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APPENDICES

Appendix A Raw Materials and Product Characterization
A.l Raw Materials

A.1.1 lron Qre
Iron ore, obtained from Phu Khoud, is the iron oxide used in the iron
production. In the present work, a low grade Iron ore was used which has %Fe
between 40-50 %. The iron ore (XK-03) was characterized for the wt % of elements
by XRF (X-ray fluorescence spectrophotometer) and the particle diameter by PSA
(Particle Size Analyzer). Characterization methods and results are presented in A.2
and A.3 respectively.

A.12 Reductant
Reductant is a substance used to reduce oxygen in an iron ore. In the
present study, FIRST coal, obtained from FIRST Co., Ltd., was analyzed for the
fixed carbon by the proximate analysis and the particle diameter by PSA (Particle
Size Analyzer). Characterization methods and results are shown in A.2 and A3
respectively.

A.13 Flux
Limestone is a flux used to separate iron from slag or other
components during the reduction process. Limestone was obtained from Petch Thai
Chemical Co., Ltd. (Thailand) and used in our experiment; the specification of the
Limestone is shown in A.3 Raw Material Characterization.

A.14 Binder
Bentonite is a hinder used in making a pellet. Sodium bentonite was
obtained from Dhebkaset Industry Co., Ltd. and used in our experiments. The
specification of a Bentonite from Volclay Siam Ltd. is shown in A.3 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-ADD0014), 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 Tahle 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 Fluorescence (XRF)
Samples were characterized for wt % of elements by XRF
(PANalytical, model AXI0S PW4400). The samples were mixed with boric acid in
the pan and compressed at 6,000 psi for 2 minutes. The specimens were clamped on
a holder and placed into a chamber. The XRF spectrometer measures the individual
component wavelengths of the fluorescent emission produced by a sample when
irradiated with X-Rays.

A.2.3 Particle Size Analyzer fPSA)
Samples were characterized for the size of diameter by PSA (Malvern,
Mastersizer X). The Mastersizer X used lenses of 300 mm. The samples were placed
in the Sample Presentation Finit (SPU) and dispersed in water. The water was used as
a medium containing particles visible to the cell window.
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A.2.4 Gas Pycnometer (GP)

Samples were characterized for density by GP (Quantachrome,
Ultrapycnometer 1000). The samples were weight and placed in the chamber. The
Helium was used as a medium gas to determine the volume of the sample. The
density of samples can be calculated from weight and volume.

A.2.5 Polarized Optical Microscope (POM)
Samples were analyzed the surface appearances by POM (Leica, CH-
9453). The samples were place on the holder. The POM provided light source to the
samples and reflect to the objective lens, thought to the detector.

A.2.6 Scanning Electron Microscope (SEM)
Sample were analyzed the morphology by SEM (Hitachi, model
4800). The SEM accelerating voltage, current, and magnification are specified in the
SEM figures. The samples were stacked onto stubs by using sticker carbon papers.
The samples were clamped on the holder and placed into the high vacuum chamber
for preventing the attenuation of X-ray by the air molecules.

A.2.7 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 (20) 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.

A.2.7 Wet Chemical Analysis
XK-03 iron ore was also analyzed for its compositions by the Wet
Chemical Analysis at the Thai Pride Cement Co., Ltd.
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A.2.8 Proximate Analysis
The FIRST coal was analyzed by the Proximate Analysis at the Thai-
Pride Cement Co., Ltd.

A.3 Raw Material Characterization

A.3.1 PSA Characterization
The sizes of particle were characterized by PSA. The results are
shown in Table Al

Table Al Particle size of the raw materials
Mean Diameter of Particle (uni

o XK-03 FIRST Coal Bentonite Limestone
1 276.87 383.41 58.35 16.90
2 224,10 363.50 57.41 14.40
3 24851 376.53 51.19 36.06
4 246.23 358.16 58,96 24,87
5 246,34 371.13 64.05 34.92
6 241,37 361.46 81.45 21.44
7 23111 362.82 59,27 23.20
8 280.81 366.64 .71 53.50
9 228.86 365.53 88.32 27.88
10 216.45 368.75 65.13 2442

Avg 244,07 367.79 66.18 21.76

SD 21.14 7.56 12.13 11.35



A.3.2 EDX Characterization

The % wt

Table A2 EDX Analysis of iron ore (XK-03)

Sample Name
XK-03
(Lt specimen)
K-03
(2nd specimen)
XK-03
(3rds eumen)

(4th eumen)
(5th speumen)
Average

D

C
0.0

0.0

0
42,68

38.94
36.91
39.47
4397

40.39
2.88

Al
430

317
514
5.15
492

4.54
0.84

S
6.93

6.3
8.92
6.33
433

6.53
163

Mn
0.58

1.15
148
0.59
12

2.20
2.79

Fe
45.10

4701
45.66
45.90
43.62

45.46
124

r
00

0.0
0.0
0.0
0.0
0.0

Ca p

0.0
0.0
0.0
0.7
0.0

01
0.3

0.09
0.27
031
0.46
0.26

0.28
0.13

K
0.66

0.64
151
133
139

111
0.42

Mg
00

0.0
0.0
0.0
0.0
0.0

of element of the XK-03 iron ore from EDX is shown in Table A2.

Cl
00

0.0
0.0
0.00
0.0
0.0

Na
0.05

0.00
0.06
0.00
0.00

0.02
0.03

n
0.0

0.0
0.0
0.0
0.0
0.0

Ti
0.00

0.00
0.00
0.09
0.29

0.08
0.13

0.00
0.00
0.00
0.00
0.00
0.00

Cr
00

0.0
0.0
0.0
0.0
0.0

0C



49

A.3.3 XRF Characterization
The % wt of element of the XK-03 iron ore from XRF
spectrophotometer is shown in Table A3.

Table A3 Composition of the XK-03 iron ore by XRF Spectrophotometer

Element  %wt

Al 4.824
Ca  0.07098
Cs 0.5234
Fe 41.62
K 0.8889
Mg  0.3062
Mn 2911
Na 0.1928
0 36.91
p 0.3598
0.026
SI 11.2
Ti 0.1676

A.3.4 Wet Chemical Analysis Results
Results of the XK-03 iron ore from the Thai Pride Cement Co.. Ltd.
are shown in Table A4,

Table A4 Composition of the XK-03 iron ore by the Wet Chemical Analysis from
the Thai Pride Cement Co., Ltd.
Composition ~ %weight

Si0. 20.13
ALQ, 159
Fe.0s 56.77
Ca0 0.80
MgO 192
S0, 0.00

Na2) 0.39
K2 0.99

LOI 1051



s

For the experiment, the XRF characterization result of XK-03 has
been chosen to calculate the molar ratios and the weights of the component in the
pellet mixture. Because this method can determine the %element from the whole
sample or in bulk (EDX probes only a specific area of the sample) giving more
accurate data.

A.3.5 Proximate Analysis
The Proximate Analysis of the FIRST coal was obtained from The

Pride Cement Co., Ltd. The results are shown in Table A5

Table A5 Proximate Analysis of the FIRST coal

Moisture %TM 123

%IM 097

%ASH 2384

VI VM 9.89
Properties  Air dried basis hEC 65.30
%S 049

GCV (Kcallkg) 6199.00

A.3.6 Specifications of Bentonite and Limestone
Table A6 shows the composition of the hentonite from Dhebkaset

Industry Co., Ltd. It has an average molecular weight of 83.26 of g/mol.

Table A6 Composition of Sodium Bentonite from Dhebkaset Industry Co., Ltd.

Composition v(\)//gig . Mw %byweight « Mwof Composition
Ca0 2.54% 56.08 142
Al,O; 16.52 % 101.96 16.84
Si0. 57.02 % 60.08 34.26
Fe.0: 15.64% 159.69 24.98
Kzo 0.64 % 94.20 0.60
NaZ) 529 % 61.98 3.28
Ti0; 235 % 19.87 188

Average 83.26



The composition of Limestone from Petch Thai Chemical Co., Ltd. is
shown in Table A7. Limestone has an average molecular weight of 100.07 g/mol.

Table A7 Composition of Limestone from Petch Thai Chemical Co., Ltd.

Composition v%ibﬁ/t Mw  %hbyweight XMwof Composition
CaC03 99.8%% 100.09 99.96

MgC03 0.13% 84.36 011
Average 100.07
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Appendix B Calculations of Pellet Mixtures
B.I' Mol Ratio of C/Fe

The molar ratios of C/Fe can be calculate from the reduction equation of
Hematite (Fe.os) to iron (Fe) that shown in Eq. E-I and E-2

Fe2 3+3C0 -* 2Fe +3C02 Eg. El
C02+C-*2C0 Eq. E2

Table Bl Molecular Weight
Substance Mw(g/mol)

Fe 55.8

C 2

0 16
Fezos 1597

% Fe in Iron Ore (XK-03) = 41.62 %, Appendix A
% Fixed Carbon in the reductant (FIRST Coal) = 65.3 %, Appendix A

From Eq. (EI)
1 mol Fezos 3mol CO
2 mol Fe 3mol C
I mol Fe 15mol C

;8 gFe  1gXK03 _ ]
1mol Fe ol e x0.41629Fe'134'199XK03

12.01 ¢C 1 F|RSTOOa]_
mlCx o f 9065390 = 2759 g FIRST Codl



Iron ore  Reductant ratio from Eq. EI is:

lkg XK03 x |kg XK_O":';‘ X1 1/3\419§5'<|{_03 n=20560 0 FIRST Coal

The other C/Fe molar ratios are calculated the same as these steps and
shown in Table B2

Table B2 Weight Eon ore (XK-03): Reductant (FIRST coal)

- Weight Fe  Weight of : Weight C Weight of g Rediic taut/
Mol ratio Fe () Eon Ore (g) Mol ato C é@ Reductant (9) kg Eon I
14 16361 25.75 191 %)
L6 19.22 29.43 219.31
100 55.85 122.86 g 21.62 33.11 24671
2.0 24,02 36.79 2141
2.2 26.42 40.46 30051

B.2 Mol Ratio of Limestone/ s 120 3 + SIC-2
From data of Eon Ore (XK-03), Appendix A
XK-03 has % Al =4.82

% Si= 11.20

Table B3 Molecular Weights

Substance Mw(g/mol)
Al 26.98
Si 28.09
AL0 s 101.96
Si0- 60.08

Limestone (Appendix A) 100.07



At 1000gX K -03:

1000,9 XK-03 y 4.82 gAl Imel Al ImolAl-
Ty XK03 X 1k'x>é< X ignces X B gAr X ool VssmiAlo

oy 1000gXK-03 112095 Lmol Si ImoIS|O n0
HROXKO3 X Tgp™ ™ T S X T AU TS 1% o>

Moles of Al2os+Sio. = 4.880 mol

At molar ratio of Limestone/Alzo s +Sio> = 0.75

1 mol Limestone 100.07 g Limestone_
4.880 mol A1,03+ Si02 X0.75 X 1mol AL03+ Si0, X Troi Limesions =-366.29 g Limestone

Table B4 Weight Limestone: 1kg Iron ore

Iron Ore ~ FIRST Coal Mol ratio Limestone/ Mol of g Limestone/

(9) at mol ratio mol Al.Us+Sic Limestone kg Iron ore
C/Fe= 150
0.45 2.196 219.17
0.55 2.684 268.61
0.65 3.172 317.45
1000 224.51 0.75 3.660 366.29
0.85 4,148 415.13
0.95 4.636 463.97

1.05 5.124 512.80
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B.3 Mol Ratio of Bentonite/Fe

% Fe in iron ore (XK-03) = 41.62 %, Appendix A
Molecular Weight of Bentonite = 83.26 g/mol, Appendix A

At molar ratio of Bentonite/Fe = 0.035

0.035 ol Bentonite x 3:28 9 Bentonite _ 29141g Bentonite
1 mol Bentomte

fMFe X %% % - 134.19 g XK-03
M molFe " 04162 g Fe J

Lkg of Iron Ore : Bentonite Ratio (by weight) is:

1000 g XK-03 2914 Bentomte _ f
tkg ks x Ko XK 13419@ e =21.72 g Bentomte

The other Bentonite/Fe molar ratios are calculated the same as above steps
and shown in Table BI.

Table B5 Weight of Iron ore (XK-03): Binder (Bentonite)
Mol ratio ~ Weight Fe Weighé on Mol ratio We htof KgBmder
Fe gg) e 5 Bentonite  Bin erég glron ore
0.015 1.24
1 55,85 13419 005 2082 15 51

00% 2914 2172
005 626 46 53
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Appendix C Sample Preparation
Cl Grinding Raw Materials

The XK-03 and FIRST coal were grinded by a cylindrical ball mill. The
diameter and length of the chamber are 70 cm and 100 cm respectively. The media is
1 kg of spherical metallic ball, with 15 balls. The critical speed is 60 rpm. The
product was screened by a mesh 20 (300 pm) and the oversize was grinded again.
The grinding step is shown in Figure CI. The weight of XK-03 and FIRST coal is
shown in Table CI.

Figure CI Grinding step of raw material.
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Figure C2 Screening step of XK-03 (Left) and FIRST Coal (Right).

Table CI Weight of XK-03 and FIRST Coal from grinding

. L Weight After Grinding (k
Raw Material Weight BeEre Crindrg Undegsize O?/e(rs%e
(k) (500 pr) (500 pr)
XK-03 103.75 82.26 1838
FIRST Coal 11231 84.40 24,66

The size of particle after grinding was measured by PSA (Malvem,
Mastersizer X). The results are shown in Table AL in Appendix A3

C.3 Mixing and the Pellet Preparation

C31 Amounts of the Raw Materials in Mixtures of Experiments 1.5
XK-03, FIRST Coal, Limestone, and Bentonite were mixed by using
molar ratios that tabulated in Table C2. Water of 10% by weight of the mixture was
adaed. The mixture was mixed until it becomes homogenous phase. Figure C3 shows
the raw materials before and after the mixing.



Figure C3 The raw materials before mixing (left) and after mixing (right).
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Table C2 Amounts of the raw materials in the mixtures of the experiment 1-7

Experiment

1

N

|_\-l>|_\.\'cl;o|_\

T OO TR W O GONd ' &

S

0.

' 1
gmwomm

ODLWwL

Fe

ClFe
16

16

rP>Poocoo B~

16

16
16

Mol ratio
Limestone/Alz03+Sio 2

0.49

0.49
0.49

0.75

WO OIS U1~
STC1oTOoTOo1oT Ol

0.6

W
Bentonite/Fe ~ XK-03  FIRST Coal
0.016

0.075
0.085
0.038
0.082
0.038

0.035

0.035

0.035
0.025
0.035
0.045

200

200
200

200

200

200
200

4491

4491

4491
38.38
43.86
49.34
54.83
60.31

43.86

43.86
43.86

eight

gLir(r?gstone

47.52

47.52
47.52

13.26

43.95
53.72
63.49
73.26
83.03
92.79
102.56
63.49

63.49

Bentonite
2.03
3.39
4.74
4.74
10.17
4.74

4.34
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¢.3.2 Pellet Preparation
The mixture was compress by the cylindrical mold (4 cm of diameter)
for making pellets. The pellet was compressed at 6,000 psi, 2 minutes and then dried

at 80°c for 24 hours. The pelletizer step is shown in Figure C4. The size of pellet is
shown in Figure C5.

Figure C4 Preparation of the pellet.



Figure C5 Size of the pellet after pelletizer.
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Appendix D Results of Experiment 1-2

D.I Experiment 1

XK-03, FIRST coal, Petch Thai Limestone, and Dhebkaset Bentonite were mixed by using the molar ratios
as shown in Table DI. The pellets were dried at 80 .

Table DI Experiment L the mole ratio of mixture and drying time

\o Mol ratio Weight (g) Drying Time
Fe CFe Limestong/Als+Sio2 Bentonite/Fe  XK-03 FIRST Coal Limestone Bentonite Water — (hrs)
1 3
: 0.016 203 :
3 1
i 0027 3% j
.1 164 049 200 491 4152 3 X
! 1
: 0.038 474 2
9 ' 3
10 6
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The pellet was dropped to the ground (polished stone floor) from one meter
high at room temperature. The results are shown in Table D2,

Table D-2 Experiment 1; results of drop test at room temperature

Mol ratip. ~ Dryipg T
BomEre ryl(l%?s) ™ Sanple

3
6

0.016

0.02/

0.038
3
6

(3

1
Nick
Nick
Break
Nick
Nick
Nick
Nick
Nick
Nick
Nick
Crack
Break
Perfect
Nick
Nick
Nick
Nick
Nick
Nick
Nick

Drop Time

2
Break
Break

Break
Nick
Nick
Nick
Break
Crack
Nick
Break

Nick
Nick
Nick
Nick
Nick
Crack
Nick
Break

3

Break
Break
Break

Break
Crack

Nick
Crack
Break
Break
Nick
Break
Break

Break J

Break 1
Break

Break

From Experiment 1, with the drying temperature at 80 °c, and one meter
height, the pellet will be broken within 4 drops depending on the material ratio and
the drying time. The results show that the higher ratio of Bentonite/Fe and the high
amount of water contain provides a stronger resistance to break for the pellet.

Flowever, when the pellet was fed to the furnace while it contain amount of
water content, the temperature was changed rapidly. The water inside the pellet was
vigorously evaporate which break the pellet and damages the furnace. For this
reason, a new experimental process (Experiment 2) was designed to remove the
water content in the pellets prior to reduction process in the furnace. By drying the
pellets for 24 hours, it is assumed that all the specimens had no water content left



D.2 Experiment 2

XK-03, FIRST coal, Petch Thai Limestone, and Dhebkaset Bentonite were mixed by using the molar ratios
as shown in Table D3. The pellets were dried at 80 °c, 24 hours. The results are shown in Table D4.

Table D3 Experiment 2; the mole ratio of mixture

No . Molratio _ Weight () _
1' Fe CFe Limestone/A1203+5i02 Bentonite/Fe XK-03 FIRST Coal Limestone Bentonite  Water
2 0.038 474
L 049 MW 4N 4R 2
g 0.082 1017
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Table D4 Experiment 2; results of drop test at room temperature

Mol rati
BentonﬁePFe Sample
2-1
0.038 2.
2-3
2-4
0.082 25
2-6

1
Perfect

Perfect
Perfect
Nick
Perfect
Perfect

2
Nick
Nick
Crack
Nick
Nick
Nick

Drop Time

3 4 5 6
Nk Nk g IR
Crack Crack Break
Break

Break

Nick  Break

Creek  Crack Break

From Experiment 2, with the drying condition at 80 °c, 24 hours and one
meter height, the pellet was broken within 6 drops. The best result is molar ratio ol
Bentonite/Fe = 0.035. Figure D-I shows the different appearances of the pellets after

droping to the floor.
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Perfect Pellet Nicked Pellet
No.2-2 after 14 drop time No.2-2 after 2nddrop time
Crack Pellet Broken Pellet
No.2-3 after 2rddrop time No.2-4 after 3rddrop time

Figure D1 Appearances of the pellet from drop test.



19 drop time 2nldrop time
3rldrop time Athdrop time
Sthdrop time sthdrop time

Figure D2 Appearances of the sample No.2-1 (the best sample) from drop test.
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Appendix E Results of Experiment 3

XK-03, FIRST coal, Petch Thai Limestone, and Dhebkaset Bentonite were mixed by using the molar ratios
C/Fe = 164, Limestone/ALCh+SiCh = 049, and Bentonite/Fe = 0.038. The reduction condition is shown in Table EI.

Table EI Experiment 3; the reduction condition

No. Reduction Temperature (°C) Soaking Time at Desire Temperature (mins)

1 3)
) 1200 0
; 1300 o

The weight of sample after reduction is shown in Table E-2.



Table E2 Experiment 3; the weight of sample no. 1-4 after reduction

b Rl T 0 Time (min) Weight ofSpXJ]jtets Fgg)d
1 Flctor fzfzgefat“fe rom'ﬂggrh”%'pfgﬁa e SOakigg Time CooIingZZime () BeforiGF;egzuctlon o ﬁ[ll(get““'glgg
, 120 95 %0 2 16134 10833
3 1300 117 ¢l 2 16281 6043 8%
4 130 10 Q) 2 16033 BB 33

Products from the reduction were characterized for wt % of element by EDX (Eloriba, model 51-ADD0014); the characterization
result is shown in Appendix A2. Table E-3 shows the wt % of element of samples No.1-4 in the experiment 3. The separation of the
products No. 12 is shown as the direct reduction and the separation of the products No.3-4 is a complete separation as shown in

Figure EI. The % yields of No. 1-4 are shown in Table E-4.

Direct Reduction (No.) Phase Separation (No.3)
Figure EI Type of product separation.



Table E3 Experiment

Element

ONNOZIZTOAORO cwRIZoo

1

180112.15
32.24+1
0091001
000

2.0410.36
5.0110.24
0.3810.13
0.0510.05
0.00
0.6310.07
8511145
0.1510.03

0
231107
30.6014.08
000

000

oo«
S33

2

17161213
30,0315.83
0.2610.34
000
1.7810.84
4321244
000

0.2910.46
000
11611.26
6.0011.07
0.0910.06
000

2031075
368811243
000

000

OO O«
S88

3 Yoweight element of No. 1-4 after reduction

%vvt30f element
Iron Nugget Sla
11.3018%4 29.771%.05
26.4313.37 41.8013.49
1961204 0.1010.17
0.00 0.1510.26
0441051 3461059
0.7610.84 8.7211.08
0.0210.03 0.00
248124 0 1510.19
0.00 0.00
2.3711.26 0.6710.18
1321107 106310%
0.0410.06 0.1110.1
0.00 0.00
1.7110.7 3311067
5LIT1T97 1.1311.67
0.00 0.00
000 000
0.00 0.00
0.00 0.00
0.00 0.00

4

Iron Nugget Sl
17811, 21.8416.81
204314.26 438916.63
1571104 000
000 000
000 4.2410,76
0171023 10.9812.02
000 0.00
2171134 0.1810.09
000 006101
3371217 0801041
0251043 14.2014.85
000 0.1310.16
000 000
29111.12 3641185
67.3517.82 0.0310.06
0.00 000
000 000
000 000
000 000
000 000



Table E4 Experiment 3; % Yield of No. 1-4 after reduction

Ooat ronore  %owt Fe in Drged

I\kl). H T L A R%EY\G’;{Z'&@I Fejlrépzﬁ ()  %FeNugget fromEDX  IronNugget ()  Fe Output ()  %Yield
) 1613 4519 | | | j

3 00 XL e g 5117 5843 B0 678
I 16033 1491 67% 5328 % 7990



Appendix F Results of Experiment 4

XK-03, Petch Thai Limestone, and Dhebkaset Bentonite were mixed by using the molar ratio as shown in Table FI. The
reduction condition and weight of the pellet are shown in Table F2.

Table FI' Experiment 4; the mole ratio of mixture

N ~ Molratio _ Weight (?) ,

(11 Fe Cﬂe Limestone/Alo3+Sio 2 BentoniteFe ~ XK-03 FIRSSéT 3é)oal Limestone  Bentonite ~ Water
2 16 4386

3 1 18 0.75 0.035 200 4934 13.26 43% 3000
4 20 783

5 2.2 6031



Table F2 Experiment 4; the reduction condition

Time (min) Weight of3pe||ets
educ |on _

No, M?bﬂ Fera re Tﬁi‘t’%ﬂg ngakmg Oooll&%ﬂme Before Relcion Nuggégeducuoglag
| e 1041 0% 28
2 ].6 161.08 43,03 4714
3 18 1300 120 60 2 16313 3690 559
4 20 16219 9.9 4798
5 2.2 16033 328 44.28

Product from the reduction were characterized for %weight of element by EDX. Table F3 shows the %weight of element of
samples No. 1-5 in the experiment 4,



No.l, C/lFe =14 No.2, CIFe = 16
Complete Separation Complete Separation
No.3, ClFe = 18 No.4, ClFe =20
Complete Separation Complete Separation
No.5, ClFe=22

Complete Separation
Figure FI Experiment 4; the pellets after the reduction.
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Table F3 Experiment 4; %weight element of No. 1-5 after reduction at 1300°c, 60 mins

000 0 0. | |
U3 51608 124 S1UM8 0%URA 2100 0830% 848363 L0BOM
77%1&@6% 0.28&0)% 84%7(1%333 08077 831433 0.%9(%).1 03374 1014 77.58&%81

. 000 | 00
00 0413 0  1A04 00 22920 Q0 21404 QW
00 0 0 00 00 00 00 0m 00
0m 00 00 0m 0®m 00 00 0m 00
000 000 00 000 000 00 00 000 000

Shs

| Oowt of3e|ement .
Element
|ron g Iron g |ron g |ron g |ron
NI 0 Ny a qg 0 Nugoe
o OO peiy O wmip OO aepr W speg AR
0 060 I 160004 0844 1365159 419652 1004671 RHR2A 16033
Na 013 00 0046 00 00 00 0’013 00 000
%f 0m 00 0m 00 0 000 am 000
_ 0000 440024 Q004  4SM0B 024027 294074 002002 3808 QIO
S 00004 124306 02400 2908 0506 81K 004003 161207 0ZR04
D 0m 00 00 0m 0m 000 00u0Q3
02403% 012026 04046 00 007 00 Q008 003006 002008
Cl 0m 0m 00 000 00 00 0m 00 0m
K 05408 1101 0087 125 018031 044012 020034 1309 012012
Ca 0008 108124 02101 92% 03#0P 10061 00 204930 0309
Ti 00 03004 000 02006 00  0B0B 000 04T Q0
l\(/ljr 00 00 0 0 000 00 00
h
Fe
NI
Cu
N
[l
Cs
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Lo F

Mol ratio C/Fe

Figure F2 Experiment 4; % Element of iron nugget vs. Molar ratio of C/Fe

Samples No. 1and 2 of experiment 4, it shows an increase of the molar ratio of C/Fe
Increases the wt % Fe. The molar ratio of C/Fe = 14 gives 77.51% Fe and it reaches the
maximum point at the molar ratio of C/Fe = 16 giving 84.87% Fe. Samples No.3 to 5, an
increase in the molar ratio of C/Fe induces the reaction to be a complete separation. Adding
the excess moles of FIRST coal decreases the wt % Fe from 84.87% (C/Fe = 16) to 77.58%
(ClFe =2.2), as shown in Figure F2. The best ratio of C/Fe is from the sample No.2 (the best
of % Fe and % yield) with the ratio of C/Fe = 16. For the wt % of ¢, an initial state shows a
decrease of ¢ because the reaction uses ¢ as the reductant. After the reaction reaches the
optimum point at molar ratio C/Fe = 1.6, % ¢ increases.



Table F4 Experiment 4; %Yield of No. 1-5 after reduction

0 i %\M 0 t :
1 63.30 &q 4, 78 (151 41,76 37.02 86.53
2 62.22 25 89 161 08 4,71 A8/ 4303 36.52 87.5
3 oL1/ 2546 16313 4153 8.5 6.9 29.73 1159
4 60.16 2504 162.19 4061 80.38 0 210 1905
5 5.19 24,63 160.33 3050 158 32.8 549 04.53



Appendix G Results of Experiment 5

XK-03, Petch Thai Limestone, and Dhebkaset Bentonite were mixed by using the molar ratios as shown in Table GI. The
reduction condition and weight of the pellet are shown in Table G2.

Table GI' Experiment 5; the mole ratio of the mixture

\ ~ Molratio , Mm@ ,
0. R CFe Limstone/Alns+Sic2  BentoniteFe  XK-03  FIRST Coal  Limestone  Bentonite  Water

3
% 434 3000
.. 0

] .
% 1 16 | 0035 200 4386

i



Table G2 Experiment 5; the reduction condition

Vol i duc Time (min) | Weight of 3 pellets
No.  Limest rfa] Aﬁm eﬁ]{%ﬁjnre I-rlggﬂ]n g}'prgﬁa rosn S(fakmg T(llon%“@%) n; J&rﬁ) n Nﬁgaefe ctggg
N o b
4 0% 1300 120 60 2 %% 42203 09U
F 0 o f8 g
/ 1 163 250 566/

Products from the reduction were characterized for %weight of element by EDX. Table G3 shows the %weight of element of
samples No. 1-7 in the experiment 5.
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igsoli 1.l
>Vl

ST "
vi? 1 | g "Af’

No.l, leesi)ne/AIzos+S|oz =045 Noz2 leest?ne/AIzoa+S|oz 055
Complete Separation Complete Separation

No.3, leestone/AIzos+S|oz 065  Nod, Limesto Pe/A|203+Sjoz =0.75
Complete Separation Complete Separation

No.5, Limestone/A'Ch+SiCh=085  No.6, Limestone/Al203+Sio2 = 0.95
Partial Separation Partial Separation

Separation
Figure G1 Experiment 5; the pellets after the reduction,



Table G3 Experiment 5; %weight element of No. 1-7 after reduction at 1300=, 60 mins

% wtofelement

Element

[ Y qp]

Na
Mg
Al
si

Cl

Ca
Ti
Cr
Mn
Fe
Ni
Cu
Zn
Zr
Cs

Iron
Nugget

2.640.08
13.89i7.83
1.36+0.81

0.09i0.08
0.23i0.11
0.02+0.03
3.000.93

5.28i4.08
1.79i2.55
0.05i0.04

3.402.38
(18.181:355

- 888

S

Slag
14.50+4.01
39.99+4.5

0.27£0.04
4.99:0.75
1453182

0.14:0.13

1.5240.16
13.62¢1.41
0.35£0.05

6.52+1.24
0.63=0.33

2.070.
0

0.76
1)

87i0.28
1)

lion
Nugget
4.57i2.5

15.43i5.0
0.880.28

0.04£0.08
0.23i0.16

0.98+ 52

1474233

1.34£2.32

0.03i0.05

1.130.63
73.88i-6.78

S8888

2

Slag
11.43:1.89
39.32+4.93

0.300.03
4.9940.35
14.17i0.45

1)

0.33i0.17
1.33i0.16
17.58i4.26

0.34i0.09

6.380.35
0.59i0.4

2

—

. &[ﬁ?
.05i0.22

1)

1

=

Iron
Nugget

2.370.61
1252i6.43

1)

0.04i0.04
0.20i0.09

0.06i0.06

0.03i0.03
0.10i0.09

()]

0.73i0.49
83.94.-6.09

S 858

Slag
11.17i0.84
34.89i6.98

0.19i0.17
440079
13.06il.84

0.10i0.09

1.44i0.27
22.13i3.79
0.3&%}7
7.42i2.73
0.27i0.14

Iron
Nugget

0.25i0.04
9.33i8.04
0.49i0.26

012i0.12

0.24i0.05
0.94i0.43

2.660.29
0.62i0.48

S8

5.12i2.22
80.23--6.88

S8888

4
Slag
8.30i0.73
41.36i7.17

0.300.01
5.16i0.23
15.09i0.86
0.08i0.14
0.22i0.06

1.29i0.29
19.48i4.45
0.31i0.06

1)

5.440 2
0.29i0.26

1.28i0.37

1,39i0.08

1)

Iron
Nugget

1.78i0.79
12.98i3.21
0.02i0.04

0.06i0.05
0.09i0.01

0.16i0.11

0.34i0.:.5
0.24i0.19
0.02i0.03

2.060.49
82.19.14.23
0.02i0.04
0.03i0.06

()]
1)

Slag
7.4U2.08
38.00i2.69

0.200.05
4.16i0.2
1111191
0.28i0.29
0.08i0.07

2.13i0.92
18.34i4.11

0.40i0.02

4.44i0.58
9.7500.34

2.78i0.16

=1

0.92i0.41

=

Iron
Nugget

4.890.2
13.02i8.18
0.37i0.39

0.07i0.08
0.19i0.22
0.05i0.09
0.55i0.4

0.75i0.69
0.36i0.44

S8

0.27i0.11
79.4715.89

S8888

Slag
9.53i0.71
40.71i3.36

0.30i0.02
4.03i0.11
0.64i0.33
0.22i0.03
0.74i0.06
21.06i2.07

0.200.03

4.23i0.25
3.33i2.36

3

Y

9i0.0
()

0i0.25

1)

=

L

~

Iron
Nugget

2.000.75
23.34i6.56

1)

0.08i0.14
0.20i0.24

1)
Il)

0.03i0.02
0.33i0.35

1)

0.37i0.24
304673

S 855

Slag
8.440.14
38.14i5.6

0.25i0.23
3.480.33
9.00i3.97
0.20i0.35
0.10i0.13

0.80i0.32
18.77i8.63

0.22i0.06

3.88i0.35
12.75i19.06

2.700.44

1.26i0.19

1)
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Figure G2 Experiment 5; % Element of iron nugget vs. Molar ratio of
Limestone/Al203+Sio2.

The Figure G2 shows the increase of wt % Fe in the products occurs when
increasing the molar ratio of Limestone/AI2C>3+5i102. Initial states show the increase
0f % Fe because limestone is combined with impurity in the iron ore and separated in
a form of slag, and wt % Fe increases from 68.18% (Limestone/Al03+Sio2 = 0.45)
to 83.94% (Limestone/AbCh+SiCh = 0.65). Further increase in the molar ratio, wt %
Fe is still constant. Increase of the moles of limestone decreases the % Fe from
83.94% at optimum point of 73.64% at Limestone/Al203+Sio2 = 1.05.



Table G4 Experiment 5; %Yield ofNo.1-7 after reduction

0 0 i i i . .
No /?\rI]VtrrHQtTJroere /Or‘nA{txt'ffrg” %?fi% 2 *}t Feinput ()  %Fe Nugget fromEDX  IronNugget ()  Fe Output (g)  %Yield
| 08.46 2849 58.% 45.29 68.18 58.79 40.08 8351
2 06.24 215/ 157.80 4351 13.88 5315 921 90.26
3 o4.1/ 26.71 160.02 4273 8394 46.19 38.78 90.73
4 02.22 25.89 160 33 41,52 80.23 46.02 36.92 88.92
H 60.38 513 162.32 40.79 8219 38.96 3202 1850
0 h3.05 2441 164 44 40.14 1941 4143 2.9 8202
I 57,02 23.13 16356 381 13.64 39.50 29.09 1494



Appendix H Results of Experiment 6

XK-03, FIRST coal, Petch Thai Limestone, and Dhebkaset Bentonite were mixed by using the molar ratios C/Fe = 16,
Limestone/Al2) 3+Si02 = 0.65, and Bentonite/Fe = 0.035. The reduction condition is shown in Table HI.

Table HI Experiment 6; the reduction condition,
Ni)' Reduction Temperature (°C) - Soaking Time at DeerBe Temperature (mins)

2 1300 Is
3 %

The weight of sample after reduction is shown in Table H2



Table H2 Experiment 6; the weight of sample No. 1-3 after reduction

Reduction Tenperature Time.(min). o Weight of 3 peIIets
Ni' l-rlgg%ngem%mr% Soaklzg Time Cooling Time () Beforel6F;eéjluct|on Imﬂ 9“'5@96% ucﬂog %
2 1300 120 I 24 16197 4142 53 21
3 )] 156.40 35 03 5448

Products from the reduction were characterized %weight of element by EDX (Horiba, model 51-ADD0014); the characterization
result is shown in Appendix A2. The appearances of the products are shown in Figure HI. Table H3 shows the %weight of element of
samples No. 1-3 in the experiment 6. The % yields of No. 1-3 are shown in Table H4.

No.l, Reduction Time = 45 min No.2, Reduction Time = 75 min No.3, Reduction Time = 90 min

Figure HI' Experiment 6; the pellets after the reduction.



Table H3 Experiment 6; %weight element of No. 1-3 after reduction

0% wt of element

Element
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Figure H2 Experiment 3 and 6, Weight of iron nugget vs Reduction Time.

Figure H3 Experiment 3 and 6, % Fe of iron nugget vs Reduction Time.

From Figure H2 and H3, an increase the reduction time increases the wt % of
Fe and decreases the weight of iron nuggets. From experiment 3, at the reduction time
of 30 minutes, the weight of iron nugget is 68.43 g and contains 51.17% of Fe. When
the reduction time increases to 60 minutes. The weight of iron nugget decreases from
68.43 t0 53.28 and wt % Fe increases from 51.17% to 67.35%. From experiment 6, at
the reduction time of 45 minutes, the weight of iron nugget is 49.32 g and contains
75.64% of Fe. Increasing the reduction time to 90 minutes, the weight decreases to
35,03 gand wt % Fe increases to 90.67%.



Table H4 Experiment 6; % Yield of No. 1-3 after reduction

%t Iron ore  Yowt Fe in Dr ed yveight 0 IronNugget  Fe Qutput oy
No, /ML IONOE O 15 YV & Feinput (g)  %Fe Nugget from EDX ! P opYield
1 6 4348 15.64 4932 3Ll 85.80
2 04.17 26.71 161 97 43.26 86.60 4142 3.8/ 8291
3 156.40 4117 90.67 35.03 3176 16,04



Appendix | Results of Experiment 7

XK-03, FIRST coal, Petch Thai Limestone, and Dhebkaset Bentonite were mixed by using the molar ratios as shown in Table
1. The pellets were dried at 80 °c, 20 hours. The results are shown in Table 12

Table I Experiment 7; the mole ratio of mixture

No ~ Molratio _ Weight &g) _

1' Fe CFe  Limestone/AID 3Si02  Bentonite/Fe  XK-03 FIRST Codl  Limestone  Bentonite  Water
2 0.025 310

i

g 1 16 0.65 0.035 200 4386 63.49 4.34 R
;

g 0.045 558
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Table 12 Experiment 7; results of drop test at room temperature

Mol ratio Bentonite/Fe  Sample 4

Perfect
Perfect
Perfect
Perfact
Perfect
Perfect
Perfect
Perfact
Perfect

0.025

0.03%

0.045

O O—USOTTECON

)
Nick
Nick
Crack
Nick
Perfect
Perfect
Nick

Drop Time
3 4

Crack
Break
Break
Nick
Perfect

Nick

Break

Nick  Break !
Crack Crack Break |
Break _
Break ]

Nick  Crack Crack Break -
Perfect  Nick  Nick Crack Break
From Experiment 7, with the drying condition at g °C, Dhrs and one

meter height, the pellet was broken within 6 drops. The best result is mol ratio of
Bentonite/Fe = 0.035. Figure 11 shows the appearances of the pellets No.5.



3rddrop time Athdrop time

Sthdrop time 6thdrop time

Figure 11" Appearances of the sample No.5 (the best sample) from drop test

91
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Appendix J Raw Data
J.I Energy Dispersive X-Ray Fluorescence Spectrometer (EDXRF)

Samples were characterized for wt % of elements by EDX (Horiba, model
51-ADD0014), an Energy Dispersive X-Ray Fluorescence Spectrometer (Hitachi,
model -4800), connected to a scanning electron microscope. The samples were
ground into fing particles (0.043 mm in average diameter as shown in Table A-I).
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.



J. 11 Experiment 3

Table JL Experiment 3% wt of element of No.l (1200°c, 30 min) 1s Specimen

Element T«Weight
1 2 3 Avg sD
C 18.81 15.64 18.11 17.52 1.67
0 30.31 33.48 30.70 31.50 1.73
Na 0.13 0.00 0.14 0.09 0.08
Mg 0.00 0.00 0.00 0.00 -
Al 1.53 285 2.52 2.30 0.69
Si 4.58 6.29 478 5.22 0.93
p 0.81 0.28 0.21 043 0.33
0.15 0.00 0.00 0.05 0.09
Cl 0.00 0.00 0.00 0.00 -
K 0.34 0.86 0.77 0.66 0.28
Ca 1141 7.11 5.71 8.08 297
Ti 0.13 0.12 0.12 0.12 0.01
Cr 0.00 0.00 0.00 0.00 -
Mn 0.98 3.12 3.32 2.47 1.30
Fe 30.81 30.25 33.63 31.56 1.81
Ni 0.00 0.00 0.00 0.00 -
Cu 0.00 0.00 0.00 0.00
Zn 0.00 0.00 0.00 0.00
Zr 0.00 0.00 0.00 0.00
Cs 0.00 0.00 0.00 0.00

Table J2 Experiment 3 % wt of element of No.l (1200°c, 30 min) 2nd specimen

Element T«Weight
1 2 3 Avg sD
C 14.65 15.66 18.14 16.15 1.80
0 34.04 32.53 33.57 33.38 0.77
Na 0.12 0.00 0.17 0.10 0.09
M 0.00 0.00 0.00 0.00 .
A? 1.84 1.39 1.67 163 0.23
Si 553 4.18 4.52 4.74 0.70
P 0.27 0.18 0.24 0.23 0.05
0.00 0.00 0.00 0.00 .
Cl 0.00 0.00 0.00 000 .
K 0 0.52 0.85 0.69 0.17
Ca 8.43 6.08 149 133 1.18
Ti 0.16 0.00 0.12 0.09 0.08
Cr 0.00 0.00 0.00 0.00 -
Mn 141 157 1.65 1.54 0.12
Fe 32.83 37.90 31.58 34.10 3.35
Ni 0.00 0.00 0.00 0.00 .
Cu 0.00 0.00 0.00 0.00
Zn 0.00 0.00 0.00 0.00
Zr 0.00 0.00 0.00 0.00

Cs 0.00 0.00 0.00 0.00



Table J3 Experiment 3% wt of element of No.I (1200°c, 30 min) 3rdspecimen

Element %Weight
1 2 Avg D
C 19.25 22.23 19.60 20.36 1.63
0 31.50 30.66 33.37 31.84 1.39
Na 0.10 0.08 0.08 0.09 0.01
,\A/lf 0.00 0.00 0.00 0.00 -
231 1.85 2.44 2.20 0.31
Si 4.88 4.65 5.68 5.07 0.54
p 0.24 0.82 0.37 0.48 0.30
0.00 0.15 0.13 0.09 0.08
cl 0.00 0.00 0.00 0.00 -
K 0.66 0.49 0.50 0.55 0.10
Ca 6.00 11.81 12.58 1013 3.60
Ti 0.13 0.12 0.21 0.15 0.05
Cr 0.00 0.00 0.00 0.00 -
Mn 3.17 158 3.97 2.91 1.22
Fe 31.77 25.54 21.07 26.13 5.37
Ni 0.00 0.00 0.00 0.00 -
Cu 0.00 0.00 0.00 0.00
Zn 0.00 0.00 0.00 0.00
Zr 0.00 0.00 000 0.00
Cs 0.00 0.00 0.00 0.00

Table J4 Experiment 3% wt of element of No.2 (1200°c, 60 min) 1¢ specimen

Element % Weight
1 2 3 Avg D
C 2018 1645 9.44 15.36 545
0 2399 217 24.46 2387 0.65
Na 0.32 0.82 0.78 0.64 0.28
MF 0.00 0.00 0.00 0.00 -
A 0.86 071 0.9 0.84 0.12
S 197 134 330 2.20 100
P 0.00 0.00 0.00 0.00 -
051 100 0.9 0.82 0.27
Cl 0.00 0.00 0.00 0.00 -
K 0.98 191 18 158 0.52
Ca 337 250 470 352 11
Ti 0.00 0.00 0.00 0.00 -
Cr 0.00 0.00 0.00 0.00 -
Mn 130 083 145 119 0.32
Fe 4653 51.26 5.12 4997 301
Ni 0.00 0.00 0.00 0.00 -
Cu 0.00 0.00 0.00 0.00
n 0.00 0.00 0.00 0.00
Zr 0.00 0.00 0.00 0.00

Cs 0.00 0.00 0.00 0.00



Table J5 Experiment 3 % wt of element of No.2 (1200°c, 60 min) 2rdspecimen

Element 1«W eight
1 2 3 Avg SD
C 17.97 16.43 15.46 16.62 1.27
0 34.91 36.75 34.76 35.47 111
Na 0.00 0.00 0.00 0.00 .
Mg 0.00 0.00 0.00 0.00 :
Al 2.42 2.55 2.44 247 0.07
Si 6.81 7.52 6.62 6.98 0.47
D 0.00 0.00 0.00 0.00 :
0.11 0.00 0.00 0.04 0.06
Cl 0.00 0.00 0.00 0.00 :
K 0.73 0.90 0.77 0.80 0.09
Ca 1047 10.06 9.30 9.94 0.59
Ti 0.16 0.17 0.14 0.16 0.02
Cr 0.00 0.00 0.00 0.00 :
Mn 2.61 2.08 2.17 2.29 0.28
Fe 23.80 23.56 28.34 25.23 2.69
Ni 0.00 0.00 0.00 0.00 :
Cu 0.00 0.00 0.00 0.00
Zn 0.00 0.00 0.00 0.00
I 0.00 0.00 0.00 0.00
Cs 0.00 0.00 0.00 0.00

Table J6 Experiment 3 %wt of element of No.2 (1200°c, 60 min) 3rdspecimen

Element “«W eight
1 2 3 Avg SD
C 21.07 17.11 20.35 19.51 2.11
0 30.16 32.15 29.89 30.73 1.23
Na 0.17 0.00 0.25 0.14 0.13
M 0.00 0.00 0.00 0.00 .
AP 191 2.07 2.14 2.04 0.12
Si 3.60 3.87 3.87 3.78 0.16
P 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 -
K 111 0.93 1.26 1.10 0.17
Ca 3.89 5.55 4.17 454 0.89
Ti 0.13 0.19 0.00 0.11 0.10
Cr 0.00 0.00 0.00 0.00 -
Mn 2.01 3.35 2.50 2.62 0.68
Fe 35.96 34.76 35.57 35.43 0.61
Ni 0.00 0.00 0.00 0.00 .
Cu 0.00 0.00 0.00 0.00
n 0.00 0.00 0.00 0.00
Zr 0.00 0.00 0.00 0.00

Cs 0.00 0.00 0.00 0.00



Table J7 Experiment 3 % wt of element of No.3 iron nugget (1300°c, 30 min)
1 Specimen

Element T«Weight
1 2 3 Avg sD
C 13.67 12.40 16.86 1431 2.30
0 29.12 31.81 29.56 30.16 1.44
Na 1.76 1.33 0.35 115 0.72
Mg 0.00 0.00 0.00 0.00 -
Al 0.48 1.83 0.76 1.02 0.71
Si 1.03 2.86 1.30 173 0.99
D 0.00 0.00 0.16 0.05 0.09
2.33 2.09 0.58 1.67 0.95
Cl 0.00 0.00 0.00 0.00 .
K 3.90 4.05 1.18 3.04 1.62
Ca 149 4.39 1.6 251 163
Ti 0.00 0.00 0.00 0.00 -
Cr 0.00 0.00 0.00 0.00 .
Mn 2.02 3.08 1.80 2.30 0.68
Fe 44.19 36.17 45.79 42.05 5.15
Ni 0.00 0.00 0.00 0.00 .
Cu 0.00 0.00 0.00 0.00
n 0.00 0.00 0.00 0.00
lr 0.00 0.00 0.00 0.00
Cs 0.00 0.00 0.00 0.00

Table J8 Experiment 3 %wt of element of No.3 iron nugget (1300°c, 30 min)
2rdspecimen

Element T«Weight
1 2 3 Avyg D
C 17.69 1711 12.88 15.89 2.63
0 24.12 26.15 25.56 25.48 0.72
Na 0.00 0.00 137 0.46 0.79
Mg 0.00 0.00 0.00 0.00 -
Al 0.21 0.17 0.22 0.20 0.03
S 0.44 0.34 0.25 0.34 0.10
P 0.00 0.00 0.00 0.00 -
0.24 0.22 1.35 0.60 0.65
Cl 0.00 0.00 0.00 0.00 -
K 0.45 0.38 1.92 0.92 0.87
Ca 0.54 0.33 0.46 0.44 0.11
Ti 0.00 0.00 0.00 0.00 -
Cr 0.00 0.00 0.00 0.00 -
Mn 0.76 0.59 1.46 0.94 0.46
Fe 54.95 54.70 54.52 54.72 0.22
Ni 0.00 0.00 0.00 0.00 -
Cu 0.00 0.00 0.00 0.00
n 0.00 0.00 0.00 0.00
zr 0.00 0.00 0.00 0.00

Cs 0.00 0.00 0.00 0.00



Table J9 Experiment 3 %wt of element of No.3 iron nugget (1300¢c, 30 min)
3idlspecimen

Element ‘T\eight
1 2 3 Avg D
6 304 3.08 4,94 36 109
Na 3164 0.5 19,02 2364 fi %3
Mr 6 é%
g 0 it
P % ' 15)
q g L
K . 548
¢ A :
| .
0 i |
Vh 223 249 0.9 189 82
Fe 1297
Ni :
Q A
Zn ,
ig ,
G ,

Table J10 Experiment 3 % wt of element of No.3 slag (1300°c, 30 min)
lstspecimen

Element { 2 ‘l<<Wei3qht

¢ 2364 440 346 & gsgg
BERR D
SEEEN
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i | | 082
1RRRR
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Table J11 Experiment 3 %wt of element of No.3 slag (1300°¢, 30 min)
2rdspecimen

Element 1 ‘/«Wgeight
Av
01 2158 27.4%
92 % 432151
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Table J12 Experiment 3 % wt of element of No.3 slag (1300°¢, 30 min)
3rdspecimen

Element 1 2 ‘/«Weigqht N 0
2719 AR 2704 ) N
I
%73 3.934 % % (0141%

g@ 0.8
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CRNOZIZTOOXO wLEIECO

T
SSSSSSSiSTE

98



Table J13 Experiment 3 %wt of element of No.4 iron nugget (1300°c, 60 min)
1 specimen

Element ‘T\\eight

1k
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gﬁ 104

16

=
HEN
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Table J14 Experiment 3 % wt of element of No.4 iron nugget (1300°c, 60 min)
2ndspecimen
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Table J15 Experiment 3 %wt of element of No.4 iron nugget (1300°c, 60 min)

3idlspecimen

Element

ORNOZIZOORO ©LRITFo

Table J16 Experiment 3 % wt of element of No.4 slag (1300°c, 60 min)

lstspecimen

Element
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Table J17 Experiment 3% wt of element of No.4 slag (1300°c, 60 min)
2rd specimen

Element
D
b 1018
4.84
Na -
I\Af? 082
S 2.24
p -
003
% 0.29
& %
Ti
O’ -
Vh 038
Fe -
Ni
Q
n
i
G

Table J18 Experiment 3 % wt of element of No.4 slag (1300°c, 60 min)
3rdspecimen

Element %Weight
7 1414 1391 1 034

mown

501 5,06 501 006

K

098 007

8?5 0{15

0.28
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J.1.2 Experiment 4

Table J19 Experiment4 % wt of element of No.l iron nugget (C/Fe = 1.4)
Lst specimen

Element
D
6 050
1007
% .
S| .
p -
(] .
K .
Ca .
Ti )
(]_ .
Nh .
Fe 1004
NI -
Q
n
i
G




Table J20 Experiment 4 % wt of element of No.| iron nugget (C/Fe = 14)
2rd specimen
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Table J21 Experiment 4 % wtofelementofNo.l iron nugget (C/Fe = 1.4)
3rdspecimen
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Table J22 Experiment 4 %wt of element of No.| slag (C/Fe

1 specimen
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Table J23 Experiment4 % wt of element of No. Lslag (C/Fe = 1.4)

2nd specimen

o\We 3qht
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Table J24 Experiment 4 %wt of element of No. 1 slag (C/Fe = 14)
3rdlspecimen

Element ‘I«Weigqht
1551

(e ]
—
o
NS
=

>
=
K=
w
(e

)
S
S Foo
o ¥3
e Py | N~
NS SN

(- 7% c
=S S SIS S S
i
=

% 5o
H o oM B oo
0.9 105 is 0.06
1719 20.34 1818 8.1 137

PRGO=PSOACRO RIS
-
S
(-
S5
([ ==}
SK

—_
S3
e e e e e
SSS S SIniS Sk
—_—
==

Table J25 Experiment 4 % wt of element of No.2 iron nugget (C/Fe = 1.6)
Lst specimen
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Table J26 Experiment 4 %wt of element of No.2 iron nugget (C/Fe = 16)
2rtispecimen

Element
SD
6 0.9
429
Na i
'\A/L_g 0.06
S 025
p -
G .
K .
G 045
'|‘| .
O’ .
Nh .
Fe 214
Ni -
Qu
n
Vi
G

Table J27 Experiment 4 % wt of element 0of No.2 iron nugget (C/Fe = 1.6)
3rdspecimen

T b b w B2
ERERE
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o B o @ ow
BB BB
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Table J28 Experiment 4 %wt of element of No.2 slag (C/Fe

1 specimen
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Table J29 Experiment 4 % wt of element 0of No.2 slag (C/Fe = 1.6)

2ndspecimen

Age, 85, . .3 . 83.3. .
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Table J30 Experiment 4 %wt of element of No.2 slag (C/Fe = 16)
3rtlspecimen

o 35,121,4 28%4 ‘k(\;\./?gight 2'%\/193 1%87
EEREE
AERE N
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SRR
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Table J31 Experiment 4 % wt of element of No.3 iron nugget (C/Fe = 1.8)
1t specimen

Element \Weight
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Table J32 Experiment 4 %wt of element of No.3 iron nugget (C/Fe =1.8)
2rtispecimen

Element %We%t

PRNROZPSOAQRO cwRIgoo
2 : < r
X OO Y Y X OO O X0 L

TabIeJ33 Experiment 4 % wt of element of No.3 iron nugget (C/Fe = 1.8)
3rdspecimen

Element

ORNFO=ZPIOAQRRO TLZIF00
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OB mo oXSESEL=3993

Table J35 Experiment 4 % wt of element 0f No.3 slag (C/Fe = 1.8)

Table J34 Experiment 4 %wt of element of No.3 slag (C/Fe
2nd specimen

1 specimen
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Table J36 Experiment 4% wt of element of No.3 slag (C/Fe = L8)
3rd specimen

Element % W eight

1 2 3 Avg_ SD

C 30.57 29.36 32.78 30.90 173
0 43.02 46.42 46.55 45.33 2.00
Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 0.00 -
At 3.58 3.74 3.18 3.50 0.29
Si 9.08 9.17 7.84 8.70 0.74
p 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 -
K 0.57 0.51 0.39 0.49 0.09
Ca 9.42 8.22 6.82 8.15 1.30
Ti 0.20 0.00 0.00 0.07 0.12
Cr 0.00 000 0.00 0.00 -
Mn 2.49 1.85 1.65 2.00 0.44
Fe 0.22 0.00 0.00 0.07 0.13
Ni 0.00 0.00 0.00 0.00 -
Cu 0.84 0.72 0.80 0.79 0.06
Zn 0.00 0.00 0.00 0.00 -
Zr 0.00 0.00 0.00 0.00 -
Cs 0.00 0.00 0.00 0.00 B

Table J37 Experiment 4 % wt of element of No.4 iron nugget (C/Fe = 2.0)
1 specimen

Element «l«Weight
1 2 3 Avg SD
C 0.00 0.00 0.79 0.26 0.46
0 19.90 2.54 4.73 9.06 9.45
Na 0.40 0.00 0.30 0.23 0.21
Mg 0.00 0.00 0.00 0.00 -
Al 0.00 0.00 0.09 0.03 0.05
Si 0.00 0.00 0.20 0.07 012
P 0.00 0.00 0.00 0.00 -
0.63 0.00 0.29 031 0.32
Cl 0.00 0.00 0.00 0.00 -
K 1.09 0.22 0.46 0.59 0.45
Ca 0.00 0.00 0.00 0.00 -
Ti 0.00 0.00 0.00 0.00 -
Cr 0.00 0.00 0.00 0.00 -
Mn 171 1.97 2.06 1.93 0.15
Fe 76.20 95.28 91.08 87.52 10.03
Ni 0.00 0.00 0.00 0.00 -
Cu 0.00 0.00 0.00 0.00 -
Zn 0.00 0.00 0.00 0.00 -
Zr 0.00 0.00 0.00 0.00 -

Cs 0.00 0.00 0.00 0.00



Table J38 Experiment 4% wtof element of No.4 iron nugget (C/Fe = 2.0)

2nd specimen

Element

C
0
Na
Mg
At
Si
p

Cl
K
Ca
Ti
Cr
Mn
Fe
Ni
Cu
n
Zr
Cs

Table J39 Experiment 4 % wt of element of No.4 iron nugget (C/Fe = 2.0)

3rd specimen

Element

C

0
Na
Mg
Al
Si

p

Cl
K
Ca
Ti
Cr
Mn
Fe
Ni
Cu
n
Zr
Cs

1
0.00
18.47
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.41
81.12
0.00
0.00
0.00
0.00
0.00

1
0.00
8.69
0.00
0.00
0.10
0.14
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.66
90.42
0.00
0.00
0.00
0.00
0.00

2
0.00
19.51
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.31
80.18
0.00
0.00
0.00
0.00
0.00

2
0.00
23.20
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
000
0.33
76.46
0.00
0.00
0.00
0.00
0.00

TeW eight
3
0.00
16,61
0.00
0.00
0.00
017
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.38
82.84
0.00
0.00
0.00
0.00
0.00

9eW eight
3

0.00
17.92
0.00
0.00
0.00
000
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
82.08
0.00
000
0.00
0.00
0.00

Avg
000
18.20
0.00
0.00
0.00
0.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.37
81.38
0.00
0.00
0.00
0.00
0.00

Avg
0.00
16.60
0.00
0.00
0.03
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.33
82.99
0.00
0.00
0.00
0.00
0.00

0.00

112



Table JA0 Experiment 4 % wt of element of No.4 slag (C/Fe = 2.0)

Ist specimen

Element

C
0
Na
Mg
Al
Si
p

Cl
K
Ca
Ti
Cr
Mn
Fe
Ni
Cu
n
r
Cs

Table J41 Experiment 4 % wt of element of No.4 slag (C/Fe = 2.0)

2rd specimen

Element

C
0
Na
Mg
Al
Si
P

Cl
K
Ca
Ti
Cr
Mn
Fe
Ni
Cu
Zn
r
Cs

1
34.18
23.07

0.00
0.00
3.07
9.52
0.00
0.00
0.00
1.36
20.14
0.00
0.00
6.06
0.00
0.00
2.58
0.00
0.00
0.00

17.93
33.69
0.00
0.00
4.38
12.26
0.00
0.28
0.00
2.75
19.50
0.67
0.00
6.14
0.90
0.00
1.50
0.00
0.00
0.00

2
13.05
35.04
0.00
0.00
4.03
13.66
0.00
0.00

0.00
0.96
23.65
0.51
0.00
571
118
0.00
2.20
0.00
0.00
0.00

10.69
34.69
0.00
0.00
4.62
13.43
0.00
0.00
0.00
2.03
24.00
0.58
0.00
7.59
0.67
0.00
1.69
0.00
0.00
0.00

"W eight
3
1122
36.17
0.00
0.00
4.35
13.97
0.00
0.00
0.00
0.93
23.59
0.45
0.00
5.80
1.27
0.00
2.24
0.00
0.00
0.00

"l«Weight
3
8.91
36.73
0.00
0.00
4.90
13.87
0.00
0.00
0.00
2.24
23.13
0.70
0.00
7.16
0.81
0.00
1.55
0.00
0.00
0.00

Avg
19.48
31.43
0.00
0.00
3.82
12.38
0.00
0.00
0.00
1.08
22.46
0.32
0.00
5.86
0.82
0.00
2.34
0.00
0.00
0.00

Avg
12.51
35.04
0.00
0.00
4.63
13.19
0.00
0.09
0.00
2.34
22.21
0.65
0.00
6.96
0.79
0.00
1.58
0.00
0.00
0.00

SD
12.76
7.26

0.67
2.48

0.24
2.01
0.28
0.18
0.711

0.21

SD
4.78
1.55

0.26
0.83
0.16
0.37
2.39
0.06

0.74
0.12

0.10

113



Table J42 Experiment 4 % wt ofelement of No.4 slag (C/Fe = 2.0)
3rd specimen

22)

Element % Weight
I 2 3 Avg SD
C 21.86 21.04 23.78 2223 141
0 35.55 29.85 27.69 31.03 4.06
Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 0.00 -
At 3.48 3.34 2.08 2.97 0.77
Si 10.47 10.03 7.29 9.26 1.12
p 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 -
K 0.88 0.53 0.22 0.54 0.33
Ca 15.74 18.98 15.70 16.81 1.88
Ti 0.76 0.45 0.26 0.49 0.25
Cr 0.00 0.00 0.00 0.00 -
Mn 8.40 10.17 19.29 12.62 5.84
Fe 082 2.56 1.45 161 0.88
Ni 0.00 0.00 0.00 0.00 -
Cu 2.03 3.04 2.23 2.43 0.53
Zn 0.00 0.00 0.00 0.00 -
Zr 0.00 0.00 0.00 0.00 -
Cs 0.00 0.00 0.00 0.00 -
Table J43 Experiment 4 % wt of element of No.5 iron nugget (C/Fe =
14 specimen
Element T«Weight
1 2 3 Avyg D
9.13 18.42 0.00 9.18 9.21
0 1.47 6.95 7.70 1.37 0.38
Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 0.00 -
Al 0.15 0.12 0.40 0.22 0.15
Si 0.29 0.23 0.69 0.40 0.25
P 0.00 0.00 0.13 0.04 0.08
0.00 0.00 0.00 0.00 -
Cl 0.00 0.00 0.00 0.00 -
K 0.12 0.11 0.17 0.13 0.03
Ca 0.63 0.20 0.61 0.48 0.24
Ti 0.00 0.00 0.00 0.00 -
Cr 0.00 0.00 0.00 0.00 -
Mn 2.11 0.79 1.83 1.58 0.70
Fe 80.09 73.19 88.47 80.58 7.65
Ni 0.00 0.00 0.00 0.00 -
Cu 0.00 0.00 0.00 0.00 -
Zn 0.00 0.00 0.00 0.00 -

Zr 0.00 0.00 0.00 0.00 -
Cs 0.00 0.00 0.00 0.00 -



Table J44 Experiment 4 % wt of element of No.5 iron nugget (C/Fe = 2.2)

2nd specimen

Element

c
0
Na
Mg
Al
Si
p

Cl
K
Ca
Ti
Cr
Mn
Fe
Ni
Cu
n
Zr
Cs

Table J45 Experiment 4 % wt of element of No.5 iron nugget (C/Fe = 2.2)

3rdspecimen

Element

C
0
Na
Mg
Al
Si

p

Cl
K
Ca
Ti
Cr
Mn
Fe
Ni
Cu
Zn
r
Cs

1
0.00
12.57
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
87.43
0.00
0.00
0.00
0.00
0.00

1
0.00
35.14
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.82
64.05
0.00
0.00
0.00
0.00
0.00

2
0.00
30.43
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
69.57
0.00
0.00
0.00
0.00
0.00

2
0.00
7.03
0.00
0.00
0.00
0.12
0.00
0.18
0.00
0.54
0.00
0.00
0.00
1.14
91.00
0.00
0.00
0.00
0.00
0.00

VoWeight
3
0.00
24.88
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.66
74.46
0.00
0.00
0.00
0.00
0.00

% W eight
3
12.59
12.06
0.00
0.00
0.23
1.12
0.00
0.00
0.00
0.17
152
0.00
0.00
2.34
69.96
0.00
0.00
0.00
0.00
0.00

Avg
0.00
22.63
0.00
000
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.22
77.15
0.00
0.00
0.00
0.00
0.00

Avg
4.20
18.08
0.00
0.00
0.08
041
0.00
0.06
0.00
0.24
0.51
0.00
0.00
143
75.00
0.00
0.00
0.00
0.00
0.00

SD

9.14

0.38
9.23

115



Table JA6 Experiment 4 % wtofelement of No.5 slag (C/Fe = 2.2)
lst specimen

Element T.W eight

1 2 3 Avg SD

C 10.83 18.711 15.65 15.06 3.97
0 34.93 3359 33.38 33.97 0.84
Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 000 -
Al 5.07 4.50 4.69 4.75 0.29
Si 14.81 13.04 13.63 13.83 0.90
p 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 -
K 1.09 1.02 111 1.07 0.05
Ca 24.25 21.20 22.92 22.19 153
Ti 0.40 0.33 0.40 0.38 0.04
Cr 0.00 0.00 0.00 0.00 -
Mn 7.06 6.11 6.63 6.60 0.48
Fe 0.48 0.54 0.49 0.50 0.03
Ni 0.00 0.00 0.00 0.00 -
Cu 1.07 0.95 1 1.04 0.08
Zn 0.00 0.00 0.00 0.00 -
Zr 0.00 0.00 0.00 0.00 -
Cs 0.00 0.00 0.00 0.00 -

Table J47 Experiment 4 % wt of element of No.5 slag (C/Fe = 2.2)
2rd specimen

Element VoW eight
1 2 3 Avg
C 19.97 20.81 21.52 22.17 4.14
0 33.65 36.65 2550 31.93 5.17
Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 0.00 -
Al 3.88 4.16 2.98 3.67 0.62
Si 11.28 11.55 8.81 10.55 151
P 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 -
K 0.86 0.83 0.96 0.88 0.07
Ca 21.50 19.12 23.05 21.22 1.98
Ti 0.30 0.27 0.35 0.31 0.04
Cr 0.00 0.00 0.00 0.00 -
Mn 5.71 4.76 6.66 571 0.95
Fe 113 0.75 1.3 1.06 0.29
Ni 0.00 0.00 0.00 0.00 -
Cu 172 1 2.85 1.89 0.88
Zn 0.00 0.00 0.00 0.00 -
Zr 0.00 0.00 0.00 0.00 -

Cs 0.00 0.00 0.00 0.00 -



Table J48 Experiment 4 % wt ofelement of No.5 slag (C/Fe = 2.2)
3rd specimen

Element ‘T«Weight
1 2 3 Avg SD
C 16.34 10.89 17.09 1477 3.38
0 34.97 36.94 34.34 35.42 1.36
Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 0.00 -
/§ 4.14 4.36 3.87 4.12 0.25
12.26 12.70 11.34 12.10 0.69
p 0.00 0.00 0.00 0.00 -
0.11 0.97 1.48 0.85 0.69
Cl 0.00 0.00 0.00 0.00 -
K 1.02 1.12 0.93 1.02 0.10
Cla 22.39 22.24 20.43 21.69 1.09
| 0.34 0.42 0.36 0.37 0.04
Cr 0.00 0.00 0.00 0.00 -
Mn 5.92 7.92 8.75 753 1.45
f\e] 151 147 0.57 118 0.53
0.00 0.00 0.00 0.00"" -
Cu 0.99 0.98 0.84 0.94 0.08
Zn 0.00 0.00 0.00 0.00 -
Zr 0.00 0.00 0.00 0.00 -

Cs 0.00 0.00 0.00 0.00 -



J.1.3 Experiment5

Table J49 Experiment 5% wt of element of No.l iron nugget
(Limestone/Alzos+Sio2 =0.45) 1¢ Specimen

Element T«W eight

1 2 3 Avg sD

C 5.18 5.90 0.00 3.69 3.22
0 13.62 11.58 1.35 8.85 6.57
Na 2.22 4.59 0.00 2.21 2.30
Mg 0.00 0.00 0.00 0.00 }
Al 0.47 0.00 0.00 0.16 0.27
Si 0.21 0.00 0.20 0.14 012
p 0.00 0.00 0.17 0.06 0.10
3.45 8.13 0.64 4.07 3.78

Cl 0.00 ﬁ)ﬁ 0.00 0.00 -
K 4.56 1.62 5.76 4.86
Ca 2.19 0.84 10.51 41 5.11
Ti 0.20 0.00 0.00 0.07 0.12
Cr 0.00 0.00 0.00 0.00 B
Mn 3.34 541 6.26 5.00 1.50
Fe 63.73 52.24 79.26 65.08 13.56
Ni 0.00 0.00 0.00 0.00 B
Cu 0.00 0.00 0.00 0.00 -
Zn 0.00 0.00 0.00 0.00 -

Zr 0.24 0.21 0.00 0.15 0.13
Cs 0.00 0.00 0.00 0.00 -



Table J50 Experiment 5% wt ofelement of No.| iron nugget
(Limestone/Al2o03+Sio2 = 0.45) 2nd specimen

Element

C
0
Na
Mg
Al
Si
p

Cl
K
Ca
Ti
Cr
Mn
Fe
Ni
Cu
n
zr
Cs

1
3.46
1.67
0.67
0.00
0.00
0.00
0.00
6.70
0.00
1221
121
0.00
0.00
4.38
69.55
0.00
0.00
0.00
0.15
0.00

2
4.62
17.47
2.57
0.00
0.00
0.00
0.00
4.05
0.00
6.46
0.55
0.21
0.00
5.79
58.08
0.00
0.00
0.00
0.20
0.00

T«Weight

3
0.00
10.56
0.00
0.00
0.00
1.07
0.00
172
0.00
8.64
0.00
0.00
0.00
3.39
74.62
0.00
0.00
0.00
0.00
0.00

Avg
2 69
9.90
1.08
0.00
0.00
036
0.00
4.16
0.00
9.10
0.59
0.07
0.00
4.52
67.42
0.00
0.00
0.00
0.12
0.00

Table J51 Experiment 5% wt of element of No.| iron nugget
(Limestone/AECE+SiCE = 0.45) 3rdspecimen

Element

C
0
Na
Mg
Al
Si

P

Cl
K
Ca
Ti
Cr
Mn
Fe
Ni
Cu
Zn
Zr
Cs

1.94
22.98
0.74
0.00
0.17
0.24
0.00
0.75
0.00
1.00
0.00
0.00
000
0.65
71.52
0.00
000
0.00
0.00
0.00

2
1.82
22.74
0.72
0.00
0.00
0.23
0.00
0.76
0.00
0.95
0.00
0.00
0.00
0.67
72.12
0.00
0.00
0.00
0.00
0.00

YW eight

3
0.82
23.02
0.71
0.00
0.19
0.15
0.00
0.80
0.00
0.98
0.17
0.00
000
0.67
72.49
0.00
0.00
0.00
0.00
0.00

Avg
153
22.91
0.72
0.00
0.12
0.21
0.00
0.77
0.00
0.98
0.06
0.00
0.00
0.66
72.04
0.00
0.00
0.00
0.00
0.00

SD

2.40
7.92
1.33

0.62
2.49
2.90
0.61

0.12

121
8.47

0.10

119



Table J52 Experiment 5 % wt of element of No.| slag
(Limestone/AECE+SICE = 0.45) Istspecimen

Element ‘T«Weight

1 2 3 Avg SD

C 15.66 12.35 12.73 13.58 181
0 42.63 43.30 45.02 43.65 1.23
Na 0.00 0.00 0.00 0.00 -
Mg 030 030 031 0.30 0.01
Al 5.22 5.49 5.46 5.39 0.15
Si 14n 15.79 15.36 15.29 0.54
p 0.00 0.00 0.00 0.00 -
0.18 0.19 0.16 0.18 0.02

C! 0.00 0.00 0.00 0.00 -
K 1.26 1.39 1.39 1.35 0.08
Ca 11.68 12.66 11.64 11.99 0.58
Ti 0.27 0.29 0.30 0.29 0.02
Cr 0.00 0.00 0.00 0.00 -
Mr) 5.43 5.70 5.21 5.45 0.25
Fe 0.49 0.52 0.45 0.49 0.04
Ni 0.00 0.00 0.00 0.00 -
Cu 151 1.46 1.39 1.45 0.06
Zn 0.00 0.00 0.00 0.00 -
Zr 0.66 0.56 0.60 0.61 0.05
Cs 0.00 0.00 0.00 0.00 -

Table J53 Experiment 5% wt of element of No.| slag
(Limestone/AECE+SIiCE = 0.45) 2ndspecimen

Element T«Weight

1 2 3 Avg SD

C 19.24 17.79 19.66 18.90 0.98
0 3479 38.75 31.33 34.96 3N
Na 0.00 0.00 0.00 0.00 -
Mg 0.18 0.27 0.22 0.22 0.05
Al 4.18 4.26 3.95 4.13 0.16
Si 12.43 12.73 12.19 12.45 0.27
P 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 -
K 1.63 1.58 178 1.66 0.10
Ca 14.25 1291 15.76 1431 1.43
Ti 0.36 0.32 0.48 0.39 0.08
Cr 0.00 0.00 0.00 0.00 -
Mn 7.67 6.86 9.12 7.88 1.15
Fe 1.07 0.80 1.15 1.01 0.18
Ni 0.00 0.00 0.00 0.00 -
Cu 2.92 2.72 313 2.92 0.21
Zn 0.00 0.00 0.00 0.00 -
Zr 1.27 1.02 1.22 117 0.13

Cs 0.00 0.00 0.00 0.00



Table J54 Experiment 5% wt of element of No.| slag

(Limestone/AECE+SICE = 0.45) 3rdspecimen

Element

|
Vb

Al
Si

p

R

Ca
Ti
Cr
Mn
Fe

!

n

i

1

10.30
41.02
0.00
0.29
5.44
16.09
0.00
0.24
0.00
1.58
14.98
0.38
0.00
6.42
0.37
0.00
1.88
0.00
1.02
0.00

2

13.50
40.53
0.00
0.29
5.30
15.05
0.00
0.25
0.00
1.54
14.10
0.35
0.00
6.04
0.43
0.00
191
0.00
0.70
0.00

YW eight
3
9.31
4251
0.00
031
5.65
16.38
0.00
0.24
0.00
1.54
1457
038
000
6.25
0.37
0.00
1.70
0.00
0.79
0.00

Avg
11.04
41.35
0.00
0.30
5.46
15.84
0.00
0.24
0.00
1.55
14.55
0.37
0.00
6.24
0.39
0.00
1.83
0.00
0.84
0.00

5 Experiment 5 % wt of element of No.2 i «on nugget
|e/AECE+SICE = 0.55) ¢ specimen

Element

8

Na
Mg
Al
Si

p

Mn
Fe
Ni
Cu
n

1

1.29
5.66
0.00
0.00
0.00
1.25
0.00
0.14
0.00
0.22
11.73
0.00
0.00
7.18
72.53
0.00
000
0.00
0.00
0.00

2

5.10
9.25
2.44
000
0.00
0.00
0.00
4.95
0.00
8.56
0.35
0.26
0.00
1.62
67.36
0.00
0.00
0.00
0.12
0.00

f«Weigh
3

15.99
14.05
4.61
0.00
0.00
0.00
0.00
3.10
0.00
3N
0.00
0.00
000
0.24
58.3C
0.00
0.00
0.00
0.00
0.00

Avg
7.46
9.65
2.35
0.00
0.00
0.42
0.00
2.73
0.00
4.16
4.03
0.09
0.00
3.01
66.06
0.00
0.00
0.00
0.04
0.00

SD

2.19
1.03
0.01
0.18
0.70
0.01
0.02
0.44
0.02
0.19
0.03
0.11

0.17

SD
7.63
4.21
231

0.72
2.43
4.19
6.67
0.15
3.67
720

0.07

121



Table J56 Experiment 5 % wt of element of No.2 iron nugget
(Limestone/Al203+SiC>2= 0.55) 2nd specimen

Element

c
0
Na
Mg
Al
Si
p

Cl
K
Ca
Ti
Cr
Mn
Fe
Ni
Cu
n
Zr
Cs

1
3.05
17.64
0.47
0.00
0.20
0.22
0.00
0.32
0.00
0.35
0.00
0.00
0.00
0.33
77.42
0.00
0.00
0.00
0.00
0.00

2
2.95
17.69
0.40
0.00
0.00
0.23
0.00
0.30
0.00
0.42
0.00
0.00
0.00
0.42
77.59
0.00
0.00
0.00
0.00
0.00

"W eight

3
3.99
18.25
0.00
0.00
0.19
0.00
0.00
0.00
0.00
0.00
0.00
0.00
000
0.00
71.57
0.00
0.00
0.00
0.00
0.00

Avg
3.33
17.86
0.29
0.00
0.13
0.15
0.00
0.21
0.00
0.26
0.00
0.00
0.00
0.25
77.53
0.00
0.00
0.00
0.00
0.00

Table J57 Experiment 5% wt of element of No.2 iron nugget
(Limestone/AECE+SICE = 0.55) 3rd specimen

Element

Cl

1

Cr
Mn

Cu
n
Zr
Cs

1
2.93
18.43
0.00
0.00
0.00
0.20
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
78.44
0.00
0.00
0.00
0.00
0.00

2
3.92
18.94
0.00
0.00
0.00
0.18
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
76.96
0.00
0.00
0.00
0.00
0.00

"leWeight

3
1.87
18.97
0.00
0.00
0.00
000
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.39
78.71
0.00
0.00
0.00
0.00
0.00

Avg
291
18.78
0.00
0.00
0.00
0.13
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.13
78.06
0.00
0.00
0.00
0.00
0.00

122



Table J58 Experiment 5 % wt of element of No.2 slag
(Limestone/AI2C>3+Si02 = 0.55) 1st specimen

Element "l«Weight
1 2 3 Avg )
C 9.61 10.68 10.10 10.13 0.54
0 44.73 44.59 42,50 43.94 1.25
Na 0.00 0.00 0.00 0.00 .
Mg 0.34 033 0.30 0.32 0.02
Al 5.29 5.28 5.54 5.37 0.15
Si 14.55 14.03 14.65 1441 0.33
P 0.00 0.00 0.00 0.00 .
051 0.54 0.51 0.52 0.02
Cl 0.00 0.00 0.00 0.00 -
K 132 1.30 143 1.35 0.07
Ca 1361 13.42 1457 13.87 0.62
Ti 0.24 0.28 0.30 0.27 0.03
Cr 0.00 0.00 000 0.00 ,
Mn 5.48 5.33 5.57 5.46 0.12
Fe 0.9 0.84 1.04 0.96 0.10
Ni 0.00 0.00 0.00 0.00 -
Cu 2.0 2.0 2.14 2.11 0.03
Zn 0.00 0.00 0.00 0.00 -
Zr 1.24 1.29 1.34 1.29 0.05
Cs 0.00 0.00 0.00 0.00 .

Table J59 Experiment 5% wt of element of No.2 slag
(Limestone/Alzo3+Sio2 = 0.55) 2ndspecimen

Element ‘T«Weight

1 2 3 Avg SD

C 10.19 11.30 10.22 10.57 0.63
0 33.23 34.70 34.47 34.13 0.79
Na 0.00 0.00 0.00 0.00 -
Mg 0.24 0.34 0.24 0.27 0.06
Al 4.61 4.74 4.71 4.69 0.07
Si 14.60 14.38 14.37 14.45 0.13
p 0.00 0.00 0.00 0.00 -
0.24 0.22 0.24 0.23 0.01

Cl 0.00 0.00 0.00 0.00 -
K 1.66 151 1.49 1.55 0.09
Ca 22.90 21.48 22.32 22.23 071
Ti 0.46 0.43 0.44 0.44 0.02
Cr 0.00 0.00 0.00 0.00 -
Mn 8.25 7.62 7.90 7.92 0.32
Fe 0.00 0.00 0.47 0.16 0.27
Ni 0.00 0.00 0.00 0.00 -
Cu 261 217 221 2.33 0.24
Zn 0.00 0.00 0.00 0.00 -
Zr 1.01 1.10 091 101 0.10

Cs 0.00 0.00 0.00 0.00 -



Table J60 Experiment 5% wt of element 0fNo.2 slag
(Limestone/AliICE+SiCh = 0.55) 3rd specimen

Element T«Weight
1 2 3 Avg SD
C 13.92 14.94 11.95 13.60 152
0 39.89 39.97 39.78 39.88 0.10
Na 0.00 0.00 0.00 0.00 -
Mg 0.29 0.25 0.33 0.29 0.04
Al 5.01 4.78 491 4.90 0.12
Si 13.84 13.11 14.02 13.66 0.48
D 0.00 0.00 0.00 0.00 -
0.20 0.25 0.23 0.23 0.03
o 0.00 0.00 0.00 0.00 -
K 123 1.17 1.29 123 0.06
Ca 16.53 16.05 17.36 16.65 0.66
Ti 0.24 0.28 0.35 0.29 0.06
Cr 0.00 0.00 0.00 0.00 -
Mn 5.65 551 6.10 5.75 0.31
Fe 0.54 0.80 0.65 0.66 0.13
Ni 0.00 0.00 0.00 0.00 -
Cu 183 2.10 2.07 2.00 0.15
Zn 0.00 0.00 0.00 0.00 -
Zr 0.84 0.80 0.96 0.87 0.08
Cs 0.00 0.00 0.00 0.00 -

Table J61 Experiment 5% t of element of No.3 iron nugget
(Limestone/AlzCE+SiCh = 0.65) 14 specimen

Element T«Weight

1 2 3 Avg SD

C 2.50 1.20 0.85 152 0.87
0 7.55 5.61 3.84 5.67 1.86
Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 0.00 -
Al 0.00 0.19 0.00 0.06 0.11
Si 0.28 031 0.32 0.30 0.02
P 0.00 0.00 0.00 0.00 -
0.23 0.13 0.00 0.12 0.12

Cl 0.00 0.00 0.00 0.00 -
K 0.00 0.00 0.00 0.00 -
Ca 0.15 0.17 0.19 0.17 0.02
Ti 0.00 0.00 0.00 0.00 -
Cr 0.00 0.00 0.00 000 -
Mn 1.40 12 113 1.25 0.14
Fe 87.89 91.18 93.67 90.91 2.90
Ni 0.00 0.00 0.00 0.00 -
Cu 0.00 0.00 0.00 0.00 -
Zn 0.00 0.00 0.00 0.00 -

Zr 0.00 0.00 0.00 0.00 -
Cs 0.00 0.00 0.00 0.00 -



Table J62 Experiment 5% wt of element of No.3 iron nugget

(Limestone/AECh+SiCh = 0.65) 2rt specimen

Element

C
0
Na

Table J63 Experiment 5% wt of element of No.3 iron nugget

1
201
21.30
0.00
000
0.20
03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.24
69.89
0.00
0.00
0.00
0.00
0.00

2
0.12
6.95
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.14
0.00
0.00
0.00
0.37
9242
0.00
0.00
0.00
0.00
0.00

%ngght

191
2101
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.24
76.78
0.00
0.00
0.00
0.00
0.00

(Limestone/Alzo 3 +Sio2 = 0.65) 3rd specimen

Element

C
0
Na

2.2
6.30
0.00
0.00
0.00
041
0.00
0.00
0.00
0.00
0.21
0.00
0.00
0.59
9021
0.00
0.00
0.00
0.00
0.00

2
1%
31l
0.00
0.00
0.00
0.17
0.00
0.15
0.00
0.14
0.14
0.00
0.00
0.98
8672
0.00
0.00
0.00
0.05
0.00

T«Weight
3 g

2.48
30.44

SLooo
LSS

—
S

OO ODOOD
ODOOOO

AV(_}
13
1842
0.00
0.00
0.07
0.12
0.00
0.00
0.00
0.05
0.00
0.00
0.00
0.28
79.70
0.00
0.00
0.00
0.00
0.00

4.2

1348
0.00
0.00
0.00
0.19
0.00
0.05
0.00
0.05
0.12
0.00
0.00
0.65
8L.21
0.00
0.00
0.00
0.02
0.00

0.08

0.08
1154

D
3.2
14.74

021
0.09
0.08
011
0.30
1269

0.03



Table J64 Experiment 5% wt of element of No.3 slag

(Limestone/Alz 05 +Si» = 0.65) 14 Specimen

Element

C
0
Na

Table J65 Experiment 5 % wt of element of No.3 slag

1
10.27
39.85
0.00
0.21
498
1455
0.00
0.2
0.00

121
2052
041
000
5.46
0.00
0.00

152
0.00
0.72
0.00

2
10.49
3.12
0.00
0.32
4.90
1441
0.00
0.28
0.00

119
2061
0.27
0.00
561
0.40
0.00
171
0.00
0.69
0.00

T« Weight
39

10.78
40.14
0.00
03%
511
1473
0.00
0.00
0.00
112
19.87
0.29
0.00
542
0.00
0.00
160
0.00
0.60
0.00

(Limestone/Al203+Sio2 = 0.65) 2ruspecimen

Element

C
0
Na

1
10.80
38.04
0.00
031
4.66
1362
0.00
0.17
0.00

146
20,86
0.37
0.00
6.20
0.36
0.00
2.29
0.00
0.86
0.00

2
11.89
39,13
0.00
0.23
4.68
1319
0.00
0.00
0.00

13
19.62
0.32
0.00
59
045
0.00
2.31
0.00
0.84
0.00

T« Weight
39

9.92
371,07
0.00
0.23
4.84
1405
0.00
021
0.00
14
2179
0.36
0.00
6.49
045
0.00
2.3
0.00
0.79
0.00

Av
10,

39.70
0.00
031
5.00
1456
0.00
0.18
0.00
11
2033
0.32
0.00
550
0.13
0.00
161
0.00
0.67
0.00

Av
10.
38.08
0.00
0.26
473
1362
0.00
013
0.00
148
20.76
0.35
0.00
6.21
042
0.00
2.34
0.00
083
0.00

SD
0.26
053
0.04
011
0.16
0.15
0.05
040
0.08
0.10
023
0.10
0.06

D
0.99
103
0.05
0.10
043
011
0.06
109
003
0.7
0.0
0.04

0.04



Table J66 Experiment 5% wt of element of No.3 slag
(Limestone/Alzo s +Siv» = 0.65) 3rd specimen

Element TcWeight

1 2 3 A D
c 229 12.70 1136 12 0.69
0 2640 2147 26.78 26.88 0.54
Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 0.00 -
At 341 355 3.60 352 0.10
S 1087 10.79 1136 1101 031
p 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 -
K 172 165 179 17 0.07
Ca 2140 26.22 21.68 21.10 0.7
Ti 0.49 0.44 043 0.45 0.03
Cr 0.00 0.00 0.00 0.00 -
Mn 1081 10.06 10.76 1054 0.42
Fe 0.00 0.73 0.00 0.24 0.42
Ni 0.00 0.00 0.00 0.00 -
Cu 4.79 461 44 4.60 0.19
Zn 0.00 0.00 0.00 0.00 -
Zr 181 176 183 180 0.04
Cs 0.00 0.00 0.00 0.00 -

Table J67 Experiment 5% wt of element of No.4 iron nugget
(Limestone/AECE+SiOl = 0.75) 14 specimen

Element TeWeight
1 2 3 Avg SD
C 0.06 0.82 0.00 0.2 0.46
0 10.67 0.00 280 449 553
Na 0.68 0.00 0.3 0.27 0.36
M? 0.00 0.00 0.00 0.00 -
Al 0.00 0.00 0.2 0.07 0.12
S 02 0.08 053 0.29 0.23
P 0.00 0.00 0.00 0.00 -
221 0.07 0.87 107 Nl
Cl 0.00 0.00 0.00 0.00 -
K 5.3 0.69 518 367 2.58
Ca 0.67 19 0.94 117 0.65
Ti 0.00 0.00 0.00 0.00 -
Cr 0.00 0.00 0.00 0.00 -
Mn 2,06 1475 152 6.11 749
Fe 78.20 8167 87.82 82.56 487
Ni 0.00 0.00 0.00 0.00 -
Cu 0.00 0.00 0.00 0.00
Zn 0.00 0.00 0.00 0.00
Zr 0.00 0.00 0.00 0.00

Cs 0.00 0.00 0.00 0.00



Table J68 Experiment 5% wt of element of No.4 iron nugget
(Limestone/AI2C>3+Si102 = 0.75) 2ndspecimen

Element

C
0
Na

1

0.04
2342
111
0.00
0.15
0.00
0.00
0.84
0.00
179
0.19
0.00
0.00
283
69.62
0.00
0.00
0.00
0.00
0.00

2
0.00
16.35
0.57
0.00
0.30
0.19
0.00
200
0.00
541
0.32
0.00
0.00
2.60
12.25
0.00
0.00
0.00
0.00
0.00

%Weigght

0.75
16.07
0.66
0.00
0.32
0.48
0.00
104
0.00
211
0.69
0.00
0.00
2.30
7559
0.00
0.00
0.00
0.00
0.00

Avg
0.2
1861
0.78
0.00
0.26
022
0.00
129
0.00
310
040
0.00
0.00
2.58
7249
0.00
0.00
0.00
0.00
0.00

Table J69 Experiment 5 % wt of element of No.4 iron nugget
(Limestone/Al203+Sio2 = 0.75) 3rdspecimen

Element

C
0

oODwor
SSHSS

0.0
0.00
043
0.00
0.80
0.68
0.00
0.00
181
84.17
0.00
0.00
0.00
0.00
0.00

SS=hE3Sa8BS838SSsSHES8S

@

oo

o
SRS Soo

coo
ocoo
SSS

0.00

VoWeéght

0.62
173
0.12
0.00
0.13
0.08
0.00
045
0.00
172
0.00
0.00
0.00
6.07
89.08
0.00
0.00
0.00
0.00
0.00

02
4.88
041
0.00
0.04
0.19
0.00
047
0.00
12
0.29
0.00
0.00
6.66
85.64
0.00
0.00
0.00
0.00
0.00



Table J70 Experiment 5% wt of element of No.4 slag
(Limestone/AI2C>3+5i02 = 0.75) 1 specimen

Element «l<Weight
1 2 3 AvrIJ D
c 965 912 855 91 055
0 31,12 3048 30,65 0L 1M
Na 0.0 000 0.0 0.00 :
Mg 030 031 030 030 00l
| 530 547 5 44 54 009
5 1561 5% 1611 588 0%
p 000 0.00 0.0 0.00 :
022 022 0.24 023 001
Cl 000 0.0 0.00 0.00 ,
K 151 147 150 149 0.02
Ca 20.10 19.14 19.16 1947 0.55
Ti 0.3 032 032 033 002
Cr 000 000 0.0 0.0 :
Mn 6.10 561 5.59 511 0.29
Fe 039 034 041 038 0.04
Ni 000 000 0.00 0.00 :
Cu 13 130 12 19 00
i 0.0 000 000 0.00 :
It 139 130 129 18 006
Cs 0.00 000 0.00 0.00 ,
Table J71 Experiment 5% wt of element of No.4 slag
(Limestone/Al203+Sio2 = 0.75) 2nspecimen
Element %Weiaght
1 2 Ay )
c 856 785 661 76 099
0 1955 1913 95 84 02
Na 000 0.00 0.00 0.00 :
g 032 029 031 031 002
A 490 490 506 4% 009
§ 1400 139 1454 14g 03l
P 0.00 075 000 05 04
014 015 018 016 002
Cl 0.00 0.00 0.00 0.00 :
K 083 111 094 0% 01
Ca 1465 1503 1542 5B 039
Ti 022 023 0.6 024 002
Cr 000 0.0 0.00 0.00 :
Mn 389 410 43 411 02
Fe 060 048 041 050 010
Ni 000 0.00 0.00 0.00 :
Cu 092 089 089 00 0
In 0.0 0.00 0.0 0.00 :
i} 183 110 152 15 02
Cs 0.00 0.00 0.00 0.00 :



Table J72 Experiment 5 % wt of element of No.4 slag
(Limestone/AECE+SICh = 0.75) 3rd specimen

Element TcWeight
1 2 3 Avg D
c 8.62 1.26 8.27 8.1 0.79
0 36.35 36.67 3.97 35.66 148
Na 0.00 0.00 0.00 0.00 -
MF 0.33 0.30 0.32 0.32 0.02
Al 513 5.2 498 513 0.15
Si 1498 158 1483 Lyl 0.53
p 0.00 0.00 0.00 0.00 -
0.28 0.28 0.26 0.27 001
Cl 0.00 0.00 0.00 0.00 -
K 129 14 154 182 0.13
Ca 2.2 2343 25.17 239 107
Ti 0.26 0.34 0.44 0.3 0.09
Cr 0.00 0.00 0.00 0.00 -
Mn 6.23 6.20 6.92 6.45 041
Fe 0.00 0.00 0.00 0.00 -
Ni 0.00 0.00 0.00 0.00 -
Cu 166 150 Iy 164 0.14
Zn 0.00 0.00 0.00 0.00 -
Zr 143 148 154 148 0.06
Cs 0.00 0.00 0.00 0.00 -

Table J73 Experiment 5% wt of element of No.5 iron nugget
(Limestone/AECE+SICE = 0.85) 14 Specimen

Element %Weight
1 2 Av SD
C il 244 108 L 0.75
0 1580 1272 2142 16.65 44
Na 0.00 0.00 0.00 0.00 -
M? 0.00 0.00 0.00 0.00 -
Al 0.00 019 013 011 0.10
Si 0.00 012 014 0.09 0.08
3 0.00 0.00 0.00 0.00 -
0.00 0.00 0.14 0.05 0.08
Cl 0.00 0.00 0.00 0.00 -
K 0.00 0.00 0.26 0.09 015
Ca 0.00 114 023 0.46 0.60
Ti 0.00 0.18 0.00 0.06 010
Cr 0.00 0.00 000 0.00 -
Mn 15 499 342 331 174
Fe 8147 78.22 73.19 7163 417
Ni 0.00 0.00 0.00 0.00 -
Cu 0.00 0.00 0.00 0.00
Zn 0.00 0.00 0.00 0.00
Zr 0.00 0.00 0.00 0.00

Cs 0.00 0.00 0.00 000 '



Table J74 Experiment 5% wt of element of No.5 iron nugget
(Limestone/AECE+SICE = 0.85) 2ndspecimen

Element

C
0
l\l\}la
N
Si

1

182
16.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
031
0.00
0.00
4071
1175
0.00
0.00
0.00
0.00

"l<\Weight
39

540
3.9%
0.00
0.00
0.20
0.28
0.00
0.09
0.00
0.22
0.25
0.00
0.00
118
88.39
0.00
0.00
0.00
0.03
0.00

Avg
2.6
10.69
0.00
0.00
0.07
0.09
0.00
0.27
0.00
0.59
0.19
0.00
000
247
8297
0.00
0.00
0.00
001
0.00

Table J75 Experiment 5% wt of element of No.5 iron nugget
(Limestone/AECE+SICE = 0.85) 3rdspecimen

Element

C
0
Na

0.30
847
021
0.00
0.00
0.08
0.00
0.48
0.00
1.06
0.00
0.00
0.00
043
88.97
0.00
0.00
0.00
0.00
0.00

2

2392
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.36
1391
0.00
0.00
0.00
0.00
0.00

"l<\Weight
A g

120
2.31
0.00
0.00
0.00
022
0.00
0.00
0.00
0.00
0.24
0.00
0.00
043
95.05
0.20
0.29
0.00
0.00
0.00

Av
1.1%
1159
0.07
0.00
0.00
0.10
0.00
0.16
0.00
0.3
0.08
0.00
0.00
041
85.98
0.07
0.10
0.00
0.00
0.00

D
0.75
11.11
0.12

011
028
061
014

0,04
10.88
0.12
0.17

13



Table J76 Experiment 5% wt of element of No.5 slag

(Limestone/Als s +Sih» =0.85) 14 specimen

Element

C
0
Na

Table J77 Experiment 5 % wt of element of No.5 slag

1

9.50
40.37
0.00
0.19
3.96
12.98
0.00
0.15
0.00
125
2017
0.36
0.00
481
0.37
0.00
290
0.00
140
0.00

2
9.82
4081
0.00
0.00
4,04
12,65
0.00
0.00
0.00
142
2111
042
0.00
5.08
0.00
0.00
211
0.00
13
0.00

T« Weight
39

9.58
40.85
0.00
0.28
4.22
1264
0.00
0.22
0.00
112
21.56
0.3
0.00
457
0.39
0.00
2.12
0.00
129
0.00

(Limestone/AECE+SICE = 0.85) 2rulspecimen

Element

C
0
Na

8.42
40.92
0.00
0.17
3.84
1295
0.00
0.14
0.00
144
22.35
043
0.00
5.3
0.00
0.00
211
0.00
121
0.00

2

9.12
39.70
0.00
0.22
3.9
12.73
0.00
0.17
0.00
122
2267
041
0.00
o1l
0.00
0.00
325
0.00
14
0.00

T«Weight
3 g

319
343
0.00
0.25
425
8.69
0.82
0.00
0.00
339
1379
0.39
0.00
3.68
24.11
0.00
285
0.00
0.00
0.00

Avg
9.6
40.68
0.00
0.16
407
1282
0.00
012
0.00
126
21.68
0.38
0.00
482
0.5
0.00
2.18
0.00
135
0.00

Av
7.18
38.02
0.00
02
403
1146
027
010
0.00
202
19.60
041
0.00
472
8.24
0.00
2.94
0.00
090
0.00

D
0.17
0.21

0.14
013
017
01

0.5
011
0.04

0.26
022
0
0.06

SD
2.9
4,02

0.04
0.21
240
0.4/
0.09
119
5.04
0.02

091
1427

0.28
0.78

12



Table J78 Experiment 5% wt of element of No.5 slag

(Limestone/AhCE+SiCh = 0.85) 3rdspecimen

Element

C
0
Na

1
3.95
34.10
0.00
0.18
437
8.86
0.83
0.00
0.00
3.28
1462
0.46
0.00
398
22.84
0.00
293
0.00
0.00
0.00

2
8.8
37.58
0.00
0.32
4.26
8.86
0.00
0.00
0.00
221
1201
0.34
0.00
3.8
1843
0.00
2.06
0.00
158
0.00

"l<\Weight
39

4.20

34.23
0.00

0.25

4.54
941

0.88

0.00
0.00
3.80
1462
0.40
0.00
3.74
21.03
0.00
2.89
0.00
0.00
0.00

Av?
55
35.30
0.00
0.5
439
9.04
057
0.00
0.00
310
137
0.40
0.00
317
20.77
0.00
2.63
0.00
053
0.00

Table J79 Experiment 5% wt of element of No.s iron nugget
(Limestone/AhCE+SiCh = 0.95) 1¢ specimen

Element

C
0
Na

1167
10.16
0.00
0.00
049
12
049
0.18
0.00
0.00
2.34
0.00
0.00
0.00
1345
0.00
000
0.00
0.00
0.00

2
1.06

0.00
0.00
0.00
0.12
0.00
0.00
0.00
0.00
0.23
0.00
0.00
0.46
96.54
0.00
0.00
0.00
0.00
0.00

"l\Weight
3 g

342
9.72
102
0.00
0.00
000
0.00
103
0.00
151
0.00
0.00
0.00
031
82.99
0.00
000
0.00
0.00
0.00

53

.15
0.34
0.00
0.16
045
0.16
0.40
0.00
0.50
0.86
0.00
0.00
0.20
84.33
0.00
000
0.00
0.00
0.00

D
2.85
197

0.07
0.14
0.32
0.49

081
151
0.0

020
270

049
091

SD
5.5
483
0.59

0.28
067
0.28
0.5

087
129

023
11.60

133



Table J80 Experiment 5% wt of element of No.6 iron nugget
(Limestone/Alzos +Sio. = 0.95) 2rdspecimen

Element

C
0
Na

o oo oSSR oadsSwdor

=
o

ocoo
cooo;
SoSS

0.00

8.1
16.28
0.19
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.20
1l
0.00
0.00
0.00
0.00
0.00

T«Weight
39

3.94
6.79
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
89.28
0.00
0.00
0.00
0.00
0.00

0.00

Table J81 Experiment 5% wt of element of No.s iron nugget
(Limestone/Al203+Sio2 =0.95) 3rdspecimen

Element

C
0
Na

5.371
14,08
0.00
0.00
0.00
000
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.50
80.06
0.00
0.00
0.00
0.00
0.00

2
302
2416
0.00
0.00
0.00
0.00
0.00
0.72
0.00
0.66
048
0.00
0.00
0.38
70.58
0.00
0.00
0.00
0.00
0.00

T«Weight
39

217
28.84
0.00
0.00
0.17
0.19
0.00
0.00
0.00
0.00
0.23
0.00
0.00
0.27
68.12
0.00
0.00
0.00
0.00
0.00

Avg
35
22.36
0.00
0.00
0.06
0.06
0.00
0.24
000
022
0.24
0.00
0.00
0.38
729
0.00
000
0.00
0.00
0.00

D
il
5.9
118
01
174
266



Table J82 Experiment 5% wt of element of No.6 slag
(Limestone/AECE+SICE = 0.95) 1¢ specimen

Element TcWeight
1 2 3 Avg D
C 8% 892 848 87 0.6
0 3807 821 B BT 04
Na 0.00 000 0.00 0.00 ,
Mg 0.8 03 027 029 003
] 418 407 424 45 0
S 1047 10.37 1146 10.77 0.60
p 0.00 0.00 000 0.00 :
020 020 0.20 020
cl 000 0.00 0.00 0.00 :
K 074 076 089 080 008
Ca 2% 260 2,00 Bu 07
Ti 021 021 031 024 006
Cr 0.00 0.00 0.00 0.00 ,
Mn 401 408 4.5 18 0
Fe 510 573 206 430 1%
\ 000 0.00 0.00 0.00 ,
Cu 3% 313 339 330 015
n 000 000 0.00 0.0 :
iy 118 1% 161 18 0B
Cs 0.00 000 0.00 0.00 :
Table J83 Experiment 5% wt of element of No.6 slag
(Limestone/AECE+SICE = 0.95) 2ndspecimen
Element TcWeight
1 2 3 AV D
c 987 1062 1007 10, 0.39
0 30,92 a4l 135 203 462
Na 0.00 000 0.00 0.00 :
e 024 029 032 08 00
A 418 374 401 38 02
§ 13 857 10.90 027 149
P 000 000 0.00 0.00 ,
020 019 0.6 02 00
Cl 0.00 000 0.00 0.00 ,
K 087 068 0.6 074 0L
Ca 331 1927 1991 08 20
Ti 020 016 022 019 003
Cr 000 000 0.0 000 :
Mn 403 361 436 00 0%
Fe 063 1382 0.74 506 758
i 0.00 000 0.00 0.00 ,
Cu 351 313 323 39 0
In 000 000 0.00 0.00 :
2t 170 118 L7 6 0w

Cs 0.00 0.00 0.00 0.00



Table J84 Experiment 5% wt of element of No.6 slag

(Limestone/Alzo s +Sir» = 0.95) 3rlspecimen

Element
C

1
9.65
42.24
0.00
0.30
399
10.86
0.00
0.28
0.00
0.73
20.52
0.23
0.00
520
107
0.00
298
0.00
1%
0.00

2
1051
4743
0.00
0.35
398
10.74
0.00
0.23
0.00
0.54
16.60
0.15
0.00
399
0.39
0.00
337
0.00
211
0.00

"l<\Weight
39

8.74
439
0.00
0.30
389
11.10
0.00
0.25
0.00
0.79
2022
0.23
0.00
470
047
0.00
390
0.00
18
0.00

Avg
9.6
4454
0.00
0.32
39
1090
0.00
0.25
0.00
0.69
9.1
0.20
0.00
450
0.64
0.00
328
0.00
197
0.00

Table J85 Experiment 5% wt of element of No.7 iron nugget
(Limestone/Al2Cs+Sio2 = 1.05) 14 specimen

Element

C
0
Na

126
22.30
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.23
1621
0.00
0.00
0.00
0.00
0.00

"l\Weight
39

0.85
17.29
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
81.86
0.00
0.00
0.00
0.00
0.00

Av

16.39
0.00
0.00
0.00
0.08
0.00
0.00
0.00
0.03
0.12
0.00
0.00
0.19
81.30
0.00
0.00
0.00
0.02
0.00

D
089
264
003
0.0
0.18
003
013
218
0.05
082
037
027

0.13

D
145
6.40

0.13

1%



Table J86 Experiment 5 % wt of element of No.7 iron nugget
(Limestone/Alzos+Sk» = 1.05) 2rlspecimen

Element

C
0
Na

r
Cs

1
425
2023
0.00
0.00
0.9
0.92
0.00
0.00
0.00
0.00
139
0.00
0.00
0.62
12.04
0.00
0.00
0.00
0.00
0.00

2
265
2518
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.78
71.39
0.00
0.00
0.00
0.00
0.00

T«Weight
39

1%
27,13
0.00
0.00
0.19
0.49
0.00
0.00
0.00
0.00
0.80
0.00
0.00
051
69.32
0.00
0.00
0.00
0.00
0.00

Av%
28
24.18
0.00
0.00
0.25
047
0.00
0.00
0.00
0.00
0.73
0.00
0.00
0.64
70.92
0.00
0.00
0.00
0.00
0.00

Table J87 Experiment 5 % wt of element of No.7 iron nugget
(Limestone/AbCE+SiCh = 1.05) 3 specimen

Element

C
0
Na

1

131
2591
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.20
12.52
0.00
000
0.00
0.00
0.00

2
2,08
26.63
0.00
0.00
0.00
0.15
0.00
0.00
0.00
0.00
0.40
0.00
0.00
0.40
70.34
0.00
0.00
0.00
0.00
0.00

TWeight

3
0.63
35.78
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.14
0.00
0.00
0.00
0.22
63.23
0.00
0.00
0.00
0.00
0.00

Av
%!
29.44
0.00
0.00
0.00
0.05
0.00
0.00
0.00
0.05
013
0.00
0.00
0.29
68.70
0.00
0.00
0.00
0.00
0.00

D
1.36
3.5

0.70

0.14
14

137



Table J88 Experiment 5% wt of element of No. 7 slag
(Limestone/AI2) 3+Si02 = 1.05) 1% specimen

Element %Wei39ht
1 2 Avg SD
C 758 6.67 1 74 046
0 40,85 41,02 40,65 4084 0.19
Na 0.00 0.00 0.00 0.00 i
“['\% 029 030 028 029 001
_ 403 405 409 406 003
Si 115 18 11.80 1172 017
D 0.00 0.00 0.00 0.00 !
03 025 0.24 0.24 001
a 0.00 0.00 0.00 0.00 ;
K 073 072 0.69 071 0.02
Ca 223 24,3 24,35 231 007
Ti 0.24 0.30 028 027 003
Cr 0.00 0.00 0.00 0.00 )
Mn 415 407 410 411 0.04
Fe 169 175 180 175 0.06
i 0.00 0.00 0.00 0.00 )
o 305 334 321 320 0.15
2n 0.00 0.00 0.00 0.00 ]
i 139 134 138 137 003
Cs 000 0.00 0.00 0.00 }
Table J89 Experiment 5% wt of element of No.7 slag
(Limestone/Al203+Si02= 1.05) 2nspecimen
Element %Weight
1 2 3 Avg SD
C 961 1056 728 01 169
0 01 4039 4314 4188 139
Na 0.00 0.00 0.00 0.00 )
MP 043 042 0,49 045 0.04
A 426 433 467 442 0.2
Si 071 1062 11.16 1083 029
P 0.00 0,00 0.00 0.00 :
0.00 0,00 0.00 0.00
a 0.00 0.00 0.00 0.00 :
K 051 061 050 054 0.06
Ca 287 2329 23,37 218 027
T 017 0.14 0.14 0.45 002
Cr 0.00 0.00 0.00 0,00 )
M 407 405 404 405 002
Fe 164 179 18 17 0.10
Ni 0.00 0.00 0.00 0.00 ]
Cu 257 274 240 257 017
2n 0.00 0.00 0.00 0.00 ]

Zr 1.04 107 101 104 0.03
Cs 0.00 0.00 0.00 0.00 -



Table J90 Experiment 5% wt of element of No.7 slag

(Limestone/Al s +Si» = 1.05) 3rdspecimen
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J.14 Experiment 6

Table J91 Experiment 6 % wt of element of No. Liron nugget 1s specimen
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Table J92 Experiment 6 % wt of element of No. Liron nugget 2rdspecimen
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Table J93 Experiment 6 % wt of element of No.| iron nugget 3rdspecimen
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Table J93 Experiment 6 % wt of element of No.| slag 1 specimen
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Table J94 Experiment 6 % wt of element of No.| slag 2rt specimen
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Table J95 Experiment 6 % wt of element of No. 1slag 3rd specimen
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Table J96 Experiment 6 % wt of element 0f No.2 iron nugget 14 specimen
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Table J97 Experiment 6 % wt of element of No.2 iron nugget 2nd specimen
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Table J98 Experiment 6% wt of element of No.2 iron nugget 3rdspecimen
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Table J99 Experiment 6 %wt of element of No.2 slag 1% specimen
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Table J100 Experiment 6 % wt of element of No.2 slag 2rd specimen

Element "l\eioht
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Table J101 Experiment 6 % wt of element of No.2 slag 3rdspecimen
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Table J102 Experiment 6 % wt of element of No.3 iron nugget 1 specimen
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Table J103 Experiment 6 % wt of element of No. 3 iron nugget 2rdspecimen
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Table J104 Experiment 6 % wt of element of No.3 iron nugget 3rdspecimen
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Table J105 Experiment 6 % wt of element of No.3 slag 14 specimen

Element %\Weight
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Table J106 Experiment 6 % wt of element of No.3 slag 2rdspecimen
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Table J107 Experiment 6 % wt of element of No.3 slag 3rdspecimen
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J.2 X-Ray Fluorescence (XRF)

Samples were characterized for wt % of elements by XRF (PANalytical,
model AXIOS PW4400). The samples were mixed with boric acid in the pan and
compressed at 6,000 psi for 2 minutes. The specimens were clamped on a holder and
placed into a chamber. The XRF spectrometer measures the individual component
wavelengths of the fluorescent emission produced by a sample when irradiated with
X-1ays.

J2.1 Experiment 3

Table J108 Experiment 3 XRF characterization of product No. 1

4132012 5:07:29 PM PNl

Quantification of sample Exp 3-1
L _ SMiefore ’Qorma\tzat on? OL%
Corr %trl%we% wd%rﬁecsw §6 _ _
| - %@gm & %BES

|st' .
Resufts tcfa@ %sea Slﬁ c({program files) panalytlcal\supem userdata

EIement Cone.

¥

0

R
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Table J109 Experiment 3 XRF characterization of product No.2

4/3/2012 5:08:18 PM ANyt
Quantification of sample Exp 3-2

---------- - RMS: 0000 . -

Rff0|re nwwujfeaSon: 118%" 327
Omwd sa to: ~ *

Corr&c(§10~~~~ﬁe(iS fﬁjﬂeé le @é‘%g ) R

Re It ?p tab e utine
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------ Element C one.
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Table J110 Experiment 3 XRF characterization of product No.3

4132012 5:09:26 PM :
PANalytical

Quantification ofsample Exp 3-3
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Table Jill Experiment 3 XRF characterization of product No.4

4/3/2012 5:10:01 PM PANaltic

Quantification of sample Exp 3-4

Sum before ’qorma Eat o% Bog 8/0
Corr(e:ctlon élledg orﬁgedw !
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J.2.2 Experiment 4

Table J112 Experiment 4 XRF characterization of product No. 1

3/15/2012 12:40:53 PM .
PANalytical

Quantification of sample 4-1M

RM.S.: 0.000
Sum before norma lzaHon: 11.3%
Normaljsed to:  100.0%
Sam eA e: Solid
| Corrgction apghed[or m: o
Correctm %? ied for film:
0 é)un list; OXIDES
esu Its'database: r(\utme . .
Results database In; c:\program files\panalytjcal\superg\userdata |

Element Cone.

0

1 S f?

2 8 1 042
3 3139
4 Na 08114
5 M 3127
b r\@ 0.3494
I 1.423
8 Fe 5144
9 CQu 179
10 Ca 540
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Table J113 Experiment 4 XRF characterization of product No.2

3/15/20126:51:50 PM .
PANalylica!

Quantification of sample 4-2M

RIMIS.:
Sum before normaljzation:
Normat,sed to:  100. 0%

Sample type:  Solid
Correctmn apﬁlled [Ioerd%omm No:1e

orrectlo acog oy ||st: OXIDES

Reut tabase: routine .
Resufts atabase In: c:\program files\panalytical\superq\userdata

Element Cone.

1T 03777
2 8 1,502
3 29.45
4 Na 4358
5 M Trle
o6 Fe 4408
[ Cu 3103
§ Cr 0259
9 Ca 9160
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Table J114 Experiment 4 XRF characterization of product No.3

3/15/2012 6:52:58 PM :
PANalytical

Quantification of sample 4-3M
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Table J115 Experiment 4 XRF characterization of product No.4

3/15/2012 6:53:50 PM

MS.: 0,000

Sum before normalization: 10.6%
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e
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3/15/2012 6:54:57 PM

Correct|on ap

Table J116 Experiment 4 XRF characterization of product No.5

PANalytical
Quantification of sample 4-5m

Sum before norma };aMO%E 970(1]00/
ﬂorma%setj {0’ 10'0.08A>
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3/15/20126:55:38 PM

J.2.3 Experiment5

Table J117 Experiment 5 XRF characterization of product No. 1

_ PANalytical
Quantification of sample 5-1M

Sum before norma '?al\t/lgng 0
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Table J118 Experiment 5 XRF characterization of product No.2

3/15/2012 6:56:35 PM
PANalytical

Quantification of sample 5-2M

RMS: 0000
oo el 13,
Sam eé €. ﬁlohd
skl | i
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Table J119 Experiment 5 XRF characterization of product No.3

3/15/20126:57:19 PM .
PANalyticai

Quantification of sample 5-3M

Sum before norma lzat on %
Norma ,se &M%

mple type:
Correct|on ap Iledﬁ)r% ém) . No
Core %°£me§ Nt IJS‘%—cN&”BEs
ta ase:  routine

Resufts atabase In: c program-fitesyanatyticatisuperqiuserctata

Element Co One

1 T o
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8 0./652

4 31.20
5o Na 2060
6 M 3381
I !\/Kq 0.3479
8 1.736
9 Ee 54,39
10 u 1560
I  Cr 01184
2 Ca 2206



Table J120 Experiment 5 XRF characterization of product No.4

3/15/2012 6:57:58 PM
PANalyticai

Quantification ofsample 5-4M
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Table J121 Experiment 5 XRF characterization of product No.5

3/15/2012 6:58:37 PM .
PANalytical

Quantification of sample 5-5M



Table J122 Experiment 5 XRF characterization of product No.6

3/15/2012 6:59:28 PM :
RANaSytieal

Quantification of sample 5-6M

RM.S.: 0.000
Sum before norma lzaton: 173% I
Norma se ; %80 %

+ Solid

[Correchon ap ||edrorﬁ2 L{): No J
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I ~ Results (}ata asesln: cAprogramf||es\pana|yt|cal supferqluserdata |

Element Cone.

1 S 1%5
2 8 0./105
3 28.69
4 M 2314
g Né} 0.2362
0.2211

g Fe 4403
Qu 1243

9 C 01108
10 Ca 03889
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Table J123 Experiment 5 XRF characterization of product No.7

3/15/2012 7:00:00 PM :
PANalytical

Quantification of sample 5-7M

. M.S.:
i Sum beforenonmaEaMon %W/o
Norma sedto; TO dp%

. Correction apﬁhedsror R?SMS No
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J.2.4 Experiment 6

Table J124 Experiment 6 XRF characterization of product No. 1

4/3/2012 5:10:33 PM oANAMicA

Quantification of sample Exp 6-1
000,
Normalised to: &(%05/0
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Table J125 Experiment 6 XRF characterization of product No.2

4/3/2012 5:11:31 PM .
PANalytical

Quantification of sample Exp 6-2

RMS.: 0.
Sum before normallzatflon: 14.5%
Normalised to:  1000%
. . oam eé e: Solid
Correction apﬁhed or medium:  No
Correctio %%J led for |m: None
Used mpéjung Ist:  OXIDES

ePuIt tanase: r%ut|ne . .

Results database In: c:\program files\panalyticaf\superq\userdata
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Table J126 Experiment 6 XRF characterization of product No.3

43201251206V
Quantif |cat|0n 0 sample Exp 6-3
Sumbeforelk A>
Oor%l%
J
“Results database in: a%amﬁm[ﬁmlwml\im(]\ Ser(hta
BHement Cone

eent

] o

g |
i

From the XRE results, the results contain an error because the sample for

XRF must be a smooth surface. The iron nuggets contain a rough surface that effects
to the reflection of fluorescence.
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J.3 Particle Size Analyzer (PSA)

Samples were characterized for size of diameter sizes by PSA (Malvern,
Mastersizer X). The Mastersizer X used lenses of 300 mm. The samples were placed

in the Sample Presentation Unit (SPU) and dispersed in water. The water was used as
amedium containing particles visible to the cell window.
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Figure J1 PSA reference of XK-03, run number 1
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Figure J2 PSA reference of XK-03, run number 2
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J.32 FIRST Coal
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Sample 10. FIRST Coal Run Number*20613'%
Sample File: SARUN-01 Record Number: 13

Sample Path: C 1812ERX\DATA15TUDENT\ANUVAT\
Sample Notes:

System Details
Range Laos: 300 mm Beam Length: 2

presentation 2 [Particle R1. *(15295 0.1000):  DispersantR.l. «’f

Analysis Model Polydlsperse
Modifications: None

Result Statistics

Measured: TueJul 12 2011 10:56AM
sed: Tue Jul 12 2011 10:56AM
Result Source; Analysed

Anal

Sampler: MS17
3300)

Distribution Type: Volume Concentratlon* 0.2880 %Vol ~ Density = 1G00g / cub. cm

Mean Diameters: 0.1 71.68 un D(v,05)- 408 70un
D[4.3]- 376.53 um D 3, 2 - r 10404 um Sp(an =f.187E+00
Size L00\év0( ) 0“600 Size H1ig3h2(um) Unge&S/o Sizeé_gvzls(um) %
. | / . 0.58
132 0.00 160 0.00 3101 0.62
60 0.00 195 0.00 3779 076
1.95 000 238 0.00 46.03 098
2.38 0.00 2,90 000 56 09 119
2.90 0.00 3.53 0.00 68 33 123
353 0.00 430 001 0.90
4.30 0.65 524 0.65 101.44 0.18
5.24 069 639 1.34 12359 000
6.39 069 778 2.03 15057 0.00
778 0.54 9.48 257 183.44 195
9.43 053 11.55 3.15 22351 5.48
1155 057 14.08 371 27231 10.94
14 08 061 17.15 4.32 33177 18.34
17.15 062 20.90 4.95 404.21 24.94
20.90 061 25.46 556 49247 2635
0 Volume (%)
10
1
001 10

Particlél%(?ameter (pm,)

Ma|vern IWrumems Ltd, s Mﬁshersiéerlx,\\/l//e_\rl_go%)%zz
Tel:=+44) (0)1684-892456 Fax +[44] (0)1684-892789 el umber

Figure J13 PSA reference of FIRST coal, run number 3
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Obscuration: 18,7 %

Residual:

5425%

Specific S.A. = 0.0577sq mtg

D(V,0,9)- 556,70 um
Uniformity - 2984E-01
Size High (um) Under%
3101 6:14
31.79 676
4603 753
56.09 851
6833 9.70
83.26 10.92
101.44 11.83
12359
150:57 12.0
183.44 12.02
22351 13.97
212.31 1547
33177 30.38
404.21 48.74
492.47 73.65
600.00 100.00
100
90
80
| 70
60
1 50
/ 10
f 30
2
10

21in20



Resuit: Aralysis Rt

Sample ID; FIRST Coal un Number: 4
Sample File: SARUN-01 ecord Number: 14
E%BF Path: C tSGERX\DATA\STUDENT\ANUVATV

System Details
Rar,9eLe0S 300 mm Beam Len%h 240 m

(Particle R
Analy3|sM0del Potydisperse
Modifications: None

Result Statistics

Distribution Type: Volume Concentration = 0.1988 %Vol ~ Density = 1.000
Mean Diameters 0 V.0.1)=_5605um (v.0. f- 389.8
D(4.3]= 358.16 um D(3.2]= 73.50um Span = 1262E+00
Size Low(um) % Size HigSh (um)  Under% Size Low (um)
0.50 000 132 0.00 2546
132 00 1.60 0.00 3101
1.60 0.00 1.95 000 3179
195 0.00 2.38 0-01 46.03
2.38 0.92 2.90 0.92 56.09
2.90 044 353 1.36 68.33
353 0.23 430 159 83.26
4.30 0.23 524 182 101 44
524 0.33 639 2.15 123 59
639 044 778 2.59 150,57
778 048 9.48 3.08 13344
949 0.54 11.55 3.62 22351
11.55 0.60 - 14,08 4.23 212.31
1408 0.68 17.15 491 33177
17.15 073 20.90 563 404.21
2090 073 25.46 6.36 492.47
A Volume (%)
10
Particle Diameter (om.)
alvern Insgruments Ltd Mastersizef X Ver. 2.18
Mﬁll W SeneﬂNumzber MAL300122

Te *{44] (0)1684-892456 Fax:+f44j (0)1684*892789

Sam
(1. 5295 0.1000);  Dispersant Rt."

Measured; TueJul 122011 10:57AM
sed. TueJul 12 2011 10:57AM
Result Souto: Analysed

Anal){

ler
"Fiin)

%/cub cm

100

Figure J14 PSA reference of FIRST coal, run number 4.

MS17

Obscuration:

Residual

162

18 9%
4 549%

Specifics;A. = 0.0816 sg.m /g

D(v, 092 548 11 um
Umformly» 3.260E-01
Size High (um) Under%
3101 708
3779 785
46.03 8.80
56.09 10.00
68.33 11.44
83.26 12.88
101 44 1391
12359 14.16
15057 14.16
18344 14,53
22351 17.10
212.31 23.38
33177 35.14
40421 53.95
49247 71.67
600.00 100.00
100
A 90
j 80
10
60
I
j 50
1 40
1 30
i 20
10

1m0

pu



Sample Details
Sample ID: FIRST Coal Run Number
Sample nie SARUN-01 ecord Number: 15
Sample Path: C: SSIZERXVDATA\STUDENT\ANUVATS
Semple Notes:

System Details
Range L"ns: 300 mm Beam Len%th: 2.40mm
Presentation: 2QHD IParticte RJ = ( 1.5295. 0.1000), DispersantRI
Analysis Model: Polydisperse
Modifications' None

Result Statistics

Measured TueJ%I 122011 10:57AM

Analysed: Tue Jul 12 2011 10:58AM

Result Source. Analysed

ler: MS17
Pioy

Distribution Type: Volume Concentration = 0.2129 %Vol Den5|ty° 1000 cub cm

Mean Diameters: D(v.0.1)* 61.27 um D (V.0 f
D (4 3}= 37113 um D(3,2]= 7765um Span = 222E+00
Size low tum) % Size High (um) Under% Size low (um)
050 000 132 0.00 2546
132 0.00 1.60 0.00 3101
1.60 000 195 000 37179
19 000 2.38 001 4603
2.38 087 290 086 5609
290 041 353 128 68 33
353 022 430 150 83 26
430 021 524 171 10144
524 031 639 202 12159
639 042 778 244 15057
7.78 045 948 2.89 18344
9.48 051 11.55 340 22351
11.55 057 . 14.08 397 21231
14.08 064 17.15 461 33117
17.15 069 20.90 531 404 21
2090 0.69 25.46 6.00 49247
0
20 Volume (%)
10
01 p v 1y
Particle Diameter (pm )
Malvern Instruments Ltd. stercizer X Ver. 2.18
SeMa%Nu éer: MAL300122

Tel:v+{44} (0)1684-892456 Fax:+(44] (0)1684-892789

Figure J15 PSA reference of FIRST coal, run number 5.

™

183

Obscuration: 19.2%

Residual:

4696 %

SpecmcSA = 00773 $¢. m

D(v.09)= 55650
Uniformity = 3.113E- 01
Size High (um) Under%
3101 6.69
31.79 142
4603 83l
56.09 9.43
6833 1074
8326 12.06
10144 1301
12159 1324
15057 1325
18344 1334
22351 1537
21231 2091
BT 3176
404 21 4969
492.47 73 90
600 00 100 00
10(
1 90
60
' 50
40
1
/ Kl
20
[
10
10000 0

RULDEB



Resuit: ArelySis

.Sample Details

Sample ID: FIRST Coal Run Number:

Sample File; Record Number 16
Sample Path C\SIZERX\DATA\STUDENT\ANUVAT\
Sample Notes

System Details
Sampler MS17

Range Lens: 300 mm )
Dispersant R.I. * 13300]

Presentation: 20HD
Analysis Model: Polydisperse
Maodifications: None

Beam Lengéh 240m
{Particle R 15295 0.1000),

Result Statistics

Distribution Type: Volume Concentration : 0.2556 %Voi  Density = 1.000¢ /cub cm
Mean Diameters: D(v.0.1)= 59.49 um D(v,05) = 392‘89 um
D {4 3]= 36146 um D[3,2]= 90.03um Span  1.241E+00
Size Low (um) % Size High (um)  Under% Size Low (um) %
050 000 132 000 2546 0.63
132 000 160 0.00 3101 0.69
160 0.00 195 0.00 31.79 088
1.95 0.00 2.38 0.00 46.03 115
2.38 000 2.90 0.00 56.09 139
2.90 000 353 000 6833 140
353 000 430 001 8326 0.92
430 1.06 52 105 101.44 0.00
524 090 6.39 196 12359 0.00
6.39 0.80 7.78 2.76 15057 011
778 050 9.48 326 183 44 2.35
9.48 057 1155 383 22351 6 13
11.55 0.54 14.08 437 212.31 1194
14.08 0.61 17.15 498 33177 1963
17.15 0.64 20.90 561 404.21 274
20.90 064 25.46 6.25 49247 21.79
0
2 Volume (%) 3
10
%0.1 1 A 1O
: n . 0
Paticlé Dlameter (pm,)

Mastersizer X Ver. 2.18

Matoem Instruments Ltd. |
Serial Number: MAL500122

Tel:=+(44] (0) 1684-892456 Fax:+[44] (0)1684-892769

Figure J16 PSA reference of FIRST coal, run number 6.

184

Measured: Tue Jul 12 2011 10.58AM
Anal;{sed: TueJul 12 2011 10 58AM
Result Source: Analysed

Obscuration. 19 2%

Residual:
specific S.A. = 00666
9) = 546.15u

Umformny 3.147E- 01
Size ?lgh (um) U

1000.0

4913%
sq.m/g

nder%
6

70

60

40
30
20

10

ALY



Resuit: Aralysis Report

Sample Details

Sample ID; FIRST Coal Run Number,
Sample Fite: SARUN- Record Number 17
Sample Path C‘VSIZERX\DATA\STUDENT\ANUVAT\

Sample Notes

Range Lens: 300 mm
Presentation: 20HD
Analysis Model: Polydisperse
Modifications: Nono

(Particle R.

Beam Len%th: 240 mm
2(11,5295. 0.1000):

System Details

Result Statistics
039 %Vol  Density = 1.000
m D(v. 0.5)= 396
Span = 1.254E+00

Distribution Type; Volume Concentration - 0.2
Mean Diameters: D(v.0.1)3_55.95u
D[4 3= 362.82um DE3 2= 73.77um
Size Low (um) % Size High (um)
050 600 132
132 GO0 160
160 000 195
195 000 238
2.38 092 290
2.90 043 3.53
353 023 430
430 0.23 524
5.24 0.34 6.39
6.39 044 7.78
778 049 9.48
9.48 055 11.55
11.55 Cél - 14.08
1408 0.68 17.15
17.15 0.73 2090
2090 073 25.46
20
10
1
01 10" vV

Ma’vern Iméruments Ltd.
Tel:=+{44} (0)1684-892456 Fax + (44) (0)1684-892789

Under% Size Low (um)
000 2546
000 3101
0.00 3719
001 4603
091 56.09
135 6833
158 83 26
181 101.44
2.14 12359
2.59 150,57
3.08 18344
363 22351
424 27231
4.92 33177
5.65 40421
6.37 492.47

Volume (%)

Particle Diameter (pm)

Serla Sl\leurrsr{ eeerV rL%OﬁZZ

i

) Sampler MS17
Dispersant R.I. « 13300}

185

Measured: Tue Jui 12 2011 10:58AM
Analysed, Tue Jul12 2011 10 58AM
Result Source: Analysed

Obscuration: 19.3 %

Residual: 4.562 %

fcub. cm Specific S.A. = 00813 sg.m
7um D(V.0.9) = 552.65 um
Uniformity = 3.238E-01

% Size High (um) Under%
072 3101 709
078 3119 181
095 46 03 8.82
119 56 09 1002
140 68 33 1na
140 83 26 1282
101 101.44 1383
026 12359 14,09
0.00 150.57 14.09
028 183 44 1438
233 22351 1672
594 21231 22.68
1131 33177 3397
18.17 404.21 52 16
2310 492.47 75 83
2417 600 00 100.00

]

80

10

60

50

40

30

2

! 1
1000 ©

AL

Figure J17 PSA reference of FIRST coal, run number 7,



Result: Avelyais Report

Sample Details

Sample ID: FIRSTCoaI Run Number:

Sample File: S -01 Record Numher 18
gamp{e ’F\’lath C \SI2ERX\DATAISTUDENT\ANUVAT\

ample

System Details
Range Lens: 300 mm Beam Length
Presentation 20HD [Particle R.I. * (15295 0.1000). DlspersamRI
Analysis Model' Polydispetse
Maodifications: None

Distribution Type Volume Concentration = 0.2572 %Vol ~ Density = 1.000
Mean Diameters; D(v,0.1)= 6001 um D(V.05)= 400 %
D (4,3]= 366 64 um D{3.2] = 9053um Span * f,235E+00
Size Low (um) % Size High (um) ~ Under% Size Low (um)
050 0.00 132 000 25.46
132 0.00 1.60 0.00 3101
160 0.00 1.95 000 3719
195 00 2.38 0.00 46.03
238 000 2.90 0.00 56.09
290 000 3.53 0.00 68.33
353 000 4.30 001 83.26
430 1.05 5.24 104 101 44
524 090 639 194 12359
639 080 7.78 2.74 150 57
778 050 948 324 183 44
948 056 1155 381 223 51
11.55 053 14.08 434 27231
1408 0.60 17.15 494 33177
1715 063 20.90 5.57 404.21
20.90 064 2546 622 492 47
YA Volume (%)
10
01 A
Particle Diameter (pm.)
MWNMWmmmGW Mastersizer X Ver. 2 18
emn Serial Number. MAL300122

alvi
Tel *+f44] (0)1684-892456 Fax *(44] (0)1684-892789

186

Measured' Tue Jul 12 2011 10.59AM
AnaI{sed: Tue Jul 12 2011 10 59AM
Result Source. Analysed

. M$17

" 3300]

fcub. cm

Figure J18 PSA reference of FIRST coal, run number 8

Obscuration 19.3%

Residual

4.748 %

Specific S.A. = 00663 sq m/g
D (v, 0.9) « 554.04 um
Uniformity = 3.173E-01

Size ngh (um)

3779

10000

Under%
6

80
70
60
50
40

30

20
10

o

AL



Resuit: Avalysis Ryt

Sample ID: FIRST Coal Run
Sample Ella: SARUN
Sample Path: C: 1SlZERX\DATA\STUDENT\ANUVAT\

Sample Notes.

Range Lens; 300 mm
Presentation; 20HD

Analysis Model. Polydisperse
Modifications: None

Beam Length: 2.40 mm
(Particle R'1. = ( 1.5295. 0.1000),

NumteT* 10613115

Record Number 20

System Details

Result Statistics

187

Measured Tue Jut 12 2011 10 59AM

Analysed: Tue Jul 12 2011 10:59AM
Result Source: Analysed

Sampler; MS17
Dispersant R.J. =1 3300]

Distribution Type: Volume Concentrate = 0.2678 %Vol ~ Density = 1.000g/ cub. cm
Mean Diameters: D(v.0.1)« 66.34 um (v,0.5f= 399 88 um
D[4.3)= 368 75um D320 9517um Span's 1214E+00
Size Low( ) % Size High (um) Under% Size Low (um)
0.50 0.00 1.32 0.00 2546
132 0.00 1.60 0.00 3101
160 0.00 1.95 000 3779
1.95 0.00 238 000 4603
238 000 2.90 0.00 56.09
2.90 000 353 000 68.33
353 000 4.30 001 83.26
430 0.98 5.24 098 101.44
5.24 0.84 639 182 12359
639 0.75 7.8 257 15057
7,78 047 948 3.04 183.44
9.48 0.53 11.55 3.57 22351
11.55 0.50 14.08 407 27231
14.08 057 17.15 4.64 33177
17.15 059 2090 5.23 404.21
2090 059 25.46 5.82 492.47
Al Volume (%)
10
1
%1 10 L
Particle Diameter (jim.)
noil'll'Blrument* t- Mastersizer X Ver. 2 18

Tel =+{44] (0)1684-892456 Fax:4(44] (0)1684-892789

Figure J19 PSA reference of FIRST coal, run number 9.

Senal Number: MAL300122

Obscuration: 19.1 %

Residual:

4.841 %

Specific SA. = 00630 sq.mfg
D(v.0.9)=
Uniformity = 3.074E- 01

551.63 u

Size High (um) Under%
3101 6.41
3779 1.05
46.03 786
56.09 891
6833 1020
83 26 11.52
101 44 12.45
12359 12.57
150 57 12.57
183 44 12.70
22351 14.95
21231 20 62
33177 32.24
40421 51.26
492 47 76 05
600.00 100.00
N 100
A

/ 90

I 80
70

60

| 50
1 40
Kl

t

2

10

10000 0

ALNINAY



188

Reult A Rt

Sample Details

Sample ID: FIRST Coal Run Number Measured: Tue Jul 12 2011 10:59AM
Sample Filer SARU Record Number 20 Analysed Tue Jul 12 2011 10:59AM
Sample Path: C: VSIZERX\DATAISTUDENT\ANUVAT> Resu¥[ Source: Analysed

Sample Notes.

System Details

Range Lens: 3CQ mm Beam Length: 2.40 mm Sampler MS17 Obscuration: 19.1 %
Presentation: 20HD [Particle RJ. :(1.5295. 0.1000);  Dispersant R.l. = 1,3300] )
Analysis Model: Polydisperse Residual: 4.841 %

Modifications; None

) Result Statistics
Distribution Type: Volume Concentration ~ 0.2678 %Vol ~ Density = 1.000g/cub. em  Specific LA : 00630sq.m /g

Mean Diameters: D v.0.1)* 6634um D(v‘olsf* 399.88 um D(v. 0.9)- 551,63 um
D[4 3]- 368.75 um D[3.2]= 95.17um Span = 1.214E+00 Uniformity = 3.074E-01
Size Nigh turn) ~ Un Size Low (um) % Size High (um) Under%
050 1.32 25.46 0.59 31.01 6.41
132 1.60 31.01 0.64 3779 705
150 1.95 371.79 081 46.03 786
. 95 2.38 4603 1.06 56.09 8.91
238 2.90 56 09 129 6833 1020
2-90 3.53 68.33 1.32 8326 1152
353 430 83.26 10144 12.45
430 098 524 0.98 101.44 12359 12.57
5.24 0.84 639 182 12359 150 57 12.57
639 0.75 7.78 2.57 15057 0.13 183 44 12.70
7.78 047 9.48 3,04 183.44 2.24 22351 14.95
9,48 0.53 11.55 357 22351 5.86 27231 20 82
I1.55 0.50 14.08 4,07 27231 I1.45 33177 32-24
14.08 057 17.15 464 33177 19.00 40421 51.26
17.15 059 2090 5.23 404.21 24.83 492.47 76.05
2090 059 25.46 5.82 492.47 2394 600.00 100.00
N Volume {%) 00
- 90
80
70
60
10 11 50
40
30
|
i" 20
10
H!
01 1a o) 000 °
Particle iameter (um.)
Malvem Instruments Ltd stersizer X Ver. 2 18 ]2] m
Serhfla?Numéer: MAL300122 :Q:Q

Tel =+(44] (0)1684-892456 Fax.4(44) (0)1684-892789

Figure J20 PSA reference of FIRST coal, run number 10,



J.3.3 Dhebkaset Bentonite

Resuit: Aralysis Repot

Sample Details

Sample ID: Bentonite Run Number: * 1 Measured: Tue Jul 12 2011 11:04AM
Sample File: SARUN-%l Record Number: 21 Analysed: Tue Jul 12 2011 11:04AM
Sample Path: C:\SIZERX\DATA\STUDENT\ANUVATA Result Source: Analysed

Sample Notes;

System Details

Range Lens; 300 mm Beam Length. 2.40 mm . Sam{)ler: MS17 Obscuration: 16 7%
Presentation 20HD [Particle R™. e (15295. 01000), DispersantR.l. = 133 0] )
Analysis Model: Polydisperse Residual: 0.732 %

Modifications. None

N . Result Statistics
Distribution Type: Volume Concentration = 00082 %Vol ~ Density = 1‘0009/cub. cm Specific SA « 16472 5q. mi<
= D(v.0.9)= 276.41 um

189

Mean Diameters: D(v,01)= 158um D (v, 0‘5) = 6.07um .
D(4.31* 58.35um D(3.2)= 3.64um Span =4.529E+01 Uniformity = 9.210E+00
Size Low (um) % Size High (um) Under% Size Low (um) % Size High (um) Under%
050 3.03 132 3.05 25.46 219 3101 1538
132 764 1.60 1069 3101 1.90 3119 1729
1.60 9.99 1.95 20.66 31.79 180 4603 79.09
1.95 9.55 2.38 30.2L 4603 172 56 09 80 80
2.38 121 2.90 341 5609 145 68.33 8225
2.90 469 3.53 42.16 68.33 0.93 83.18
3.53 2.99 4.30 45.15 83.26 30 101.44 83.48
430 259 5.24 4774 101 44 0.00 12359 8349
524 3.5 6.39 50.89 12359 0.00 150,57 83.49
6.39 375 718 54.64 150.57 053 183.44 84 02
7.78 369 9.48 58 33 18344 194 22351 8596
9.43 334 1155 61.67 22351 369 271231 89 66
1155 306 14.08 64.72 271231 499 33117 94 65
14.08 297 17.15 7.69 33177 4.32 404 21 98.95
17.15 2.90 20.90 7059 404.21 04 492 47 100.00
20.30 261 2546 73.19 49247 0.00 600.00 100.00
0
20 Volume (%) 100
90
80
10
60
10 50
E 40
30
|
10
Opg N 10000 O
Particle Diameter (jm)
Inst ts Ltd. Mastersizer X Ver 2.18
Melvern |gtruments Serial Number MAL300122 JAA HINASS

MWDy 1664-892456 Faxc+[a (0)1684-892780

Figure J21 PSA reference of Dhebkaset Bentonite, run number



Resuit: Arelysis Repart

Sample Details

190

Sample D: Bentonite Run Number: = 2 Measured: Tue Jul 12 2011 11:05AM
Sample File SARUN-01 Record Number 22 Analysed Tue Jul 12 2011 11 05AM
Sample Path: ¢ \SIZERX\DATA\STUDENTIANUVAT Result Source; Analysed

Sample Notes;

System Details

Range Lens. 300 mm Beam Length: 2.40 mm ) Sampler, MS17 Obscuration: 16.1 %
Presentation; 20H0 [Particle R~l. = (2.5295. 0.1000).  Dispersant R  13300] .
Analysis Model: Polydisperse Residual  0.816%
Maodifications: None
N . Result Statistics
Distribution Type: Volume Concentration = 0.0072 %Voi ~ Density = 1.0003/cub. cm specific SA = 18268 sq m
Mean Diameters: D(v,0.1) 149 um D(V‘Osg» 542 um D ,0.92| 27508 um
[4 3= 5741 un 3,2]= 328um Span =5 049E+01 Uniformity = 1.021E+01
Size Low (um) % Size High (um)  Under% Size Low (um) % Size High (um) ~ Under%
0.50 4,16 132 418 25.46 2.32 3101 1572
132 1.60 1385 3101 194 31.79 71.66
160 1195 19 25.79 31.79 177 46.03 79.44
1.95 10.63 238 36.41 4603 167 56 09 81.11
233 721 290 4362 56 09 144 68.33 82.54
2.90 373 353 4736 68 33 0.98 83.2 83 53
353 151 430 48.87 83 26 0.38 10144 8391
430 090 524 4978 101 44 000 12359 83 91
524 179 639 5157 12359 000 150.57 83 91
639 2.86 778 54.43 150 57 045 18344 84 36
778 3R 9.48 57.75 18344 182 22351 86 18
948 331 11.55 61.06 22351 359 21231 89.77
1155 32 14.08 64.28 21231 491 33177 94 68
14.08 320 1715 67 47 3L 422 404 21 98 88
17.15 313 2090 70.60 404 21 t.10 492 47 10000
2090 280 25 46 7340 492 47 000 600 00 100 00
90
80
10
60
10 50
A 0
[ !
I\ 2
A
// \\ 10
01 0
10 oy TOmA 10000
Particle Diameter (ym,)
Malvern Instruments Ltd stersizer X Ver, 2.18
Serh{la?Num er MAL300122 Mﬂm

TH.CH{44] (0)1684-892456 Fax *[44) (0)1684-892789

Figure J22 PSA reference of Dhebkaset Bentonite, run number 2



Rl Arelyis Reort

gample Details

Sample ID Bentomte Run Num Measured, Tue Jul 12 2011 11.05AM
Sample File: SARU Record Number 23 Analysed. Tue Jul 12 2011 11:05AM
gamplle Pat[h C: \SIZERX\DATAVSTUDENT\ANUVAT\ Resu¥[ Source: Analysed

ample Notes:

System Details

Range Lens; 300 mm Beam Length: 2 ampler, MS17 Obscuration 16 0%

[Particle Rl -(15295 0.10001; DlspersantRI = 13300)

Analysis Model Polydisperse Residual

Modifications' None

Result Statistics

0829%

Distribution Type Volume Concentration = 0.0068 %Vol Densny- 10(3)07% feub. cm gpecificSA = 1.9064sq m /g

Mean Diameters: D(v.0.1)=  L148um 05 255 87 um
D(4,3)= 5119 D[3.2)= 315um Span = 6.860E+01 Uniformity = 1 328E- M31
Size Low (um) % Size High (um)  Under% Size Low (um) % Size High (um) ~ Under%
050 447 132 449 25.46 2.36 A1 71.92
132 1028 1.60 1476 3101 1.94 31.79 7985
160 1262 1.95 21.31 31.79 173 46.03 81 58
195 11 2.38 30.47 46.03 1.60 56.09 83.17
238 740 2.90 4587 56.09 1.35 68 33 84 53
290 3.64 353 49 53 68.33 0.90 83 26 8543
353 1.27 430 50 80 83.26 032 101 44 8575
430 0.63 524 51 44 101 44 0.00 123 59 85.76
52 157 6.39 5300 12359 0.00 150 57 85 76
6.39 283 118 55 83 150.57 042 183 44 86 18
778 34 943 59.24 183 44 171 22351 87.89
948 45 1155 62.69 22351 332 21231 91.21
11.55 337 1408 66 06 21231 44 BL77 95.61
14.08 335 17.15 69 40 BLTT 358 40421 99 18
17.15 326 2090 72.66 404 21 080 492 47 100 00
2090 290 25 46 7555 49247 000 600 00 10000
0
A\ Volume (%) 100
0
80
10
60
10 50
40
K]
20
0
0
01 0o

Particle Diameter (pm.)
Malvern Instruments Ltd Ma'stersi er Xl\\/IIE\rL320(1]8122
Tel:=+{44] (0)1684-892456 Fax +[44] (0)1684-892789 Sena: Number:

Figure J23 PSA reference of Dhebkaset Bentonite, run number 3,

Al



Rl Arelys Repat

Sampli Details

192

Measured: Tue Jut 12 2011 11:06AM

Sample : Bentonite Run Number.
Sample Fite; SéRUN-Ol Record Number: 24 Analysed: Tue Jut 12 2011 11:06AM
Sample Path | tSIZERX\DATA\STUDENT\ANUVAT\ Result Source: Analysed

Sample Notes

System Details
Sampler: MS17

Beam Length: 2.40 mm )
Dispersant R.I. « 13300]

Range Lens: 300 mm 1
{Particle R.l. = ( 15296. 0.1000):

Presentation 20HD
Analysts Model Potydisperse
Modifications: None

Residual

Obscuration: 15.9 %

0886 %

Result tistics
Distribution Type. Volume Concentration = 0.0069 %Vol ~ Density = 1,000 0/cub. cm  Specific S.A. = 1.86565q m /<
Mean Diameters: D(v.01)= 148um D(V. 0.52 5.35 um D(V, 0.92 = 276.52.um
D[4 3= 58.96um Dpi2]= 3.22um Span = 5.143E+01 Uniformity = 1.065E+01
Size Low (um) % Size High (um) Under% Size Low (um) % Size High (um) Under%
050 446 132 449 25 46 222 3101 7532
1.32 1018 1.60 14 66 3101 181 31.79 1
1.60 1244 195 2108 3179 163 46 03 78 76
1.95 10 88 238 319 4603 155 56.09 80 31
2.38 114 2.90 4509 56 09 1.38 68.33 81 68
2.90 33 353 48.49 68 33 098 83.26 82 65
3.53 102 430 4951 83 26 040 101 44 8305
430 ¢4l 52 49.92 101.44 0.00 123 59 83 06
52 134 6.39 51.26 12359 000 150 57 8307
639 266 178 53.92 150 57 061 183.44 8367
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11.55 331 1408 63.92 21231 514 33177 94 76
1408 326 17.15 67.18 33177 42 404 21 98 97
1715 315 20.90 70.33 40421 1.02 49247 100.00
20.90 276 25.46 7309 49247 0.00 600 00 100.00
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Figure J24 PSA reference of Dhebkaset Bentonite, run number 4.
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Sample ID Bentonite

Sample File: SARUN-01
Sample Path C:\SIZERX\DATA\STUDENT\ANUVAT3

Sample Notes:

Range Lens: 300 mm
Presentation:

20HD
Analysis Model: Polydtsperse

Maodifications: None

Distribution Type. Volume

Mean Diameters:
D[4.3]* 64.05um

Size Low (um)

20

O

Mg\\\/lgm I[Iﬁérumems Ltd.

%
8

Rt Aslyss Ryt

Run Number. ~ 5
Record Number 25

System Details
Beam Length: 2.40 mm
[Particle R'1. * (15295. 0.1000).

Result Statistics

193

Measured TueJul 12 2011 11,06AM
Analysed: Tue Jul 122011 11,06AM
Result Source: Analysed

Sampler: MS17
Dtspersant R.l. = 13300]

Concentration ~ 0.0070%v  Density = 1.000 ¢ / cub. cm
D(V.0.1)= 4 um D(v. 0.52= 6.2% um
D@3.2]= 325um Span = 4.714E+01
Size High (um)  Under% Size Low (um)
132 4.50 25 46
160 1465 3101
195 27.00 31.79
238 37.75 4603
290 4472 5609
353 47.95 68 33
430 48.81 83.26
524 49.07 101 44
639 50 26 12359
7.78 52.83 150 57
948 56.09 18344
11 55 59.47 22351
1408 62.78 212.31
17.15 66.06 33117
20.90 6923 40421
25.46 7201 492.47

Volume {%)

Particle Diameter (jjm.)

Mistersi erXver, 2.18
Serial Number MAL300122

Tel.=+{44] (0)1684-892456 Fax:+{44] (0)1684-892789

Obscuration: 15 9%

Residual: 0.896 %
Specific S.A. * 18461 sq. m/(
D(V.0.9) = 293.99 um
Uniformity - 9.994E+00
Size High (um) Under%
3101 422
3179 76 00
46.03 71.61
56 09 79 10
6833 80.62
8326 81 63
10144 82 00
12359 82.01
150.57 82.01
183.44 82 41
22351 84 27
21231 88.05
33177 93 40
404.21 9834
49247 99 99
600.00 100 00
100
90
80
10
60
50
40
30
2
0
0

10000

Figure J25 PSA reference of Dhebkaset Bentonite, run number 5,
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Sample ip; Bentonite
Sample EBo SARUN-OI

Sam

Resut: Avelysis Ryort

Sample Details

Run Number
Record Number 26
Samg g ﬁath C:\SIZERX\DATAISTUDENT\ANUVAT\

System Details

Range Lens: 300 mm Beam Length. 2.40 mm

Presentation: 20HD [Particle R™. = (1.5295. 0.1000);

Analysis Model: Poiydtsperse
Maodifications: None

Distribution Type. Volume Concentration = 00075 %Vol

Mean Diameters: D(V.01)=

D[4,3]= 8145un 93/.2}«

Size Low (um) 1% Size High (um)
0.50 3.98 1.32
1.32 927 160
1.60 1161 1.95
1.95 1040 2.38
238 693 290
290 322 353
353 079 430
430 017 5.24
5.24 1.05 639
6.39 240 778
1.78 310 948
948 322 11.55
11 55 3.15 14.08
1408 309 17.15
1715 298 2090
20 261 25.46

|
10

ajvern I[mruments Ltd.
Tef =+(44] (0)1684-892456 Fax +[44] (0)1684-892789

Figure J26 PSA reference of Dhebkaset Bentonite, run number 6.

Result Statistics

1
13.26 31.01
24.86 3779
35.25 46.03
42.17 56 09
4541 6833
46.20 83.26
46 37 101 44
47 42 123 59
4982 150 57
5292 183 44
56 14 22351
5930 21231
62.39 33177
6537 404.21
67.98 492.47

Volume (%)

Mﬂstem er X Ver. 2.18
Serial Number MAL300122

DispersantR. I

Density = 1.000
51 um D(v.05)= 78
Span «4.2306+01

Under% Size Low (um)
40 25.46

Measured: Tue Jul 12 201111:06AM
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ler: MS17

o]

[ cub. cm

%
2

AnaI{sed Tue Jul 12 201
t Source: Analysed

106AM

Obscuration: 15.9%

Residual:

0.982 %

Specific A, = 172655qm/g
334.66 U
Uniformity = 1005E+01

Size High (um) Under%
3101 70.08
3119 7179
46.03 73.39
56.09 74 96
68.33 7637
8326 11.21
10144 1744
12359 1744
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22351 7933
212.31 83.39
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404.21 9649
492 47 99 97
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Figure J27 PSA reference of Dhebkaset Bentonite, run number 7.
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Figure J28 PSA reference of Dhebkaset Bentonite, run number 8



5

Rl /s
Moo B R

System Details -
ﬁ)%rjge Lens ﬁ%ﬂ E‘amcll'% f&n 01000);  Dispersant Rl. "PW 1 Obscqratlon. L8
ydisperse Residual:  1.074%
oS one
stn Volume i 00760&5 [ cub.cm A= 2850, mk
jél %@5}3‘3 i SE%;@’%E% &ﬂ% &)
S|ze ' ' (um)

2 Volume (%) 10

90
80
70

60
10 50

A 40
30
20
10

01 10000 !

Particle Diameter (ym.)

uments Lid. rizer X\
&@'%%1684 802456 Fax 4(44) (0)1684-892789 SN V2 2125

Figure J29 PSA reference of Dhebkaset Bentonite, run number 9.
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Figure J30 PSA reference of Dhebkaset Bentonite, run number 10,
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E.2.4 Petch Thai Limestone
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Figure J31 PSA reference of Petch Thai Limestone, run number 1
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Figure J32 PSA reference of Petch Thai Limestone, run number 2
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Figure J33 PSA reference of Petch Thai Limestone, run number 3
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Figure J34 PSA reference of Petch Thai Limestone, run number 4
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Figure J35 PSA reference of Petch Thai Limestone, run number 5.

o (m)

s Ryt
Z%r& _ DATA\STU T 'P‘& i & M%gﬂzei{nm

203

%ﬁmd e E’amcfé ﬁqlh lz%gn 0.1000). DlspersantRIsanlol%flﬁ/517 Ousurton: 15,7%

Residual  1.443 %

Underdo

stnt:ponT : Volume nc rlrauon 35)00410}0%u SE I)%S %Fcub om mm 22305q.m/
. ) 579 é{ﬂ
m)

1000.0

100
90
80
70
60
50
40
30
20
10

0

12Ju 111238



M mpI%
Lg@%%-%&zr)DATA\SﬂJDENT\ANUﬁun :

taJIs

T

System Details

Residual:

By ﬁtng%ﬂﬂd Am R SO oy piersner R Obscurton: 15.8%
OnS

Size % SizeH

2

10 I

\

0 \ I x / \
0.1 10 :
Pamdéolig)lameter (pm) 1000 1000
m,Instruments Ll rajzer XVer
%ﬁ ] (0)1684-892456 Fax:*(4i (0)1684892789 sttt Wiz

Figure J36 PSA reference of Petch Thai Limestone, run number 6.
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Resuit. Aralysis Report
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Figure J37 PSA reference of Petch Thai Limestone, run number 7.
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Figure J39 PSA reference of Petch Thai Limestone, run number 9.
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J4 Gas Pycnometer (GP)

209

Samples were characterized for density by GP (Quantachrome,
Ultrapycnometer 1000). The samples were weight and placed in the chamber. The
Helium was used as a medium gas to determine the volume of the sample. The
density of samples can be calculated from weight and volume.

Table J126 Density of the product by GP

Samglf No.  Density of Iron Nuggg

37

w

LoD IO OCTR~RLCPORFRPOOTR~ROLDCPDOOE LW

U0.0302

4.7650£0.0013

5.1658+0.1355
6.1654+0.0533
4.366410.0386
5.2558+0.0462
6.3428+0.0622
5.0725£0.0219
3.95130.0437
4.102510.2142
5609710 1386
4.5710£0.0595
4.10040.0408
528080 1511
5.2221U.4184
4.71237+0.0042
5.93960.0946
6.5608+0.1262
6.0463+0.0998

t4 jem3  Density of Slag (g/cm3)

3.06060.0130
2.9741+0.0074
3.08360.0517
2 911540 0051
2.194410.0179
2.162610.0307
2.9126+0.0174
2 5723£0.0273
2.74720.0138
2.164U0.0240
2.7944+0.0093
2.7026+0.0073
2.8407+0.0054
2 9636+0.0063
2.977U0.0101
2.9198+0.0093
2.82040.0306
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J.5 Polarized Optical Microscope (POM)

Samples were analyzed the surface appearances by POM (Leica, CH-9453).
The magnification was fixed to 50x The samples were place on the holder. The
POM provide light source to the samples and reflect to the objective lens, thought to
the detector.

J.5.1 Experiment 3

Figure J41 Appearance surface of product from Experiment 3 No. 1



1

Figure J42 POM image of the product from Experiment 3 No. 1

Figure J43 poMm image of the product from Experiment 3 No.3.
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Figure J44 pom image of the product from Experiment 3 No.2,
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J.5.2 Experiment 4

Figure J45 POM image of the product from Experiment 4 No. 1

Figure J46 oM image of the product from Experiment 4 No.2.
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Figure J47 POM image of the product from Experiment 4 No.3,

Figure J48 POM image of the product from Experiment 4 No.4,
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Figure J49 poMm image of the product from Experiment 4 No.5,



J.5.3 Experiment 5

Figure J50 POM image of the product from Experiment 5 No.l.

Figure J51 POM image of the product from Experiment 5No.2.
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Figure J52 POM image of the product from Experiment 5 No.3

Figure J53 POM image of the product from Experiment 5 No.4.
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Figure J54 POM image of the product from Experiment 5No.5.

Figure J55 POM image of the product from Experiment 5 No.6.
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Figure J56 PoM image of the product from Experiment 5 No.7.



J.54 Experiment 6

Figure J57 POM image of the product from Experiment 6 No. 1

Figure J58 poM image of the product from Experiment 6 No.2



FigUI‘EJ59 POM image of the product from Experiment 6 No.3.

21



222

J.6 Scanning Electron Microscope (SEM)

Sample were analyzed the morphology by SEM (Hitachi, model -4800).
The SEM accelerating voltage, current, and magnification are specified in the SEM
figures. The samples were stacked onto stubs by using sticker carbon papers. The
samples were clamped on the holder and placed into the high vacuum chamber for
preventing the attenuation of X-ray by the air molecules.

J.6.1 Experiment 3

Figure J60 SEM image of the product from Experiment 3 No. 1
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Figure J61 SEM image of the product from Experiment 3No.2

Figure J62 SEM image of the product from Experiment 3 No.3
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Figure J63 SEM image of the product from Experiment 3 No.4.
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J.6.2 Experiment 4

Figure J64 SEM image of the product from Experiment 4 No. 1

Figure J65 SEM image of the product from Experiment 4 No.2
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Figure J66 SEM image of the product from Experiment 4 No.3

Figure J67 SEM image of the product from Experiment 4 No.4.
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Figure J68 SEM image of the product from Experiment 4 No.5.
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J.6.3 Experiment 5

Figure J69 SEM image of the product from Experiment 5 No. L

Figure J70 SEM image of the product from Experiment 5No.2
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Figure J71 SEM image of the product from Experiment 5No.3

Figure J72 SEM image of the product from Experiment 5 No.4
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Figure J73 SEM image of the product from Experiment 5 No.5.

Figure J74 SEM image of the product from Experiment 5No.6.
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Figure J75 SEM image of the product from Experiment 5No.7.
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J.64 Experiment 6

Figure J76 SEM image of the product from Experiment 6 No. 1

Figure J77 SEM image of the product from Experiment 6 No.2
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Figure J78 SEM image of the product from Experiment 6 No.3
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J.7 X-Ray Diffraction Spectrometer (XRD)

The sample was characterized for its structures by XRD (Rigaku D/max;
model 2000) .The specimens were placed on the glass slice, clamped on the sample
holder, and then exposed to X-ray. The anode tube of X-ray was Copper K-alpha.

J.7.1 XRD Diffraction Patterns of Iron Nugget

X Iron
Y IFon Carhide

Figure J79 XRD spectrum of iron nugget, Experiment 4 No. 1

From the Figure J79, the peaks at the angles = 44.674 and 65.023 represent
the iron. The peaks at the angles = 43.038, 43917, 45.068, 49.212, and 58.357
represent the iron carbice. The peaks at the angles = 33.153, 35.612, and 54.091
represent the iron oxide (hematite). The peaks at the angles = 35.423, 62.516 and
73.950 represent the iron oxide (magnetite). (Aronniemi, 2004, Kugler, 2003)
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X lron

Figure J80 XRD spectrum of iron nugget, Experiment 4 No.2

From the Figure J80, the peaks at the angles = 44.674 and 65.023 represent
the iron. The peaks at the angles = 37.768, 49.212, and 58.357 represent the iron
carbide. The peaks at the angles = 33.153, 35.612, 54.091, 62.451, and 63991
represent the iron oxide (hematite). The peaks at the angles = 35.423 and 73.950
represent the iron oxide (magnetite). (Aronniemi, 2004, Kugler, 2003)
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Figure J81 XRD spectrum of iron nugget, Experiment 4 No.5.

From the Figure J81, the peaks at the angles = 44.674 and 65.023 represent
the iron. The peaks at the angles = 37.768, 43.917, 45.068, and 58,357 represent the
iron carbice. The peaks at the angles = 54.091 and 63991 represent the iron oxide
(hematite). The peaks at the angles = 73.950 represent the iron oxide (magnetite).
(Aronniemi, 2004, Kugler, 2003)
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0]

Figure J82 XRD spectrum of iron nugget, Experiment 5 No.3

The peaks at the angles = 44.674 and 65.023 represent the iron. The peaks at
the angles = 37.768, 45.068, 49.212, and 58.357 represent the iron carbide. The
peaks at the angles = 33.153, 54.091, 62451, and 63,991 represent the iron oxide
(hematite). The peaks at the angles = 35.423 and 73.950 represent the iron oxide
(magnetite). (Aronniemi, 2004, Kugler, 2003)
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J.72 XRD Reference Patterns (Philips; model PW3719 and software

X’Pert APD)
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Figure J83 XRD reference pattern of iron.
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irn: 06-0688 2012 04:58
'ante Iron Carbide
Ime : Cohenite
formula . Fe3C
S L . la ..
ubfiles Inorganic, Mir

Pattern deleted: YES

I d value | Angle |Rel.Int.|
20 e e
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ZﬁHE 40.991 25
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Figure J84 XRD reference pattern of iron carbide.



Reference pattern;

Name i lron Oxide
Name : Hematite, syn
Name ; hematite
Formula . Fe203
Elements ; 0, Fe

Groups

Crystal type . Rhombohedral
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Figure J85 XRD reference pattern of hematite.
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Figure J86 XRD reference pattern of magnetite.
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Appendix K: Iron Ore Dressing
K1  Instrument

Dry Magnetic Separator ERIEZ, model IMR (Induced Magnetic Roll)
MAGNET 5Wx2Pol. The instrument image is shown in Figure K1.

Figure K1 Dry Magnetic Separator ERIEZ, model EMR (Induced Magnetic Roll).
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K2  Experiment

The XK-03 was improved by Dry Magnetic Separator ERIEZ, model IMR
MAGNET 5Wx2Pol. The magnetic current and voltage of the separation were set at
1.0A and 39V, respectively. The XK-03 was fed into the chamber of the magnetic
separator and moved by a vibratory feeder on the top of the roll. The material passed
through a gap between the pole of the magnet and the roll. Non-magnetic particles
were separated from the roll and the magnetic particles were attracted to the roll. The
weights and compositions of magnetic and non-magnetic particles were measured by
a digital weight scale and XRF, respectively. The flowchart was shown in Figure K2.

j Composition Analysis !

Figure K2 1ron Ore Dressing Flowchart,
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K3  Results and Discussion

The composition of magnetic (XK-03D) and non-magnetic (XK-03 )
particles were observed using XRF. The raw XK-03 has 41.62 % Fe content
(Appendix A) which can be classified as a low grade iron ore. The compositions of
XK-03D and XK-03W are shown in Table K1, K2 respectively.

Table K1 XRF characterization of XK-03D

Element % wt

Al 6.60
Ca 0.05518
Fe 358
K 1.219
Mg 0.2057
Mn 2882
Na 0.2649
0 3B
D 02773
001531
S 1364
S 001455
Ti 0.18%

Table K2 XRF characterization of XK-03

Element % wt

Al 4749
Ca 00494
Fe 4139
K 1068
Mg 0.16
Mn 3167
Na 01944
0 3112
D 0.4057
_ 001952
S 1151
Ti 0.1628
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From the results, the magnetic separation method cannot improve the % Fe of
low grade iron ore. The % Fe content of iron ore does not change after the
separation.
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