CHAPTER Il
EXPERIMENTAL

3.1 Raw Materials

3.1.1 Iron Ore

Iron ore was obtained from Xieng Khouang Lao PDR and used in the
iron production. In the present work, a low grade Iron ore was selected and used; it
has %Fe between 40-60 %. The iron ore (XK-01) was characterized for the wt % of
elements by EDX (Energy Dispersive X-Ray Fluorescence Spectrometer), the
structures by XRD (X-Ray Diffraction Spectrometer), and the compositions by the
Wet Chemical Analysis. The average wt % element and SD of the XK-01 iron ore
are shown in Table 3-1. All characteristic results of iron ore are shown in Appendix
A.

Table 3-1 Wt % Element of XK-01

Average
Elements (Wt%% SD

C 505 45
0 3270 098
A169 010
S 228 026
K 026 006
e 5599 560
Zr 087 005
Mh 000 0.00
Ca 000 000
T 003 003
Au 000 0.00
Cu 005 005
D 018 006

000 0.0
Mg 000 0.00
Na 000 000
C 000 000
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3.1.2 Reductant
Reductant is a substance used to reduce oxygen in an iron ore. In the
present study, Dai coal, obtained from Xieng Khouang Lao PDR, was analyzed for
the Proximate Analysis and the structures by the XRD diffraction analysis (X-Ray
diffraction spectrometer). The Dai coal Proximate Analysis result is shown in Table
3-2. All of the characteristic results of Dai coal are shown in Appendix A.

Table 3-2 Proximate Analysis of the Dai coal

Parameter 0U nt;t Result
: %
Moisture VX/EIEKt 21.29
0
Ash Vg/eigﬁt 5,97
Volatile matter 3 35.47
As received _ V\é/ﬁ'gﬁt
basis Fixed carhon V\éeig%t 37.26
Suphur .0 089
Gross clalorific Ii\/IJI/ lg 25%&7
value callkg
Net calorific MJ/kg 19.94
value Kcallkg 4766
3.1.3 Flux

Limestone is a flux used to separate iron from slag or other
components during the reduction process. Limestone was obtained from CP®
(Thailand) and used in our experiment; the specification of the Limestone is shown
in Appendix A,

3.1.4 Binder
Bentonite is a binder used in making a pellet. The sodium bentonite
was obtained from Volclay Siam Ltd. and used in our experiments. The specification
ofa Bentonite from Volclay Siam Ltd. is shown in Appendix A.
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3.2 Equipments

Crushing machine: Ball mill (The chamber has a diameter 70 cm and a
length 100 cm by using spherical grinding media; 1Kgx20 balls, The
critical speed was 60 rpm, Rajamangala University of Technology
Krungtehep.)

Hydraulic pressure pelletizer (Carver, model 3851-0, Petroleum and
Petrochemical- College Chulalongkorn university)

Oven (Memmert, model 600, Petroleum and Petrochemical College
Chulalongkorn university)

High temperature furnace (Nabertherm,LHT 02/17 at the department
of materials engineering, Kasetsart University and Nabertherm HTCT
08/15 at the department of metallurgical engineering, Chulalongkorn
University)

Energy Dispersive X-Ray Fluorescence (EDXRF) (Horiba, model 51-
ADD0014)

X-Ray Diffraction (XRD) (Rigaku D/max; model 2000)

3.3 Characterization

All of the characterization methods are shown in Appendix A-2.

3.3.1 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.

3.3.2 X-Ray Diffraction (XRD)

The sample was characterized for its structures by XRD or an X-Ray

diffraction spectrometer (Rigaku D/max; model 2000).
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3.3.3 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.

3.3.4 Wet Chemical Analysis
XK-01 iron ore was also analyzed for its compositions hy the Wet
Chemical Analysis at the Rock and Mineral Analysis Department of Mineral
Resources, Ministry of Natural Resources and Environment Thailand.

3.3.5 Proximate Analysis
Dai coal was analyzed by the Proximate Analysis by the Electricity
Generating Authority of Thailand, Mah Moh, Lampaeng.

3.3.6 Microstructure Analysis
The Iron nugget from suitable condition was prepared the surface by
using P1200 glass paper and Aluminum powder. After the surface was clear, the 2 %
Nitral was used to etching. The microstructure of Iron nugget was measured by SEM
(Hitachi, model -4800).

3.3.7 Density of Iron Nugget
All of the iron nuggets were measured the density by pycnometer.

3.4 Methodology

34.1 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 in each hatch. The product was screened by a
mesh 17 (1.494 mm) and the oversize was grinded again. The grinding steps are
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shown in Figure 3-1. The particle size after grinding was measured by SEM (Hitachi,
model -4800).
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Figure 3-1 Grinding steps.

3.4.2 Mixing and the Pellet Preparation
3421 Amounts of the raw materials in the mixtures of the
experiments 1-7
XK-01, Dai coal, Limestone, Bentonite were mixed in which
the amounts of the raw materials in the mixture are shown in Table 3-5. 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.



Table 3-3 Amounts of the raw materials in the mixtures of the experiments 1-7

Experiment
1

2
3
4

No.

CCOMNI~ OO UTFRFWNI 2001 TTP~GWRI

—_—_ x‘

ClFe

049
172
172
172
124
134
14
153
163
172
18
191

153

153

Mol ratio
Limestone/AlZ2) 3+Si02

0.89
0.89
0.89
0.89

0.89

0.50
0.60
0.70
0.5
0.89

126
176
2.26

0.5
0.65

Bentonite

0.02

0.02

0.02

XKL () Daicoal (g) Limestone (g)

1000.00
300.06
300.06
300.05

200.00

200.00

200.00

Weight
147.00 99.31
15553 29.78
155,53 29.78
1555 29.79
1487
80.63
2
10367
10943
115.19
1120
1339
1562
1680
92.15 19.86
231
28.00
3921
5041
1680
92.15

Bentonite

139
422
422
420

2.80

280

280

Mold
A

B
A
A



.4.2.2 Pellet Preparation
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 3-3. 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 3-2.
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Figure 3-2 Step of pellet preparation.
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Mold A Mold B
Figure 3-3 Cylindrical molds A and B.

3.4.3 Reduction
3.4.3.1 Experiments Land?2

All pellets of experiments 1-2 were reduced by a furnace
(NaberthermXHT 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 3-4. The reduction conditions are shown in Tables 3-4 and 3-5. The
sample was taken out from the furnace at a temperature below 200 °C.
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Figure 3-4 Temperature profile of the furnace for the experiments Land 2,

3.4.3.2 Experiments 3-7
The pellet was reduced in a furnace (Nabertherm HTCT
08/15); it was fed at the 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 3-5. The reduction
conditions are shown in Tables 3-6 - 3-10.
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Figure 3-5 Temperature profile of the furnace for the experiments 3-7.

Table 3-4 The reduction conditions of the experiment 1

et Time (min)
No eauttion Heating from room  Hold on reduction 0!
Temperature ( C) temperature (30°C) temperature d((m/)n
1 1500 147 50
2 1400 137 50
3 1300 127 50 20
4 1200 117 50
5 1100 107 50
6 1000 99 50
Table 3-5 The reduction conditions of the experiment 2
el Time (min) ool
No. eduction Heating from room Hold on reduction %0
Temperature ( C) temper%ture (30°C) temperature d(%vp/)n
1 1500 147 50
2 1450 137 50 20
3 1400 127 50
4 1300 117 50
5 1200 107 50

\ 4



Table 3-6 The reduction conditions of the experiment 3

No.

—~N OO U1 GO N

Reduction Temperature
(°C)

1500
1450
1400
1375
1350
1300
1200

Hold on reduction temperature
(min)

25
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Table 3-7 The reduction conditions of the experiment 4

Reduction Temperature Hold on reduction temperature

=
©

(C) (nin)
1 1450 40
2 1450 30
3 1450 20
4 1450 10
) 1425 30
6 1425 20.
I 1425 15
8 1425 10
9 1400 40
10 1400 35
il 1400 30
12 1375 40

Table 3-8 Experiment 5, varying the mol ratio C/Fe using suitable conditions from
the experiment 4

Reduction Temperature Hold on reduction _
( temperature (min) Mol ratio C/Fe

=
i

1.24
1.34
1.4§
15
1425 20 163
1.72

1.82
191

OO NSO U1~ WP
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Table 3-9 Experiment 6, varying the mol ratio of Limestone/Al203+Sio2 using
suitable conditions from the experiments 4-5

Hold on _ _
reduction Mol ratio ~ Molratio
temperature ClFe Limestone/Al203+Sio2

min)
0.50
0.60
0.70
0.75
1425 20 153 0.89
700
1.26
1.76
2.26

Reduction
TemFerature

=
o

O 00 —JO U1 O RO p—

Table 3-10 The reduction conditions of experiment 7 using suitable conditions
from the experiments 4-6

: Hold on
No TErendue(:rte{t()unre reduction Mol ratio  Molratio
' (p tem e_ra)ture ClFe  Fimestone/Al203+Sioz
min
1 0.45
2 1425 20 1.53 0.55

3 0.65
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