 16.75 1493 15774 1581 0.91 38.84 3463 36.88 36.78 2.11 16.75 14.93
Al 1.06 0.78 0.84 0.89 0.15 1.46 1.08 1.17 124 0.20 1.06 0.78
Si 2.28 1.59 1.60 1.82 0.39 3.01 2.10 2.14 242 051 2.28 1.59
K 0.39 0.00 0.08 0.16 021 0.37 0.00 0.07 0.15 0.20 0.39 0.00
Fe 72.04 7544 7578 74.42 2.07 47.85 5013  50.99 49.66 1.62 72.04 75.44
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" 1 0.00 0.00 0.00 - 0.00 0.00
Ca 5.68 4.25 3.90 461 0.94 5.26  +3.94 3.65 428  0.86 5.68 4.25
Ti 0.00 0.00 0.00 0.00 5 0.00 0.00 0.00 0.00 - 0.00 0.00
Au 0.00 0.00 0.00 0.00 - 0.00 10.00 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 0.71 0.44 0.48 0.54 0.15 0.85 0.52 0.58 0.65 0.18 071 0.44

0.36 0.18 0.18 0.24 0.10 042 :0.20 0.20 0.27  0.13 0.36 0.18
My 0.00 0.00 0.00 0.00 - 0.00 "0.00 0.00 0.00 N 0.00 0.00
Na 0.22 0.00 0.00 0.07 0.13 0.35 «"0.00 0.00 012 0.20 0.22 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 - . 100 100 100 100 100 -

Table E-63 Experiment 3% wt of Element and % Atomic of No. 1SIag (1500°C,
50min) Istspecimen

% Element % Atomic
Element

2 3 4 average SD 1 2 3 4 average SD
C 0.86 0.00 0.00 0.29 0.50 1.73 0.00 0.00 0.58 1.00 0.86 0.00
0 35.66 20.02 36.72  30.80 9.35 53.92  36.10 55.12 48.38  10.65 35.66 20.02
Al 6.85 5.93 8.09 6.96 1.08 6.14 6.34 7.20 6.56 0.56 6.85 5.93
Si 15.94 1527 18.14  16.45 1.50 13.73  15.69 1551  14.98 1.08 15.94 15.27
K 1.03 1.05 0.84 0.97 0.12 0.64 0.78 0.51 0.64 0.14 1.03 1.05
Fe 1.91 2.05 1.85 1.94 0.10 0.83 1.06 0.79 0.89 0.15 1.91 2.05
Zr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mn 0.00 0.81 0.30 0.37 041 0.00 0.43 0.13 0.19 0.22 0.00 0.81
Ca 35.16 53.25 3238  40.26 11.33 21,22 3833 1940 2632 10.44 35.16 53.25

Ti 0.63 0.94 0.50 0.69 0.23 0.32 0.57 0.25 0.38 0.17 0.63 0.94
Au 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 : 0.00 0.00
Cu 0.58 0.00 0.00 0.19 0.33 0.22 0.00 0.00 0.07 0.13 0.58 0.00
p 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.34 0.33 0.44 0.37 0.06 0.26 0.30 0.33 0.30 0.04 0.34 0.33

Mg 0.40 0.34 0.48 0.41 0.07 0.40 0.40 0.47 0.42 0.04 0.40 0.34

Na 0.44 0.00 0.26 0.23 0.22 0.46 0.00 0.27 0.24 0.23 0.44 0.00

Cl 0.20 0.00 0.00 0.07 0.12 0.13 0.00 0.00 0.04 0.08 0.20 0.00
Total 100 100 100 100 100 : 100 100 100 100 100 :



Table E-64

Element
C 0.00
0 27.62
Al 6.82
Si 15.74
K 0.51
Fe 11.01
Zr 0.23
Mn 0.00
Ca 36.38
Ti 0.60
Au 0.00
Cu 0.00
p 0.00
0.64
My 0.46
Na 0.00
Cl 0.00
Total 100
Table E-65
Element 1
C 0.00
0 46.96
Al 8.01
Si 14.21
K 0.00
Fe 7.08
Zr 0.00
Mn 0.00
Ca 22.33
Ti 0.00
Au 0.00
Cu 0.00
P 0.00
1.42
Mg 0.00
Na 0.00
Cl 0.00
Total 100
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Experiment 3 % wt of Element and % Atomic of No. 1Slag (1500°C,
50 min) 2nspecimen

2
0.00
43.19
7.68
16.58
0.35
4.33
0.43
0.00
25.95
0.42
0.00
0.00
0.00
0.44
0.63
0.00
0.00
100

% Element

3 4
0.00 0.00
31.86 3422
7.07 7.19
16.33  16.22
0.36 0.41
5.85 7.06
0.27 0.31
0.00 0.00
36.44 32,92
0.54 0.52
0.00 0.00
0.00 0.00
0.00 0.00
0.69 0.59
0.59 0.56
0.00 0.00
0.00 0.00
100 100

average

8.05
0.44
0.43
0.09
3.50
0.11

6.04
0.09

0.13
0.09

100

SD
0.00
46.51
6.81
15.09
0.35
531
0.10
0.00
24.45
0.34
0.00
0.00
0.00
0.54
051
0.00
0.00

Experiment 3% wt of Element

50min) 3rdspecimen

25.05
34.75
511
10.49
0.00
8.05
0.00
0.00
16.54
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
100

% Element
3 4
1.68 8.91
35,10  38.94
7.16 6.76
1222 1231
0.85 0.28
18.33  11.15
0.00 0.00
0.45 0.15
22.35 2041
0.50 0.17
0.00 0.00
0.00 0.00
0.00 0.00
0.89 0.77
0.48 0.16
0.00 0.00
0.00 0.00
100 100

average

14.00
6.95
1.49
1.86
0.49
6.23

0.26
3.35
0.29

0.72
0.28

100

SD
0.00
65.72
6.65
11.33
0.00
2.84
0.00
0.00
12.48
0.00
0.00
0.00
0.00
0.99
0.00
0.00
0.00

1
0.00
61.87
6.53
13.53
0.20
178
0.15
0.00
14.84
0.20
0.00
0.00
0.00
0.32
0.59
0.00
0.00
100

and %

38.78
40.39
3.52
6.95
0.00
2.68
0.00
0.00
7.68
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
100

2
0.00
50.81
6.69
14.84
0.23
2.67
0.11
0.00
23.20
0.29
0.00
0.00
0.00
0.55
0.62
0.00
0.00
100

% Atomic
3 4
0.00
53.06 7.92
6.68 0.14
14,49 0.84
0.26 0.08
3.25 1.84
0.12 0.03
0.00 .
2083 523
0.28 0.07
0.00 :
0.00
0.00 :
0.47 0.13
057 0.06
0.00 :
0.00 :
100 100

average
0.00
27.62
6.82
15.74
0.51
11.01
0.23
'0.00
36.38
0.60
.00
0.00
0.00
0.64
0.46
-0.00
0.00
100

SD
0.00
43.19
7.68
16.58
0.35
4.33
0.43
0.00
25.95
0.42
0.00
0.00
0.00
0.44
0.63
0.00
0.00

Atomic of No. Lslag (1500°C,

3.48
54.75
6.62
10.86
0.54
8.19
0.00
0.21
13.92
0.26
0.00
0.00
0.00
0.69
0.49
0.00
0.00
100

% Atomic
3 4
14.09  21.46
53.62 12.70
5.60 1.80
9.71 2.40
0.18 0.31
457 3.14
0.00 :
0.07 0.12
11.36 3.27
0.09 0.15
0.00 -
0.00
0.00 .
0.56 0.51
0.16 0.28
0.00 .
0.00 .
100 100

average

0.00

46.96
8.01
14.21
0.00
7.08
0.00
0.00

22.33
0.00
0.00
0.00
0.00
1.42
0.00
0.00
0.00
100

SD
25.05
34.75
511
10.49
0.00
8.05
0.00
0.00
16.54
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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Table E-66 Experiment 3 % tof Element and % Atomic of No. 2 Slag (1450°C,
50 min) Lstspecimen

Element 1
C 0.00
0 35.95
Al 8.05
Si 18.50
K 1.14
Fe 2.87
Zr 0.00
Mn 0.42
Ca 31.59
Ti 0.55
Au 0.00
Cu 0.00
p 0.00

0.25

Mg 0.44
Na 0.24
cl 0.00
Total 100
Table E-67

Element 1
C 0.00
0 34.80
Al 7.95
Si 18.47
K 1.10
Fe 1.57
Zr 0.00
Mn 0.46
Ca 34.25
Ti 0.50
Au 0.00
Cu 0.00
P 0.00

0.37

Mg 0.51
Na 0.00
cl 0.00
Total 100

2
0.00
34.08
7.68
17.74
115
4.34
0.00
0.45
32.74
0.58
0.00
0.00
0.00
045
051
0.27
0.00
100

% Element
3 4

0.00  0.00
41.06 37.03
769 781
17.88 18.04
106 112
240 320
0.00 0.00
035 041
27,98 30.77
055 0.6
0.00 0.00
0.00 0.00
0.00 0.00
025 032
055 0.0
023 025
0.00 0.00
100 100

average

3.61
0.21
0.40
0.05
1.01

0.05
248
0.02

042
0.06
0,02

100

SD
0.00
52.76
7.05
15.64
0.73
1.92
0.00
0.20
20.23
0.30
0.00
0.00
0.00
0.35
0.52
0.29
0.00

Experiment 3 % wt of Element

50 min) 2nd specimen

2

0.00
32.43
7.19
16.81
115
2.54
0.00
0.00
38.34
0.76
0.00
0.00
0.00
0.37
0.42
0.00
0.00

100

% Element
3 4

0.00 0.00
39.49  35.57
743 152
17.33 1754
102 1.09
3.02 238
0.00  0.00
0.00 0.5
30.17  34.25
044 057
0.00 0.00
0.00  0.00
0.00  0.00
033 0.36
049 047
028 0.09
0.00  0.00
100 100

average

SD
0.00
53.18
121
16.08
0.69
0.69
0.00
0.21
20.89
0.25
0.00
0.00
0.00
0.29
0.52
0.00
0.00

1
0.00
54.43
1.23
15.96
071
125
0.00
0.19
19.09
0.28
0.00
0.00
0.00
0.19
0.44
0.26
0.00
100

2
0.00
59.49
6.60
1476
0.63
0.99
0.00
0.15
16.18
0.27
0.00
0.00
0.00
0.18
0.52
0.23
0.00
100

% Atomic

3
0.00
55.56
6.96
15.45
0.69
1.39
0.00
0.18
18.50
0.28
0.00
0.00
0.00
0.24
0.49
0.26
0.00
100

4

3.50
0.32
0.62
0.05
0.48

0.03
2.09
0.02

0.10
0.05
0.03

100

and % Atomic of No. 2

2
0.00
58.14
6.49
14.53
0.61
1.27
0.00
0.00
17.73
0.22
0.00
0.00
0.00
0.24
0.48
0.28
0.00
100

% Atomic

3
0.00
54.13
6.80
15.23
0.68
1.04
0.00
0.07
2091
0.29
0.00
0.00
0.00
0.27
0.48
0.09
0.00
100

4

3.63
0.37
0.78
0.07
031

0.03
0.0
0.16

100

average
0.00
35.95
8.05
18.50
1.14
2.87
0.00
0.42
31.59
0.55
0.00
0.00
0.00
0.25
0.44
0.24
0.00
100

SD
0.00
34.08
7.68
17.74
115
4.34
0.00
0.45
32.74
0.58
0.00
0.00
0.00
045
051
0.27
0.00

slag (1450°c,

average

0.00
34.80
7.95
18.47
1.10
1.57
0.00
0.46
34.25
0.50
0.00
0.00
0.00
0.37
051
0.00
0.00
100

SD
0.00
3243
7.19
16.81
1.15
2.54
0.00
0.00
38.34
0.76
0.00
0.00
0.00
0.37
0.42
0.00
0.00
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Table E-68 Experiment 3 % wt of Element and % Atomic of No. 2 Slag (1450°C,
50 min) 3rdspecimen

Element

cl
Total

1
0.00
21.62
17.88
9.28
0.00
0.00
8.09
0.00
43 13
0.00
0.00
0.00
000
0.00
000
000
0.00
100.00

2
0.00
39.75
6.79
15.58
0.83
592
0.00
0.00
30.74
0.00
0.00
0.00
0.00
000
039
0.00
000
100.00

% Element
3 4
0.00 0.00
43.46 34.94
7.50 10.72
17.69 14.18
0.90 0.58
1.60 2.51
0.00 2.70
030 0.10
26.67 33.51
0.48 0.16
000 0.00
0.00 0.00
0.00 000
0.58 0.19
0.55 0.31
0.27 0.09
0.00 0.00
100.00  100.00

average

11.69
6.21
4.38
0.50
3.06
4.67
0.17
8.57
0.28

0.33
0.28
0.16

100.00

SD
0.00
38.51
18.89
9.42
0.00
000
253
0.00
30.66
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1
0.00
59.14
5.99
13.20
0.50
252
0.00
000
18.25
0.00
0.00
0.00
0.00
0.00
0.38
0.00
0.00
100.00

2
0.00
61.60
6.31
14.28
0.52
0.65
000
0.12
15.09
0.23
0.00
0.00
000
041
051
0.27
0.00
100.00

% Atomic
3 4
0.00
53.08 12.68
10.40 7.36
12.30 2.55
0.34 0.29
1.06 131
0.84 1.46
0.04 0.07
21.33 8.23
0.08 0.13
0.00 :
0.00
0.00 .
0.14 0.24
0.30 0.27
0.09 0.16
0.00 .
100.00 100.00

average

0.00
21.62
17.88
9.28
0.00
0.00
8.09
0.00
43.13
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
100.00

SD
0.00
39.75
6.79
15.58
0.83
592
0.00
0.00
30.74
0.00
0.00
0.00
0.00
0.00
039
0.00
0.00

Table E-69 Experiment 3 % wt of Element and % Atomic of No. 3 Slag (1400°C,
50min) ]ﬂspecimen

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu
P

M fi
Na
Cl
Total

1
0.00
35.39
7.69
18.02
0.72
5.17
0.00
0.37
31.00
051
0.00
0.00
0.00
0.44
051
0.18
0.00
100

2
0.00
33.19
8.10
18.88
0.74
1.74
0.00
0.33
3541
0.63
0.00
0.00
0.00
0.49
0.50
0.00
0.00
100

%

3
0.00
37.60
5.90
14.07
0.51
17.65
0.00

Element
4

0.00
35.39
1.23
16.99
0.66
8.19
0.00
0.33

average

221
117
2.57
0.13
8.37

0.04
651
014

0.47
0.08
0.04
0.10

100

SD
0.00
54.18
6.98
15.
0.45
2.27
0.00
0.17
18.94
0.26
0.00
0.00
0.00
0.33
0.52
0.19
0.00

1
0.00
51.40
1.44
16.66
0.47
0.77
0.00
0.15
21.89
0.33
0.00
0.00
0.00
0.38
051
0.00
0.00
100

2
0.00
58.52
5.44

%

3
0.00
54.70
6.62
14.95
0.42
3.64
0.00
0.15
18.18
0.26
0.00
0.00
0.22
0.32
0.49
0.06
0.00
100

Atomic

4

3.59
1.05
2.20
0.08
3.74

0.02
115
0.08

0.38
0.06
0.04
0.11

100

average

0.00
35.39
7.69
18.02
0.72
5.17
0.00
0.37
31.00
051
0.00
0.00
0.00
0.44
051
0.18
0.00
100

SD
0.00
33.19
8.10
18.88
0.74
174
0.00
0.33
3541
0.63
0.00
0.00
0.00
0.49
0.50
0.00
0.00
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Table E-70 Experiment 3 % wt of Element and % Atomic of No. 3 Slag (1400°C,
50 min) 2nd specimen

Eleme
nt

C
0

Al
Si

K
Fe
Zr
Mn

Ca

Ti
Au
Cu

p

Mg
Na
Cl

Total

I
0.00

37.62
8.43

18.18
031

1.04
0.00
0.00

% E
2 3
0.00 0.00
3774 37.95
7.96 8.03
1841  17.33
0.68 0.39
4.05 3.49
0.00  0.00
0.00  0:00
29.67  30.99
056  0.55
0.00  0.00
0.00  0.00
0.00 0.00
039  0.68
0.55 0.58
0.00  0.00
0.00  0.00
100.0 1000
0 0

lement

4
0.00

3177
8.14

17.97
0.46
2.86
0.00
0.00

averag
¢

0.17
0.25

0.57
0.19
1.60

SD

0.00
56.6
3
7.10
147
3
0.24
1.49
0.00
0.00
184
b
0.28
0.00
0.00
0.00
0.51
0.57
0.00
0.00

1
0.00

56.36
7.05

15.66
0.42
173
0.00
0.00

17.69
0.28
0.00
0.00
0.00
0.29
0.54
0.00
0.00
100.0
0

% Atomic

2 3 4
0.00  0.00
5588 56.29 0.38
7.43 719 02
1538 1526  0.48
019 028 012
0.44 122 0.69
000 0.00 :
0.00  0.00
1932 1849 0.82
0.29 0.28 0.01
0.00  0.00 :
0.00  0.00
000  0.00 :
048 043  0.12
059 057  0.03
0.00  0.00 :
000  0.00 :
1000  100.0 100.0

0 0 0

averag
g

0.00

37.62
8.43

18.18
031

1.04
0.00
0.00

32.58
0.59
0.00
0.00
0.00
0.65
0.60
0.00
0.00
100.0
0

Table E-71 Experiment 3 % wt of Element and % Atomic of No. 3 Slag (1400°C,
50 min) 3rdspecimen

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu
P

Mg

Na

Cl
Total

1
0.00
35.77
8.07
18.91
0.73
2.30
0.00
0.00
32.65
0.51

100

%

2
0.00
40.81
8.14
19.01
0.60
1.01
0.00
0.00
28.91
0.49
0.00
0.00
0.00
0.48
0.56
0.00
0.00
100

Element
3
5.77
34.88
157
17.57
0.54
0.74
0.84
0.00
30.51
0.53
0.00
0.00
0.00
0.50
0.56
0.00
0.00
100

average
1.92
37.15
7.93
18.50
0.62
1.35
0.28
0.00
30.69
0.51
0.00
0.00
0.00
0.48
0.57
0.00
0.00
100

SD
3.33
3.20
031
0.80
0.10
0.83
0.48

188
0.02

0.02
0.01

1

0.00
54.11
7.24
16.29
0.45

1.00
0.00
0.00
19.72
0.26
0.00
0.00
0.00
0.35
0.58
0.00
0.00

100

% Atomic
2 3

0.00 10.88
58.88 49.40
6.96 6.36
15.63 14.17
0.35 031
0.42 0.30
0.00 0.21
0.00 0.00
16.65 17.25
0.24 0.25
0.00 0.00
0.00 0.00
0.00 0.00
0.35 0.35
0.53 0.52
0.00 0.00
0.00 0.00
100 100

average
3.63
54.13
6.85
15.36

SD

6.28
4.74
0.45
1.08
0.07
0.37
0.12

163
001

0.00
0.03



Table E-72 Experiment 4 % wt of Element and % Atomic of No

E.15 Experiment 4

(1450°c, 40 min) 1stspecimen

Element 1

C 3.41
0 1.70
Al 0.71
Si 0.70
K 0.00
Fe 91.64
Zr 0.00
Mn 0.00
Ca 0.17
Ti 0.00
Au 0.00
Cu 0.00
P 0.91
0.76

Mg 0.00
Na 0.00
cl 0.00
Total 100

% Element

3
3.09
127
0.24
0.29
0.00
92.55
0.00
0.00
0.00
0.00
0.00
0.44

127

average

3.37
151
0.47
0.48
0.00
92.01
0.00
0.00
0.06
0.00
0.00
0.27
1.06
0.77
0.00
0.00
0.00

100

SD
0.26
0.22
0.24
021

0.48
0.10

0.24
0.19
0.08

% Atomic
3
12.33
3.79
043
0.50
0.00
79.37
0.00
0.00
0.00
0.00
0.00
0.33
1.96
1.217
0.00
0.00
0.00
100

average
13.20
4.46
0.82
0.81
0.00
77.69
0.00
0.00
0.06
0.00
0.00
0.20
161
113

150

.1 Iron nuggets

SD
0.85
061
0.40
0.34

1.46
041
0.18

031
0.13

Table E-73 Experiment 4 % wt of Element and % Atomic of No. 1 Iron nuggets
(145000, 40 min) 2nd specimen

Element 1

o 2.35
0 1.89
Al 0.73
Si 1.26
K 0.00
Fe 92.48
Zr 0.00
Mn 0.00
Ca 0.30
Ti 0.00
Au 0.00
Cu 0.00
P 0.56
0.44

Mg 0.00
Na 0.00
cl 0.00
Total 100

0.00
0.10
061

0.00
0.00
0.00
100

% Element

3
2.90
181
0.57
1.15
0.00

92.04
0.00
0.00
0.35
0.00
0.00
0.00
051
0.68
0.00
0.00
0.00

100

average

175
m
0.62
11
0.00
93.26

SD
1.54
0.14
0.10
0.09

175
0.03

0.06
0.14

100

average
6.94
5.44
112
2.04
0.00
82.34
0.00
0.00
0.39
0.00
0.00
0.03
0.89
0.80
0.00
0.00
0.00
100

SD
6.10
0.20
0.16
0.11

6.1
0.03
0.05

0.13
0.18
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Table E-74 Experiment 4 % t of Element and % Atomic of No. 1 Iron nuggets
(1450°C, 40 min) 3rdspecimen

Element

Al
Si

Fe
Zr

Mn - -

Ca
Ti
Au
Cu

Mg

Na

Cl
Tota

1
211
2.00
0.78
1.32
0.00

92.43
0.00
0.00

- 0.44

0.00

0.00

0.00

- 0.56

0.36

0.00

0.00

0.00

100

2

4.40
2.09
0.38
0.60
0.00
91.13
0.00
0.00
0.00
0.00
0.00
0.00
0.80
0.60
0.00
0.00
0.00

100

% Element
3
4,93
161
0.66
0.56
0.00
89.82
0.00
0.00
0.00
0.00
0.00
0.45
1.07
0.90
0.00
0.00
0.00
100

average
3.81
1.90
0.61
0.83
0.00
91.13
0.00
0.00
0.15
0.00
0.00
0.15
0.81
0.62
0.00
0.00
0.00
100

SD
1.50
0.26
0.21
0.43

131

0.25

100

2
16.59
5.92
0.64
0.96
0.00
13.87
0.00
0.00
0.00
0.00
0.00
0.00
117
0.85
0.00
0.00
0.00
100

%

Atomic

3

18.37
4.52
1.10
0.89
0.00
72.01
0.00
0.00
0.00
0.00
0.00
0.32
1.54
1.26
0.00
0.00
0.00
100

average
14.48
5.49
1.04
1.37
0.00
75.25
0.00
0.00
0.18
0.00
0.00
0.11
119
0.88
0.00
0.00
0.00
100

5.27
0.84

078
411
031

0.18
0.34
0.36

Table E-75 Experiment 4 % wt of Element and % Atomic of No. 2 Iron nuggets
(1450°c, 30 min) Istspecimen

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu
P

Mg

Na

Cl
Total

100

3
9.57
0.00
0.08 0.03
0.00
0.00

% Element

4
8.18
0.00

0.00
0.00

91.19  88.90 90.20

0.00 0.00
0.00 0.00
0.00 0.0
0.00 0.00
0.00 0.00
0.00  0.00
081 095
063 064
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average

137
0.05

118

0.24
011

100.00

SD
28.94
0.00
0.00
0.00
0.00
69.23
0.00
0.00
0.00
0.00
0.00
0.00
1.12
0.70
0.00
0.00
0.00

1
25.09
0.00
0.00
0.00
0.00
12.11
0.00
0.00
0.00
0.00
0.00
0.00
1.76

0.00
0.00
0.00
100

20.58
0.00
0.00
0.00
0.00
77.83
0.00
0.00
0.00
0.00
0.00
0.00
0.91
0.69
0.00
0.00
0.00
100

% Atomic

3
24.87
0.00
0.00
0.00
0.00
73.06
0.00
0.00
0.00
0.00
0.00
0.00
1.26
081
0.00
0.00
0.00
100

4
4.18
0.00

138

100

average

8.14
0.00
0.00

SD
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Table E-76 Experiment 4 % wt of Element and % Atomic of No. 2 Iron nuggets

Element 1
C 9.19
0 0.00
Al 0.00
Si 0.00
K 0.00
Fe 89.80
Zr 0.0
Mn 0.00
Ca 0.00
Ti 0.00
Au 0.00
Cu 0.00
P 0.51
0.51
Mg 0.00
Na 0.00
cl 0.00
Total 100
Table E-77
Element 1
o 14.84
0 0.00
Al 0.00
Si 0.00
K 0.00
Fe 84.11
zr 0.00
Mn 0.00
Ca 0.00
Ti 0.00
Au 0.00
Cu 0.00
P 0.57
0.48
Mg 0.00
Na 0.00
cl 0.00
Total 100

(1450°C, 30 min) 2nd specimen

% Element
2 3 4 average  SD 1
532 1014 822 255 3180 4452
0.00 0.00 0.00 - 0.00 0.00
000 067 022 0.39 0.00 0.0
0.00 0.00 0.00 - 0.00 0.00
0.00 0.00 0.00 : 0.00  0.00
93.60 87.56 9032 305 66.86 54.27
0.00 0.0 0.00 0.00 0.00
000 0.00 000 a - 0.00 0.00
000 012 0.04 0.07 0.00 0.00
0.00 0.00 0.00 8 0.00 0.00
0.00 0.00 0.00 = 0.00  0.00
000 035 012 0.20 0.00 0.00
060 0.67 059 0.08 0.69 0.6
048 049 049 0.02 0.66 054
0.00 0.00 0.0 0.00  0.00
000 0.00 000 --- 0.00 0.00
000 0.00 0.0 0.00 0.00
100 100 100 100.00 g 100

Experiment 49 wtof Element and %
(1450°C, 30 min) 3rdspecimen

% Element

2 3 4 average  SD 1
717 362 854 573 3269 26.07
000 099 033 0.57 0.00  0.00
034 000 011 0.20 013 055
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 : 0.00 0.00
9022 9335 8923 470 6530 7051
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 0.00 0.00 : 0.00  0.00
041 000 014 0.24 0.00 028
120 0.65 081 0.34 1.07  1.69
066 052 055 0.09 081  0.90
000 087 029 0.50 0.00 0.00
0.00 0.00 0.00 : 0.00 0.00
0.00 0.00 0.00 : 0.00 0.00
100 100 100 100.00 100

% Atomic
2 3 4 average SD
3430 3687 674 9.9 5.32
0.00 0.00 - 0.00 0.00
014 005 008 0.00 0.00
0.00  0.00 - 0.00 0.00
0.00 0.00 - 0.00 0.00
63.72 6162 655  89.80 93.60
0.00 0.00 - 0.00 0.00
0.00 0.00 - 0.00 0.00
012 0.04 007 0.00 0.00
0.00 0.00 - 0.00 0.00
0.00 0.00 : 0.00 0.00
023 008 013 0.00 0.00
087 074 011 0.51 0.60
0.62 061 0.06 0.51 0.48
0.00 0.00 - 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 - 0.00 0.00
100 100 100  100.00

Atomic of No. 2 Iron nuggets

% Atomic
2 3 4 average SD

1443 2440 924 1484 1.17
296 099 17l 0.00 0.00
000 023 029 0.00 0.34
0.00  0.00 : 0.00 0.00
0.00  0.00 : 0.00 0.00
80.11 7197 751 8411 90.22
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
000 009 016  0.00 041
101 126 038 057 1.20
077 083 0.07 048 0.66
071 024 041 0.00 0.00
0.00 0.00 : 0.00 0.00
0.00 0.00 : 0.00 0.00
100 100 100  100.00
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Table E-78 Experiment 4 % wt of Element and % Atomic of No. 3 Iron nuggets
(1450°c, 20 min) 1stspecimen

« Element % Atomic

Element 2 3 awerage D 1 2 3 average
c 210 218 339 2.56 072 890  9.07 13.21 1039 2.44
0 000 091 175 0.89 088 000 283 5.11 2.65 2.56
Al 041 021 024 0.19 007 0.2 0.39 0.42 034 011
S 025 042 068 0.45 022 045 075 1.12 0.77 0.34
K 000 000 0.0 0.00 : 000  0.00 0.00 0.00 .
Fe 9460 9463 9134 9352 189 86.03 8453  76.53 8236 511
i 000 000 0.0 0.00 : 000 000 . 0.00 0.00 .
Mn 000  0.00 0.0 0.00 ] 000 000 - 0.0 0.00 .
Ca 000 019 028 0.16 014 000 024 - 033 019 017
T 0.00 000 0.0 0.00 / 0.00  0.00 0.00 0.00 -
Au 000 0.00 0.0 0.00 2 0.00 000 -  0.00 0.00 -
Cu 041 014 024 0.26 044 033 011 . 0.8 0.21 0.11
b 15 070 112 11 040 2.4 112 170 176 067
102 061 096 0.86 022 162 095 . 141 133 034

M 000 000 0.0 0,00 \ 0.00 000 - 0.00 0.00

N 000 000 0.0 0.00 X 000  000.. 0.0 0.00

cl 000 000 0.0 0.00 : 000  0.00 - 0.0 0.00

Total 100 100 100 100 ¢ 100 100 100 100

Table E-79 Experiment 4% tofElement and % Atomic of No. 3 Iron nuggets
(1450°c, 20 min) 2nd specimen

Element % Element % Atomic
1 2 3 average 1 2 3 average
c 2.43 2.09 1.73 2.08 0.35 9.80 8.36 6.74 8.30 153
0 1.46 2.08 3.14 2.23 0.85 441 6.24 9.19 6.61 241
Al 0.34 0.62 0.89 0.62 0.28 0.61 110 154 1.08 0.47
Si 0.82 1.25 2.02 1.36 0.61 141 2.14 3.37 231 0.99

K 0.00 0.00 0.12 0.04 007 0.0 0.00 0.15 0.05 0.09
Fe 9232 9121  88.61 90.71 190  80.05  78.36 74.29 77.57 2.96
Zr 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 :
Ca 0.56 0.91 1.34 0.94 0.39 0.67 1.09 1.56 111 0.45
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 0.19 0.12 0.14 0.15 004 015 0.09 0.10 0.11 0.03
P 1.07 0.97 0.97 1.00 0.06 1.67 151 147 1.55 0.11
081 0.74 0.88 0.81 0.07 1.23 111 1.28 121 0.09
Mg 0.00 0.00 0.15 0.05 0.09  0.00 0.00 0.29 0.10 0.17
Na 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 100 100 100 100 - 100 100 100 100
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Table E-80 Experiment 4 % wt of Element and % Atomic of No. 3 Iron nuggets
(1450°c, 20 min) 3rdspecimen

Element

C
0
Al
S
K
Fe
Zr
Mn
Ca
Ti
Au
Cu

P

Mg

Na

Cl
Tota

100

0.73
0.00
0.00
0.00
100

% Element

100

average
2.44
L7
0.43
0.82
0.00
91.94
0.00
0.00
0.77
0.00
0.00
0.15
0.87
0.81
0.00
0.00
0.00
100

SD
0.29
0.40
0.09
0.17

1.16
019
015

0.05
0.10

1
10.41
4.86
0.61

12
0.00
79.49
0.00
0.00
0.74
0.00
0.00
0.00

1.32

1.38
0.00
0.00
0.00

100

2
8.59
4.49
0.78
129
0.00

81.45
0.00
0.00
0.85
0.00
0.00
0.12
131
112
0.00
0.00
0.00
100

%

Atomic
3

10.24
6.57
0.89

1.70
0.00
76.63

average
9.75
531
0.76
1.40
0.00
79.19
0.00
0.00
0.92
0.00
0.00
0.11
1.35
1.22
0.00
0.00
0.00
100

SD
1.01
111
0.14
0.26

2.4
0.0
011

0.06
0.14

Table E-81 Experiment 4 % wt of Element and % Atomic of No. 4 Iron nuggets

(1450°C, 10min) 1dspecimen

Mg

Na

Cl
Total

0.38
1.27
0.85
0.00
0.00
0.00
100

% Element
2 3 4
441 327 3.69
0.00 0.00 0.00
012 014  0.09
022 026 021
0.00 0.00 0.00
92,60 93.83 93.46
0.00 0.0 0.00
0.00 0.0 0.00
026 015 014
0.00 0.00 0.0
0.00 0.00 0.0
052 041 044
097 110 111
089 085 0.86
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
100 100 100

average

0.63
0.08
0.06
0.75
013
0.07

0.15
0.02

100,00

SD
13.80
0.00
0.00
0.27
0.00
82.34
0.00
0.00
0.00
0.00
0.00
0.29
2.01
129
0.00
0.00
0.00

100

13.34
0.00
0.25
0.46
0.00
82.42
0.00
0.00
0.18
0.00
0.00
0.32
1.74
1.30
0.00
0.00

100

%

3

Atomic

4

1484 222

0.00
0.15
0.37
0.00

0.00
0.00

81.10 222

average

3.39
0.00
0.00
0.15
0.00
93.96
0.00
0.00
0.00
0.00
0.00
0.38
1.27
0.85
0.00
0.00
0.00
100.00

SD
441
0.00
0.12
0.22
0.00

92.60
0.00
0.00
0.26
0.00
0.00
0.52
0.97
0.89
0.00
0.00
0.00
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Table E-82 Experiment 4 % wt of Element and % Atomic of No. 4 Iron nuggets

Element 1
C 2.93
0 0.00
Al 0.00
Si 0.19
K 0.00
Fe 95.20
Zr 0.00
Mn 0.00
Ca 0.00
Ti 0.00
Au 0.00
Cu 0.33
P 0.69

0.66

Mg 0.00
Na 0.00
cl 0.00
Total 100
Table E-83

Element 1
C 2.18
0 0.00
Al 0.00
Si 0.15
K 0.00
Fe 95.75
Zr 0.00
Mn 0.00
Ca 0.00
Ti 0.00
Au 0.00
Cu 0.34
P 0.89
0.69

Mg 0.00
Na 0.00
cl 0.00
Total 100

(1450°c, 10 min) 2ndspecimen

% Element
2 3 4 average  SD |
418 251 321 0.87 1220  16.66
000 0.00 0.0 : 0.00 0.00
000 016  0.05 0.09 0.00 0.00
023 034 025 0.08 034 039
000 0.00 0.0 : 0.00 0.00
94.01 9501 9474  0.64 86(% 80.55
000 0.00 0.0 : A 0.00
0.00 0.00 0.00 : 0.00 0.00
000 020 007 0.12 0.00 0.00
000 0.00 0.0 . 0.00 0.00
000 0.00 0.0 . 0.00  0.00
000 043 025 0.23 026 0.00
084 069 074 0.09 110 1.29
0.74 067  0.69 0.04 103 11
0.00 0.00 0.00 / 0.00 0.00
0.00 0.00 0.0 0.00 0.00
000 0.00 0.0 : 0.00 0.00
100 100 1000 100.00 100

Experiment 4 % wt of Element and %
(1450°c, 10 min) 3rdspecimen

% Element
2 3 4 average  SD I
253 255 242 0.21 9.28  10.66
0.00 0.00 0.00 : 0.00  0.00
0.00 010 0.03 0.06 0.00 0.00
020 025 020 0.05 028 0.36
0.00 0.00 0.00 : 0.00 0.00
95.47 94,60 9527 060  87.61 86.43
0.00 0.00 0.00 : 0.00 0.00
0.00 0.00 0.0 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
042 049 042 0.08 027 0.33
073 114 092 0.21 147 120
064 087 073 0.12 1.09 101
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
100 100 100 100.00 . 100

% Atomic
2 3 4 average )
1055 1314 3.6 2.93 4.18
0.00 0.00 : 0.00 0.00
029 010 0.17 0.00 0.00
060 044 014 0.19 0.23
0.00 0.00 : 0.00 0.00
85.79 8381 2.84 9520 94.01
0.00 0.0 : 0.00 0.00
0.00 0.00 : 0.00 0.00
025 008 014  0.00 0.00
0.00 0.00 : 0.00 0.00
0.00 0.00 : 0.00 0.00
034 020 0.8 0.33 0.00
113 117 010 0.69 0.84
105 1.06 004 0.66 0.74
0.00 0.00 : 0.00 0.00
0.00 0.0 0.00 0.00
0.00 0.0 : 0.00 0.00
100 100 100  100.00

Atomic of No. 4 lron nuggets

% Atomic
2 3 4 average SD

10.67 1020 080  2.18 2.53
0.00 0.00 : 0.00 0.00
018 0.06 010 0.00 0.00
044 036 008 0.15 0.20
0.00 0.00 : 0.00 0.00
85.10 8638 126  95.75 95.47
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
039 033 006 034 0.42
186 151 033 0.89 0.73
136 115 018  0.69 0.64
0.00 0.00 : 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 : 0.00 0.00
100 100 100  100.00 :
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Table E-84 Experiment 4 % tof Element and % Atomic of No. 5 Iron nuggets
(1425°c, 30 min) Lst specimen

Element % Element % Atomic
1 2 3 average SD 1 2 3 average D
C 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 :
Al 0.00 0.00 0.12 0.04 0.07 0.00 0.00 0.22 0.07 0.13

Si 0.19 0.15 0.23 0.19 004 035 0.26 041 0.34 0.08
K 0.00 0.00 0.00 0.00 : 0.00 0.00 0.00 0.00 :
Fe 94.87 9586  95.57 95.43 051 8595  87.85 86.82 86.87 0.95

Zr 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
Ca 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 0.44 0.00 0.00 0.15 025 035 0.00 0.00 0.12 0.20

p 122 115 0.97 L1 0.13 2.00 1.90 1.59 1.83 021
0.93 080 . 083 0.85 0.07 147 128 131 1.35 0.10
Mg 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
cl 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-85 Experiment 4 % wt of Element and % Atomic of No. 5 Iron nuggets
(1425°C, 30 min) 2nd specimen

Element % Element % Atomic
1 2 3 average SD 1 2 3 average SD
c 3.28 0.00 2.08 179 166 1349 0.00 8.60 7.36 6.83
0 0.00 0.00 11 0.37 0.64 0.00 0.00 3.45 1.15 1.99
Al 0.00 0.00 0.28 0.09 0.16 0.00 0.00 0.52 0.17 0.30
0.00

Si 0.00 0.00 0.57 0.19 0.33 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 :
Fe 9541  97.68  94.24 95.78 175 8444 95095 83.81 88.07 6.83

Zr 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 :
Ca 0.00 0.00 0.28 0.09 0.16 0.00 0.00 0.35 0.12 0.20
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 0.00 0.00 0.00 000 : 0.00 0.00 0.00 0.00

P 0.80 1.38 0.77 0.98 0.34 1.28 245 1.23 1.65 0.-69
0.52 0.94 0.67 071 0.21 0.79 161 1.04 1.15 042

Mg 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
Cl 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
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Table E-86 Experiment 4 % wt of Element and % Atomic of No. 5 Iron nuggets
(1425°C, 30 min) 3rdspecimen

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu

p

Mg

Na

Cl
Total

1
2.10
0.00
0.15
0.00
0.00
95.95
0.00
0.00
0.00
0.00
0.00
0.36
0.81
0.64
0.00
0.00
0.00
100

0.00
0.00
0.00
100

% Element
3
1.64
0.78
0.17
0.34
0.00
95.52
0.00
0.00
0.19
0.00
0.00
0.16
0.65
0.56
0.00
0.00
0.00
100

average
2.08
0.26
0.11
0.18
0.00
95.79
0.00
0.00
0.06
000.
0.00
0.17
0.76
0.59
0.00
0.00
0.00
100

SD
043
0.45
0.09
0.17

0.24
0.1
0.18

0.09
0.04

1

8.97
0.00
0.28
0.00
0.00
88.11
0.00
0.00
0.00
0.00
0.00
0.29
1.34

102

0.00
0.00
0.00
100

2

10.51
0.00

0.00

0.36

0.00
86.89
0.00

0.00

0.00

0.00

0.00

0.00

1.32
0.91

0.00
0.00
0.00

100

% Atomic
3
6.95
2.50
0.32
0.61
0.00
87.29
0.00
0.00
0.24
0.00
0.00
0.13
1.07
0.89

average
8.81
0.83
0.20
0.32
0.00
87.43
0.00
0.00
0.08
0.00
0.00
0.14
1.24
0.94

SD
1.79
1.44
0.17
031

0.62
0.14

0.45
007

Table E-87 Experiment 4 % wt of Element and % Atomic of No. 6 Iron nuggets

(1425°C,20 min) 1stspecimen

Element

C
0
Al

K
Fe
Zr
Mn
Ca
Ti
Au
Cu
P

Mg

Na

Cl
Total

1
281
0.00
0.25
0.55
0.00
94.23
0.00
0.00
0.29
0.00
0.00
0.37
0.82
0.67
0.00
0.00
0.00
100

2.44
0.00
0.14
0.23
0.00
95.31
0.00
0.00
0.17
0.00
0.00
0.00
0.96
0.76
0.00
0.00
0.00

100

% Element
3 4

358 294
1.60 053
030 023
065 048
0.00 0.00
91.52 93.69
0.00 0.00
0.00 0.00
030  0.25
0.00 0.00
0.00 0.00
030 022
095 091
079 074
0.00 0.00
0.00 0.00
0.00 0.00
100 100

average

0.58
0.92
0.08
0.22

1.95
007
020

0.08
0.06

100.00

SD
11.65
0.00
0.45
0.97
0.00
83.91
0.00
0.00
0.36
0.00
0.00
0.29
132
1.04
0.00
0.00
0.00

13.95
4.66
0.52
1.08
0.00
76.62
0.00
0.00
0.35
0.00
0.00
0.22
1.44
116
0.00
0.00

100

% Atomic
3 4
1194 188
155 2.69
041 0.14
082 0.36
0.00 :
82.22 497
0.00 :
0.00 :
031 0.08
0.00 :
0.00 :
017 015
144 012
113 0.08
0.00 :
0.00
0.00 :
100 100

average
2.81
0.00

SD
244
0.00
0.14
0.23
0.00
95.31
0.00
0.00
0.17
0.00
0.00
0.00
0.96
0.76
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Table E-88 Experiment 4 % wt of Element and % Atomic of No. 6 Iron nuggets

Element 1
C 2.49
0 0.00
Al 0.00
Si 0.22
K 0.00
Fe 94.77
Zr 0.00
Mn 0.00
Ca 0.12
Ti 0.00
Au 0.00
Cu 0.37
P 121

0.82

Mg 0.00
Na 0.00
cl 0.00

Total 100
Table E-89

Element 1
C 2.69
0 0.00
Al 0.23
Si 0.45
K 0.00
Fe 94.48
Zr 0.00
Mn 0.00
Ca 0.29
Ti 0.00
Au 0.00
Cu 0.40
P 0.83
0.64

Mg 0.00
Na 0.00
cl 0.00
Total 100

(1425°C, 20 min) 2nd specimen

% Element % Atomic
2 3 4 average  SD 1 2 3 4 average
244 320 211 0.43 1044 1031 1260 1112 129 249 2.44
000 155 0.52 0.89 000 0.00 459 153 265 0.00 0.00
000 037 012 021 0.00 000 064 021 037 0.0 0.00
000 0.64 0.29 0.33 040 000 1.08 049 055 022 0.00

000 0.00 0.00 000 000 0.00 0.0 0.00 0.00
96.14 9193 9428 215 8546 8740 7792 8359 501 9477 96.14
000 0.00 0.00 : 000 000 0.00 0.0 : 0.00 0.00
000 0.0 0.00 : 000 000 0.00 0.00 : 0.00 0.00
000 050 021 0.26 016 000 059 025 031 012 0.00
000 0.00 000 : 000 000 0.00 0.0 : 0.00 0.00
000 0.00 000 000 000 0.00 0.00 0.00 0.00

000 020 0.19 0.>l9 029 000 015 0.15 0.15 0.37 0.00
081 083 095 023 197 132 126 152 039 12 0.81
061 078 074 011 126 097 116 114 016 Q82 0.61

000 000 0.00 000 000 0.00 0.00 : 0.00 0.00
0.00 0.00 0.00 » 000 000 0.00 0.0 : 0.00 0.00
000 0.0 0.00 : 000 000 0.00 0.0 : 0.00 0.00
100 100 100 100.00 ) 100~ 100 100 100  100.00

Experiment 4 % wt of Element and % Atomic of No. 6 Iron nuggets

(1420-¢ .20 min) 3rdspecimen

% Element % Atomic
2 3 4 average 1 2 3 4 average
288 240  2.66 024 1121 1157 983 1087 092  2.69 2.88
114 112 075 0.65 0.00 344 344 229 199 0.00 114
030 027 027 0.04 042 054 048 048 0.06 023 0.30
045 040 043 0.03 08L 078 070 076 0.06 045 0.45

000 0.00 0.0 000 000 000 0.00 0.00 0.00
93.26 93.95 93.90 061 8457 80.72 8270 82.66 193 9448  93.26
000 0.00 0.0 : 000 000 000 0.0 : 0.00 0.00
000 0.00 0.0 : 000 000 000 0.0 : 0.00 0.00
025 019 024 005 03 030 023 030 007 029 0.25
000 0.00 0.0 : 000 000 000 0.0 : 0.00 0.00
000 0.00 0.0 : 000 000 000 0.00 : 0.00 0.00

0.00 0.00 013 023 031 000 000 010 018 040 0.00
095 104 094 o011 133 148 165 149 016 083 0.95
078 063 068  0.08 099 118 097 105 012  0.64 0.78

000 0.00 0.0 : 000 000 0.00 0.00 : 0.00 0.00
000 0.00 0.0 : 000 000 000 0.0 : 0.00 0.00
000 0.00 0.0 : 000 000 000 0.00 : 0.00 0.00
100 100 100  100.00 : 100 100 100 100  100.00
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Table E-90 Experiment 4 % wt of Element and % Atomic of No. 7 Iron nuggets
(1425°C, 15 min) Lstspecimen

% Element % Atomic
Element 1 2 3 average D 1 2 3 average )
c 0.35 2.62 2.81 1.93 1.37 141 10.18 10.97 7.52 531
0 3.30 2.54 2.07 2.64 0.62 10.03 7.40 6.07 7.83 2.02
Al 0.94 0.62 0.45 0.67 0.25 1.70 1.08 0.78 119 0.47
Si 2.06 1.40 1 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
Fe 89.97  90.11  90.56 90.21 031 7840 7537 76.03 76.60 1.59
Zr 0.00 0.00.  0.00 0.00 000  0.00 0.00 0.00 0.00 0.00
Mn 0.00 0.00-  0.00 0.00 000  0.00 0.00 0.00 0.00 0.00
Ca 1.15 0.74- 0.70 0.86 0.25 1.39 0.86 0.82 1.02 0.32
Ti 0.00 0.00 0.00 0.00 000 000 0.00 0.00 0.00 0.00
Au 0.00 0.00 0.00 0.00 000  0.00 0.00 0.00 0.00 0.00
Cu 0.00 0.00 0.00 0.00 000  0.00 0.00 0.00 0.00 0.00
p 1.04 0.88 1.18 1.03 0.15 1.63 1.32 178 1.58 0.23
0.86 0.89 0.99 0.91 0.07 131 1.30 1.45 1.35 0.08
Mr 0.19 0.00 0.13 0.11 010 037 0.00 0.25 0.21 0.19
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 0.00 000  0.00 0.00 0.00 0.00 0.00
Total 100 100 100 100 ) 100 100 100 100

Table E-91 Experiment 4 % wt of Element and % Atomic of No. 7 Iron nuggets

(142500, 15 min) 2nd specimen

% Element % Atom

C
Element 1 9 3

average SD 1 2 3 average D
C 2.16 241 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 0.00 451 4.16 2.89 251
Al 0.21 0.36 0.31 0.29 0.08 0.40 0.65 0.58 0.54 0.13
Si 0.47 0.73 0.73 0.64 0.15 0.85 1.25 1.28 113 0.24
K 0.00 0.00 0.00 0.00 : 0.00 0.00 0.00 0.00 :

Fe 95.02 9274 9358 93.78 115 8648  80.52 82.78 83.26 3.01

Zr 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 :
Ca 0.25 0.48 0.34 0.36 012 031 0.58 0.42 0.44 0.14
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 0.27 0.00 0.00 0.09 0.16 0.22 0.00 0.00 0.07 013
p 0.98 0.98 1.02 0.99 0.02 161 1.53 1.62 1.59 0.05
0.63 0.82 0.71 0.72 0.10 1.00 1.24 1.09 111 0.12
Mg 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
cl 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
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Table E-92 Experiment 4 % wt of Element and % Atomic of No. 7 Iron nuggets
(1425°¢, 15 min) 3rdspecimen

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu

p

Mr

Na

Cl
Total

Table E-93 Experiment 4 % wt of Element and % Atomic of No. 8

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu
P

Mg

Na

Cl
Total

022
0.00
100

1
2.37
242
0.68
0.55
0.00

9241
0.00
0.00
0.57
0.00
0.00
0.00
0.42
0.59
0.00
0.00
0.00

100

% Element
2 3

2.60 1.14
1.34 2.85
0.23 0.78
0.44 1.54
0.00 0.12
92,55  90.23
0.00 0.00
0.00 0.00
0.28 1.02
0.00 0.00
0.00 0.00
0.37 0.13
1.29 1.14
0.89 0.87
0.00 0.18
0.00 0.00
0.00 0.00

100 100

min) lstspecimen

% Element
2 3 4
008 612 286
9.63 12.67 8.24
099 095 087
173 157 1.28
0.16 051 022
83.39 7324 83.01
000 085 028
0.00 0.00 0.00
221 2.05 161
0.00 0.00 0.00
0.00 0.00 0.00
032 041 024
036  0.00 0.26
1.13 1.33 1.02
0.00 0.0 0.00
0.00 029 010
0.00 0.00 0.00
100 100 100

average
1.45
2.19
0.50
1.00
0.07
91.58
0.00
0.00
0.69
0.00
0.00
0.36
113
0.85
0.11
0.07
0.00
100

average
3.05
5.26
0.17
0.64
0.26
9.59
0.49

0.90
022
023
0.38
017
100.00

SD
1.03
0.77
0.28
0.55
0.06
1.20

038

0.22
0.16
0.05
0.10

013 -

SD
9.41
121
1.20
0.94
0.00

79.03
0.00
0.00
0.68
0.00
0.00
0.00
0.65
0.88
0.00
0.00
0.00

100

1
0.29
26.04
1.59
2.67
0.18
64.61
0.00
0.00
2.38
0.00
0.00
0.22
051
1.52
0.00
0.00
0.00
100

2
10.51
4.07
041
0.75
0.00
80.27
0.00
0.00
0.34
0.00
0.00
0.28
2.02

1.34
0.00
0.00
0.00
100

2
17.94
27.90

1.24
1.97
0.46
46.21
0.33
0.00
1.80
0.00
0.00
0.23
0.00
1.46
0.00
0.45
0.00
100

% Atomic
3
4.57
8.61
141
2.65
0.15
78.08
0.00
0.00
1.23
0.00
0.00
0.10
1.78
132
0.11
0.00
0.00
100

% Atomic
3 4
9.21 8.83
20,38 11.45
134 0.2
186 0487
021 023
63.28  16.45
011 019
0.00 :
1.62  0.86
0.00 :
0.00 :
015 013
039 034
129 035
0.00 :
0.15  0.26
0.00 :
100 100

average SD
5.89 4.12
6.70 2.35
0.90 0.50
173 0.95
0.09 0.08
80.24 2.15
0.00 :
0.00 :
0.84 0.46
0.00 :
0.00 :
0.28 0.18
1.79 0.23
1.30 0.06
0.07 0.06
0.16 0.28
0.00 :
100
(1425°, 10
average SD
2.37 0.08
2.42 9.63
0.68 0.99
0.55 173
0.00 0.16
9241  83.39
0.00 0.00
0.00 0.00
0.57 221
0.00 0.00
0.00 0.00
0.00 0.32
0.42 0.36
0.59 113
0.00 0.00
0.00 0.00
0.00 0.00

100.00
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Table E-94 Experiment 4 % wt of Element and % Atomic of No. 8 (1425°C, 10

Element

8

Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu

p

Mg

Na

Cl
Total

Table

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu
P

Mg

Na

Cl
Total

100

min) 2nd specimen

% Element % Atomic
2 3 4 average  SD 1 2 3 4 average D
0.00 000 0.76 1.32 891  0.00 000 297 514 2.28 0.00
840 1370 8.46 521 9.67 2385 3528 2293 1283 329 8.40
361 022 155 181 141 6.08 033 261  3.06 081 361
0.00 044 02 0.22 033 000 065 033 033 0.20 0.00
0.00 0.00 0.00 : 0.00 000 000 0.00 : 0.00 0.00
8343 8430 8650 458  77.22 67.90 62.18 69.10 759 9176 83.43
0.00 0.00 0.00 : 0.00 000 000 0.00 N 0.00
0.00 0.00 0.0 : 0.00 000 000 000 - =0.00 0.00
0.00 069 023 0.40 000 000 071 024 041 0.00 0.00
0.00 0.00 0.00 - 0.00 000 000 0.00 : 0.00 0.00
0.00 0.00 0.0 0.00 000 0.00 0.00 - 0.00 0.00
0.00 0.00 0.00 : 0.00 000 000 000 : - 0.00 0.00
0.00 047 032 028 075 000 063 046 040 -050 0.00
0.00 018 045 0.62 170 0.00 023 0.64 092 .116 0.00
456 000 152 263 000 216 000 072 125 -0.00 4.56
0.00 0.00 000 : 0.00 0.00 0.0 0.00 : -0.00 0.00
0.00 0.00 000 - 0.00 0.00 0.00 0.00 - ~0.00 0.00
100 100 100 100.00 100 1200 100 100 100.00
Experiment 4 % wt of Element and % Atomic of No. 8 (1420°C, 10
min) 3rdspecimen
% Element % Atomic

2 3 4 average  SD 1 2 3 4 average )
158 153 215 103 1087 638 601 775 271 3.34 1.58
306 483 6.03 372 2496 925 1422 1614 803 1020 3.06
0.18 029 053 051 162 031 050 081 071 1.12 0.18
043 052 103 0.96 299 074 088 154 126 2.14 043
0.00 0.00 000 : 0.00 0.00 000 0.00 : 0.00 0.00
92.85 9045 8765 703 5583 8052 76.34 7090 1321  79.66 92.85
0.00 121 040  0.70 0.00 000 062 021 036 0.00 0.00
0.00 0.00 000 : 0.00 000 000 0.00 : 0.00 0.00
036 043 091 0.89 188 044 051 094 081 1.93 0.36
0.00 0.00 000 : 0.00 0.00 000 0.00 : 0.00 0.00
0.00 0.00 0.0 : 0.00 000 000 0.00 : 0.00 0.00
0.00 023 016 0.14 014 000 017 010  0.09 0.24 0.00
044 000 035 031 076 068 000 048 042 0.60 0.44
111 051  0.80 0.30 095 167 075 112 048 0.78 111
0.00 0.00 000 : 0.00 000 000 0.00 : 0.00 0.00
0.00 0.00 0.00 0.00 000 000 000 0.00 0.00
0.00 0.00 0.0 : 0.00 000 000 000 : 0.00 0.00
100 100 100  100.00 100 100 100 100 100.00 :
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Table E-96 Experiment 4 % wt of Element and % Atomic of No. 9 Iron nuggets
(140000, 40min) 1 specimen

Element % Element % Atomic
1 2 3 average SD 1 2 3 average )
¢ 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
Al 0.25 0.00 0.15 0.13 0.13 0.43 0.00 0.25 0.23 0.22
Si 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 :
Fe 91.85 9411  89.22 91.73 245 7822  86.11 73.37 79.23 6.43
Zr 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 :
Ca 0.53 0.00 0.34 0.29 0.27 0.62 0.00 0.39 0.34 0.31
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 0.00 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 1.99 143
1.16 2.25 2.97 213 0.91 1 3.58 4.26 3.18 132
Mg 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
cl 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-97 Experiment 4% wt of Element and % Atomic of No. 9 Iron nuggets

(1400°C, 40 min) 2fdspecimen

Element % Element % Atomic

1 2 3 average SD 1 2 3 average SD
C 2.83 2.09 4.20 3.04 1.07 10.94 8.55 15.54 11.68 3.55
0 2.10 1.33 3.13 2.39 0.94 7.85 4,07 8.71 6.88 2.47
Al 0.00 0.00 0.22 0.07 0.13 0.00 0.00 0.37 0.12 0.21
Si 0.19 0.00 0.20 0.13 0.11 0.31 0.00 0.31 0.21 0.18
K 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 :
Fe 90.24  93.01  89.25 90.83 195 7511 81.88 71.04 76.01 5.48
Zr 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 -
Ca 0.54 0.24 0.66 0.48 0.22 0.62 0.30 0.73 0.55 0.22
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 0.00 0.00 0.00 0.00 : 0.00 0.00 0.00 0.00 .
P 151 157 112 1.40 0.24 2.27 2.49 161 2.12 0.46

1.99 1.76 1.22 1.66 040 289 2.70 1.69 243 0.65
Mg 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
cl 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
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Table E-98 Experiment 4 % wt of Element and % Atomic of No. 9 Iron nuggets
(1400°c, 40 min) 3rd specimen

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu

p

Mr

Na

Cl
Total

Table E-99 Experiment 4 % wt of Element and % Atomic of No. 10

Element

Al
Si

Fe
Zr
Mn
Ca
Ti
Au
Cu

Mr

Na

Cl
Total

100

1
1.20
129
0.35
0.73
0.00

93.90
0.00
0.00
0.62
0.00
0.00
0.00
0.83
1.06
0.00
0.00
0.00

100

2
241
2.64
0.00
0.00
0.00
91.21
0.00
0.00
0.25
0.00
0.00
0.00
1.68
181
0.00
0.00
0.00
100

min) 1s

0.00
14.00
0.85
1.70
0.77
78.96
0.00
0.00
1.30
0.00

0.29
0.69
145
0.00
0.00
0.00
100

% Element
3
2.85
2.04
0.17
0.19
0.00
90.82
0.00
0.00
0.51
0.00
0.00
0.00
181
161
0.00
0.00
0.00
100

tspecimen
% Element
3 4

0.00 0.40
0.00 510
030 0.50
054  0.99
0.00 0.26
97.64 90.17
0.00 0.00
0.00 0.00
051 081
0.00 0.00
0.00 0.00
017 015
041 064
043 098
0.00  0.00
0.00  0.00
0.00  0.00
100 100

average

2.48
2.06
0.06
0.06
0.00
91.78
0.00
0.00
0.35
0.00
0.00
0.00

155

1.66
0.00
0.00
0.00

100

average
0.69
7.74
0.30
0.62
0.44
9.88

0.43

0.15
021
051

100.00

SD
0.34
0.58
0.10
0.11

133
0.14

0.34
013

SD
5.06
4.08
0.66
1.32
0.00
85.05
0.00
0.00
0.79
0.00
0.00
0.00
1.36
1.68
0.00
0.00
0.00

1

8.93
4.56
0.00
0.00
0.00
81.91
0.00
0.00
0.36
0.00
0.00
0.00
1.85
2.39
0.00
0.00
0.00

100

2
9.49
181
0.00
0.00
0.00
17.18
0.00
0.00
0.30
0.00
0.00
0.00
2.56
2.67
0.00
0.00
0.00
100

0.00
0.00
0.62
1.05
0.00
96.02

0.00
0.70
0.00
0.00
0.15
0.73
0.74
0.00
0.00

100

% Atomic
3
11.15
5.99
0.29
0.33
0.00
76.51
0.00
0.00
0.60
0.00
0.00
0.00
2.75
2.36
0.00
0.00
0.00
100

% Atomic

3 4
169 292
13.00 19 10
0.85 0.36
159  0.72
026  0.45
79.17  20.43
0.00 :
0.00
093 032
0.00
0.00 :
011 0.10
099 033
141 058
0.00 :
0.00
0.00 :
100 100

average SD
9.86 115
6.12 1.63
0.10 0.17
0.11 0.19
0.00 :
78.53 2.94
0.00 :
0.00 :
0.42 0.16
0.00 :
0.00
0.00 :
2.39 0.47
247 0.17
0.00 :
0.00
0.00
100
(1400°c, 35
average SD
1.20 0.00
1.29 14.00
0.35 0.85
0.73 1.70
0.00 0.77
93.90  78.96
0.00 0.00
0.00 0.00
0.62 1.30
0.00 0.00
0.00 0.00
0.00 0.29
0.83 0.69
1.06 1.45
0.00 0.00
0.00 0.00
0.00 0.00
100.00
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Table E-100 Experiment 4 % ! of Element and % Atomic of No. 10 (1400°c, 35

Element 1
C 141
0 3.83
Al 0.46
Si 0.71
K 0.00
Fe 88.89
Zr 0.00
Mn 0.00
Ca 0.99
Ti 0.00
Au 0.00
Cu 0.38
P 0.45
2.88
M g 0.00
Na 0.00
cl 0.00
Total 100
Table E-101
Element 1
C 0.50
0 0.00
Al 0.29
Si 0.72
K 0.00
Fe 97.00
Zr 0.86
Mn 0.00
Ca 0.47
Ti 0.00
Au 0.00
Cu 0.00
P 0.16
0.00
M g 0.00
Na 0.00
cl 0.00
Total 100

min) 2nd specimen

» Element
2 3 4

150 441 244
180 920  4.94
023 015 028
043 031 048
000 028 0.09
93.54 83.18 88.54
000 1.02 034
000 0.00 0.00
033 037 056
000 0.00 0.00
000 0.00 0.00
068 021 042
062 000 036
086 088 154
000 0.00 0.00
000 0.00 0.00
000 0.00 0.0
100 100 100

Experiment 4 9% wt of Element and %

min) 3rdspecimen

% Element
2 3 4

1.28 122 1.00
1424 322 582
081 027 046
161 050 094
103 000 034
76.46 9093 88.13
0.00 000 029
0.00 0.00 0.00
126 039 071
0.00 0.00 0.0
0.00 0.00 0.00
063 043 035
070 061 049
163 243 135
0.00 0.00 000
033 000 011
0.00 0.00 0.00
100 100 100

average
n
3.82
0.16
0.21
0.16
5.19
0.59

0.37

0.24
032
116

100,00

average
0.43
7.47
031
0.59
0.59
10.55
0.50

0.48
032
029
124
0.19

100,00

SD
551
11.25
0.81

1.19
0.00
74.88
0.00
0.00

1.16
0.00
0.00
0.28
0.69
4.23
0.00
0.00
0.00

SD
2.25
0.00
0.59
1.40
0.00
94.34
0.51
0.00
0.63
0.00
0.00
0.00
0.27

0.00
0.00
0.00

100

1

4.08
34.12
115
2.20
1.01
52.47
0.00
0.00
121
0.00

0.38
0.87
1.95
0.00
0.56
0.00
100

2
14.64
22.94
0.22
0.44
0.28
59.43
045
0.00
0.37
0.00
0.00
0.13
0.00

1.09
0.00
0.00
0.00
100

% Atomic
3 4
8.79 508
13.27 8.83
049 030
080 0.38
0.09 0.16
72,65 12.26
015 0.26
0.00 :
0.65 045
0.00 :
0.00 -
031  0.20
057 052
2.22 1.75
0.00 :
0.00
0.00 :
100 100

average SD
141 150
3.83 1.80
0.46 0.23
071 0.43
0.00 0.00
88.89 93.54
0.00 0.00
0.00 0.00
0.99 0.33
0.00 0.00
0.00 0.00
0.38 0.68
0.45 0.62
2.88 0.86
0.00 0.00
0.00 0.00
0.00 0.00
100.00

Atomic of No. 10 (1420°C, 35

4.92

91

0.48
0.86
0.00
78.62
0.00
0.00
0.46
0.00
0.00
0.33

0.95
3.66
0.00
0.00
0.00

100

% Atomic
3 4
3.75 1.37
1461  17.58
074 0.36
149  0.67
034 058
75.14  21.15
017 0.29
0.00 :
077 0.39
0.00 :
0.00 :
024 021
070 0.7
2.81 121
0.00 :
019 032
0.00 -
100 100

average SD

0.50 1.28
0.00 14.24
0.29 0.81
0.72 161
0.00 1.03
97.00 76.46
0.86 0.00
0.00 0.00
0.47 1.26
0.00 0.00
0.00 0.00
0.00 0.63
0.16 0.70
0.00 1.63
0.00 0.00
0.00 0.33
0.00 0.00
100.00
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Table E-102 Experiment 4 % wt of Element and % Atomic of No. 11 (1400°c, 30

Element

8

Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu

p

Mg

Na

Cl
Total

1
0.52
0.00
0.26
0.54
0.00

97.18
0.82
0.00
0.40
0.00
0.00
0.00
0.00
0.29
0.00
0.00
0.00

100

min) 1stspecimen

% Element
2 3 4 average  SD

172 104 1.09 0.60 2.34
000 483 161 2.19 0.00
035 092 051 0.36 0.52
054 118 0.75 0.37 1.04
000 058 019 0.33 0.00
95.79 85.08 9268  6.62 9459
000 000 027 0.47 0.49

0.00 000 0.0 0.00
063 322 14 157 055
000 000 0.0 0.00
000 000 0.0 0.00

0.00 020 0.07 0.12 0.00
047 048 032 0.27 0.00
050 235 105 113 048
0.00 012 004 0.07 0.00
0.00 000 0.0 : 0.00
0.00 000 0.00 - 0.00
100 100 100 ~ 100.00

Table E-103 Experiment 4 % wt of Element

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu
P

Mg

Na

Cl
Total

0.00
0.00
0.48
0.00
0.00
0.34
0.30
2.14
0.00
0.00
0.00
100

min) 2nd specimen

% Element

2 3 4 average  SD
116 1.04 111 0.06 4.70
397 342 314 1.01 6.29
000 019 013 0.11 0.37
025 046 043 0.16 101
0.00 0.0 0.00 0.00 0.00
9227 9301 9270 039 8296

0.00 0.00 0.0 0.00
0.00 0.00 0.0 : 0.00
0.00 039 029 0.26 0.59
0.00 0.00 0.00 : 0.00
0.00 0.00 0.0 0.00

000 022 019 017 027
096 033 053 037 048
138 093 148 06l 334

0.00 0.00 0.00 0.00
0.00 0.00 0.00 : 0.00
000 000 0.0 0.00

00 100 100 10000

0.00
£.00
0.00

100

2
3.97
13.84
1.57
1.92
0.69
69.89
0.00
0.00
3.69
0.00
0.00
0.14
07
3.36
0.23
0.00
0.00

100

% Atomic
3 4
457 258
461  7.99
092 057
132 052
023 040
84.34 1287
016 028
0.00 :
169 174
0.00 :
0.00 :
0.05 0.08
050 043
o155 158
0.08 013
0.00 :
0.00 :
100 100

average
0.52
0.00
0.26
0.54
0.00
97.18
0.82
0.00
0.40
0.00
0.00
0.00
0.00
0.29
0.00
0.00
0.00
100.00

SD
172
0.00
0.35
0.54
0.00
95.79
0.00
0.00
0.63
0.00
0.00
0.00
0.47
0.50
0.00
0.00
0.00

and % Atomic of No. 11 (1400°C, 30

4.64
11.92
0.00
0.43
0.00
79.43
0.00
0.00
0.00
0.00
0.00
0.00
1.50
2.07
0.00
0.00
0.00
100

2
4.23
10.46
0.35
0.80
0.00
81.55
0.00
0.00
0.48
0.00
0.00
0.17
0.52

143
0.00
0.00
0.00
100

% Atomic

3
4.52
9.56
0.24
0.75
0.00
81.31
0.00
0.00
0.36
0.00
0.00
0.15
0.83
2.28
0.00
0.00
0.00

100

4
0.26
2.92
021
0.29
0.00
1.78

031

0.14
058
0.97

100

average
113
2.02
0.20
0.57
0.00
92.83
0.00
0.00
0.48
0.00
0.00
0.34
0.30
2.14
0.00
0.00
0.00

100.00

SD
1.16
3.97
0.00
0.25
0.00
92.27
0.00
0.00
0.00
0.00
0.00
0.00
0.96
1.38
0.00
0.00
0.00
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Table E-104 Experiment 4 % wt of Element and % Atomic of No. 11 (1400°c, 30
min) 3rd specimen

Element

Total

1
i
0

97.26

. 0.92
- 10.00

i

-0.00

-031
- 0.00

Rl

100

6.29
142
2.10

oo
i
|

X

100

/oEIement
4
2.59
g@ i
0.96
66 bt
92.57

041

100

b

)
i
;
il

E>:-

average
3.2
0.82
151
0.16

8.90
0.53

2.54
0.09

0.81
0.15

10000

i
b

94.72

666

% Atomic
3 4
816 8.8
079 17
158 241
?)66 027
8522 16.03
?)b% 032
8% 2,85
004 0.06
097 113
E 0.08
10 100

average
oh
0.19
b
97.26

b

i

0.00
100.00

SD

6.29
142
2.10

bio
i
:

0l
00

0.00

Table E-105 Experiment 4 % wt of Element and % Atomic of No. 12 (1375°c, 40
min) 1sspecimen

Element

Total

1
7.85
12.33
3.18
7.80
0.89
52.58
143
0.00
12.98
0.00
0.00
0.00
0.00
071
0.27
0.00
0.00

100

% Element
3 4
0.00 262
424 6.2
166 1.8
215 375
0.00 035
88.75 78.20
0.00 048
0.00 0.00
243 5172
0.00 0.00
0.00 0.00
0.00 0.04
0.00 0.00
0.00 0.30
0.00 0.24
0.00 0.00
0.76 025
100 100

average

453
541
1.24
3.53
0.48
22.30
0.83

6.30

0.06
0.00
0.37
0.22

0.44
100.00

SD
20.72
2441
3.73
8.80
0.72
29.83
0.50
0.00
10.26
0.00

1
0.00
6.66
1.39
2.39
0.20

86.39
0.00
0.00
2.26
0.00
0.00
0.09
0.00
031
031
0.00
0.00

100

% Atomic
3 4
691 11.96
1462  9.02
2.70 1.19
496  3.39
0.31 0.37
64.27 30.23
017 0.29
0.00 :
515 444
0.00 :
0.00 .
0.03  0.05
0.00  0.00
034  0.35
022 019
0.00 :
034  0.59
100 100

average

7.85
12.33
3.18
7.80
0.89
52.58
143
0.00
12.98
0.00
0.00
0.00
0.00
071
0.27
0.00
0.00
100.00

SD

0.00
2.06
0.72
1.30
0.15
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Table E-106 Experiment 4 % wt of Element and % Atomic of No. 12 (1375°c, 40

Element 1
C 2.05
0 10.92
Al 457
Si 5.69
K 0.46
Fe 66.37
Zr 0.00
Mn 0.00
Ca 7.96
Ti 0.00
Au 0.00
Cu 0.19
P 0.44

1.03

Mg 0.33

Na 0.00

Cl 0.00

Total 100
Table E-107

Element 1
C 0.00
0 15.44
Al 3.77
Si 8.52
K 0.88
Fe 53.18
Zr 0.00
Mn 0.00
Ca 15.18
Ti 0.00
Au 0.00
Cu 0.00
P 1.56

1.07

Mg 0.39
Na 0.00

Cl 0.00

Total 100

min) 2rd specimen

% Element % Atomic

2 3 4 average  SD | 2 3 4 average SD
6.92 23 377 2.73 6.36 2064 781 1160 7.86 2.05 6.92
8.00 1221 1038 216 2541 17.90 3049 2460 633 1092 8.00
238 021 239 2.18 630 316 031 326 3.00 4.57 2.38
494 052 372 2.19 754 630 074 486 362 5.69 4.94
047 000 031 0.27 044 043 000 029 025 0.46 0.47
67.80 8449 7289 1007 4423 4349 6043 4938 957  66.37 67.80
092 000 031 053 000 036 000 012 02 0.00 0.92
000 000 o000 - 0.00 000 0.00 0.0 - 0.00 0.00
834 022 551 458 739 746 022 502 416 7.96 8.34
0.00 000 0.00 g 0.000 0.00 0.00 0.00 - 0.00 0.00
0.00 000 0.00 7 0.00 000 000 0.0 - 0.00 0.00
000 000 006 011 011 0.00 0.00 0.04 0.06 0.19 0.00
000 000 015 025 053 000 000 018 031 0.44 0.00
023 000 042 054 119 026 000 048 0.63 1.03 0.23
000 000 011 0.9 050 000 000 017 029 0.33 0.00

0.00 000 0.00 - 000 000 000 0.0 0.00 0.00
0.00 000 0.00 - 000 000 000 0.00 - 0.00 0.00
100 100 100 100.00 4 100 100 100 100  100.00

Experiment 4 % wt of Element and % Atomic of No. 10 (1375°C, 40
min) 3rdspecimen

% Element w Atomic

2 3 4 average — SD 1 2 3 4 average SD
7.69  0.00 256 4.44 000 2475 000 825 1429  0.00 7.69
470 719 911 562 3373 1134 2022 2196 1127 1544 4.70
118 193 229 1.33 488 168 322 326 160 3.17 118
234 286 457 3.43 1061 322 458 614 393 8.52 2.34
0.18 000 035 0.46 079 018 000 032 041 0.88 0.18
7899 8183 7133 1579 3328 5465 6591 51.28 1657 53.18 78.99
097 180 092 0.90 000 041 089 043 045 0.00 0.97

0.00 000 0.0 000 000 000 0.00 0.00 0.00
327 309 718 693 1324 315 347 662 574 1518 3.21
000 000 0.00 : 0.00 000 0.0 0.00 : 0.00 0.00
0.00 000 0.00 : 000 000 000 0.00 : 0.00 0.00
000 000 0.00 : 000 0.00 000 0.00 0.00 0.00

000 0.00 052 090 176 0.00 000 059  1.02 1.56 0.00
038 054 066 036 117 046 076 080  0.36 1.07 0.38
031 000 023 021 055 016 000 024 028 0.39 0.31
000 000 0.00 : 000 000 000 0.0 : 0.00 0.00
000 075 025 043 000 000 095 032 055 0.00 0.00
100 100 100  100.00 : 100 100 1200 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% specimen

Element % Element % Atomic

1 2 3 average SD 1 2 3 average )
C 0.00 0.00 0.00 0.00 : 0.00 0.00 0.00 0.00 :
0 2942 3226 30.89 30.86 142 47170 5071 49.02 49.14 151
Ai 142 7.59 7.85 7.62 0.22 7.14 7.07 7.39 7.20 0.17
Si 1726 1736 18.05 17.56 043 1594 1555 16.32 15.94 0.39
K 171 141 151 1.54 0.15 1.13 0.91 0.98 101 0.11
Fe 3.28 2.85 2.38 2.84 0.45 1.52 1.28 1.08 1.29 0.22
Zr 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 :
Ca 39.60 3684  37.70 38.05 141 2563 2312 23.88 2421 1.29

Ti 0.87 0.67 0.60 0.71 0.14 047 0.35 0.32 0.38 0.08
Au 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 0.00 000

p 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.24 0.29 0.18 0.16  0.00 0.19 0.23 0.14 0.12
Mg 0.44 0.53 0.45 0.47 005 047 0.55 0.47 0.50 0.05
Na 0.00 0.25 0.28 0.18 0.15 0.00 0:27 031 0.19 0.17
cl 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 000 :
Total 100 100 100 100 { 100 100 100 100

Table E-109 Experiment 4 % wt of Element and % Atomic of No. 1 Slag (1450°c,
40 min) 2ndspecimen

% Element % Atomic

Element 1 2 3 average SD 1 2 3 average SD
C 0.00 0.00 0.75 0.25 0.43 0.00 0.00 159 0.53 0.92
0 2827 1138 29.75 23.13 1021 4622  23.38 47.26 38.95 13,50
Al 751 4.54 7.54 6.53 1.72 7.28 5.53 111 6.64 0.97
Si 1752 1124 1781 1552 3 16,32 13.15 16.12 15.20 1.78
K 40.44 1.66 1.46 14,52 2245 26.39 1.40 0.95 9.58 14.56
Fe 2.67 7.87 2.62 4.39 3.02 1.25 4.63 1.19 2.36 1.97
Zr 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 :
Ca 0.67 6330 3807 34.01 3151 037 51.91 24.14 2547  25.80

Ti 0.56 0.00 0.58 0.38 0.33 0.27 0.00 0.31 0.19 0.17
Au 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 :
1.62 0.00 0.28 0.63 0.87 1.08 0.00 0.23 0.44 0.57
Mg 0.40 0.00 0.42 0.27 024  0.44 0.00 0.44 0.29 0.25
Na 0.35 0.00 0.44 0.26 0.23 0.39 0.00 0.48 0.29 0.26
Cl 0.00 0.00 0.25 0.08 0.14 0.00 0.00 0.18 006 0.10
Total 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

Element

Total

1
0.00
24.83
6.99
16.63
1.46
3.47
0.00
0.60
4421
091
0.00
0.00
0.00
0.30
0.34
0.27
0.00
100

2
248
25.16
6.83
16.19
161
2.99
0.00
0.00
42.64
0.86
0.00

%

Element
3
6.38

21.53

5.86

14,03

1.36
3.44
161
0.66

43.93

0.67
0.00
0.00
0.00
0.21
0.31
0.00
0.00
100

average
2.95
23.84
6.56
15.62
148
3.30
0.54
0.42
43.59
081
0.00
0.00
0.00
0.28
0.32
0.20
0.09
100

SD

3.22
201
0.61
1.39
0.13
0.27
0.93
0.36
0.84
0.13

0.07
0.02
0.18
0.16

1
0.00
42.28
7.06
16.13
1.02
1.69
0.00
0.30
30.05
0.52
0.00
0.00
0.00
0.26
0.38
031
0.00
100

2

5.40
41.06
6.60
15.05
1.08
1.40
0.00
0.00
21.18
0.47
0.00
0.00
0.00
0.28
0.33
0.37
0.20
100

w Atomic
3
13.79
34.97
5.65
12.97
0.90
1.60
0.46
031
28.47
0.36
0.00
0.00
0.00
0.17
0.33
0.00
0.00
100

average
6.40
39.44
6.44
1472
1.00
1.56
0.15
0.20
28.77
0.45
0.00
0.00
0.00
0.24
0.35
0.23
0.07
100

SD
6.95
3.92
0.72
161
0.09
0.15
0.27 .
0.18
116 -
0.08

0.06 -
0.03 -
0.20 -
012 .

Table E-11l Experiment 4 % t of Element and % Atomic of No. 2 Slag (1450°c,
30 min) 1d specimen

Element

Total

1
0.00
3447
7.85
18.60
1.07
201
0.00
041
34.15

2
0.00
30.41
743
17.32
131
4.96
0.00
0.54
36.48
0.63
0.00
0.00
0.00
0.27
043
0.22
0.00
100

%

3
6.11
32.69
6.95
16.39
121
4.22
0.79
041
29.95
0.44
0.00
0.00
0.00
021
0.45
0.17
0.00
100

Element
4
2.04
32.52
741
17.44
1.20
3.73
0.26
0.45
33.53
0.57
0.00
0.00
0.00
0.27
0.46
0.13
0.00
100

average
3.53
2.04
0.45
111
0.12
1.53
0.46
0.08
331
011

0.07
0.03
0.1

100.00

SD
0.00
52.88
1.14
16.25
0.67
0.88
0.00
0.18
2091
0.32
0.00
0.00
0.00
0.26
0.49
0.00
0.00

1
0.00
48.94
7.09
15.88
0.86
2.29
0.00
0.25
23.44
0.34
0.00
0.00
0.00
0.22
0.45
0.25
0.00
100

11.82
47.46

13.56
0.72
1.76
0.20
0.17
17.36

0.00
0.00
0.00
0.15
043
0.17
0.00
100

average
0.00
34.47
7.85
18.60
1.07
201
0.00
0.41
34.15
0.63
0.00
0.00
0.00
0.34
0.49
0.00
0.00
100.00

SD
0.00
30.41
143
1732
131
4.96
0.00
0.54
36.48
0.63
0.00
0.00
0.00
0.27
0.43
0.22
0.00
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Table E-112 Experiment 4 % wt of Element and % Atomic of No. 2 Slag (1450°c,

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu

p

Ms

Na

Cl
Total

1
0.00
32.11
741
17.88

131
4.66
0.00
0.52
34.79
0.57
0.00
0.00
0.00
0.28
0.47
0.00
0.00

100

30 min) 2nd specimen

% Element

2 3 4 average

0.00 0.00 0.00
3655 3132 3333 282
798 730 756 0.37
1858 1763 1803 0.9
103 141 1.25 0.20
184 558  4.03 1.95
0.00 0.00 0.00 -
000 048 033 0.29
3240 3471 3397 1.36
054 064 058 0.05
0.00 0.00 0.00 -
000 000 000
000 000 000 7
034 023 028 0.06
053 047 049 0.03
022 023 015 0.13
0.00 0.00 0.00 [
100 100 100~ 100.00

SD
0.00
50.78
6.94
16.10
0.85
211
0.00
0.24
21.96
0.30
0.00
0.00
0.00
0.22
0.49
0.00
0.00

1

0.00
54.88
111
15.90
0.63
0.79
0.00
0.00
19.42
0.27
0.00
0.00
0.00
0.26
0.53
0.22
0.00

100

2
0.00
49.99
6.91
16.02
0.92
2.55
0.00
0.22
2211
0.34
0.00
0.00
0.00
0.18
0.50
0.25
0.00
100

% Atomic

3

0.00
51.88
6.99
16.01
0.80
1.82
0.00
0.15
21.16
0.30
0.00
0.00
0.00
0.22
0.51
0.16
0.00

100

4

2.63
0.11
0.10
0.15
0.92

0.13
151
0.04

0.04
0.02
0.14

100

average
0.00
32.11
741
17.88
131
4.66
0.00
0.52
34.79
0.57
0.00
0.00
0.00
0.28
0.47
0.00
0.00
100.00

SD
0.00
36.55
7.98
18.58
1.03
1.84
0.00
0.00
32.40
0.54
0.00
0.00
0.00
0.34
0.53
0.22
0.00

Table E-113 Experiment 4 % wt of Element and % Atomic of No. 2 Slag (1450°c,
30 min) 3rd specimen

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu
P

Mg

Na

Cl
Total

1
0.00
27.19
6.37
15.50
1.53
6.79
0.00
0.00
4157
0.68
0.00
0.00
0.00
0.00
0.37
0.00
0.00
100

2
0.00
35.19
7.68
18.35
121
3.61
0.00
0.45
31.95
0.48
0.00
0.00
0.00
0.36
0.49
0.24
0.00
100

w Element

3 4
0.00 0.00
32.15 3151
770 725
1847 1744
1.27 1.34
436 492
0.00 0.00
048 031
33.94 3582
056 057
0.00 0.00
0.00 0.00
0.00 0.00
031 0.22
053 046
023 0.6
0.00 0.00
100 100

dverage

4.04
0.76
1.68
0.17
1.66

0.27
5.0
0.10

100,00

SD
0.00
45.75
6.35
14.86
1.05
3.27
0.00
0.00
21.92
0.38
0.00
0.00
0.00
0.00
041
0.00
0.00

1

0.00
53.78
6.96
15.97
0.76
1.58
0.00
0.20
19.49
0.24
0.00
0.00
0.00
0.27
0.49
0.26
0.00

100

2
0.00
50.59
7.19
16.56
0.82
1.96
0.00
0.22
21.32
0.30
0.00
0.00
0.00
0.24
0.55
0.26
0.00
100

% Atomic

3
0.00
50.04
6.83
15.80
0.88
2.21
0.00
0.14
2291
0.31
0.00
0.00
0.00
0.17
0.48
0.17
0.00
100

4

4.04
0.43
0.86
0.15
0.89

0.12
143
0.07

average

0.00
21.19
6.37
15.50
1.53
6.79
0.00
0.00
41.57
0.68
0.00
0.00
0.00
0.00
0.37
0.00
0.00
100.00

0.00
35.19
7.68
18.35
121
3.61
0.00
0.45
31.95
0.48
0.00
0.00
0.00
0.36
0.49
0.24
0.00
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Table E-114 Experiment 4 % wt of Element and % Atomic of No. 3 Slag (1450°c,
20 min) 1 specimen

| { w Element % Atomic
emen 1 2 3 average ) 1 2 3 average )
C 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -

0 3550  35.07  41.07 31.21 335 5405 5360 59.54 55.73 331
Al 7.84 7.95 .77 1.85 0.09 7.08 121 6.68 6.99 0.28
Si 1861 1848 1775 18.28 046 1614  16.09 14.66 15.63 0.84
K 1.37 1.36 1.24 1.32 007 086 0.85 0.74 0.82 0.07
Fe 401 3.72 341 3.71 0.30 1.75 1.63 142 1.60 0.17
Zr 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 -
Mn 0.00 0.46 0.00 0.15 027 0.00 0.20 0.00 0.07 0.12
Ca 3128 3130 27.20 29.93 236 1901 19.09 15.74 17.95 191
Ti . 0.58 0.59 0.48 0.55 006 029 0.30 0.23 0.27 0.04
Au 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 S 0.00 0.00 0.00 0.00 y
0.00 0.29 0.23 0.17 015 0.00 0.22 0.17 0.13 0.12
Mg 0.49 0.48 0.53 0.50 0.03 0.49 0.48 051 0.49 0.02
Na 0.32 0.30 0.32 0.31 0.01 0.34 0.31 0.32 0.32 0.02
Cl 0.00 0.00 0.00 0.00 \ 0.00 0.00 0.00 000 -
Total 100 100 100 100 r 100 100 100 100

Table E-115 Experiment 4 % wt of Element and % Atomic of No. 3 Slag (1450°c,
20 min) 2nd specimen

Element w Element % Atomic
1 2 3 average SD 1 2 3 average SD
C 5.77 8.96 6.24 6.99 172 1113 17.26 12.95 13.78 3.15
0 33.06 3087  26.22 30.05 349 4788  44.63 40.83 44.45 353

Al 1.22 548 6.42 6.37 0.87 6.20 4.70 593 5.61 0.80
Si 16.69  13.19 1510 14.99 L75 1377 10.86 13.40 12.68 1.58
K 1.50 131 142 141 010 0.89 0.77 0.91 0.86 0.08

Fe 2.80 5.76 8.26 5.61 2.73 1.16 2.39 3.68 241 1.26
Zr 1.00 1.84 1.28 1.37 0.43 0.25 0.47 0.35 0.36 011
Mn 0.00 0.72 0.58 043 038  0.00 0.30 0.26 0.19 0.16
Ca 3077 3029 33.19 31.42 1% 1779 1748 20.63 18.63 1.74
Ti 048 0.67 0.44 0.53 012 023 0.32 0.23 0.26 0.05
Au 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 :
0.00 0.25 0.25 0.17 014 0.00 0.18 0.19 0.12 0.11
Mg 0.44 0.40 0.37 0.40 004 042 0.38 0.38 0.39 0.02
Na 0.26 0.26 0.24 0.25 0.01 0.26 0.26 0.26 0.26 0.00
Cl 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



172

Table E-116 Experiment 4 % wt of Element and % Atomic of No. 3 Slag (1450°c,
20 min) 3rd specimen

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti

Total

1
0.00
32.97
757
18.54
147
2.92
0.00
0.00
35.02
0.48
0.00
0.00
0.00
0.26
0.52
0.23
0.00
100

» Element

2 3
0.00 0.00
3419 3759
742 8.22
17.66 19.04
1.50 1.39
3.78 2.62
0.00 0.00
0.00 0.49
33.84  29.17
0.57 0.50
0.00 0.00
0.00 0.00
0.00 0.00
0.27 0.26
0.48 0.46
0.28 0.26
0.00 0.00
100 100

average
0.00
34.92
1.74
18.41
145
311
0.00
0.16
32.68
0,52
0.00
0.00
0.00
0.26
0.49
0.26
0.00
100

SD

2.39
0.43
0.70
0.06
0.60
0.28
3.09
0.05

001

0.03
0.03

1
0.00
51.32
6.99
16.44
0.94
1.30
0.00
0.00
21.76
0.25
0.00
0.00
0.00
0.20
0.53
0.25
0.00
100

2
0.00
52.85
6.80
15.55
0.95
1.68
0.00
0.00
20.88
0.29
0.00
0.00
0.00
0.21
0.49
0.30
0.00
100

% Atomic

0.00

3

55.94

average
0.00
53.37
7.01
16.04
091
1.37
0.00
0.07
19.99
0.26
0.00
0.00
0.00
0.20
0.49
0.27
0.00
100

SD
2.35
0.23
0.45
0.06
0.29

0.12
2.35
0.02

0.01
0.04
0.03

Table E-117 Experiment 4 % wt of Element and % Atomic of No. 4 Slag (1450°c,
10 min) 1¢ specimen

Total

1
0.00
27.90
6.79
16.09
1.62
9.92
129
051
34.60
0.61
0.00
0.00
0.00
0.00
042
0.27
0.00
100

2 3
6.96  6.66
26.48 31.28
627 6.72
1499  15.66
019 181
947 698
102 103
057 0.8
152 2849
3210 051
0.00 0.00
0.00 0.00
0.00  0.00
0.00  0.00
043 036
0.00 023
0.00  0.00

100 100

Element
4
4.54
28.55
6.59
15.58
111
8.79
111
0.55
21.54
11.07
0.00
0.00
0.00
0.00
0.40
0.17
0.00
100

average
3.93
247
0.28
0.55
0.80
1.58
0.15
0.04
17.60
18.21

0.04
0.15

100,00

SD
0.00
46.93
6.78
15.42
L1
4.78
0.38
0.25
23.23
0.34
0.00
0.00
0.00
0.00
0.46
0.32
0.00

1
14.29
40.79

0.00
0.44
0.00
0.00

100

13.06
46.03
5.87
13.13
091
2.94
0.27
0.25
16.74
0.25
0.00
0.00
0.00
0.00
0.35
0.23
0.00
100

w Atomic
3 4
912 792
4458 332
613 057
1390 131
072 051
397 094
031  0.06
026 0.02
13.64 11.45
6.78  11.23
0.00 :
0.00
0.00
0.00 .
042  0.06
018 0.17
0.00 :
100 100

average
0.00
27.90
6.79
16.09
1.62
9.92
129
0.51
34.60
0.61
0.00
0.00
0.00
0.00
0.42
0.27
0.00
100.00

SD
6.96
26.48
6.27
14.99
0.19
9.47
1.02
0.57
152
32.10
0.00
0.00
0.00
0.00
043
0.00
0.00
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Table E-118 Experiment 4 % wt of Element and % Atomic of No. 4 Slag (1450°c,

Element 1
C 0.00
0 38.59
Ai 7.96
Si 18.15
K 121
Fe 2.44
Zr 0.00
Mn 0.00
Ca 30.08
Ti 043
Au 0.00
Cu 0.00
P 0.00
0.29
Mg 0.49
Na 0.36
Cl 0.00
Total 100
Table E-119
Element 1
C 0.00
0 30.80
Al 7.63
Si 18.17
K 1.36
Fe 4.12
Zr 0.00
Mn 0.55
Ca 35.59
Ti 0.62
Au 0.00
Cu 0.00
P 0.00
0.31
Mg 0.49
Na 0.36
Cl 0.00
Total 100

10 min) 2nd specimen
% Element

2 3 4 average
000 0.0 0.00 :
3078 3197 3378 42
746 755  7.66 0.27
1774 1853 1814 040
164 152 146 022
697 286  4.09 2.50
0.00 0.00 0.00 :
081 0.00 027 047
3332 3578 3306  2.86
054 071 056 0.4
0.00 0.00 0.00 .
0.00 0.00 0.00

0.00 0.00 0.00 ‘),
0.00 040 023 0.21
044 044 046 0.03
030 025 030 0.06
000 000 0.0 :
100 100 100  100.00

Experiment 4 %
10 min) 3rd specimen

2
0.00
28.62
6.95
16.64
1.55
10.69
0.00
0.00
34.13
071
0.00
0.00
0.00
0.00
0.43
0.29
0.00
100

% Element
3 4
0.00 0.00
36.02 3181
765 141
18.17 17.66
1.33 14
214 565
000 0.00
047 034
32.49 3407
054  0.62
0.00  0.00
0.00  0.00
0.00 0.00
034 022
048 047
036  0.34
0.00 0.00
100 100

SD
0.00
57.00
6.97
15.27
0.73

1.03
0.00
0.00
17.73
0.21
0.00
0.00
0.00
021
0.47
0.37
0.00

|

0.00
49.50
711
16.25
1.08
321
0.00
0.38
21.38
0.29
0.00
0.00
0.00
0.00
0.47
0.33
0.00
100

2
0.00
50.25
1.03
16.59
0.98

1.29
0.00
0.00
22.45
0.38
0.00
0.00
0.00
0.31
0.45
0.27
0.00

100

% Atomic

3

0.00
52.25
1.04
16.04
0.93
1.84
0.00
0.13
20.52
0.29
0.00
0.00
0.00
0.17
0.46
0.32
0.00

100

4

413
0.07
0.69
0.18
1.19

022
247
0.09

0.16
0.01
0.05
100

average
0.00

38.59
7.96

18.15
121
244
0.00
0.00

30.08
043
0.00
0.00
0.00

. 0.29
0.49
0.36
0.00

100.00

SD
0.00
30.78
7.46
17,74

1.64
6.97
0.00
0.81
33.32
0.54
0.00
0.00
0.00
0.00
0.44
0.30
0.00

t of Element and % Atomic of No. 4 Slag (1450°c,

average

3.80
0.40
0.88
0.12
4.48

0.30
15
0.09

0.19
0.03
0.04

100,00

SD
0.00
49.12
7.21
16.50
0.89
1.88
0.00
0.25
22.66
0.33
0.00
0.00
0.00
0.25
051
0.40
0.00

1
0.00
47.50
6.83
15.73
1.06
5.08
0.00
0.00
2261
0.39
0.00
0.00
0.00
0.00
0.47
0.33
0.00
100

2

0.00
54.51
6.86
15.66
0.83

0.93

0.00

0.21
19.62
0.27
0.00
0.00
0.00
0.26
0.48
0.38

0.00

100

% Atomic

3
0.00
50.38
6.97
15.96
0.93
2.63
0.00
0.15
21.63
0.33
0.00
0.00
0.00
0.17
0.49
0.37
0.00
100

4

3.67
0.21
047
0.12
2.17

013

average

0.00
30.80
1.63
18.17
1.36
4.12
0.00
0.55
35.59
0.62
0.00
0.00
0.00
031
0.49
0.36
0.00
100.00

SD
0.00
28.62
6.95
16.64
155
10.69
0.00
0.00
34.13
071
0.00
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Table E-120 Experiment 4 % wt of Element and % Atomic of No. 5 Slag (1425°c,
30 min) 1d specimen

Element

8

Al
Si
K
Fe
r
Mn
Ca
Ti

Total

1
0.00
33.50
113
16.50
1.44
6.48
0.00
0.00
33.55
0.58
0.00
0.00
0.00
0.36
0.46
0.00
0.00
100

2
0.00
37.20
7.67
17.86
1.43
0.44
5,77
0.00
28:37
0.50
0.00
0..00
0.00
0.00
0:50
0:25
0.00
100

% Element
3
6.69
32.61
7.16
16.04
1.36

100

average
2.23
34.44
1.32
16.80
141
3.52
242
0.00
30.48
0.50
0.00
0.00
0.00
0.24
0.47
0.16
0.00
100

SD
3.86
243
0.30
0.95
0.04
3.02
3.00

272
0.08

0.1
0.03
0.14

1
0.00
52.64
6.65
14.77
0.92
2.92
0.00
0.00
21.05
0.31
0.00
0.00
0.00
0.29
0.47
0.00
0.00
100

2
0.00
56.12
6.86
15.35
0.88
0.19
2.50
0.00
17.08
0.25
0.00
0.00
0.00
0.00
0.50
0.27
0.00
100

w Atomic
3
12.85
47.03
6.13
13.18
0.80
151
0.37
0.00
17.00
0.21
0.00
0.00
0.00
0.27
0.42
0.24
0.00
100

average
4.28
51.93
6.55

100

SD
742
4.59
0.38
112
0.06
1.37
1.35

232
0.05

0.16
0.04
0.15

Tahle E-121 Experiment 4 % wt of Element and % Atomic of No. 5 Slag (1425°c,
30 min) 2rd specimen

Total

0.00
33.28
7.94
18.45
1.46
2.73
0.00
0.00
34.28
0.71
0.00
0.00
0.00
0.32
0.52
0.30
0.00
100

2
0.00
30.78
1.171
17.78
L
6.31
0.00
0.63
33.66
0.59
0.00
0.00
0.00
0.00
0.49
0.28
0.00
100

w Element
3
5.30
31.85
7.24
16.79
1.48
5.03
1.04
0.44
29.28
0.69
0.00
0.00
0.00
0.22
0.43
0.22
0.00
100

average
177
31.97
1.65

N
3.06

1
0.00
51.59
1.30
16.29
0.93
121
0.00
0.00
2121
0.37
0.00
0.00
0.00
0.25
0.53
0.32
0.00
100

2
0.00
49.36
7.39
16.24
112
2.90
0.00
0.29
21.55
0.32
0.00
0.00
0.00
0.00
051
031
0.00
100

Y% Atomic
3
10.45
47.13
6.35
14.15
0.90
2.13
0.27
0.19
17.29
0.34
0.00
0.00
0.00
0.16
041
0.23
0.00
100

average
3.48
49.36
701
15.56
0.98
2.08
0.09
0.16
20.02
0.34
0.00
0.00
0.00
0.14
0.48
0.29
0.00
100

SD

6.03
2.23
0.58
1.22
0.12
0.85
0.16
0.15
2.37
0.03

0.43
0.06
0.05
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Table E-122 Experiment 4 % wt of Element and % Atomic of No. 5 Slag (1425°c,
30 min) 3rdspecimen

Element

Total

1

0.00
33.98
1.97
18.18
1.30
2.03
0.00
0.00
34.88
071
0.00
0.00
0.00
0.44
0.50
0.00
0.00

100

2

0.00
39.90
8.14
18.20
1.24
2.33
0.00
0.00
2891
0.43
0.00
0.00
0.00
0.00
0.56
0.30
0.00

100

% Element
3
0.00
39.31
8.14
18.21
1.34
2.36
0.00
0.00
28.97
0.48
0.00
0.00
0.00
0.29
0.56
0.34
0.00
100

average
0.00
31.73
8.08
18.20
1.29
2.24
0.00
0.00
30.92
0.54
0.00
0.00
0.00
0.24
0.54
0.21
0.00
100

SD

3.26
0.10
0.02
0.05
0.18

1
0.00
52.37
7.29
15.96
0.82
0.90
0.00
0.00
21.46
0.37
0.00
0.00
0.00
0.34
051
0.00
0.00
100

2
0.00
58.22
7.04
15.13
0.74
0.97
0.00
0.00
16.84
0.21
0.00
0.00
0.00
0.00
0.54
0.30
0.00
100

% Atomic
3
0.00
57.63
7.07
15.21
0.80
0.99
0.00
0.00
16.95
0.23
0.00
0.00
0.00
0.21
0.54
0.35
0.00
100

average
0.00
56.07
113
15.43
0.79
0.95
0.00
0.00
18.42
0.27
000
0.00
000
0.18
0.53
0.22
0.00
100

SD

3.22
0.14
0.46
0.04
0.05

2,64
0.09

047
0.02
0.1

Table E-123 Experiment 4 % wt of Element and % Atomic of No. 6 Slag (1425°c,
20 min) 14 specimen

Total

0.00
22.96
6.17
14.26
181
10.52
0.00
1.05
42.00
0.92
0.00
0.00
0.00
0.00
0.32
0.00
0.00
100

% Element
2 3 4

000 000 0.00
31.66 3643 30.35
744 789 7.7
1776 1798 16.67
1.40 151 1.57
657 541 750
0.00 0.00 0.00
056 045 0.69
33.24 2901 3475
0.61 043  0.65
0.00 0.00 0.00
000 000 0.00
000 0.00 0.00
0.00 0.00 0.00
047 053 044
029 037 022
000 0.00 0.00
100 100 100

average

6.83
0.89
2.09
021
2.68

032
6.63
0.25

041
0.19

100,00

SD
0.00
40.94
6.52
14.49
1.32
5.37
0.00
0.55
29.89
0.55
0.00
0.00
0.00
0.00
0.38
0.00
0.00

I
0.00
50.42
1.03
16.11
0.91
3.00
0.00
0.26
21.13
0.33
0.00
0.00
0.00
0.00
0.50
0.32
0.00

100

2
0.00
55.22
7.09
15.52
0.94
2.35
0.00
0.20
17.56
0.22
0.00
0.00
0.00
0.00
0.52
0.39
0.00

100

% Atomic
3 4
0.00

48.86
6.88
15.37
1.06
3.57
0.00
0.34
22.86
0.37
0.00
0.00
0.00
0.00
0.47
0.24
0.00

100

1.27
031
0.82
0.23
159

0.08
021

100

average
0.00
22.96
6.17
14.26
181
10.52
0.00
1.05
42.00
0.92
0.00

SD
0.00
31.66
7.44
17.76
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Table E-124 Experiment 4 % wt of Element and % Atomic of No. 6 Slag (1425°c,
20 min) 2rdspecimen

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu

p

Mg

Na

Cl
Total

1
0.00
25.70
6.32
15.81
179
8.03
0.00
0.00
4124
0711
0.00
0.00
0.00
0.00
0.40
0.00
0.00
100

2
0.00
19.12
5.37
13.18
2.00
11.37
0.00
115
46.62
0.93
0.00
0.00
0.00
0.00
0.26
0.00
0.00

100

% Element
3 4
0.00 0.00
25.29 2337
6.65 6.11
1584 1494
181 1.87
9.10 950
0.00 0.00
065 0.60
39.19  42.35
057 074
0.00 0.00
0.00 0.00
0.00 0.00
029 0.10
037 034
025 0.08
0.00 0.00
100 100

average

3.69
0.66
1.53
0.12
171

0.58

100,00

SD
0.00
43.97
6.41
15.41
1.26
3.93
0.00
0.00
28.16
0.40
0.00
0.00
0.00
0.00
0.45
0.00
0.00

1

0.00
35.86
5.97
14.09
1.53
6.11
0.00
0.63
34.91
0.58
0.00

100

2
0.00
43.46
6.77
1551
1.27
4.48
0.00
0.32
26.89
0.33
0.00
0.00
0.00
0.25
042
0.30
0.00
100

% Atomic

3
0.00
41.10
6.38
15.00
1.35
4.84
0.00
0.32
29.99
0.44
0.00
0.00
0.00
0.08
0.40
0.10
0.00
100

!
454
0.40
0.79

0.15
113

average
0.00
25.70
6.32
15.81
179
8.03
0.00
0.00
41.24
0711
0.00
0.00
0.00
0.00
0.40
0.00
0.00
100.00

SD
0.00
19.12
5.37
13.18
2.00
11.37
0.00
1.15
46.62
0.93
0.00
0.00
0.00
0.00
0.26
0.00
0.00

Tahle E-125 Experiment 4 % wt of Element and % Atomic of No. 6 Slag (1420°c,

Element

Total

33.47
0.65
0.00
0.00
0.00
18.26
0.00
0.26
0.00
100

20 min) 3rdspecimen
% Element

2 3 4 average
000 000 000 :
3257 2789 30.68 246
767 736 518 404
18.03 17.64 1451 576
158 179 162 015
458 598 549 079
000 0.00 0.0 .
000 068 023 0.39
3418 3712 3492 194
054 071 0.3 0.09
0.00 0.00 0.00 :
0.00 0.00 0.00
0.00 0.00 0.00 :
034 033 631 10.35
051 049 033 0.29
0.00 000 009 0.5
0.00 000 0.0 .

100 100 100  100.00

SD
0.00
50.08
0.54
7.40
0.97
2.69
0.00
0.00
21.19
0.34
0.00
0.00
0.00
16.50
0.00
0.29
0.00

|
0.00
51.15
7.14
16.13
101
2.06
0.00
0.00
21.43
0.28
0.00
0.00
0.00
0.26
0.52
0.00
0.00
100

2
0.00
46.11
1.22
16.61
1.21
2.83
0.00
0.33
24.49
0.39
0.00
0.00
0.00
0.27
0.54
0.00
0.00
100

% Atomic

3
0.00
49.11
4.97
13.38
1.06
2.53
0.00
0.11
22.31
0.34
0.00
0.00
0.00
5.68
0.35
0.10
0.00
100

4

2.66
3.83
518
0.13
041

0.19
184
0.06

9.37
031
017

100

average
0.00
31.57
0.52
7.87
149
591
0.00
0.00
33.47
0.65
0.00
0.00
0.00
18.26
0.00
0.26
0.00
100.00

SD
0.00
32.57
1.67
18.03

1.58
4.58
0.00
0.00
34.18
0.54
0.00
0.00
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Table E-126 Experiment 4 % wt of Element and % Atomic of No. 7 Slag (1425°c,
15 min) 14 specimen

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu

p

Mg

Na

Cl
Total

1

6.02
24.73
6.26
14.99
1.64
8.25
1.06
0.60
35.19
0.67
0.00
0.00
0.00
0.20
0.38
0.00
0.00

100

2
0.00
25.00
6.43
15.76

100

% Element
3
6.26
25.12
6.34
15.34
1.68
8.01
1.12
0.52
3431
053
0.00
0.00
0.00
0.21
0.35
0.20
0.00
100

average
4.09
24.95
6.34
15.36
1.65
8.74
1.15
0.37
36.08
0.59
0.00
0.00
0.00
0.21
0.38
0.07
0.00
100

SD

3.55
0.20
0.09
0.39
0.02
1.06
0.11
0.33
2.35
0.07

0.01
0.03
0.12

1
12.73
39.24
5.89
13.55
1.07
3.75
0.29
0.28
22.29
0.36
0.00
0.00
0.00
0.16
0.40
0.00
0.00
100

2
0.00
43.43
6.63
15.59
117
4.95
0.39
0.00
26.86
0.33
0.00
0.00
0.00
0.19
0.46
0.00
0.00
100

w Atomic
3
13.11
39.47
591
13.73
1.08
3.60
0.31
0.24
2152
0.28
0.00
0.00
0.00
0.16
0.36
0.22
0.00
100

average
8.61
40.71
6.14
14.29
111
4.10
0.33
0.17
23.56
0.32
0.00
0.00
0.00
0.17
041
0.07
0.00
100

SD

7.46
2.36
0.42
1.13
0.06
0.74
0.05
0.15
2.89
0.04

0.02
0.05
013

Table E-127 Experiment 4 % wt of Element and % Atomic of No. 7 Slag (1425°c,
15 min) 2rd specimen

Element

1
0.00
40.59
7.55
17.59
1.19
572
0.00
0.46
25.46
0.55
0.00
0.00
0.00
0.00
0.54
0.34
0.00
100

2
0.00
42.95
7.56
17.04
1.20
5.20
0.00
0.33
24.24
0.39
0.00
0.00
0.00
0.17
051
0.40
0.00
100

% Element
3
0.00
39.87
1.12
17.56
1.24
597
0.00
0.33
25.80
0.40
0.00
0.00
0.00
0.25
0.45
043
0.00
100

average

0.00
41.14
7.61
17.40
121
5.63
0.00
0.37
25.17

SD

161
0.10
031
0.03
0.39

0.08
0.82
0.09

0.13
0.05
0.05

1
0.00
59.44
6.56
14.67
0.71
240
0.00
0.20
14.88
0.27
0.00
0.00
0.00
0.00
0.53
0.35
0.00
100

2
0.00
61.60
6.43
13.92
0.71
2.14
0.00
0.14
13.88
0.19
0.00
0.00
0.00
0.12
0.48
0.40
0.00
100

w Atomic

3
0.00
58.71
6.74
14.73
0.75
2.52
0.00
0.14
15.16
0.20
0.00
0.00
0.00
0.18
043
0.44
0.00
100

average

0.00
59.92
6.58
14.44
0.72
2.35
0.00
0.16
14.64
0.22
0.00
0.00
0.00
0.10
0.48
0.40
0.00
100

SD

1.50
0.16
045
0.02
0.19

0.09
0.05
0.05
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Table E-128 Experiment 4 % wt of Element and % Atomic of No. 7 Slag (1425°c,
15 min) 3rd specimen

% Element % Atomic

Element 1 2 3 average SD 1 2 3 average )
C 0.00 0.00 0.00 0.00 : 0.00 0.00 0.00 0.00 :
0 3294 3452 3617 34.54 162 5191  53.44 55.14 53.50 1.62
Al 7.64 7.49 1.72 7.62 0.12 1.14 6.88 6.97 7.00 0.13
Si 1770 1803 1779 17.84 017 1588 1501 15.45 15.75 0.26
K 1.56 144 141 147 0.08 1.01 0.91 0.88 0.93 0.07
Fe 6.71 6.73 6.80 6.75 0.05 3.03 2.98 2.97 2.99 0.03
Zr 0.00 0.00 0.00 0.00 : 0.00 0.00 0.00 0.00

Mn 0.53 0.00 0.00 0.18 0.31 0.24 0.00 0.00 0.08 0.-14
Ca 31.90 3059  28.89 30.46 151 2006 1891 17.58 18.85 1.24

Ti 0.64 0.53 0.47 0.55 0.09 0.34 0.27 0.24 0.28 0.05
Au 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

‘ 0.00 0.00 0.00 0.00 ~ 0.00 0.00 0.00 0.00 :
Mg 0.39 043 0.47 0.43 004 040 0.44 0.47 0.44 0.04
Na 0.00 0.24 0.29 0.18 0.16 0.00 0.25 0.31 0.19 0.16
Cl 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-129 Experiment 4 % wt of Element and % Atomic of No. 7 Slag (1400°c,
40 min) 14 specimen

% Element % Atomic
Element 1 2 3 average SD 1 2 3 average SD
C 54.55 0.00 0.00 18.18 3149 77181 0.00 0.00 2594 44.92
0 1.23 21.04  16.34 16.87 9.92 1.75 4477 33.97 28.83 19.04
Al 0.75 7.66 4.37 4.26 3.46 0.48 7.52 5.39 4.46 361
Si 1.08 1775  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 2.72 244 081 0.48 1.24 1.05
Fe 2284 382 4035 22.34 1821 7.01 181 24.02 10.95 11.62
Zr 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 »
Ca 382 4015 2429 22.75 1821 163 26.54 20.15 16.11 12.94
Ti 0.00 1.01 0.50 0.50 051 0.00 0.56 0.35 0.30 0.28
Au 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 0.00 244 0.81 141 0.00 0.00 261 0.87 1581
4.17 0.94 1.37 2.16 175 223 0.78 1.42 148 0.73
Mg 0.00 0.44 0.28 0.24 0.22 0.00 0.47 0.39 0.29 0.25
Na 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 100 100 100 100 : 100 100 100 100
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Table E-130 Experiment 4 % wt of Element and % Atomic of No. 7 Slag (1400°c,

Element

8

Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu
p

Mr

Na

Cl
Total

40 min) 2nd specimen
% Element

1 2 3 average
0.00  49.49  46.05 31.85
26,78 1312 2490 21.60
1.22 1.92 2.80 3.98
16.95 148 10.63 9.69
0.66 1.55 1.16 1.12
2838 1956  10M1 19.55
0.00 0.00 0.77 0.26
0.00 0.00 0.00 0.00
18.16 913 2.46 9.92
0.50 0.00 0.00 0.17
0.00 0:00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.97 3.75 0.32 1.68
0.38 0.00 0.00 0.13
0.00 0.00 0.21 0.07
0.00 0.00 0.00 0.00
100 100 100 100

SD
27.63
7.40
2.84
1.78
0.45
8.84
0.44

788
0.29

182
022
012

1
0.00
46.77
748
16.86
047
14.20
0.00
0.00
12.66
0.29
0.00
0.00
0.00
0.84
043
0.00
0.00
100

2
71.06
14.14

1.23
0.91
0.68
6.04
0.00
0.00
3.93
0.00
0.00
0.00
0.00
2.01
0.00
0.00
0.00
100

% Atomic
3
62.02
25.17
1.68
6.12
0.48
3.10
0.14
0.00
0.99
0.00
0.00
0.00
0.00
0.16
0.00
0.15
0.00
100

average
4436
28.69
3.46
7.96
0.54
7.78
0.05
0.00
5.86
0.10
0.00
0.00
000
1.00
0.14
0.05
0.00
100

SD
38.68
16.60
3.49

8.13
0.12

5.75
0.08

Table E-131 Experiment 4 % wt of Element and % Atomic of No. 7 Slag (1400°c,

Element

C
0
Al
Si
K
Fe
r
Mn
Ca
Ti
Au
Cu
p

Mr

Na

Cl
Total

40 min) 3rd specimen
% Element

1 2 3 average
0.00 0.00 2.33 0.78
3356 4323 1637 31.05
852 882 266 6.67
1900 1860 589 1450
103 000 081 061
198 219 4965 1794
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
3390 2504 1704 2533
070 000 042 0.37
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 4.09 1.36
0.83 0.71 1.32 0.95
0.49 0.61 0.24 0.45
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
100 100 100 100

SD
135

1
0.00
51.69
1.78
16.67
0.65
0.87
0.00
0.00
20.84
0.36
0.00
0.00
0.00
0.63
0.49
0.00
0.00

100

2
0.00
61.09
1.39
14.98
0.00
0.89
0.00
0.00
14.12
0.00
0.00
0.00
0.00
0.50
0.57
0.00
0.00
100

% Atomic
3
6.40
33.75
3.25
6.92
0.47
29.33
0.00
0.00
14.03
0.29
0.00
0.00
4.35
1.35
0.32
0.00
0.00
100

average
2.13
48.84
6.14
12.86
0.37
10.36
0.00
0.00
16.33
0.22
000
0.00
1.45
0.83
0.46
0.00
0.00
100

SD
3.70
13.89
251
521
0.34
16.43

391
019

251
0.46
0.13
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E. 1.6 Experiment5

Table E-132 Experiment 5 % wt of Element and % Atomic of No. 1 (1425°, 20
min, mole ratio C/Fe = 1.24/1) 1¢ specimen

% Element % Atomic
Element 1 2 3 average SD 1 2 3 average SD
C 4.55 3.75 4.96 4.42 0.62 12,17 11.62 14.73 13.04 157
0 1432 1089  12.83 12.68 172 3019 2530 28.57 28.02 2.49
Al 2.99 2.22 1.64 2.28 0.68 3.13 3.06 2.17 2.99 0.78
Si 6.62 437 291 4.63 1.87 7.95 5.78 3.70 581 2.13
K 0.56 031 0.37 041 0.13 0.49 0.30 0.34 0.38 0.10
Fe 6345 7121 70.64 68.43 433 3833 4739 45.07 43.60 47
Zr 1.20 1.02 1.16 113 0.09 0.45 041 0.45 0.44 0.02
Mn 0.00 0.00 0.00 0.00 : 0.00 0.00 0.00 0.00 :
Ca 4,53 523 4.75 4.84 0.36 3.82 4.85 4.22 4.30 0.52
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 0.00 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 :
0.69 0.68 0.62 0.66 0.04 0.73 0.79 0.69 0.74 0.05
Mg 0.45 0.00 0.00 0.15 0.26 0.62 0.00 0.00 0.21 0.36
Na 0.63 0.31 0.00 0.31 0.32 0.93 0.50 0.00 0.48 0.47
Cl 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-133 Experiment 5 % wt of Element and % Atomic of No. 1 (1425°, 20
min, mole ratio C/Fe = 1.24/1) 2rdspecimen

% Element % Atomic
Element 1 2 3 average ) 1 2 3 average )
C 0.00 0.00 1.25 0.42 0.72 0.00 0.00 5.19 173 3.00
0 9.81 14.93 1.57 8.77 6.74 2433  33.64 4.90 20.96 14.66

Al 2.88 3.27 0.43 2.19 154 423 4.37 0.80 313 2.02
Si 6.43 1.24 1.02 4.90 3.38 9.09 9.30 181 6.73 4.21
K 0.61 0.58 0.00 0.40 034 062 0.53 0.58 0.06

Fe 6485 5849 9151 11.62 1752 46.01  37.76 81.61 55.15 2329
Zr 0.00 0.00 0.00 0.00 : 0.00 0.00 0.00 0.00 :
Mn 0.37 0.00 0.00 0.12 0.21 0.27 0.00 0.00 0.09 0.16
Ca 1353 1350 134 9.46 703 1340 1214 1.66 9.07 6.45
Ti 0.00 0.26 0.00 0.09 0.15 0.00 0.20 0.00 0.07 0.12
Au 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 :
Cu 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
0.62 0.59 1.84 1.02 0.71 0.76 0.67 2.86 143 1.24
Mg 0.23 0.24 0.00 0.16 0.14 0.38 0.36 0.00 0.25 0.21
Na 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 100 100 100 100 : 100 100 100 100
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Table E-134 Experiment 5 % wt of Element and % Atomic of No. 1(1425°c, 20
min, mole ratio C/Fe = 1.24/1) 3rd specimen

Element % Element % Atomic

1 2 3 average ) 1 2 3 average )
C 0.00 0.00 2.33 0.78 1.35 0.00 0.00 6.40 2.13 3.70
0 3356 4323 1637 31.05 13.60  51.69  61.09 33.75 48.84 13.89
Al 8.52 8.82 2.66 6.67 3.47 7.78 7.39 3.25 6.14 251
Si 19.00 1860 589 14,50 746 1667  14.98 6.92 12.86 521
K 1.03 0.00 081 0.61 0.54 0.65 0.00 0.47 0.37 0.34
Fe 1.98 219 49.65 17.94 2146  0.87 0.89 29.33 10.36 16.43

Zr 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 :
Ca 33.90 2504  17.04 25.33 843 2084 1412 14.03 16.33 391
Ti 0.70 0.00 0.42 0.37 0.35 0.36 0.00 029 . .022 0.19
Au 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 4.09 1.36 2.36 0.00 0.00 4.35 1.45 251
0.83 071 1.32 0.95 0.32 0.63 0.50 1.35 0.83 0.46
Ms 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 0.00 000 - 0.00 :
Cl 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-135 Experiment 5 % wt of Element and % Atomic of No. 2 (1425°c, 20
min, mole ratio C/Fe = 1.34/1) 14 specimen

% Element % Atomic
Element 1 2 3 average SD 1 2 3 average )
C 4.78 3.47 3.65 3.97 0.71 15.08 1111 1153 12.57 2.18
0 721 7.96 10.60 8.59 178 17.08 19.16 25.16 20.47 4.20
Al 2.47 2.60 1.70 2.26 0.49 3.48 37 2.40 3.20 0.70
Si 531 5.69 3.56 4.85 114 .17 7.80 481 6.59 1.58
K 0.36 0.43 031 0.37 0.06 0.35 0.42 0.30 0.36 0.06

Fe 68.57 6833  73.06 69.99 266 4657 4712 49.65 47.78 1.64
Zr 0.96 0.97 0.95 0.96 0.01 0.40 0.41 0.39 0.40 0.01
Mn 0.00 0.00 0.00 0.00 : 0.00 0.00 0.00 0.00 :
Ca 9.15 8.97 4.97 7.70 2.36 8.66 8.62 471 7.33 2.21
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 0.32 0.54 0.26 0.37 0.15 0.19 0.33 0.16 0.23 0.09
P 0.27 0.22 047 0.32 0.13 0.14 0.12 0.24 0.17 0.06
021 031 0.25 0.26 0.05 0.24 0.38 0.30 031 0.07
Mg 0.17 0.25 0.00 0.14 0.13 0.26 0.39 0.00 0.22 0.20
Na 0.24 0.26 0.21 0.24 0.03 0.39 043 0.34 0.39 0.05
Cl 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
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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) 2rd specimen

Element

C
0
Al
Si
K
Fe
r
Mn
Ca
Ti
Au
Cu

p

Mr

Na

Cl
Total

1
0.00
6.29
2.03
4.28
0.28
78.85
0.00
0.00
6.87
0.00
0.00
0.17
0.39
0.62
0.20
0.00
0.00
100

% Element

3
0.00
11.07
3.61
7.62
0.51
60.79

0.00..

0.00
14.50
0.00

0.00 -
0.00

0.95

0.64 -

031

0.00. -

0.00
100

average
0.00
1.12
2.28
471
031
75.82
0.00
0.00
8.24
0.00
0.00
0.11
0.53
0.60
0.22
0.00
0.00
100

SD

361
122
264

0.18
13.76

5.70

0.10
0.37
0.05
0.09

1
0.00
17.45
3.34
6.76
0.32
62.61
0.00
0.00
7.60
0.00
0.00
0.12
0.56
0.86
0.37
0.00
0.00
100

2
0.00
12.03
2.14
4.14
0.18
75.85
0.00
0.00
4.02
0.00
0.00
0.12
0.40
0.83
0.28
0.00
0.00
100

w Atomic

3
0.00
26.38
5.10
10.34
0.50
41.48
0.00
0.00
13.79
0.00
0.00
0.00
117
0.76
0.48
0.00
0.00
100

average

0.00
18.62
3.53
7.08
0.33
59.98
0.00
0.00
8.47
0.00
0.00
0.08
0.71
0.82
0.38
0.00
0.00

100

SD

1.25
1.49
3
0.16
17.34

194

0.07
041
0.05
0.10

Table E-137 Experiment 5 % wt of Element and % Atomic of No. 2 (1425°C, 20
min, mole ratio C/Fe = 1.34/1) 3rd specimen

Element

C
0
Al
Si
K
Fe
Zr
Mn
Ca
Ti
Au
Cu
P

Mr

Na

Cl
Total

1
0.00
13.61
3.78
8.35
0.67
55.86
1.48
0.00
15.32
0.00
0.00
0.00
0.00
031
0.37
0.25
0.00
100

0.00
6.51
261
470
0.28
76.75
0.95
0.00
743
0.00

0.00
0.00
0.52
0.24
0.00
0.00
100

% Element

3
0.00
14.27
4.09
8.84
0.65
54.70
0.00
0.00
15.68
0.00
0.00
0.00
0.45
0.98
0.34
0.00
0.00
100

average

0.00
11.46
3.49
1.30
0.53
62.44
081
0.00
1281
0.00
0.00
0.00
0.15
0.60
0.32
0.08
0.00
100

SD

4.30
0.78
2.26
0.22
1241
0.75

4.66

1
0.00
31.05
512
10.85
0.63
36.51
0.59
0.00
13.95
0.00
0.00
0.00
0.00
0.36
0.55
0.39
0.00
100

2
0.00
17.89
4.26
7.35
0.32
60.42
0.46
0.00
8.15
0.00
0.00
0.00
0.00
0.72
0.44
0.00
0.00
100

w Atomic

3
0.00
31.81
540
11.23
0.59
34.92
0.00
0.00
13.95
0.00
0.00
0.00
0.52
1.09
0.50
0.00
0.00
100

average

0.00
26.92
4.93
9.81
051
43.95
0.35
0.00
12.02
0.00
0.00
0.00
0.17
0.72
0.50
0.13
0.00
100

SD

7.83
0.59
2.14
0.17
14.29
031

335
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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) 1¢ specimen

% Element % Atomic
Element 1 2 3 average SD 1 2 3 average SD
C 2.20 1.89 1.89 1.99 0.18 8.60 7.80 7.80 8.07 0.46
0 2.84 135 1.35 1.85 0.86 8.35 4.18 4.18 5.57 241
Al 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 »
Fe 89.67 9356 9356 92.26 225 7548 8295 82.95 80.46 431

Zr 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 :
Ca 0.39 0.52 0.52 0.48 008 046 0.64 0.64 0.58 0.10
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 0.45 0.00 0.00 0.15 026 033 .0.00 0.00 0.11 0.19
p 0.40 0.90 0.90 0.73 029 061 43 143 1.16 0.47
3.01 0.78 0.78 1.52 129 441 1.20 1.20 2.21 1.85
Mg 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 3 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 100 100 100 100 / 100 100 100 100

Table E-139 Experiment 5 % wt of Element and % Atomic of No. 3 Iron nugget
(1425°c, 20 min, mole ratio C/Fe = 1.44/1) 2nd specimen

Element % Element % Atomic
1 2 3 average SD 1 2 3 average )
C 2.38 2.25 153 2.05 0.46 9.43 9.52 6.64 8.53 1.64
0 2.07 0.00 0.00 0.69 1.20 6.17 0.00 0.00 2.06 3.56
Al 0.46 0.15 0.29 0.30 0.16 0.82 0.15 0.30 0.42 0.35
Si 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 »
Fe 91.38 9495  86.