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APPENDICES

Appendix A Raw Materials and Product Characterization 

A.l Raw Materials

A.1.1 Iron O re
Iron ore, ob tained  from  Phu K houd, is the iron ox ide used  in the iron 

production . In the p resen t w ork, a low  grade Iron ore w as used  w hich has % Fe 
betw een  40-50 %. T he iron ore (X K -03) w as characterized  for the w t %  o f  elem ents 
by  X R F (X -ray  fluorescence spectropho tom eter) and the partic le  d iam eter by  PSA  
(Partic le  Size A nalyzer). C haracterization  m ethods and results are p resen ted  in  A .2 
and A .3 respectively.

A. 1.2 R eductan t
R eductan t is a  substance used  to reduce oxygen in an iron ore. In the 

p resen t study, F IR S T  coal, ob ta ined  from  F IR S T  Co., Ltd., w as analyzed  for the 
fixed  carbon by  the p rox im ate analysis and the particle  d iam eter by  PSA  (Particle 
S ize A nalyzer). C haracterization  m ethods and  results are show n in A .2 and  A.3 
respectively .

A. 1.3 F lux
L im estone is a flux  used to separate  iron from  slag or other 

com ponents during the reduction  process. L im estone  w as ob ta ined  from  P etch  Thai 
C hem ical Co., Ltd. (T hailand) and  used  in our experim ent; the  specification  o f  the 
L im estone is show n in A.3 R aw  M aterial C haracterization .

A. 1.4 B inder
B entonite  is a b inder used  in m ak ing  a pellet. S odium  ben ton ite  was 

ob ta ined  from  D hebkaset Industry  C o., Ltd. and  used in  ou r experim ents. The 
specification  o f  a B entonite  from  V olclay  S iam  Ltd. is show n in A.3 R aw  M aterial 
C haracterization .
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A.2 Characterization

A .2.1 E nergy D ispersive  X -R ay  F luorescence (E D X R F)
Sam ples w ere  charac terized  for w t % o f  elem ents by  E D X  (H oriba, 

m odel 51-A D D 0014), an  energy  d ispersive  X -R ay  fluorescence spectrom eter 
(H itachi, m odel ร -4800), connected  to a scanning electron  m icroscope. The sam ples 
w ere g round  into fine partic les (0.043 m m  in average d iam eter as show n in T able A- 
1). The SE M  accelerating  vo ltage and  curren t w ere 25 kV  and 20 pA , respectively. 
The m agnification  w as 100X. The pelle ts  w ere stacked  onto  stubs b y  using  sticker 
carbon papers. The specim ens w ere  coated  w ith  p la tinum  using an  ion coating  
m achine (H itachi, m odel E -1010) fo r 90 sec, for enhancing  the e lectron  conductiv ity . 
The specim ens w ere c lam ped  on  a ho lder and placed  into a high vacuum  SEM  
cham ber for preventing  the a ttenuation  o f  X -ray  by  the a ir m olecules, 3 
m easurem ents w ere taken  from  d ifferen t parts o f  each sam ple. The peaks o f  p latinum  
w ere sub tracted  out before ca lcu la ting  the total w t %  elem ent and the  %  atom ic o f  
the specim ens.

A .2 .2 X -R ay F luorescence (X R F)
Sam ples w ere  charac terized  for w t %  o f  e lem ents by X R F 

(PA N aly tical, m odel A X IO S PW 4400). T he sam ples w ere m ixed  w ith  boric acid in 
the pan  and  com pressed  at 6 ,000 psi for 2 m inutes. The specim ens w ere  c lam ped  on 
a ho lder and  placed into a cham ber. T he X R F spectrom eter m easures the individual 
com ponen t w avelengths o f  the fluorescen t em ission produced  by  a  sam ple w hen 
irrad ia ted  w ith  X-Rays.

A .2 .3 Particle S ize A nalyzer fPSA )
Sam ples w ere  charac terized  for the size o f  d iam eter b y  P S A  (M alvern, 

M astersizer X). The M astersizer X  used  lenses o f  300 m m . T he sam ples w ere p laced  
in the Sam ple P resen ta tion  Finit (SPU ) and  d ispersed  in  w ater. The w ate r w as used  as 
a m edium  contain ing partic les v isib le  to  the  cell w indow .
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A .2 .4 G as P ycnom eter (GP)
Sam ples w ere characterized  for density  by  GP (Q uantachrom e, 

U ltrapycnom eter 1000). T he sam ples w ere w eigh t and placed in the cham ber. The 
H elium  w as used  as a m edium  gas to determ ine the vo lum e o f  the sam ple. The 
density  o f  sam ples can be ca lcu la ted  from  w eigh t and volum e.

A .2.5 P olarized  O ptical M icroscope (PO M )
Sam ples w ere analyzed  the su rface appearances by PO M  (L eica , C H - 

9453). The sam ples w ere p lace  on the holder. T he PO M  prov ided  light source  to the 
sam ples and reflect to the ob jec tive  lens, thought to the detector.

A .2 .6 Scanning E lectron  M icroscope (SEM )
Sam ple w ere analyzed  the m orpho logy  by  SEM  (H itachi, m odel ร- 

4800). The SE M  accelera ting  vo ltage, current, and  m agnification  are specified  in the 
SE M  figures. T he sam ples w ere  stacked onto  stubs by using  sticker carbon papers. 
T he sam ples w ere clam ped  on the holder and placed  into the h igh vacuum  cham ber 
for preventing  the a ttenuation  o f  X -ray  by  the air m olecules.

A .2.7 X -R ay  D iffraction  (X RD )
The sam ple w as characterized  for its structures by  X R D  o r a X -R ay 

d iffraction  spectrom eter (R igaku  D /m ax; m odel 2000). T he specim ens w ere p laced 
on a glass slide, clam ped on the sam ple holder, and then exposed  to the X -ray  source. 
T he anode tube o f  the X -ray  source w as C opper K -alpha. The operating  vo ltage and 
curren t w ere 40 k v  and 30 m A , respectively . The m easurem ent angle (2 0 )  w as from  
5 degree to 90 degree w ith  a scanning  speed o f  5 degree/m in, and under the w ide 
ang le  m ode. O ne sam ple w as d iv ided  into 3 specim ens for each m easurem ent. Each 
specim en  was chosen random ly  from  the w hole lot o f  the sam ple.

A .2.7 W et C hem ical A nalysis
X K -03 iron ore w as also analyzed  for its com positions by  the W et 

C hem ical A nalysis at the T hai P ride  C em ent C o., Ltd.
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A .2 .8 P rox im ate  A nalysis
The F IR S T  coal w as analyzed  by the Proxim ate A nalysis at the T hai- 

P ride C em ent Co., Ltd.

A .3 Raw Material Characterization

A .3.1 PSA  C haracterization
The sizes o f  particle  w ere characterized  by PSA . T he results are 

show n in T able A l.

Table A l Particle size o f  the raw  m aterials

No. Mean Diameter of Particle (uni
XK-03 FIRST Coal Bentonite Limestone

1 276.87 383.41 58.35 16.90
2 224.10 363.50 57.41 14.40
3 248.51 376.53 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
7 231.11 362.82 59.27 23.20
8 280.81 366.64 77.71 53.50
9 228.86 365.53 88.32 27.88
10 216.45 368.75 65.13 24.42

Avg 244.07 367.79 66.18 27.76
SD 21.14 7.56 12.13 11.35



A .3.2 E D X  C h arac teriza tion
T he %  w t o f  e lem en t o f  the  X K -03 iron ore from  E D X  is show n in  T ab le  A 2. 

Table A2 E D X  A nalysis o f  iron  ore (X K -03)

Sample Name c o A1 Si Mn Fe Zr Ca p K Mg Cl Na Zn Ti As ร Cr
XK-03

(1st specimen) 0.0 42.68 4.30 6.53 0.58 45.10 0.0 0.0 0.09 0.66 0.0 0.0 0.05 0.0 0.00 0.00 0 0.0
XK-03

(2nd specimen) 0.0 38.94 3.17 6.53 7.15 47.01 0.0 0.0 0.27 0.64 0.0 0.0 0.00 0.0 0.00 0.00 0 0.0
XK-03

(3rd specimen) 0.0 36.91 5.14 8.92 1.48 45.66 0.0 0.0 0.31 1.51 0.0 0.0 0.06 0.0 0.00 0.00 0 0.0
XK-03

(4th specimen) 0.0 39.47 5.15 6.33 0.59 45.90 0.0 0.7 0.46 1.33 0.0 0.00 0.00 0.0 0.09 0.00 0 0.0
XK-03

(5th specimen) 0.0 43.97 4.92 4.33 1.21 43.62 0.0 0.0 0.26 1.39 0.0 0.0 0.00 0.0 0.29 0.00 0 0.0

Average 0.0 40.39 4.54 6.53 2.20 45.46 0.0 0.1 0.28 1.11 0.0 0.0 0.02 0.0 0.08 0.00 0 0.0
SD - 2.88 0.84 1.63 2.79 1.24 - 0.3 0.13 0.42 - - 0.03 - 0.13 - - -

oc
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A .3.3 X RF C haracterization
The %  w t o f  elem ent o f  the XK-03 iron  ore from  X R F 

spectropho tom eter is show n in T able A3.

Table A3 C om position  o f  the X K -03 iron ore by  X R F Spectrophotom eter

Element % wt
A1 4.824
Ca 0.07098
Cs 0.5234
Fe 41.62
K 0.8889

Mg 0.3062
Mn 2.911
Na 0.1928
o 36.91
p 0.3598
ร 0.026
Si 1 1 . 2

Ti 0.1676

A .3.4 W et C hem ical A nalysis Results
R esults o f  the X K -03 iron ore from  the Thai P ride C em ent C o.. Ltd. 

are show n  in T able A4.

Table A4 C om position  o f  the X K -03 iron ore by  the W et C hem ical A nalysis from 
the T hai P ride  C em ent Co., Ltd.

Composition % weight
Si0 2 20.13

A12 0 3 7.59
Fe2 0 3 56.77
CaO 0.80
MgO 1.92
S 0 3 0 . 0 0

Na20 0.39
K20 0.99
LOI 10.51
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For the experim ent, the X R F characterization  resu lt o f  X K -03 has 
been  chosen  to calculate the m olar ratios and the w eights o f  the com p o n en t in the 
p e lle t m ixture. B ecause th is m ethod can determ ine the % elem ent from  the w hole 
sam ple or in  bu lk  (E D X  probes only  a specific area o f  the sam ple) g iv ing  m ore 
accurate  data.

A .3.5 Proxim ate A nalysis
T he P rox im ate  A nalysis o f  the FIR ST  coal w as ob ta in ed  from  The 

P ride  C em en t Co., Ltd. T he resu lts are show n in T able A5

Table A 5 P roxim ate  A nalysis o f  the F IR ST  coal
Moisture % TM 1.23

Properties ะ Air dried basis

% IM 0.97
% ASH 23.84

VM 9.89
% FC 65.30
% s 0.49

GCV (Kcal/kg) 6199.00

A .3 .6  Specifications o f  B entonite and L im estone
T able A 6 show s the com position  o f  the ben ton ite  from  D hebkaset 

Industry  C o., Ltd. It has an  average m o lecu lar w eigh t o f  83.26 o f  g/m ol.

Table A 6 C om position  o f  Sodium  B entonite from  D hebkaset Industry  C o., Ltd.

Composition % by weight Mw % by weight X  Mw of Composition
CaO 2.54% 56.08 1.42

AI2 O3 16.52 % 101.96 16.84
S i0 2 57.02 % 60.08 34.26

Fe2 0 3 15.64% 159.69 24.98
k 2 0 0.64 % 94.20 0.60
Na20 5.29 % 61.98 3.28
T i0 2 2.35 % 79.87 1 . 8 8

Average 83.26
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T he com position  o f  L im estone from  Petch Thai C hem ical Co., Ltd. is 
show n in T able A7. L im estone has an average m olecu lar w eigh t o f  100.07 g/m ol.

Table A 7 C om position  o f  L im estone from  Petch Thai C hem ical C o., Ltd.

Composition % by 
weight Mw % by weight X Mw of Composition

CaC03 99.87% 100.09 99.96
MgC03 0.13% 84.36 0.11

Average 100.07
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Appendix B Calculations of Pellet Mixtures

B.l Mol Ratio of C/Fe

T he m olar ratios o f  C /Fe can be calculate  from  the reduction  equation  o f  
H em atite  (F e 2 0 3 ) to iron  (Fe) that show n in Eq. E -l and E-2

Fe20 3 + 3CO -*  2Fe + 3CO 2 
C 0 2 + C - * 2 C 0

Eq. E l
Eq. E2

Table B1 M olecular W eight
Substance Mw (g/mol)

Fe 55.85
C 12
0 16

Fe2 0 3 159.7

%  Fe in Iron O re (X K -0 3 ) =  41 .62  %, A ppendix  A 
%  Fixed  C arbon in the reductan t (FIR ST  C oal) =  65.3 %, A pp en d ix  A

From  Eq. ( E l)
1 mol Fe2 0 3  

2 m ol Fe 
1 m ol Fe

3 m ol CO  
3 m ol C 

1.5 m ol C

1 mol Fe

15  mol C X

55.85 g Fe 
1 mol Fe

1 2 . 0 1  g  c

1 g XK-03 
x 0.4162 g Fe

1 g FIRST Coal
= 134.19 g XK-03 

= 27.59 g FIRST Coal1 mol c 0 .6 5 3  g  c
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Iron  ore ะ R eductan t ratio from  Eq. E l  is:

1 kg XK-03 X ร ุ—  ~~ X ■ -̂ - — " ■ ■■ = 205.60 g FIRST Coal lkg XK-03 134.19 g XK-03
The o ther C /Fe m olar ratios are calcu la ted  the sam e as these  steps and 

show n  in Table B2

Table B2 W eight E on  ore (X K -0 3 ): R eductan t (FIR ST  coal)

M ol ra tio  Fe W eight Fe 
(g)

W eight o f  
E on  O re (g) M ol ratio  c W eight c 

(g)
W eigh t o f  

R eductan t (g)
g Redüc taut/
kg  Eon If .3

1.4 16.81 25.75 191 '<')
1 . 6 19.22 29.43 219.31

1 . 0 0 55.85 1 2 2 . 8 6 1 . 8 21.62 33.11 246 7 1
2 . 0 24.02 36.79 274.1
2 . 2 26.42 40.46 30 i 5 ■

B.2 Mol Ratio of Limestone/ A I 2 O 3  + SiC>2

F rom  data o f  E on  O re (X K -03), A ppendix  A  
X K -0 3  has % A1 =  4.82 

% Si =  11.20

Table B3 M olecular W eights

Substance Mw (g/mol)
A1 26.98
Si 28.09

A120 3 101.96
S i0 2 60.08

L im estone (A ppendix  A) 100.07



54

A t 1 0 0 0 g X K -0 3 :

1 kg XK-03 X 

1 kg XK-03 X

1000 g XK-03 4.82 g Al 1 mol Al lm olA l-A  - 0,  1 A1 _- - ■ - 1- —— X — - X -—-f-—— X ' ,7 =0.893 mol Al,O,1kg XK-03 100 g XK-03 26.98 g Al 2 mol Al
1000 g XK-03 11.20 g Si 1 mol Si lm olSiO, _ _  n0„ _  , 0.,-
1 tg * โ ^ m  * à w à x T ^ ü r = 3 987 ๓01 Si0>

M oles o f  A l2 0 3 + Si0 2  =  4 .880  m ol

A t m olar ratio  o f  L im estone/A l2 0 3 + S i0 2  =  0.75
4.880 mol A1,03 + Si02 X 0.75 X 1 mol Limestone 

1 mol A1,03 + SiO, X 100.07 g Limestone _ Y •_______------— ---------- = 366.29 g Limestone1 mol Limestone

Table B4 W eight L im estone: 1 kg Iron  ore

Iron  O re
(g)

FIR ST  C oal 
a t m ol ratio  
C /F e =  1.50

M ol ratio  L im estone/ 
m ol A l2 Û 3+ Si0 2

M ol o f  
L im estone

g L im estone/ 
kg Iron ore

1 0 0 0 224.57

0.45 2.196 219.77
0.55 2.684 268.61
0.65 3.172 317.45
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

„  ̂ 1 _1 , 83.26 g Bentonite - ,10.035 mol Bentonite X —------ —-—-— = 2.914 g Bentonite1 mol Bentomte

111101 Fe X ๆ * * *  „  = 134.19 g XK-03
1 mol Fe 0.4162 g Fe

1 kg of Iron Ore : Bentonite Ratio (by weight) is:
11 w n _ 1000 g XK-03 2.914 g Bentomte r1lk g  XK-03 X —: _ _  X — 6 =21.72 g Bentomtelk g  XK-03 134.19 g XK-03

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

Table B5 Weight of Iron ore (XK-03): Binder (Bentonite)

Mol ratio Weight Fe Weight iron Mol ratio Weight of g Binder/
Fe (g) ore (g) Bentonite Binder(g) Kg iron ore

0.015 1.249 9.31
1 55.85 134.19 0.025 2.082 15.51

0.035 2.914 21.72
0.075 6  245 46 53
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Appendix c Sample Preparation 

c.l 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 Cl. The weight of XK-03 and FIRST coal is 
shown in Table Cl.

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

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

Weight Before Grinding 
(kg)

Weight After Grinding (kg)
Raw Material Undersize Oversize

(500 pm) (500 pm)
XK-03 103.75 82.26 18.38

FIRST Coal 112.31 84.40 24.66

The size of particle after grinding was measured by PSA (Malvern, 
Mastersizer X). The results are shown in Table A1 in Appendix A.3.

C.3 Mixing and the Pellet Preparation

c.3.1 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 
added. The mixture was mixed until it becomes homogenous phase. Figure C3 shows 
the raw materials before and after the mixing.
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Figure C3 The raw materials before mixing (left) and after mixing (right).



Table C2 Amounts of the raw materials in the mixtures of the experiment 1-7

Experiment No. Mol ratio Weight (g)
Fe C/Fe Limestone/Al2 0 3 +Si0 2 Bentonite/Fe XK-03 FIRST Coal Limestone Bentonite

1
1-2

1 1.6 0.49
0.016

200 44.91 47.52
2.03

3-6 0.075 3.39
7-10 0.085 4.74

2 1-3 1 1.6 0.49 0.038 200 44.91 47.52 4.74
4-6 0.082 10.17

3 1-4 1 1.6 0.49 0.038 200 44.91 47.52 4.74

4

1

1

1.4

0.75 0.035 200

38.38

73.26 4.34
2 1.6 43.86
3 1.8 49.34
4 2.0 54.83c 2.2 60.31

5

1

1 1.6

0.45

0.035 200 43.86

43.95

4.34

2 0.55 53.72
3 0.65 63.49
4 0.75 73.26
5 0.85 83.03
6 0.95 92.79
7 1.05 102.56

6 1-3 1 1.6 0.65 0.035 200 43.86 63.49 4.34
7

1-3
1 1.6 0.65

0.025
200 43.86 63.49

3.10
4-6 0.035 4.34
7-9 0.045 5.58
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c.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.

J

Figure C4 Preparation of the pellet.
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Figure C5 Size of the pellet after pelletizer.



Appendix D Results of Experiment 1-2

D.l Experiment 1

XK-03, FIRST coal, Petch Thai Limestone, and Dhebkaset Bentonite were mixed by using the molar ratios 
as shown in Table Dl. The pellets were dried at 80 ๐c.

Table Dl Experiment 1; the mole ratio of mixture and drying time

No. Mol ratio Weight (g) Drying Time
Fe C/Fe Limestone/Al20 3 +Si0 2 Bentonite/Fe XK-03 FIRST Coal Limestone Bentonite Water (hrs)

1 0.016 2.03 3
2 6
3 1
4 0.027 3.39 2
J 1 1.64 0.49 2 0 0 44.91 47.52 30 J
6 6
7 1
8 0.038 4.74 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 ratio 
Bentonite/Fe

Drying Time 
(hrs) Sample Drop Time

1 2 3 4 !

0.016
3 1-1 Nick Break

1-2 Nick Break 1
6 1-3 Break j

1-4 Nick Break

0.027

1 1-5 Nick Nick Break
1-6 Nick Nick Break

2 1-7 Nick Nick Break
1-8 Nick Break

3 1-9 Nick Crack Break
1-10 Nick Nick Crack Break J

6 1-11 Crack Break
1-12 Break

0.038

1 1-13 Perfect Nick Nick Break 1
1-14 Nick Nick Crack Break

2 1-15 Nick Nick Break
1-16 Nick Nick Break

3 1-17 Nick Nick Nick Break
1-18 Nick Crack Break

6 1-19 Nick Nick Break
1-20 Nick 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. Mol ratio Weight (g)
Fe C/Fe Limestone/A1203+Si02 Bentonite/Fe XK-03 FIRST Coal Limestone Bentonite Water

1
2 0.038 4.74
3 1 1.64 0.49 200 44.91 47.52 304
5 0.082 10.17
6
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T a b le  D 4 Experiment 2; results of drop test at room temperature

Mol ratio 
Bentonite/Fe Sample Drop Time

1 2 3 4 5 6

0.038
2-1 Perfect Nick Nick Nick Crack

Brea
k

2-2 Perfect Nick Crack Crack Break
2-3 Perfect Crack Break

0.082
2-4 Nick Nick Break
2-5 Perfect Nick Nick Break
2-6 Perfect Nick 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-l shows the different appearances of the pellets after 
droping to the floor.
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Perfect Pellet 
No.2-2 after 1st drop time

Nicked Pellet 
No.2-2 after 2nd drop time

Broken Pellet 
No.2-4 after 3rd drop time

Crack Pellet
No.2-3 after 2nd drop time

Figure D1 Appearances of the pellet from drop test.
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1st drop time 2 nd drop time

3rd drop time 4th drop time

5th drop time 6 th drop time

Figure D2 Appearances of the sample No.2-1 (the best sample) from drop test.



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 = 1.64, Limestone/ALCb+SiCb = 0.49, and Bentonite/Fe = 0.038. The reduction condition is shown in Table E l.

Table El Experiment 3; the reduction condition

No. Reduction Temperature (°C) Soaking Time at Desire Temperature (mins)
1 1200 30
2 60
3 1300 30
4 60

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

5o



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

No. Reduction Temperature (°C)
Time (min) Weight of 3 pellets (g)

Heating Time (from room temperature) Soaking Time Cooling Time (hr) Before Reduction After Reduction
Iron Nugget Slag

1 1200 98 30 24 162.22 110.34
2 1200 95 60 24 161.34 108.33
3 1300 117 30 24 162.81 68.43 33.86
4 1300 120 60 24 160.33 53.28 43.39

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. 1-2 is shown as the direct reduction and the separation of the products No.3-4 is a complete separation as shown in 
Figure El. The % yields of No. 1-4 are shown in Table E-4.

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



Table E3 Experiment 3; %weight element of No. 1-4 after reduction

Element
% wt of element

1 2 3 4
Iron Nugget Slag Iron Nugget Slag

c 18.0112.15 17.1612.13 11.3016.64 29.7713.05 1.7811.61 21.8416.81
o 32.24+1 30.0315.83 26.4313.37 41.8013.49 20.4314.26 43.8916.63
Na 0.0910.01 0.2610.34 1.9612.04 0.1010.17 1.5711.04 0.00
Mg 0.00 0.00 0.00 0.1510.26 0.00 0.00
A1 2.0410.36 1.7810.84 0.4410.51 3.4610.59 0.00 4.2410.76
Si 5.0110.24 4.3212.44 0.7610.84 8.7211.08 0.1710.23 10.9812.02
p 0.3810.13 0.00 0.0210.03 0.00 0.00 0.00
ร 0.0510.05 0.2910.46 2.4812.4 0 1510.19 2.1711.34 0.1810.09
Cl 0.00 0.00 0.00 0.00 0.00 0.0610.1
K 0.6310.07 1.1611.26 2.3711.26 0.6710.18 3.3712.17 0.8010.41
Ca 8.5111.45 6.0011.07 1.3211.07 10.6310.95 0.2510.43 14.2014.85
Ti 0.1210.03 0.0910.06 0.0410.06 0 .1110.1 0.00 0.1310.16
Cr 0.00 0.00 0.00 0.00 0.00 0.00
Mn 2.3110.7 2.0310.75 1.7110.7 3.3110.67 2.9111.12 3.6411.85
Fe 30.6014.08 36.88112.43 51.1717.97 1.1311.67 67.3517.82 0.0310.06
Ni 0.00 0.00 0.00 0.00 0.00 0.00
Cu 0.00 0.00 0.00 0.00 0.00 0.00
Zn 0.00 0.00 0.00 0.00 0.00 0.00
Zr 0.00 0.00 0.00 0.00 0.00 0.00
Cs 0.00 0.00 0.00 0.00 0.00 0.00



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

No. %wt Iron ore 
in mixture

%wt Fe in mixture Dried weight 
of pellet (g) Fe input (g) %Fe Nugget from EDX Iron Nugget (g) Fe Output (g) %Yield

1
67.30 28.01

16222 45.44 - - - -

2 161.34 45.19 - - - -

3 162.81 45.60 51.17 68.43 35.02 76.78
4 160.33 44.91 67.35 53.28 35.88 79.90



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

No. Mol ratio Weight (g)
Fe C/Fe Limestone/Al20 3 +Si0 2 Bentonite/Fe XK-03 FIRST Coal Limestone Bentonite Water

1
1

1.4
0.75 0.035 200

38.38
73.26 4.34 30.00

2 1.6 43.86
3 1.8 49.34
4 2.0 54.83
5 2.2 60.31

SIto



Table F2 Experiment 4; the reduction condition

No,. Mol ratio 
ofC/Fe

ReductionTemperature
(°C)

Time (min) Weight of 3 pellets (g)
Heating Time (from room temperature)

Soaking
Time

Cooling Time (hr) Before Reduction After Reduction
Iron Nugget Slag

1 1.4
1300 120 60 20

162.41 47.76 32.62
2 1.6 161.08 43.03 47.14
3 1.8 163.13 36.90 52 59
4 2.0 162.19 39.94 47.98
5 2.2 160.33 32.85 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.
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No.l, C/Fe = 1.4 No.2, C/Fe = 1.6
Complete Separation Complete Separation

No.3, C/Fe = 1.8 
Complete Separation

No.4, C/Fe = 2.0 
Complete Separation

No.5, C/Fe = 2.2 
Complete Separation

Figure FI Experiment 4; the pellets after the reduction.



Table F3 Experiment 4; %weight element of No. 1-5 after reduction at 1300°c, 60 mins

% wt of element
Element 1 2 3 4 5

IronNugget Slag IronNugget Slag IronNugget Slag IronNugget Slag IronNugget Slag
c 0.19±0.33 18.65±5.14 0.22±0.38 19.35±5.72 0.76±0.95 31,84i2.35 0.09±0.15 18.07±5.01 4.46i4.6 17.53i4.53
o 20.19±5.86 37.82±6.14 ll.66il0.04 36.81i4.44 13.65il.59 41.99i6.52 16.04±6.71 32.50±2.21 16.03±7.83 33.77il.75
Na 0.19±0.33 0.00 0.26±0.45 0.00 0.00 0.00 0.08±0.13 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
A1 0.01±0.02 4.49±0.24 0.04±0.04 4.50±0.38 0.24i0.27 2.94i0.74 0.02i0.02 3.8Ü0.83 O.lOiO.ll 4.18i0.54
Si 0.02±0.04 12.43±0.6 0.21 ±0.09 12.59i0.78 0.55±0.65 8.10±0.54 0.04i0.03 ll.61i2.07 0.27±0.24 12.16il.64
p 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01i0.03 0.00
ร 0.24±0.36 0.15±0.26 0.26±0.45 0.00 0.1±0.17 0.00 O.lOiO. 18 0.03i0.05 0.02i0.03 0.28i0.49
Cl 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.52±0.78 1.11±0.11 0.5±0.87 1.20±0.25 0.18i0.31 0.47i0.12 0.20i0.34 1.32±0.92 0.12i0.12 0.99i0.1
Ca 0.02±0.03 19.18±1.24 0.27i0.1 17.99±2.94 0.34±0.36 10.0Ü5.1 0.00 20.49i3.19 0.33i0.29 21.90±0.8
Ti 0.00 0.32i0.04 0.00 0.29i0.06 0.00 0.08±0.03 0.00 0.49±0.17 0.00 0.35±0.04
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn 1.10±1.3 5.16±0.87 1.71 ±2.47 5.19Ü.48 0.95Ü.34 2.16Ü 0.83i0.95 8.48i3.63 1.08i0.75 6.6Ü0.91
Fe 77.51+6.95 0.29±0.06 84.87±8.33 0.84±0.77 83.15±3.3 0.19i0.1 80.38-8.74 1.07±0.46 77.58+2.81 0.92i0.36
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cu 0.00 0.4Ü0.13 0.00 1.25i0.24 0.00 2.22±2.79 0.00 2.12±0.47 0.00 1.29i0.52
Zn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Zr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

"•J นft
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- • -  Fe
O
Al

-♦ - Si

Mol ratio C/Fe

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

Samples No. 1 and 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 = 1.4 gives 77.51% Fe and it reaches the 
maximum point at the molar ratio of C/Fe = 1.6 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 = 1.6) to 77.58% 
(C/Fe = 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 = 1.6. For the wt % of c , an initial state shows a 
decrease of c  because the reaction uses c  as the reductant. After the reaction reaches the 
optimum point at molar ratio C/Fe = 1.6, % c  increases.



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

No. %wt Iron ore in mixture
%wt Fe inmixture

Dried weight of pellet (g)
Fe input (g) %Fe Nugget from EDX Iron Nugget (g) Fe Output

(g) %Yield
1 63.30 26.34 162.41 42.78 77.51 47.76 37.02 86.53
2 62.22 25.89 161.08 41.71 84.87 43.03 36.52 87.55
3 61.17 25.46 163.13 41.53 83.15 36.90 29.73 71.59
4 60.16 25.04 162.19 40.61 80.38 39.94 32.10 79.05
5 59.19 24.63 160.33 39.50 77.58 32.85 25.49 64.53

-0



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 Gl. The 
reduction condition and weight of the pellet are shown in Table G2.

Table Gl Experiment 5; the mole ratio of the mixture

Mol ratio Weight (g)No. Fe C/Fe Limestone/Al20 3 +Si0 2 Bentonite/Fe XK-03 FIRST Coal Limestone Bentonite Water
1 0.45 43.95
2 0.55 53.72
3 0.65 63.49
4 1 1.6 0.75 0.035 200 43.86 73.26 4.34 30.00
5 0.85 83.03
6 0.95 92.79
7 1.05 102.56



Table G2 Experiment 5; the reduction condition

No.
Mol ratio of 

Limestone/A120 3 
+SiC>2

Reduction
Temperature

(°C)

Time (min) Weight of 3 pellets (g)
Heating Time (from room temperature)

SoakingTime Cooling Time (hr) BeforeReduction
After Reduction

IronNugget Slag
1 0.45

1300 120 60 20

158.95 58.79 35.54
2 0.55 157.80 53.15 30.39
3 0.65 160.02 46.19 49.12
4 0 75 160.33 46.02 39.94
5 0.85 162.32 38.96 58.49
6 0.95 164.44 41.43 54.69
7 1.05 163 56 39.50 56.67

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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No.l, Limestone/Al2 0 3 +Si0 2  = 0.45 
Complete Separation

No.3, Limestone/Al2 0 3 +Si0 2  = 0.65 
Complete Separation

No.5, Limestone/A^Ch+SiCh = 0.85 
Partial Separation
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No.2, Limestone/Al2 0 3 +Si0 2  = 0.55 
Complete Separation

No.4, Limestone/Al2 0 3 +Si0 2  = 0.75 
Complete Separation

No.6, Limestone/Al2 0 3 +Si0 2  = 0.95 
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=c, 60 mins
%  w t o f  e le m e n t

Elem ent 1 2 3 4 5 6
Iro n

N u g g e t S la g l i o n
N u g g e t S la g Iro n

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

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

N u g g e t S la g

c 2 .6 4 Ü .08 14.50±4.01 4 .5 7 i2 .5 11.43±1.89 2 .37Ü .61 11.17i0 .84 0 .25 i0 .04 8.30 i0 .73 1.78i0 .79 7 .4 U 2.08 4 .8 9 Ü .2 9.53 i0 .71 2 .0U 0.75 8 .4 4Ü .14

0 13.89i7.83 39.99±4.5 15 .43 i5 .0 39.32±4.93 12.52i6.43 34.89 i6 .98 9 .33 i8 .04 41.36 i7 .17 12.98i3.21 38.00 i2 .69 13.02i8 .18 4 0 .71 i3 .36 23.34i6 .56 3 8 .14 i5 .6

N a l.36±0.81 0.00 0 .8 8 Ü .28 0.00 0.00 0.00 0 .4 9 i0 .2 6 0.00 0 .0 2 i0 .0 4 0.00 0 .3 7 i0 .3 9 0.00 0.00 0.00
M g 0.00 0.27±0.04 0.00 0.30 i0 .03 0.00 0 .1 9 i0 .1 7 0.00 0 .3Ü 0.01 0.00 0 .2 Ü 0 .0 5 0.00 0 .3 0 i0 .0 2 0.00 0.25i0 .23

A1 0 .09 i0 .08 4.99±0.75 0.04±0.08 4.99±0.35 0 .0 4 i0 .0 4 4 .4 Ü 0 .7 9 0.12 i0 .12 5.16i0 .23 0 .06 i0 .05 4 .1 6 i0 .2 0 .07 i0 .08 4 .0 3 i0 .1 1 0.08 i0 .14 3 .48Ü .33

S i 0 .2 3 i0 .11 14.53±1.82 0 .2 3 i0 .16 14.17i0.45 0 .20 i0 .09 1 3 .0 6 il.8 4 0 .24 i0 .05 15.09i0.86 0.09i0 .01 l l . l l i l . 9 1 0 .19i0 .22 0 .6 4 i0 .3 3 0.20 i0 .24 9.00 i3 .97

p 0.02±0.03 0.00 0.00 0.00 0.00 0.00 0.00 0 .08 i0 .14 0.00 0 .2 8 i0 .2 9 0 .0 5 i0 .0 9 0.00 0.00 0.20 i0 .35

ร 3 .0 0Ü .93 0 .14±0.13 0.98±l .52 0 .3 3 i0 .17 0 .06 i0 .06 0.10 i0 .0 9 0 .94 i0 .43 0 .22 i0 .06 0.16 i 0 .11 0 .08 i0 .07 0 .5 5 i0 .4 0 .2 2 i0 .0 3 0.00 0 .1 0 i0 .13

C l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 5.28 i4 .08 1.52±0.16 1.47±2.33 1.33iO. 16 0 .03 i0 .03 1.44 i0 .27 2 .6 6Ü .29 1.29i0 .29 0.34 i0 .:.5 2 .13 i0 .92 0 .7 5 i0 .6 9 0 .7 4 i0 .0 6 0 .03 i0 .02 0.80 i0 .32

C a 1.79i2.55 13.62±1.41 1.34±2.32 17.58i4 .26 0 .10 i0 .09 22.73 i3 .79 0 .62 i0 .48 19.48i4.45 0 .2 4 i0 .1 9 1 8 .3 4 i4 .1 1 0 .36 i0 .44 2 1 .06 i2 .07 0.33 i0 .35 18.77i8.63

Ti 0 .0 5 i0 .0 4 0.35±0.05 0 .03 i0 .05 0 .34 i0 .09 0.00 0 .3 8 i0 .0 7 0.00 0.3 li0 .0 6 0 .02 i0 .03 0 .4 0 i0 .0 2 0.00 0 .2 Ü 0 .0 3 0.00 0.22 i0 .06

C r 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
M n 3 .40 i2 .38 6 .52± l.24 1.13Ü .63 6 .3 8 Ü .35 0 .73 i0 .49 7.42 i2 .73 5 .1 2 i2 .2 2 5 .44Ü  .21 2 .0 6 Ü .4 9 4 .44 i0 .58 0 .2 7 i0 .I l 4 .2 3 i0 .2 5 0.37 i0 .24 3.88i0 .35

F e (18.18.1-3.55 0.63d=0.33 73.88i.-6.78 0 .5 9 i0 .4 83.94.i-6.09 0 .2 7 i0 .1 4 80.23-i-6.88 0 .29 i0 .26 82.19.14.23 9 .7 5 Ü 0 .3 4 79.47 i5 .89 3 .3 3 i2 .3 6 73.(>4ü-.6.73 1 2 .75 il9 .06

N i 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 .0 2 i0 .0 4 0.00 0.00 0.00 0.00 0.00
C u 0.00 2.07±0.76 0.00 2 .15i0 .17 0.00 2 .8 5 Ü .5 6 0.00 1.28i0.37 0 .0 3 i0 .0 6 2 .78 i0 .16 0.00 3 .29i0 .01 0.00 2 .7 Ü 0.44

Z n 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Z r 0 .09 i0 .08 0 .87 i0 .28 0.00 1.05i0.22 O.OliO.Ol 1.1 0 i0 .6 l 0.00 1,39 i0 .08 0.00 0 .9 2 i0 .4 l 0.00 1.70 i0 .25 O.OliO.Ol 1 .2 6 i0 .19

C s 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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F ig u re  G 2  Experiment 5; % Element of iron nugget vs. Molar ratio of 
Limestone/Al2 0 3 +Si0 2 .

The Figure G2 shows the increase of wt % Fe in the products occurs when 
increasing the molar ratio of Limestone/Al2C>3+Si02. Initial states show the increase 
of % 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/Al20 3 +Si0 2  = 0.45) 
to 83.94% (Limestone/AbCb+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/Al2 0 3 +Si0 2  = 1.05.



Table G4 Experiment 5; %Yield of No.1-7 after reduction

No. %wt Iron ore 
in mixture

%wt Fe in 
mixture

Dried weight 
of pellet (g) Fe input (g) %Fe Nugget from EDX Iron Nugget (g) Fe Output (g) %Yield

1 68.46 28.49 158.95 45.29 68.18 58.79 40.08 88.51
2 66.24 27.57 157.80 43.51 73.88 53.15 39.27 90.26
3 64.17 26.71 160.02 42.73 83.94 46.19 38.78 90.73
4 62.22 25.89 160 33 41.52 80.23 46.02 36.92 88.92
5 60.38 25.13 162.32 40.79 82.19 38.96 32.02 78.50
6 58.65 24.41 164 44 40.14 79.47 41.43 32.92 8202
7 57.02 23.73 163.56 38.81 73.64 39.50 29.09 74.94



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 = 1.6, 
Limestone/Al20 3+Si02 = 0.65, and Bentonite/Fe = 0.035. The reduction condition is shown in Table HI.

Table HI Experiment 6; the reduction condition.

No. Reduction Temperature (°C) Soaking Time at Desire Temperature (mins)
1

1300
45

2 75
3 90

The weight of sample after reduction is shown in Table H2.

00ร.



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

No. Reduction Temperature 
(°C)

Time (min) Weight of 3 pellets (g)
Heating Time (from room temperature) Soaking Time Cooling Time (hr) Before Reduction After Reduction

Iron Nugget Slag
1

1300 120
45

24
162.81 49.32 52.42

2 75 161.97 41.42 53.21
3 90 156.40 35 03 54.48

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. 00น'!



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

% wt of element
Element 1 2 3

Iron Nugget Slag Iron Nugget Slag Iron Nugget Slagc 3.72±4โ05 4.15i2.89 0.7น0โ47 6.65i3.16 0.76i038 4.97i2.53
0 13.23il.97 36.58il.65 11.33i4.3 42.34il.17 5.50i4.45 31.30il.23

Na 0.27±0.29 0.00 0.00 0.00 O.lliO.19 0.00
Mg 0.04±0.06 0.22i0.07 0.00 0.3Ü0.01 0.00 0.16i0.05
A1 0.00 4.16i0.41 0.05i0.06 5.22i0.1 0.08i0.04 3.26i0.25
Si 1.13Ü.95 9.09i0.96 0 06i0.08 13.31i0.43 0 12i0 04 9.00i0.66
p 0.03i0.06 1.17i0.09 0.0Ü0.02 0.04i0.06 0.00 0.22i0.27
ร 0.42i0.3 0.00 0.07i0.07 0.08i0 03 0.4i0.64 0.14i0.06
Cl 0.00 0.00 0.00 0.00 0.00 0.00
K 0.7Ü0.52 3.08i0.26 0.15i0.17 2.22i0.48 0.90Ü.27 0.93i0.1
Ca 1.22Ü.26 15.16Ü.2 O.OliO.Ol 19.40il.87 005i0.05 19.68il.87
Ti 0.03i0.06 0.4Ü0.03 0.00 0.38i0.02 0.00 0.33i0.02
Cr 0.00 0.00 0.00 0.00 0.00 0.00
Mn 3.56±2.92 2.78i0.25 0.84i0.9 5.70i0.46 1.4U0.84 5.09i0.44
Fe 75.64±4.77 20.64il.57 86.60i4.13 1.34i0.32 90.67i3.89 20.15i5.13
Ni 0.00 0.00 0.05i0.08 0.00 0.00 0.00
Cu 0.00 2.35i0.07 0.13i0.17 2.65i0.11 0.00 3.85i0.32
Zn 0.00 0.00 0.00 0.00 0.00 0.00
Zr 0.00 0.2Ü0.22 0.00 0.38i0.11 0.00 0.9U0.35
Cs 0.00 0.00 0.00 0.00 0.00 0.00

00CTs
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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 to 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 g and wt % Fe increases to 90.67%.



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

No. %wt Iron ore 
in mixture

%wt Fe in 
mixture

Dried weight 
of pellet (g) Fe input (g) %Fe Nugget from EDX Iron Nugget 

(g)
Fe Output

(g) %Yield
1

64.17 26.71
162.81 43.48 75.64 49.32 37.31 85.80

2 161.97 43.26 86.60 41.42 35.87 82.91
3 156.40 41.77 90.67 35.03 31.76 76.04



Appendix I 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 
I I . The pellets were dried at 80 °c, 20 hours. The results are shown in Table 12.

Table II Experiment 7; the mole ratio of mixture

No. Mol ratio Weight (g)
Fe C/Fe Limestone/Al20 3+Si02 Bentonite/Fe XK-03 FIRST Coal Limestone Bentonite Water

1

1 1.6 0.65

0.025

200 43.86 63.49

3.10

30

2
3
4

0.035 4.345
6
7

0.045 5.588
9

(X)นิว
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Table 12 Experiment 7; results of drop test at room temperature

Mol ratio Bentonite/Fe Sample Drop Time
1 2 3 4 5 6

0.025
1 Perfect Nick Crack Break
2 Perfect Nick Break ------- j3 Perfect Crack Break

0.035
4 Perfect Nick Nick Nick Break i
5 Perfect Perfect Perfect Crack Crack Break j
6 Perfect Perfect Nick Break

0.045
7 Perfect Nick Nick Break _j
8 Perfect Nick Crack Crack Break
9 Perfect Perfect Nick Nick Crack Break

From Experiment 7, with the drying condition at 80 °c, 20 hrs and one 
meter height, the pellet was broken within 6 drops. The best result is mol ratio of 
Bentonite/Fe = 0.035. Figure II shows the appearances of the pellets No.5.
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3 rd drop time 4th drop time

5th drop time 6th drop time

Figure II Appearances of the sample No.5 (the best sample) from drop test
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Appendix J Raw Data

J.l 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 ร-4800), connected to a scanning electron microscope. The samples were 
ground into fine particles (0.043 mm in average diameter as shown in Table A-l). 
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.
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J. 1.1 Experiment 3

Table J1 Experiment 3 % wt of element of No.l (1200°c, 30 min) 1st specimen

E le m e n t “/« W e ig h t
1 2 3 A v g S D

c 18.81 1 5 .6 4 18.11 17 .52 1 .67
0 3 0 .3 1 3 3 .4 8 3 0 .7 0 3 1 .5 0 1 .73

N a 0 .1 3 0 .0 0 0 .1 4 0 .0 9 0 .0 8
M g 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
A l 1.53 2  85 2 .5 2 2 .3 0 0 .6 9
Si 4 .5 8 6 .2 9 4 .7 8 5 .22 0 .9 3
p 0 .81 0 .2 8 0 .21 0 .43 0 .3 3
ร 0 .1 5 0 .0 0 0 .0 0 0 .0 5 0 .0 9

Cl 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
K 0 .3 4 0 .8 6 0 .7 7 0 .6 6 0 .2 8

Ca 11.41 7.11 5.71 8 .08 2 .9 7
Ti 0 .1 3 0 .1 2 0 .1 2 0 .1 2 0 .01
Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
M n 0 .9 8 3 .1 2 3 .3 2 2 .4 7 1 .30
Fe 30 .81 3 0 .2 5 3 3 .6 3 3 1 .5 6 1.81
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
C u 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
C s 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

E le m e n t “/« W e ig h t
1 2 3 A v g S D

C 14.65 1 5 .6 6 18 .14 16 .15 1 .80
0 3 4 .0 4 3 2 .5 3 3 3 .5 7 3 3 .3 8 0 .7 7

N a 0 .1 2 0 .0 0 0 .1 7 0 .1 0 0 .0 9
M g 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Al 1.84 1 .39 1.67 1.63 0 .2 3
Si 5 .5 3 4 .1 8 4 .5 2 4 .7 4 0 .7 0
P 0 .2 7 0 .1 8 0 .2 4 0 .2 3 0 .0 5
ร 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cl 0 .0 0 0 .0 0 0 .0 0 0  00 -
K 0 .71 0 .5 2 0 .8 5 0 .6 9 0 .1 7

Ca 8 .4 3 6 .0 8 7 .4 9 7 .33 1 .18
Ti 0 .1 6 0 .0 0 0 .1 2 0 .0 9 0 .0 8
Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
M n 1.41 1 .57 1.65 1.54 0 .1 2
Fe 3 2 .8 3 3 7 .9 0 3 1 .5 8 3 4 .1 0 3 .3 5
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
C u 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
C s 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
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Table J3 Experiment 3 % wt of element of No.l (1200°c, 30 min) 3rd specimen

Element %Weight
1 2 3 Avg SD

c 19 .25 2 2 .2 3 19 .60 2 0 .3 6 1.63
0 3 1 .5 0 3 0 .6 6 3 3 .3 7 3 1 .8 4 1 .39

N a 0 .1 0 0 .0 8 0 .0 8 0 .0 9 0 .01
Mg 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
A1 2 .31 1.85 2 .4 4 2 .2 0 0 .31
Si 4 .8 8 4 .6 5 5 .6 8 5 .0 7 0 .5 4
p 0 .2 4 0 .8 2 0 .3 7 0 .4 8 0 .3 0
ร 0 .0 0 0 .1 5 0 .1 3 0 .0 9 0 .0 8

C l 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
K 0 .6 6 0 .4 9 0 .5 0 0 .5 5 0 .1 0

C a 6 .0 0 11.81 12 .58 10 .13 3 .6 0
Ti 0 .1 3 0 .1 2 0.21 0 .1 5 0 .0 5
Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Mn 3 .1 7 1.58 3 .9 7 2.91 1 .22
Fe 3 1 .7 7 2 5 .5 4 2 1 .0 7 2 6 .1 3 5 .3 7
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
C u 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Zr 0 .0 0 0 .0 0 0  00 0 .0 0 -
C s 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

Element % Weight
1 2 3 Avg SD

C 20.18 16.45 9.44 15.36 5.45
0 23.99 23.17 24.46 23.87 0.65

Na 0.32 0.82 0.78 0.64 0.28
Mg 0.00 0.00 0.00 0.00 -
Al 0.86 0.71 0.95 0.84 0.12
Si 1.97 1.34 3.30 2.20 1.00
P 0.00 0.00 0.00 0.00 -
ร 0.51 1.00 0.95 0.82 0.27
Cl 0.00 0.00 0.00 0.00 -
K 0.98 1.91 1.85 1.58 0.52
Ca 3.37 2.50 4.70 3.52 1.11
Ti 0.00 0.00 0.00 0.00 -
Cr 0.00 0.00 0.00 0.00 -
Mn 1.30 0.83 1.45 1.19 0.32
Fe 46.53 51.26 52.12 49.97 3.01
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 -
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Table J5 Experiment 3 % wt of element of No.2 (1200°c, 60 min) 2nd specimen

E le m e n t “/« W e ig h t
1 2 3 A v g S D

c 17 .97 16.43 15 .46 1 6 .6 2 1 .27
0 34 .91 3 6 .7 5 3 4 .7 6 3 5 .4 7 1.11
Na 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Mg 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

A1 2 .4 2 2 .5 5 2 .4 4 2 .4 7 0 .0 7
Si 6.81 7 .5 2 6 .6 2 6 .9 8 0 .4 7
p 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0.11 0 .0 0 0 .0 0 0 .0 4 0 .0 6
Cl 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

K 0.73 0 .9 0 0 .7 7 0 .8 0 0 .0 9
Ca 10 .47 10 .06 9 .3 0 9 .9 4 0 .5 9
Ti 0 .1 6 0 .1 7 0 .1 4 0 .1 6 0 .0 2
Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Mn 2.61 2 .0 8 2 .1 7 2 .2 9 0 .2 8
Fe 2 3 .8 0 2 3 .5 6 2 8 .3 4 2 5 .2 3 2 .6 9
Ni 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cu 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cs 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

E le m e n t “/« W e ig h t
1 2 3 A v g S D

C 2 1 .0 7 17.11 2 0 .3 5 19.51 2 .11
0 3 0 .1 6 3 2 .1 5 2 9 .8 9 3 0 .7 3 1.23
Na 0 .1 7 0 .0 0 0 .2 5 0 .1 4 0 .1 3
Mg 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Al 1.91 2 .0 7 2 .1 4 2 .0 4 0 .1 2
Si 3 .6 0 3 .8 7 3 .8 7 3 .7 8 0 .1 6
P 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
ร 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Cl 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
K 1.11 0 .9 3 1 .26 1 .10 0 .1 7
Ca 3 .8 9 5 .5 5 4 .1 7 4 .5 4 0 .8 9
Ti 0 .13 0 .1 9 0 .0 0 0 .11 0 .1 0
Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Mn 2 .01 3 .3 5 2 .5 0 2 .6 2 0 .6 8
Fe 3 5 .9 6 3 4 .7 6 3 5 .5 7 3 5 .4 3 0 .61
Ni 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Cu 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Cs 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -



96

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

E le m e n t “/« W e ig h t
1 2 3 A v g S D

c 1 3 .6 7 1 2 .4 0 16 .86 14.31 2 .3 0
0 2 9 .1 2 3 1 .8 1 2 9 .5 6 3 0 .1 6 1 .4 4
Na 1 .7 6 1.33 0 .3 5 1.15 0 .7 2
M g 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
A1 0 .4 8 1.83 0 .7 6 1.02 0 .71
Si 1.03 2 .8 6 1.30 1.73 0 .9 9
p 0 .0 0 0 .0 0 0 .1 6 0 .0 5 0 .0 9
ร 2 .3 3 2 .0 9 0 .5 8 1.67 0 .9 5

Cl 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
K 3 .9 0 4 .0 5 1.18 3 .0 4 1 .62
Ca 1 .49 4 .3 9 1.66 2 .51 1.63
Ti 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Mn 2 .0 2 3 .0 8 1.80 2 .3 0 0 .6 8
Fe 4 4 .1 9 3 6 .1 7 4 5 .7 9 4 2 .0 5 5 .1 5
Ni 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Cu 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Cs 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

E le m e n t “/« W e ig h t
1 2 3 A v g S D

C 1 7 .6 9 17.11 12 .88 15 .89 2 .6 3
0 2 4 .7 2 2 6 .1 5 2 5 .5 6 2 5 .4 8 0 .7 2
Na 0 .0 0 0 .0 0 1.37 0 .4 6 0 .7 9
Mg 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
A l 0 .21 0 .1 7 0 .2 2 0 .2 0 0 .0 3
Si 0 .4 4 0 .3 4 0 .2 5 0 .3 4 0 .1 0
P 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
ร 0 .2 4 0 .2 2 1.35 0 .6 0 0 .6 5
Cl 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
K 0 .4 5 0 .3 8 1.92 0 .9 2 0 .8 7
Ca 0 .5 4 0 .3 3 0 .4 6 0 .4 4 0 .11
Ti 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Mn 0 .7 6 0 .5 9 1.46 0 .9 4 0 .4 6
Fe 5 4 .9 5 5 4 .7 0 5 4 .5 2 5 4 .7 2 0 .2 2
Ni 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Cu 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Cs 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
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Table J9 Experiment 3 % wt of element of No.3 iron nugget (1 3 0 0 cc ,  3 0  min)
3rd specimen

Element “/«Weight1 2 3 Avg SD
c 3.04 3.08 4.94 3 69 1.090 31.64 20.25 19.02 23.64 6.96Na 5.61 2.35 4.87 4.28 1.71Mr 0.00 0.00 0.00 0.00 -

A1 0.00 0.29 0.00 0.10 0.17
Si 0.00 0.34 0.32 0.22 0.19p 0.00 0.00 0.00 0.00 -

ร 6.09 3.45 6.00 5.18 1.50
Cl 0.00 0.00 0.00 0.00 -

K 9.49 0.00 0.00 3.16 5.48
Ca 0.00 1.53 1.47 1.00 0.87
Ti 0.00 0.32 0.00 0.11 0.18
Cr 0.00 0.00 0.00 0.00 -

Mn 2.23 2.49 0.96 1.89 0.82
Fe 41.90 65.90 62.44 56.75 12.97Ni 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 J10 E xperim ent 3 % w t o f  e lem en t o f  N o .3  slag  ( 1 3 0 0 ° c ,  30  m in) 
1st sp ec im en

Element “/«Weight1 2 3 Avg SD
C 23.64 41.40 34.62 33.22 8.960 40.50 33.71 39.31 37.84 3.63
Na 0.00 0.00 0.00 0.00 -

Mg 0.00 0.00 0.00 0.00 -

Al 4.47 3.31 3.68 3.82 0.59
Si 10.52 7.61 8.46 8.86 1.50
P 0.00 0.00 0.00 0.00 -

ร 0.00 0.00 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 -

K 0.98 0.75 0.73 0.82 0.14
Ca 13.73 9.60 9.66 11.00 2.37
Ti 0.00 0.00 0.00 0.00 -

Cr 0.00 0.00 0.00 0.00 -

Mn 5.10 3.62 3.55 4.09 0.88
Fe 1.07 0.00 0.00 0.36 0.62
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 -



98

Table J11 Experiment 3 % wt of element of No.3 slag ( 1 3 0 0 ° c ,  3 0  min)
2nd specimen

Element “/«Weight1 2 3 Avg SD
c 30.01 30.65 21.58 27.41 5.060 54.92 43.22 31.28 43.14 11.82
Na 0.48 0.39 0.00 0.29 0.26
Mg 0.74 0.61 0.00 0.45 0.40Al 2.46 3.17 2.70 2.78 0.36
Si 6.02 8.51 8.18 7.57 1.35
p 0.00 0.00 0.00 0.00 -

ร 0.39 0.24 0.45 0.36 0.11
Cl 0.00 0.00 0.00 0.00 -

K 0.22 0.36 0.82 0.47 0.31
Ca 3.94 10.09 20.00 11.34 8.10
Ti 0.00 0.19 0.42 0.20 0.21
Cr 0.00 0.00 0.00 0.00 -

Mn 0.46 1.93 6.42 2.94 3.10
Fe 0.37 0.63 8.14 3.05 4.41
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 J12 E xperim ent 3 % w t o f  e lem en t o f  N o .3 slag  (1 3 0 0 °c , 30 m in )  
3rd sp ecim en

Element “/«Weight1 2 3 Avg SD
C 27.19 31.83 27.04 28.69 2.720 47.78 41.01 44.49 44.43 3.39

Na 0.00 0.00 0.00 0.00 -

Mg 0.00 0.00 0.00 0.00 -

Al 3.73 3.72 3.93 3 79 0.12
Si 9.37 9.56 10.24 9.72 0.46
P 0.00 0.00 0.00 0.00 -

ร 0.14 0.00 0.12 0.09 0.08
Cl 000 0.00 0.00 0.00 -

K 0.66 0.74 0.74 0.71 0.05
Ca 8.62 9.88 10.15 9.55 0.82
Ti 0.00 0.16 0.19 0.12 0.10
Cr 0.00 0.00 0.00 0.00 -

Mn 2.53 3.11 3.10 2.91 0.33
Fe 0.00 0.00 0.00 0.00 -

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

Element “/«Weight1 2 3 Avg SD
c 1.49 0.00 0.00 (F50 0.86
o 20.91 11.81 21.67 18.13 5.49
Na 3.68 1.57 2.33 2.53 1.07
Mg 0.00 0.00 0.00 0.00 -

A1 0.00 0.00 0.00 0.00 -

Si 0.00 0.00 1.28 0.43 0.74
p 0.00 0.00 0.00 0.00 -

ร 4.69 2.61 3.66 3.65 1.04
Cl 0.00 0.00 0.00 0.00 -

K 7 49 4.17 5.71 5.79 1.66
Ca 0.00 0.76 1.48 0.75 0.74

. Ti 0.00 0.00 0.00 0.00 -

Cr 0.00 0.00 0.00 0.00 -

Mn 4.42 3.04 3.57 3.68 0.70
Fe 57.32 76.04 60.29 64.55 10.06
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 J 1 4  E xperim ent 3 % w t o f  e lem en t o f  N o .4  iron n u gget (1 3 0 0 °c , 6 0  m in) 
2 nd sp ec im en

Element “/«Weight1 2 3 Avg SD
C 1.39 1.39 0.98 L25 0.240 16.34 17.88 19.25 17.82 1.46

Na 1.39 0.00 0.00 0.46 0.80
Mg 0.00 0.00 0.00 0.00 -
Al 0.00 0.00 0.00 0.00 -
Si 0.00 0.00 0.00 0.00 -
P 0.00 0.00 0.00 0.00 -
ร 2.62 0.19 0.33 1.05 1.36
Cl 0.00 0.00 0.00 0.00 -
K 4.03 0.34 0.45 1.61 2.10
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 2.55 0.80 1.53 1.63 0.88
Fe 71.68 79.39 77.46 76.18 4.01
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 -
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Table J15 Experiment 3 % wt of element of No.4 iron nugget (1300°c, 60 min)
3rd specimen

Element "/«Weight1 2 3 Avg SD
c 3.92 5.59 1.26 159 2.180 23.37 32.60 20.08 25.35 6.49

Na 3.06 1.16 0.94 1.72 1.17
Ms 0.00 0.00 0.00 0.00 -

A1 0.00 0.00 0.00 0.00 -

Si 0.00 0.21 0.00 0.07 0.12
p 0.00 0.00 0.00 0.00 -

ร 3.44 1.00 0.97 1.80 1.42
Cl 0.00 0.00 0.00 0.00 -

K 4.99 1.65 1.53 2.72 1.96
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 5.31 0.24 4.73 3.43 2.77
Fe 55.91 57.55 70.48 61.31 7.98
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 J16 E xperim ent 3 % w t o f  e lem en t o f  N o .4  sla g  (1 3 0 0 °c , 6 0  m in )  
1st sp ec im en

Element "/«Weight1 2 3 Avg SD
C 20.01 25.77 23.43 23.07 2.90
O 38.70 34.70 35.45 36.28 2.13
Na 0.00 0.00 0.00 0.00 -

Mg 0.00 0.00 0.00 0.00 -

Ai 4.49 4.18 3.98 4.22 0.26
Si 11.96 11.22 10.68 11.29 0.64
P 0.00 0.00 0.00 0.00 -

ร 0.14 0.15 0.00 0.10 0.08
Cl 0.00 0.00 0.00 0.00 -

K 1.10 1.06 1.09 1.08 0.02
Ca 17.88 17.51 19.03 18.14 0.79
Ti 0.28 0.32 0.32 0.31 0.02
Cr 0.00 0.00 0.00 0.00 -

Mn 5.13 5.10 6.02 5.42 0.52
Fe 0.31 0.00 0.00 0.10 0.18
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 J17 Experiment 3 % wt of element of No.4 slag (1300°c, 60 min)
2nd specimen

Element “/..Weight1 2 3 Avg SD
c 19.28 39.16 25.41 27.95 10.180 52.04 42.93 50.34 48.44 4.84

Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 0.00 -
A1 4.17 2.58 3.73 3.49 0.82
Si 11.00 6.53 8.96 8.83 2.24
p 0.00 0.00 0.00 0.00 -
ร 0.27 0.24 0.30 0.27 0.03
Cl 0.00 0.00 0.50 0.17 0.29
K 0.00 0.48 0 50 0.33 0.28
Ca 11.13 6.71 8.52 8.79 2.22
Ti 0.00 0.00 0.00 0.00 -
Cr 0.00 0.00 0.00 0.00 -
Mn 2.11 1.36 1.73 1.73 0.38
Fe 0.00 0.00 0.00 0.00 -
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 -

T ab le  J18  E xperim ent 3 % w t o f  e lem en t o f  N o .4  sla g  (1 3 0 0 °c , 6 0  m in) 
3 rd sp ec im en

Element %Weight1 2 3 Avg SD
C 15.47 14.14 13.91 14.51 0.840 45.42 49.31 46.09 46.94 2.08

Na 0.00 0.00 0.00 0.00 -

Mg 0.00 0.00 0.00 0.00 -

Al 4.95 5.01 5.06 5.01 0.06
Si 12.84 12.54 13.13 12.84 0.30
P 0.00 0.00 0.00 0.00 -

ร 0.19 0.19 0.18 0.19 0.01
Cl 0.00 0.00 0.00 0.00 -

K 1.01 0.90 1.03 0.98 0.07
Ca 16.25 14.45 16.35 15.68 1.07
Ti 0.00 0.00 0.26 0.09 0.15
Cr 0.00 0.00 0.00 0.00 -

Mn 3.86 3.46 4.00 3.77 0.28
Fe 0.00 0.00 0.00 0.00 -

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 -



J.1.2 Experiment 4

T ab le  J19 E xperim en t 4  % w t o f  e lem en t o f  N o . l  iron n u gget (C /F e  =  1.4) 
1st sp ec im en

Element % Weight1 2 3 Avg SD
c 0.84 0.89 0.00 0.58 0.500 23.76 3.63 14.26 13.88 10.07

Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 0.00 -
A1 0.00 0.00 0.00 0.00 -
Si 0.00 0.00 0.00 0.00 -
p 0.00 0.00 0.00 0.00 -
ร 0.00 0.00 0.00 0.00 -
Cl 0.00 0.00 0.00 0.00 -
K 0.00 0.00 0.00 0.00 -
Ca 0.00 0.00 0.00 0.00 -
Ti 0.00 0.00 0.00 0.00 -
Cl- 0.00 0.00 0.00 0.00 -
Mn 0.00 0.00 0.00 0.00 -
Fe 75.40 95.48 85.74 85.54 10.04
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 J20 Experiment 4 % wt of element of No.l iron nugget (C/Fe = 1.4)
2nd specimen

Element “/«Weight
1 2 3 Avg SD

c 0.00 0.00 0.00 aoo -

0 29.63 24.11 9.93 21.22 10.16
Na 0.00 1.09 0.60 0.56 0.55
Mg 0.00 0.00 0.00 0.00 -

A1 0.00 0.00 0.11 0.04 0.06
Si 0.00 0.00 0.22 0.07 0.13
p 0.00 0.00 0.00 0.00 -

ร 0.23 0.70 1.04 0.66 0.41
Cl 0.00 0.00 0.00 0.00 -

K 0.49 1.13 2.64 1.42 1.10
Ca 0.00 0.00 0.16 0.05 0.09
Ti 0.00 0.00 0.00 0.00 -

Cr 0.00 0.00 0.00 0.00 -

Mn 0.48 1.80 5.32 2.53 2.50
Fe 69.18 71.16 79.98 73.44 5.75
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 -

T a b le  J2 1  E xperim en t 4  % w t o f  e lem en t o f  N o . l  iron n u gget (C /F e  =  1.4) 
3 rd sp ecim en

Element “/«Weight1 2 3 Avg SD
C 0.00 0.00 0.00 0.00 -

0 34.52 22.78 19.09 25.46 8.06
Na 0.00 0.00 0.00 0.00 -

Mg 0.00 0.00 0.00 0.00 -

Al 0.00 0.00 0.00 0.00 -

Si 0.00 0.00 0.00 0.00 -

P 0.00 0.00 0.00 0.00 -

ร 0.00 0.00 0.20 0.07 0.12
Cl 0.00 0.00 0.00 0.00 -

K 0.00 0.00 0.40 0.13 0.23
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 0.36 0.00 1.94 0.77 1.03
Fe 65.11 77.22 78.36 73.56 7.34
Ni 0.00 0.00 0.00 0.00 -

Cu 0.00 000 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 J22 Experiment 4 % wt of element of No.l slag (C/Fe = 1.4)
1st specimen

Element «/«Weight1 2 3 Avg SD
c 20.28 14.81 33.82 22.97 9.790 33.43 33.72 29.32 32.16 2.46
Na 0.00 0.00 0.00 0.00 -

Mg 0.00 0.00 0.00 0.00 -

A1 4.35 5.03 4.84 4.74 0.35
Si 12.59 13.44 9.26 11.76 2.21
p 0.00 0.00 0.00 0.00 -

ร 0.00 0.00 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 -

K 1.06 1.29 0.77 1.04 0.26
Ca 21.51 23.93 16.28 20.57 3.91
Ti 0.32 0.33 0.26 0.30 0.04
Cr 0.00 0.00 0.00 0.00 -

Mn 5.97 6.58 4.50 5.68 1.07
Fe 0.00 0.33 0.34 0.22 0.19
Ni 0.00 0.00 0.00 0.00 -

Cu 0.48 0.55 0.61 0.55 0.07
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 -

T a b le  J 2 3  E xperim ent 4  % w t o f  e lem en t o f  N o . 1 slag  (C /F e  =  1.4) 
2 nd sp ecim en

Element %Weight
I 2 3 Avg SD

C 17.12 21.40 21.51 20.01 2.500 37.78 36.06 37.04 36.96 0.86
Na 0.00 0.00 0.00 0.00 -

Mg 0.00 0.00 0.00 0.00 -

Al 4.63 4.45 4.26 4.45 0.19
Si 13.21 12.36 12.19 12.59 0.55
P 0.00 0.00 0.00 0.00 -

ร 0.00 0.00 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 -

K 1.29 1.24 1.16 1.23 0.07
Ca 19.07 17.91 17.61 18.20 0.77
Tl 0.31 0.32 0.26 0.30 0.03
Cr 0.00 0.00 0.00 0.00 -

Mn 5.94 5.60 5.38 5.64 0.28
Fe 0.33 0.37 0.33 0.34 0.02
Ni 0.00 0.00 0.00 0.00 -

Cu 0.32 0.30 0.27 0.30 0.03
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 J24 Experiment 4 % wt of element of No. 1 slag (C/Fe = 1.4)
3 rd specimen

Element “/«Weight1 2 3 Avg SD
c 15.27 8.14 15.51 12.97 4.190 44.11 45.81 43.09 44.34 1.37

Na 0.00 0.00 0.00 0.00 -

Mg 0.00 0.00 0.00 0.00 -

A1 4.05 4.60 4.17 4.27 0.29
Si 12.27 13.87 12.64 12.93 0.84
p 0.00 0.00 0.00 0.00 -

ร 0.53 0.48 0.34 0.45 0.10
Cl 0.00 0.00 0.00 0.00 -

K 0.99 1.11 1.05 1.05 0.06
Ca 17.79 20.34 18.18 18.77 1.37
Ti 0.32 0.45 0.35 0.37 0.07
Cr 0.00 0.00 0.00 0.00 -

Mn 4.03 4.46 3.97 4.15 0.27
Fe 0.28 0.31 0.32 0.30 0.02
Ni 0.00 0.00 0.00 0.00 -

Cu 0.35 0.42 0.36 0.38 0.04
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 -

T a b le  J 2 5  E xperim ent 4  % w t o f  e lem en t o f  N o .2 iron n u gget (C /F e  =  1.6) 
1st sp ec im en

Element “/«Weight1 2 3 Avg SD
C 0.00 0.00 0.00 0.00 -

0 18.74 24.72 26.22 23.23 3.96
Na 0.00 0.00 0.00 0.00 -

Mg 0.00 0.00 0.00 0.00 -

Al 0.00 0.00 0.00 0.00 -

Si 0.33 0.00 0.44 026 0.23
P 0.00 0.00 0.00 0.00 -

ร 0.00 0.00 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 -

K 0.00 0.00 0.00 0.00 -

Ca 0.25 0.00 0.22 0.16 0.14
Tl 0.00 0.00 0.00 0.00 -

Cr 0.00 0.00 0.00 0.00 -

Mn 0.88 0.36 0.52 0.59 0.27
Fe 79.80 74.92 72.59 75.77 3.68
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 -
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Table J26 Experiment 4 % wt of element of No.2 iron nugget (C/Fe = 1.6)
2nd specimen

Element %Weight1 2 3 Avg SD
c 0.17 1.79 0.00 0.65 0.990 6.38 2.34 10.91 6.54 4.29
Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 0.00 -
A1 0.11 0.09 0.00 0.07 0.06
Si 0.26 0.50 0.00 0 25 0.25
p 0.00 0.00 0.00 0.00 -
ร 0.00 0.00 0.00 0.00 -
Cl 0.00 0.00 0.00 0.00 -
K 0.00 0.00 0.00 0.00 -
Ca 0.20 0.86 0.00 0.35 0.45
Ti 0.00 0.00 0.00 0.00 -
Cr 0.00 0.00 0.00 0.00 -
Mn 0.00 0.00 0.00 0.00 -
Fe 92.87 94.42 89.09 92.13 2.74
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 -

T a b le  J 2 7  E xperim ent 4  % w t o f  e lem en t o f  N o .2  iron n u gget (C /F e  =  1.6) 
3 rd sp ec im en

Element “/«Weight1 2 3 Avg SD
C 0.00 0.00 0.00 0.00 -
0 3.26 10.83 1.53 5.21 4.95
Na 0.63 1.48 0.25 0.79 0.63
Mg 0.00 000 0.00 0.00 -
Al 0.00 0.20 0.00 0.07 0.12
Si 0.00 0.32 0.00 0.11 0.18
P 0.00 0.00 0.00 0.00 -
ร 0.67 1.33 0.35 0.78 0.50
Cl 0.00 0.00 0.00 0.00 -
K 1.34 1.93 1.23 1.50 0.38
Ca 0.17 0.47 0.30 0.31 0.15
Ti 0.00 0.00 0.00 0.00 -
Cr 0.00 0.00 0.00 0.00 -
Mn 3.71 4.90 5.01 4.54 0.72
Fe 90.23 78.54 91.33 86.70 7.09
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 -
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Table J28 Experiment 4 % wt of element of No.2 slag (C/Fe = 1.6)
1st specimen

Element “/oWeight
1 2 3 Avg SD

c 21.82 29.48 18.11 23.14 5.80
0 33.51 28.66 32.94 31.70 2.65
Na 0.00 0.00 0.00 0.00 -

Mg 0.00 0.00 0.00 0.00 -

A1 4.19 3.68 4.33 4.07 0.34
Si 12.27 10.31 12.50 11.69 1.20
p 0.00 0.00 0.00 0.00 -

ร 0.00 0.00 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 -

K 1.41 1.10 1.24 1.25 0.16
Ca 19.22 18.91 21.91 20.01 1.65
Ti 0.34 0.29 0.28 0.30 0.03
Cr 0.00 0.00 0.00 0.00 -

Mn 5.04 5.30 6.02 5.45 0.51
Fe 0.97 0.90 1.10 0.99 0.10
Ni 0.00 0.00 0.00 0.00 -

Cu 1.24 1.37 1.58 1.40 0.17
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 -

T a b le  J 2 9  E xperim ent 4  % w t o f  e lem en t o f  N o .2  sla g  (C /F e =  1.6) 
2 nd sp ecim en

Element “/«Weight1 2 3 Avg SD
C 17.80 11.01 9.50 12.77 4.420 38.27 38.85 39.67 38.93 0.70

Na 0.00 0.00 0.00 0.00 -
____Mg 0.00 0.00 0.00 0.00 -

Al 4.44 4.79 4.98 4.74 0.27
Si 12.10 13.03 13.95 13.03 0.93
P 0.00 0.00 0.00 0.00 -
ร 0.00 0.00 0.00 0.00 -
Cl 0.00 0.00 0.00 0.00 -
K 1.43 1.40 1.47 1.43 0.04
Ca 17.82 19.65 20.54 19.34 1.39
Ti 0.32 0.36 0.36 0.35 0.02
Cr 0.00 0.00 0.00 0.00 -
Mn 5.88 6.78 6.90 6.52 0.56
Fe 0.63 2.80 1.12 1.52 1.14
Ni 0.00 0.00 0.00 0.00 -
Cu 1.32 1.32 1.50 1.38 0.10
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 -
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Table J30 Experiment 4 % wt of element of No.2 slag (C/Fe = 1.6)
3rd specimen

Element “/«Weight1 2 3 Avg SD
c 35.44 28.34 2.61 22.13 17.270 34.09 40.02 45.27 39.79 5.59

Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 0.00 -
A1 3.60 4.13 6.37 4.70 1.47
Si 10.24 11.24 17.67 13.05 4.03
p 0.00 0.00 0.00 0.00 -
ร 0.00 0.00 0.00 0.00 -
Cl 0.00 0.00 0.00 0.00 -
K 0.72 0.81 1.26 0.93 0.29
Ca 11.94 11.77 20.13 14.61 4.78
Ti 0.21 0.18 0.28 0.22 0.05
Cr 0.00 0.00 0.00 0.00 -
Mn 2.96 2.70 5.11 3.59 1.32
Fe 0.00 0.00 0.00 0.00 -
Ni 0.00 0.00 0.00 0.00 -
Cu 0.81 0.81 1 31 0.98 0.29
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 -

T a b le  J3 1  E xperim en t 4  % w t o f  e lem en t o f  N o .3 iron n u gget (C /F e =  1.8) 
1st sp ec im en

Element “/«Weight1 2 3 Avg SD
C 0.00 0.00 0.00 0.00 -
0 6.81 11.62 25.23 14.55 9.55
Na 0.00 0.00 0.77 0.26 -
Mg 0.00 0.00 0.00 0.00 -
Al 1.61 0.00 0.00 0.54 -
Si 3.27 0.51 0.00 1.26 1.76
P 0.00 0.00 0.00 0.00 -
ร 0.00 0.00 0.86 0.29 -
Cl 0.00 0.00 0.00 0.00 -
K 0.30 0.00 1.29 0.53 -
Ca 1.87 0.30 0.00 0.72 1.00
Ti 0.00 0.00 0.00 0.00 -
Cr 0.00 0.00 0.00 0.00 -
Mn 5.15 2.00 0.35 2.50 2.44
Fe 81.00 85.57 71.50 79.36 7.18
Ni 0.00 0.00 0.00 0.00 -
Cu 000 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 -
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Table J32 Experiment 4 % wt of element of No.3 iron nugget (C/Fe =1.8)
2nd specimen

Element % Weight1 2 3 Avg SD
c 1.96 3.49 0.00 1.82 1.75
o 14.19 8.37 12.89 11.82 3.05
Na 0.00 0.00 0.00 0.00 -

Mg 0.00 0.00 0.00 0.00 -

A1 0.34 0.18 0.00 0.17 0.17
Si 0.54 0.34 0.28 0.39 0.14
p 0.00 0.00 0.00 0.00 -

ร 0.00 0.00 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 -

K 0.00 0.00 0.00 0.00 -

Ca 0.41 0.23 0.29 0.31 0.09
Ti 0.00 0.00 0.00 0.00 -

Cr 0.00 0.00 0.00 0.00 -

Mn 0.46 0.00 0.00 0.15 0.27
Fe 82.10 87.39 86.54 85.34 2.84
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 J33 E xperim en t 4  % w t o f  e lem en t o f  N o .3 iron n u gget (C /F e =  1.8) 
3 rd sp ecim en

Element “/«Weight
I 2 3 Avg SD

C 0.00 0.00 1.37 0.46 0.79
O 20.37 17.44 5.93 14.58 7.63
Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 0.00 -
Al 0.00 0.00 0.00 0.00 -
Si 0.00 0.00 0.00 0.00 -
P 0.00 0.00 0.00 0.00 -
ร 0.00 0.00 0.00 0.00 0.00
Cl 0.00 0.00 0.00 0.00 -
K 0.00 0.00 0.00 0.00 0.00
Ca 0.00 0.00 0.00 0.00 -
Ti 0.00 0.00 0.00 0.00 -
Cr 0.00 0.00 000 0.00 -
Mn 0.00 0.00 0.61 0.20 0.35
Fe 79.63 82.56 92.09 84.76 6.51
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 J34 Experiment 4 % wt of element of No.3 slag (C/Fe = 1.8)
1st specimen

Element “/oWeight1 2 3 Avg SD
c 31.49 29.27 29.56 30.11 1.210 32.36 38.46 32.62 34.48 3.45
Na 0.00 0.00 0.00 0.00 -
Mg 000 0.00 0.00 0.00 -
At 2.35 2.19 1.77 2.10 0.30
Si 7.99 8.10 7.75 7.95 0 18
p 0.00 0.00 0.00 0.00 -
ร 0.00 0.00 0.00 0.00 -
Cl 0.00 0.00 0.00 0.00 -
K 0.69 0.52 0.51 0.57 0.10
Ca 16.19 14.04 17.09 15.77 1.57
Ti 0.34 0.00 0.00 0.11 0.20
Cr 0.00 0.00 0.00 0.00 -
Mn 3.61 2.46 3.62 3.23 0.67
Fe 0.71 0.00 0.00 0.24 0.41
Ni 0.00 0.00 0.00 0.00 -
Cu 4.28 4.96 7.07 5.44 1.45
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 -

T a b le  J 3 5  E xperim ent 4  % w t o f  e lem en t o f  N o .3 sla g  (C /F e  =  1.8)  
2 nd sp ec im en

Element “/«Weight1 2 3 Avg SD
C 37.22 32.77 33.54 34.51 2.380 43.90 48.23 46.39 46.17 2.17

Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 0.00 -
Al 3.02 3.48 3.15 3.22 0.24
Si 7.47 7.59 7.92 7.66 0.23
P 0.00 0.00 0.00 0.00 -
ร 0.00 0.00 0.00 0.00 -
Cl 0.00 0.00 0.00 0.00 -
K 0.35 0.32 0.36 0.34 0.02
Ca 6.16 5.75 6.36 6.09 0.31
Ti 0.00 0.00 0.15 0.05 0.09
Cr 0.00 0.00 0.00 0.00 -
Mn 1.24 1.17 1.33 1.25 0.08
Fe 0.00 0.00 0.79 0.26 046
Ni 0.00 0.00 0.00 0.00 -
Cu 0.63 0.68 0.00 0.44 0.38
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 -



I l l

Table J36 E x p e rim e n t 4 %  w t o f  e le m e n t o f  N o .3 s la g  (C /F e  =  1.8)
3rd sp e c im e n

E le m e n t % W e ig h t
1 2 3 A v g _____ S D

c 3 0 .5 7 2 9 .3 6 3 2 .7 8 3 0 .9 0 1.73
0 4 3 .0 2 4 6 .4 2 4 6 .5 5 4 5 .3 3 2 .0 0

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

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

A t 3 .5 8 3 .7 4 3 .1 8 3 .5 0 0 .2 9
Si 9 .0 8 9 .1 7 7 .8 4 8 .7 0 0 .7 4
p 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

K 0 .5 7 0 .51 0 .3 9 0 .4 9 0 .0 9
Ca 9 .4 2 8 .2 2 6 .8 2 8 .15 1 .30
Ti 0 .2 0 0 .0 0 0 .0 0 0 .0 7 0 .1 2
Cr 0 .0 0 0  0 0 0 .0 0 0 .0 0 -

M n 2 .4 9 1 .85 1.65 2 .0 0 0 .4 4
Fe 0 .2 2 0 .0 0 0 .0 0 0 .0 7 0 .1 3
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

C u 0 .8 4 0 .7 2 0 .8 0 0 .7 9 0 .0 6
Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cs 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

E le m e n t « /«W eigh t
1 2 3 A v g S D

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

N a 0 .4 0 0 .0 0 0 .3 0 0 .23 0 .2 1
M g 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

A l 0 .0 0 0 .0 0 0 .0 9 0 .0 3 0 .0 5
Si 0 .0 0 0 .0 0 0 .2 0 0 .0 7 0  12
P 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .6 3 0 .0 0 0 .2 9 0.31 0 .3 2
Cl 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

K 1 .09 0 .2 2 0 .4 6 0 .5 9 0 .4 5
Ca 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Ti 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

M n 1.77 1.97 2 .0 6 1.93 0 .1 5
Fe 7 6 .2 0 9 5 .2 8 9 1 .0 8 8 7 .5 2 10 .03
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cu 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cs 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
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Table J38 E x p e r im e n t 4 %  w t o f  e le m e n t o f  N o .4 iro n  n u g g e t (C /F e  =  2 .0 )
2 nd sp e c im e n

E le m e n t “/« W e ig h t
1 2 3 A v g S Dc 0 .0 0 0 .0 0 0 .0 0 0 0 0 -

0 18 .47 19.51 16.61 18 .20 1 .47
N a 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

A t 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Si 0 .0 0 0 .0 0 0 17 0 .0 6 0 .1 0
p 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cl 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

K 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Ca 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Ti 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

M n 0.41 0 .31 0 .3 8 0 .3 7 0 .0 5
Fe 8 1 .1 2 8 0 .1 8 8 2 .8 4 8 1 .3 8 1.35
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cu 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cs 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0

Table J39 Experiment 4 % wt of element of No.4 iron nugget (C/Fe = 2.0) 
3rd specimen

E le m e n t “/« W e ig h t
1 2 3 A v g S D

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

0 8 .6 9 2 3 .2 0 17 .92 16 .60 7 .3 4
N a 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

A l 0 .1 0 0 .0 0 0 .0 0 0 .03 0 .0 6
Si 0 .1 4 0 .0 0 0 0 0 0 .0 5 0 .0 8
P 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cl 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

K 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Ca 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Ti 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cr 0 .0 0 0  0 0 0 .0 0 0 .0 0 -

M n 0 .6 6 0 .3 3 0 .0 0 0 .33 0 .3 3
Fe 9 0 .4 2 7 6 .4 6 8 2 .0 8 8 2 .9 9 7 .0 2
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

C s 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
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Table J40 E x p e r im e n t 4  %  w t o f  e le m e n t o f  N o .4  s lag  (C /F e  =  2 .0 )
1st sp e c im e n

E le m e n t " /«W eigh t
1 2 3 A v g SD

c 3 4 .1 8 13 .05 11 .22 19 .48 12 .76
0 2 3 .0 7 3 5 .0 4 3 6 .1 7 3 1 .4 3 7 .2 6

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

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

A1 3 .0 7 4 .0 3 4 .3 5 3 .8 2 0 .6 7
S i 9 .5 2 1 3 .6 6 1 3 .9 7 12 .38 2 .4 8
p 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

K 1.36 0 .9 6 0 .9 3 1 .08 0 .2 4
C a 2 0 .1 4 2 3 .6 5 2 3 .5 9 2 2 .4 6 2.01
Ti 0 .0 0 0.51 0 .4 5 0 .3 2 0 .2 8
Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

M n 6 .0 6 5.71 5 .8 0 5 .8 6 0 .1 8
F e 0 .0 0 1.18 1.27 0 .8 2 0.71
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

C u 2 .5 8 2 .2 0 2 .2 4 2 .3 4 0.21
Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

Table J41 Experiment 4 % wt of element of No.4 slag (C/Fe = 2.0) 
2nd specimen

E le m e n t " /«W eigh t
1 2 3 A v g S D

C 17.93 10 .69 8 .91 12.51 4 .7 8
0 3 3 .6 9 3 4 .6 9 3 6 .7 3 3 5 .0 4 1.55

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

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

A l 4 .3 8 4 .6 2 4 .9 0 4 .6 3 0 .2 6
Si 12 .26 13.43 1 3 .8 7 1 3 .1 9 0 .83
P 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .2 8 0 .0 0 0 .0 0 0 .0 9 0 .1 6
C l 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

K 2 .7 5 2 .0 3 2 .2 4 2 .3 4 0 .3 7
C a 19.50 2 4 .0 0 2 3 .1 3 2 2 .2 1 2 .3 9
Ti 0 .6 7 0 .5 8 0 .7 0 0 .6 5 0 .0 6
Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

M n 6 .1 4 7 .5 9 7 .1 6 6 .9 6 0 .7 4
Fe 0 .9 0 0 .6 7 0 .81 0 .7 9 0 .1 2
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

C u 1.50 1.69 1.55 1.58 0 .1 0
Z n 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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



Table J42 E x p e r im e n t 4  %  w t o f  e le m e n t o f  N o .4  s lag  (C /F e  =  2 .0 )
3 rd sp e c im e n

E le m e n t % W e ig h t
I 2 3 A v g S Dc 2 1 .8 6 2 1 .0 4 2 3 .7 8 2 2 .2 3 1.41o 3 5 .5 5 2 9 .8 5 2 7 .6 9 3 1 .0 3 4 .0 6

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

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

A t 3 .4 8 3 .3 4 2 .0 8 2 .9 7 0 .7 7
S i 10 .47 10.03 7 .2 9 9 .2 6 1.72
p 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

K 0 .8 8 0 .53 0 .2 2 0 .5 4 0 .3 3
C a 15 .74 18 .98 15 .70 16.81 1.88
T i 0 .7 6 0 .4 5 0 .2 6 0 .4 9 0 .2 5
Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

M n 8 .4 0 1 0 .1 7 19 .29 1 2 .6 2 5 .8 4
F e 0 8 2 2 .5 6 1.45 1.61 0 .8 8
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

C u 2 .03 3 .0 4 2 .23 2 .4 3 0 .5 3
Z n 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

Table J43 Experiment 4 % wt of element of No.5 iron nugget (C/Fe = 2.2) 
1st specimen

E le m e n t “/« W e ig h t
1 2 3 A v g S D

C 9 .1 3 18 .42 0 .0 0 9 .1 8 9 .21
0 7 .4 7 6 .9 5 7 .7 0 7 .3 7 0 .3 8

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

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

A l 0 .1 5 0 .1 2 0 .4 0 0 .2 2 0 .1 5
S i 0 .2 9 0 .2 3 0 .6 9 0 .4 0 0 .2 5
P 0 .0 0 0 .0 0 0 .13 0 .0 4 0 .0 8
ร 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

K 0 .1 2 0.11 0 .1 7 0 .1 3 0 .0 3
C a 0 .6 3 0 .2 0 0.61 0 .4 8 0 .2 4
T i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

M n 2.11 0 .7 9 1.83 1.58 0 .7 0
F e 8 0 .0 9 7 3 .1 9 8 8 .4 7 8 0 .5 8 7 .6 5
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

Z n 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

C s 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
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Table J44 E x p e r im e n t 4  %  w t o f  e le m e n t o f  N o . 5 iro n  n u g g e t (C /F e  =  2 .2 )
2 nd sp e c im e n

E le m e n t V o W eig h t
1 2 3 A v g S D

c 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

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

A1 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

S i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

ร 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

K 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

Ti 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

M n 0 .0 0 0 .0 0 0 .6 6 0 .2 2 0 .3 8
F e 8 7 .4 3 6 9 .5 7 7 4 .4 6 7 7 .1 5 9 .2 3
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

Z n 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

Table J45 Experiment 4 % wt of element of No.5 iron nugget (C/Fe = 2.2) 
3rd specimen

E le m e n t % W e ig h t
1 2 3 A v g S D

C 0 .0 0 0 .0 0 12 .59 4 .2 0 7 .2 7
0 3 5 .1 4 7 .0 3 12 .06 1 8 .0 8 1 4 .9 9

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

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

A l 0 .0 0 0 .0 0 0 .23 0 .0 8 0 .1 3
Si 0 .0 0 0 .1 2 1.12 0.41 0 .61
P 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .0 0 0 .1 8 0 .0 0 0 .0 6 0 .1 0
C l 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

K 0 .0 0 0 .5 4 0 .1 7 0 .2 4 0 .2 8
C a 0 .0 0 0 .0 0 1 .52 0 .51 0 .8 8
T i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

M n 0 .8 2 1.14 2 .3 4 1.43 0 .8 0
Fe 6 4 .0 5 9 1 .0 0 6 9 .9 6 7 5 .0 0 1 4 .1 7
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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



Table J46 E x p e rim e n t 4  %  w t o f  e le m e n t o f  N o .5 s la g  (C /F e  =  2 .2 )
1st sp e c im e n

E le m e n t “/ .W e ig h t
1 2 3 A v g S Dc 10 .83 18.71 15 .65 15 .06 3 .9 7

0 3 4 .9 3 3 3 .5 9 3 3 .3 8 3 3 .9 7 0 .8 4
N a 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

A1 5 .0 7 4 .5 0 4 .6 9 4 .7 5 0 .2 9
Si 14.81 1 3 .0 4 13.63 13.83 0 .9 0
p 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

K. 1.09 1 .02 1.11 1.07 0 .0 5
C a 2 4 .2 5 2 1 .2 0 2 2 .9 2 2 2 .7 9 1.53
Ti 0 .4 0 0 .3 3 0 .4 0 0 .3 8 0 .0 4
Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

M n 7 .0 6 6 .11 6 .63 6 .6 0 0 .4 8
Fe 0 .4 8 0 .5 4 0 .4 9 0 .5 0 0 .0 3
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

C u 1.07 0 .9 5 1.11 1.04 0 .0 8
Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

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

E le m e n t V oW eigh t
1 2 3 A v g ร ท

C 1 9 .9 7 20 .81 2 7 .5 2 2 2 .7 7 4 .1 4
0 3 3 .6 5 3 6 .6 5 25  5 0 3 1 .9 3 5 .7 7

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

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

A l 3 .8 8 4 .1 6 2 .9 8 3 .6 7 0 .6 2
Si 1 1 .2 8 11 .55 8.81 10 .55 1.51
P 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

K 0 .8 6 0 .8 3 0 .9 6 0 .8 8 0 .0 7
C a 2 1 .5 0 19 .12 2 3 .0 5 2 1 .2 2 1.98
T i 0 .3 0 0 .2 7 0 .3 5 0 .31 0 .0 4
C r 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

M n 5.71 4 .7 6 6 .6 6 5.71 0 .9 5
Fe 1.13 0 .7 5 1.31 1.06 0 .2 9
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

C u 1.72 1.11 2 .8 5 1.89 0 .8 8
Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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



Table J48 E x p e rim e n t 4  %  w t o f  e le m e n t o f  N o .5 s la g  (C /F e  =  2 .2 )
3 rd sp e c im e n

E le m e n t “/« W e ig h t
1 2 3 A v g S Dc 16 .34 10 .89 17 .09 14 .77 3 .3 8o 3 4 .9 7 3 6 .9 4 3 4 .3 4 3 5 .4 2 1 .36

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

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

A1 4 .1 4 4 .3 6 3 .8 7 4 .1 2 0 .2 5Si 12 .26 12 .70 1 1 .3 4 12 .10 0 .6 9
p 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .11 0 .9 7 1.48 0 .8 5 0 .6 9
Cl 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

K 1.02 1 .12 0 .9 3 1.02 0 .1 0
Ca 2 2 .3 9 2 2 .2 4 2 0 .4 3 2 1 .6 9 1.09Ti 0 .3 4 0 .4 2 0 .3 6 0 .3 7 0 .0 4
Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

M n 5 .9 2 7 .9 2 8 .7 5 7.53 1.45
Fe 1.51 1.47 0 .5 7 1.18 0 .5 3Ni 0 .0 0 0 .0 0 0 .0 0 0 .0 0 '  ' -

Cu 0 .9 9 0 .9 8 0 .8 4 0 .9 4 0 .0 8
Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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



J . 1.3 E x p e rim e n t 5

Table J49 Experiment 5 % wt of element of No.l iron nugget 
(Limestone/Al2 0 3 +Si0 2  = 0.45) 1st specimen

E le m e n t “/« W e ig h t
1 2 3 A v g S Dc 5 .1 8 5 .9 0 0 .0 0 3 .6 9 3 .2 2

0 13 .62 11 .58 1.35 8 .8 5 6 .5 7
N a 2 .2 2 4 .5 9 0 .0 0 2 .2 7 2 .3 0
M g 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
A1 0 .4 7 0 .0 0 0 .0 0 0 .1 6 0 .2 7
Si 0 .21 0 .0 0 0 .2 0 0 .1 4 0  12
p 0 .0 0 0 .0 0 0 .1 7 0 .0 6 0 .1 0
ร 3 .4 5 8 .13 0 .6 4 4 .0 7 3 .7 8

Cl 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
K 4 .5 6 11.11 1.62 5 .7 6 4 .8 6

Ca 2 .7 9 0 .8 4 10.51 4 .71 5 .11
Ti 0 .2 0 0 .0 0 0 .0 0 0 .0 7 0 .1 2
Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

M n 3 .3 4 5.41 6 .2 6 5 .0 0 1.50
Fe 6 3 .7 3 5 2 .2 4 7 9 .2 6 6 5 .0 8 13 .56
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
C u 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Zr 0 .2 4 0.21 0 .0 0 0 .1 5 0 .1 3
C s 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
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Table J50 E x p e rim e n t 5 %  w t o f  e le m e n t o f  N o . l  iro n  n u g g e t
(L im e s to n e /A l2 0 3 + S i0 2  =  0 .4 5 )  2 nd sp e c im e n

E le m e n t “/« W e ig h t
1 2 3 A v g S Dc 3 .4 6 4 .6 2 0 .0 0 2  69 2 .4 0

0 1.67 17 .47 10 .56 9 .9 0 7 .9 2
N a 0 .6 7 2 .5 7 0 .0 0 1.08 1.33
M g 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

A1 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Si 0 .0 0 0 .0 0 1 .07 0  3 6 0 .6 2
p 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 6 .7 0 4 .0 5 1.72 4 .1 6 2 .4 9
C l 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

K 12.21 6 .4 6 8 .6 4 9 .1 0 2 .9 0
Ca 1.21 0 .5 5 0 .0 0 0 .5 9 0 .61
Ti 0 .0 0 0 .21 0 .0 0 0 .0 7 0 .1 2
Cr ' 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

M n 4 .3 8 5 .7 9 3 .3 9 4 .5 2 1.21
Fe 6 9 .5 5 5 8 .0 8 7 4 .6 2 6 7 .4 2 8 .4 7
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

Z n 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .1 5 0 .2 0 0 .0 0 0 .1 2 0 .1 0
C s 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

E le m e n t “/« W e ig h t
1 2 3 A v g S D

C 1.94 1.82 0 .8 2 1.53 0 .61
0 2 2 .9 8 2 2 .7 4 2 3 .0 2 2 2 .9 1 0 .1 5

N a 0 .7 4 0 .7 2 0 .71 0 .7 2 0 .0 2
M g 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

A l 0 .1 7 0 .0 0 0 .1 9 0 .1 2 0 .1 0
S i 0 .2 4 0 .23 0 .1 5 0 .21 0 .0 5
P 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .7 5 0 .7 6 0 .8 0 0 .7 7 0 .0 3
C l 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

K 1.00 0 .9 5 0 .9 8 0 .9 8 0 .0 3
C a 0 .0 0 0 .0 0 0 .1 7 0 .0 6 0 .1 0
Ti 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cr 0 0 0 0 .0 0 0  0 0 0 .0 0 -

M n 0 .6 5 0 .6 7 0 .6 7 0 .6 6 0 .0 1
F e 7 1 .5 2 7 2 .1 2 7 2 .4 9 7 2 .0 4 0 .4 9
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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



Table J52 E x p e r im e n t 5 %  w t o f  e le m e n t o f  N o . l  s lag
(L im esto n e /A E C E + S iC E  =  0 .4 5 )  1st sp e c im e n

E le m e n t “/« W e ig h t1 2 3 A v g S Dc 1 5 .6 6 12 .35 12.73 1 3 .5 8 1.81o 4 2 .6 3 4 3 .3 0 4 5 .0 2 4 3 .6 5 1.23
N a 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

M g 0  30 0  3 0 0.31 0 .3 0 0 .01
A1 5 .2 2 5 .4 9 5 .4 6 5 .3 9 0 .1 5
S i 14.71 15 .79 15 .36 1 5 .2 9 0 .5 4
p 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .1 8 0 .1 9 0 .1 6 0 .1 8 0 .0 2
C! 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

K 1.26 1.39 1.39 1.35 0 .0 8
C a 11 .68 1 2 .6 6 11 .64 1 1 .9 9 0 .5 8
Ti 0 .2 7 0 .2 9 0 .3 0 0 .2 9 0 .0 2
Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Mr) 5 .4 3 5 .7 0 5.21 5 .4 5 0 .2 5
Fe 0 .4 9 0 .5 2 0 .45 0 .4 9 0 .0 4
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

C u 1.51 1.46 1.39 1.45 0 .0 6
Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .6 6 0 .5 6 0 .6 0 0 .61 0 .0 5
C s 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Table J53 Experiment 5 % wt of element of No.l slag 
(Limestone/AECE+SiCE = 0.45) 2nd specimen

E le m e n t “/« W e ig h t
1 2 3 A v g S D

C 19 .24 17 .79 19 .66 18 .90 0 .9 8
O 3 4  79 3 8 .7 5 3 1 .3 3 3 4 .9 6 3 .71

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

M g 0 .1 8 0 .2 7 0 .2 2 0 .2 2 0 .0 5
A l 4 .1 8 4 .2 6 3 .9 5 4 .1 3 0 .1 6
Si 12 .43 12 .73 12 .19 12 .45 0 .2 7
P 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cl 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

K 1.63 1.58 1.78 1 .66 0 .1 0
Ca 14 .25 12.91 15 .76 14.31 1.43
T i 0 .3 6 0 .3 2 0 .4 8 0 .3 9 0 .0 8
Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

M n 7 .6 7 6 .8 6 9 .1 2 7 .8 8 1 .15
F e 1.07 0 .8 0 1.15 1.01 0 .1 8
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

C u 2 .9 2 2 .7 2 3 .13 2 .9 2 0.21
Z n 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 1.27 1.02 1.22 1 .17 0 .1 3
C s 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
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Table J54 Experiment 5 % wt of element of No.l slag
(Limestone/AECE+SiCE = 0.45) 3rd specimen

E le m e n t “/« W e ig h t
1 2 3 A v g S Dc 10 .30 1 3 .5 0 9.31 11 .04 2 .1 9

0 4 1 .0 2 4 0 .5 3 4 2 .5 1 4 1 .3 5 1.03
N a 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Mb 0 .2 9 0 .2 9 0  31 0 .3 0 0 .01
A1 5 .4 4 5 .3 0 5 .65 5 .4 6 0 .1 8
Si 16 .09 15 .05 16 .38 1 5 .8 4 0 .7 0
p 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .2 4 0 .2 5 0 .2 4 0 .2 4 0 .0 1
Cl 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

K 1.58 1 .54 1.54 1.55 0 .0 2
Ca 14 .98 1 4 .1 0 14 .57 14 .55 0 .4 4
Ti 0 .3 8 0 .3 5 0 .3 8 0 .3 7 0 .0 2
Cr 0 .0 0 0 .0 0 0  00 0 .0 0 -

M n 6 .4 2 6 .0 4 6 .25 6 .2 4 0 .1 9
Fe 0 .3 7 0 .4 3 0 .3 7 0 .3 9 0 .0 3
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cu 1.88 1.91 1.70 1.83 0 .11
Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 1.02 0 .7 0 0 .7 9 0 .8 4 0 .1 7
Cs 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

5 Experiment 5 % wt of element of No.2 i 
le/AECE+SiCE = 0.55) 1st specimen

•on nugget

E le m e n t “/« W e ig h
1 2 3 A v g S D

c 1.29 5 .1 0 15 .99 7 .4 6 7 .6 3
0 5 .6 6 9 .2 5 14 .05 9 .6 5 4 .21

N a 0 .0 0 2 .4 4 4.61 2 .3 5 2 .31
M g 0 .0 0 0 0 0 0 .0 0 0 .0 0 -

A1 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Si 1.25 0 .0 0 0 .0 0 0 .4 2 0 .7 2
p 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .1 4 4 .9 5 3 .1 0 2 .73 2 .4 3
Cl 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

K 0 .2 2 8 .5 6 3.71 4 .1 6 4 .1 9
Ca 11 .73 0 .3 5 0 .0 0 4 .0 3 6 .6 7
Ti 0 .0 0 0 .2 6 0 .0 0 0 .0 9 0 .1 5
Cr 0 .0 0 0 .0 0 0 0 0 0 .0 0 -

M n 7 .1 8 1.62 0 .2 4 3 .01 3 .6 7
Fe 7 2 .5 3 6 7 .3 6 58.3C 6 6 .0 6 7 2 0
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

Z n 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .0 0 0 .1 2 0 .0 0 0 .0 4 0 .0 7
Cs 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
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Table J56 E x p e r im e n t 5 %  w t o f  e le m e n t o f  N o .2  iro n  n u g g e t
(L im e s to n e /A l2 0 3 +S iC >2 =  0 .5 5 ) 2 nd sp e c im e n

E le m e n t " /«W eigh t
1 2 3 A v g S D

c 3 .0 5 2 .9 5 3 .9 9 3 .33 0 .5 7
0 17 .64 1 7 .6 9 18 .25 17 .86 0 .3 4

N a 0 .4 7 0 .4 0 0 .0 0 0 .2 9 0 .2 5
M g 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

A1 0 .2 0 0 .0 0 0 .1 9 0 .13 0 .11
Si 0 .2 2 0 .2 3 0 .0 0 0 .1 5 0 .1 3
p 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .3 2 0 .3 0 0 .0 0 0.21 0 .1 8
Cl 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

K. 0 .3 5 0 .4 2 0 .0 0 0 .2 6 0 .2 3
Ca 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Ti 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cr 0 .0 0 0 .0 0 0 0 0 0 .0 0 -

M n 0 .3 3 0 .4 2 0 .0 0 0 .2 5 0 .2 2
Fe 7 7 .4 2 7 7 .5 9 7 7 .5 7 7 7 .5 3 0 .0 9
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cu 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

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

E le m e n t "/«W eigh t
1 2 3 A v g S D

C 2 .9 3 3 .9 2 1.87 2.91 1.03
0 18.43 1 8 .9 4 18 .97 18 .78 0 .3 0

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

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

A l 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Si 0 .2 0 0 .1 8 0 0 0 0 .1 3 0 .11
P 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

K 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Ca 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Ti 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

M n 0 .0 0 0 .0 0 0 .3 9 0 .1 3 0 .2 3
Fe 7 8 .4 4 7 6 .9 6 7 8 .7 7 7 8 .0 6 0 .9 6Ni 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cu 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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



Table J58 E x p e r im e n t 5 %  w t o f  e le m e n t o f  N o .2 s lag
(L im estone/A l2C > 3+ S i02  =  0 .5 5 ) 1st sp e c im e n

E le m e n t "/«W eight
1 2 3 A v g S Dc 9.61 10 .68 10 .10 10.13 0 .5 4

0 4 4 .7 3 4 4 .5 9 4 2 .5 0 4 3 .9 4 1.25
N a 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

M g 0 .3 4 0  33 0 .3 0 0 .3 2 0 .0 2
A1 5 .2 9 5 .2 8 5 .5 4 5 .3 7 0 .1 5
Si 14.55 14 .03 14 .65 14.41 0 .3 3
p 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0.51 0 .5 4 0.51 0 .5 2 0 .0 2
C l 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

K 1.32 1 .30 1.43 1.35 0 .0 7
Ca 13.61 1 3 .4 2 14 .57 13 .87 0 .6 2
Ti 0 .2 4 0 .2 8 0 .3 0 0 .2 7 0 .0 3
Cr 0 .0 0 0 .0 0 0 00 0 .0 0 -

M n 5 .4 8 5 .3 3 5 .5 7 5 .4 6 0 .1 2
Fe 0 .9 9 0 .8 4 1 .04 0 .9 6 0 .1 0
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cu 2 .0 9 2 .0 9 2 .1 4 2 .11 0 .0 3
Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 1.24 1 .29 1 .34 1.29 0 .0 5
Cs 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Table J59 Experiment 5 % wt of element of No.2 slag 
(Limestone/Al2 0 3 +Si0 2  = 0.55) 2nd specimen

E le m e n t “/« W e ig h t
1 2 3 A v g S D

C 10.19 1 1 .3 0 10 .22 10 .57 0 .6 3
0 3 3 .2 3 3 4 .7 0 3 4 .4 7 3 4 .1 3 0 .7 9

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

M g 0 .2 4 0 .3 4 0 .2 4 0 .2 7 0 .0 6
A l 4 .61 4 .7 4 4.71 4 .6 9 0 .0 7
Si 14 .60 1 4 .3 8 14 .37 14 .45 0 .1 3
P 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .2 4 0 .2 2 0 .2 4 0 .2 3 0 .01
Cl 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

K 1.66 1.51 1.49 1.55 0 .0 9
Ca 2 2 .9 0 2 1 .4 8 2 2 .3 2 2 2 .2 3 0 .71
Ti 0 .4 6 0 .4 3 0 .4 4 0 .4 4 0 .0 2
Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

M n 8 .25 7 .6 2 7 .9 0 7 .92 0 .3 2
Fe 0 .0 0 0 .0 0 0 .4 7 0 .1 6 0 .2 7
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cu 2.61 2 .1 7 2  21 2 .33 0 .2 4
Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 1.01 1 .10 0 .91 1.01 0 .1 0
C s 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -



Table J60 E x p e r im e n t 5 %  w t o f  e le m e n t o f  N o .2  s lag
(L im e sto n e /A liC E + S iC h  =  0 .5 5 )  3 rd sp e c im e n

E le m e n t “/« W e ig h t
1 2 3 A v g S Dc 13 .92 14 .94 11 .95 13 .60 1 .52

0 3 9 .8 9 3 9 .9 7 3 9 .7 8 3 9 .8 8 0 .1 0
N a 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

M g 0 .2 9 0 .25 0 .3 3 0 .2 9 0 .0 4
A1 5.01 4 .7 8 4 .91 4 .9 0 0 .1 2
S i 13 .84 13.11 14 .02 1 3 .6 6 0 .4 8
p 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .2 0 0 .25 0 .2 3 0 .2 3 0 .0 3
C l 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

K 1.23 1.17 1.29 1.23 0 .0 6
Ca 16.53 16.05 17 .36 16 .65 0 .6 6
Ti 0 .2 4 0 .28 0 .3 5 0 .2 9 0 .0 6
Cr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

M n 5 .65 5.51 6 .1 0 5 .7 5 0 .31
Fe 0 .5 4 0 .8 0 0 .6 5 0 .6 6 0 .1 3
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

C u 1.83 2 .1 0 2 .0 7 2 .0 0 0 .1 5
Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .8 4 0 .8 0 0 .9 6 0 .8 7 0 .0 8
Cs 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Table J61 Experiment 5 % พt of element of No.3 iron nugget 
(Limestone/AlzCE+SiCh = 0.65) 1st specimen

E le m e n t “/« W e ig h t
1 2 3 A v g S D

C 2 .5 0 1.20 0 .8 5 1.52 0 .8 7
O 7 .5 5 5.61 3 .8 4 5 .6 7 1.86

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

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

A l 0 .0 0 0 .1 9 0 .0 0 0 .0 6 0 .11
Si 0 .2 8 0.31 0 .3 2 0 .3 0 0 .0 2
P 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

ร 0 .2 3 0 .13 0 .0 0 0 .1 2 0 .1 2
C l 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

K 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

C a 0 .1 5 0 .1 7 0 .1 9 0 .1 7 0 .0 2
Ti 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Cr 0 .0 0 0 .0 0 0 .0 0 0 0 0 -

M n 1.40 1.21 1.13 1.25 0 .1 4
Fe 8 7 .8 9 9 1 .1 8 9 3 .6 7 9 0 .9 1 2 .9 0
N i 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

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

Zn 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

Zr 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -

C s 0 .0 0 0 .0 0 0 .0 0 0 .0 0 -
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Table J62 Experiment 5 % wt of element of No.3 iron nugget
(Limestone/AECb+SiCh = 0.65) 2nd specimen

Element %Weight
1 2 3 Avg SD

c 2.01 0.12 1.97 1.37 1.08
0 27.30 6.95 21.01 18.42 10.42

Na 0.00 0.00 0.00 0.00 -

Mg 0 00 0.00 0.00 0.00 -

At 0.20 0.00 0.00 0.07 0.12
Si 0 35 0.00 0.00 0.12 0.20
p 0.00 0.00 0.00 0.00 -

ร 0.00 0.00 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 -

K 0.00 0.14 0.00 0.05 0.08
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 0.24 0.37 0.24 0.28 0.08
Fe 69.89 92.42 76.78 79.70 11.54
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 J63 Experiment 5 % wt of element of No.3 iron nugget 
(Limestone/Al20 3 +Si0 2  = 0.65) 3rd specimen

Element “/«Weight
1 2 3 Avg SD

C 2.27 7.95 2.48 4.23 3.22
0 6.30 3.71 30.44 13.48 14.74
Na 0.00 0.00 0.00 0.00 -

Mg 0.00 0.00 0.00 0.00 -

Al 0.00 0.00 0.00 0.00 -

Si 0.41 0.17 0.00 0.19 0.21
P 0.00 0.00 0.00 0.00 -

ร 0.00 0.15 0.00 0.05 0.09
Cl 0.00 0.00 0.00 0.00 -

K 0.00 0.14 0.00 0.05 0.08
Ca 0.21 0.14 0.00 0.12 0.11
Ti 0.00 0.00 0.00 0.00 -

Cr 0.00 0.00 0 00 0.00 -

Mn 0.59 0.98 0.38 0.65 0.30
Fe 90.21 8672 66.70 81.21 12.69
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 -

Zr 0.00 0.05 0.00 0.02 0.03
Cs 0.00 0.00 0.00 0.00 -



Table J64 Experiment 5 % wt of element of No.3 slag
(Limestone/Al2 0 3 +Si0 2  = 0.65) 1st specimen

Element “/«Weight
1 2 3 Avg____ SDc 10.27 10.49 10.78 10.51 0.26

0 39.85 39.12 40.14 39.70 0.53
Na 0.00 0.00 0.00 0.00 -

Mg 0.27 0.32 0 35 0.31 0.04
At 4 98 4.90 5.11 5.00 0.11
Si 14.55 14.41 14.73 14.56 0.16
p 0.00 0.00 0.00 0.00 -

ร 0.25 0.28 0.00 0.18 0.15
Cl 0.00 0.00 0.00 0.00 -

K 1.21 1.19 1.12 1.17 0.05
Ca 20.52 20.61 19.87 20.33 0.40
Ti 0.41 0.27 0.29 0.32 0.08
Cr 0 00 0.00 0.00 0.00 -

Mn 5.46 5.61 5.42 5.50 0.10
Fe 0.00 0.40 0.00 0.13 0.23
Ni 0.00 0.00 0.00 0.00 -

Cu 1.52 1.71 1.60 1.61 0.10
Zn 0.00 0.00 0.00 0.00 -

Zr 0.72 0.69 0.60 0.67 0.06
Cs 0.00 0.00 0.00 0.00 -

Table J65 Experiment 5 % wt of element of No.3 slag 
(Limestone/Al2 0 3 +Si0 2  = 0.65) 2 nd specimen

Element “/«Weight
1 2 3 Avg SD

C 10.80 11.89 9.92 10.87 0.99
0 38.04 39.13 37.07 38.08 1.03
Na 0.00 0.00 0.00 0.00 -

Mg 0.31 0.23 0.23 0.26 0.05
Al 4.66 4.68 4.84 4.73 0.10
Si 13.62 13.19 14.05 13.62 0.43
P 0.00 0.00 0.00 0.00 -

ร 0.17 0.00 0.21 0.13 0.11
Cl 0.00 0.00 0.00 0.00 -

K 1.46 1.35 1.45 1.42 0.06
Ca 20.86 19.62 21.79 20.76 1.09
Ti 0.37 0.32 0.36 0.35 0.03
Cr 0.00 0.00 0.00 0.00 -

Mn 6.20 5.95 6.49 6.21 0.27
Fe 0.36 0.45 0.45 0.42 0.05
Ni 0.00 0.00 0.00 0.00 -

Cu 2.29 2.37 2.35 2.34 0.04
Zn 0.00 0.00 0.00 0.00 -

Zr 0.86 0.84 0.79 0.83 0.04
Cs 0.00 0.00 0.00 0.00 -
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Table J66 Experiment 5 % wt of element of No.3 slag
(Limestone/Al2 0 3 +Si0 2  = 0.65) 3rd specimen

Element “/«Weight
1 2 3 Avg SD

c 12.29 12.70 11.36 12.12 0.69
0 26.40 27.47 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 3.41 3.55 3.60 3.52 0.10
Si 10.87 10.79 11.36 11.01 0.31
p 0.00 0.00 0.00 0.00 -

ร 0.00 0.00 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 -

K 1.72 1.65 1.79 1.72 0.07
Ca 27.40 26.22 27.68 27.10 0.77
Ti 0.49 0.44 0.43 0.45 0.03
Cr 0.00 0.00 0.00 0.00 -

Mn 10.81 10.06 10.76 10.54 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 4.61 4.41 4.60 0.19
Zn 0.00 0.00 0.00 0.00 -

Zr 1.81 1.76 1.83 1.80 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) 1st specimen

Element “/«Weight
1 2 3 Avg SD

C 0.06 0.82 0.00 0.29 0.46
0 10.67 0.00 2.80 4.49 5.53
Na 0.68 0.00 0.13 0.27 0.36
Mg 0.00 0.00 0.00 0.00 -

Al 0.00 0.00 0.20 0.07 0.12
Si 0 27 0.08 0.53 0.29 0.23
P 0.00 0.00 0.00 0.00 -

ร 2.27 0.07 0.87 1.07 1.11
Cl 0.00 0.00 0.00 0.00 -

K 5.13 0.69 5.18 3.67 2.58
Ca 0.67 1.91 0.94 1.17 0.65
Ti 0.00 0.00 0.00 0.00 -

Cr 0.00 0.00 0.00 0.00 -

Mn 2.06 14.75 1.52 6.11 7.49
Fe 78.20 81.67 87.82 82.56 4.87
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 -
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Table J68 Experiment 5 % wt of element of No.4 iron nugget
(Limestone/Al2C>3+Si02 = 0.75) 2nd specimen

Element %Weight
1 2 3 Avg SD

c 0.04 0.00 0.75 0.26 0.42
0 23.42 16.35 16.07 18.61 4.17
Na 1.11 0.57 0.66 0.78 0.29
Mg 0.00 0.00 0.00 0.00 -

Al 0.15 0.30 0.32 0.26 0.09
Si 0.00 0.19 0.48 0.22 0.24
p 0.00 0.00 0.00 0.00 -

ร 0.84 2.00 1.04 1.29 0.62
Cl 0.00 0.00 0.00 0.00 -

K 1.79 5.41 2.11 3.10 2.00
Ca 0.19 0.32 0.69 0.40 0.26
Ti 0.00 0.00 0.00 0.00 -

Cr 0.00 0.00 0.00 0.00 -

Mn 2.83 2.60 2.30 2.58 0.27
Fe 69.62 72.25 75.59 72.49 2.99
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 J69 Experiment 5 % wt of element of No.4 iron nugget 
(Limestone/Al2 0 3 +Si0 2  = 0.75) 3rd specimen

Element VoWeight
1 2 3 Avg SD

C 0.00 0.00 0.62 0.21 0.36
0 4.90 8.02 1.73 4.88 3.15
Na 0.66 0.45 0.12 0.41 0.27
Mg 0.00 0.00 0.00 0.00 -

Al 0.00 0.00 0.13 0.04 0.08
Si 0.50 0.00 0.08 0.19 0.27
P 0.00 0.00 0.00 0.00 -

ร 0.43 0.53 0.45 0.47 0.05
Cl 0.00 0.00 0.00 0.00 -

K 0.80 1.11 1.72 1.21 0.47
Ca 0.68 0.18 0.00 0.29 0.35
Ti 0.00 0.00 0.00 0.00 -

Cr 0.00 0.00 0.00 0.00 -

Mn 7.87 6.05 6.07 6.66 1.05
Fe 84.17 83.66 89.08 85.64 2.99
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 -
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Table J70 Experiment 5 % wt of element of No.4 slag
(Limestone/Al2C>3+Si02 = 0.75) 1st specimen

Element «/«Weight
1 2 3 Avg SD

c 9.65 9.12 8.55 9.11 0.55
0 37.72 39.48 39.86 39.02 1.14
Na 0.00 0.00 0.00 0.00 -

Mg 0.30 0.31 0.30 0.30 0.01
A1 5.30 5.47 5.44 5.40 0.09
Si 15.61 15.93 16.11 15.88 0.25
p 0.00 0.00 0.00 0.00 -

ร 0.22 0.22 0.24 0.23 0.01
Cl 0.00 0.00 0.00 0.00 -

K 1.51 1.47 1.50 1.49 0.02
Ca 20.10 19.14 19.16 19.47 0.55
Ti 0.36 0.32 0.32 0.33 0.02
Cr 0 00 0.00 0.00 0.00 -

Mn 6.10 5.61 5.59 5.77 0.29
Fe 0.39 0.34 0.41 0.38 0.04
Ni 0.00 0.00 0.00 0.00 -

Cu 1.36 1.30 1.22 1.29 0.07
Zn 0.00 0.00 0.00 0.00 -

Zr 1.39 1.30 1.29 1.33 0.06
Cs 0.00 0.00 0.00 0.00 -

Table J71 Experiment 5 % wt of element of No.4 slag 
(Limestone/Al2 0 3 +Si0 2  = 0.75) 2 nd specimen

Element %Weight
1 2 3 Avg____ SD

C 8.56 7.85 6.61 7.67 0.99
O 49.55 49.13 49.54 49.41 0.24
Na 0.00 0.00 0.00 0.00 -

Mg 0.32 0.29 0.31 0.31 0.02
Al 4.90 4.90 5.06 4.95 0.09
Si 14.00 13 99 14.54 14.18 0.31
P 0.00 0.75 0.00 0.25 0.43
ร 0.14 0.15 0.18 0.16 0.02
Cl 0.00 0.00 0.00 0.00 -

K 0.83 1.11 0.94 0.96 0.14
Ca 14.65 15.03 15.42 15.03 0.39
Ti 0.22 0.23 0.26 0.24 0.02
Cr 0.00 0.00 0.00 0.00 -

Mn 3.89 4.10 4.33 4.11 0.22
Fe 0.60 0.48 0.41 0.50 0.10
Ni 0.00 0.00 0.00 0.00 -

Cu 0.92 0.89 0.89 0.90 0.02
Zn 0.00 0.00 0.00 0.00 -

Zr 1.43 1.10 1.52 1.35 0.22
Cs 0.00 0.00 0.00 0.00 -
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Table J72 Experiment 5 % wt of element of No.4 slag
(Limestone/AECE+SiCh = 0.75) 3rd specimen

Element “/«Weight
1 2 3 Avg SD

c 8.82 7.26 8.27 8.12 0.79
0 36.35 36.67 33.97 35.66 1.48
Na 0.00 0.00 0.00 0.00 -

Mg 0.33 0.30 0.32 0.32 0.02
AI 5.13 5.27 4.98 5.13 0.15
Si 14.98 15.82 14.83 15.21 0.53
p 0.00 0.00 0.00 0.00 -

ร 0.28 0.28 0.26 0.27 0.01
Cl 0.00 0.00 0.00 0.00 -

K 1.29 1.44 1.54 1.42 0.13
Ca 23.22 23.43 25.17 23.94 1.07
Ti 0.26 0.34 0.44 0.35 0.09
Cr 0.00 0.00 0.00 0.00 -

Mn 6.23 6.20 6.92 6.45 0.41
Fe 0.00 0.00 0.00 0.00 -

Ni 0.00 0.00 0.00 0.00 -

Cu 1.66 1.50 1.77 1.64 0.14
Zn 0.00 0.00 0.00 0.00 -

Zr 1.43 1.48 1.54 1.48 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) 1st specimen

Element %Weight
1 2 3 Avg SD

C 1.21 2.44 1.08 1.58 0.75
O 15.80 12.72 21.42 16.65 4.41
Na 0.00 0.00 0.00 0.00 -

Mg 0.00 0.00 0.00 0.00 -

Al 0.00 0.19 0.13 0.11 0.10
Si 0.00 0.12 0.14 0.09 0.08
P 0.00 0.00 0.00 0.00 -

ร 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 0.15
Ca 0.00 1.14 0.23 0.46 0.60
Ti 0.00 0.18 0.00 0.06 0.10
Cr 0.00 0.00 000 0.00 -

Mn 1.52 4.99 3.42 3.31 1.74
Fe 81.47 78.22 73.19 77.63 4.17
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 ' -
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Table J74 Experiment 5 % wt of element of No.5 iron nugget
(Limestone/AECE+SiCE = 0.85) 2nd specimen

Element "/«Weight
1 2 3 Avg SD

c 1.82 0.73 5.40 2.65 2.44
o 16.06 12.06 3.96 10.69 6.16
Na 0.00 0.00 0.00 0.00 -

Mg 0.00 0.00 0.00 0.00 -

At 0.00 0.00 0.20 0.07 0.12
Si 0.00 0.00 0.28 0.09 0.16
p 0.00 0.00 0.00 0.00 -

ร 0.00 0.72 0.09 0.27 0.39
Cl 0.00 0.00 0.00 0.00 -

K 0.00 1.55 0.22 0.59 0.84
Ca 0.31 0.00 0.25 0.19 0.16
Ti 0.00 0.00 0.00 0.00 -

Cr 0.00 0.00 0.00 000 -

Mn 4.07 2.17 1.18 2.47 1.47
Fe 77.75 82.77 88.39 82.97 5.32
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 0.03 0.01 0.02
Cs 0.00 0.00 0.00 0.00 -

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

Element "/«Weight
1 2 3 Avg SD

C 0.30 1.80 1.20 1.10 0.75
0 8.47 23.92 2.37 11.59 11.11
Na 0.21 0.00 0.00 0.07 0.12
Mg 0.00 0.00 0.00 0.00 -
Al 0.00 0.00 0.00 0.00 -
Si 0.08 0.00 022 0.10 0.11
P 0.00 0.00 0.00 0.00 -
ร 0.48 0.00 0.00 0.16 0.28
Cl 0.00 0.00 0.00 0.00 -
K 1.06 0.00 0.00 0.35 0.61
Ca 0.00 0.00 0.24 0.08 0.14
Ti 0.00 0.00 0.00 0.00 -
Cr 0.00 0.00 0.00 0.00 -
Mn 0.43 0.36 0.43 0.41 0.04
Fe 88.97 73.91 95.05 85.98 10.88
Ni 0.00 0.00 0.20 0.07 0.12
Cu 0.00 0.00 0.29 0.10 0.17
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 -
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Table J76 Experiment 5 % wt of element of No.5 slag
(Limestone/Al2 0 3 +Si0 2  = 0.85) 1st specimen

Element “/«Weight
1 2 3 Avg SDc 9.50 9.82 9.58 9.63 0.17

0 40.37 40.81 40.85 40.68 0.27
Na 0.00 0.00 0.00 0.00 -

Mg 0.19 0.00 0.28 0.16 0.14
At 3.96 4.04 4.22 4.07 0.13
Si 12.98 12.65 12.84 12.82 0.17
p 0.00 0.00 0.00 0.00 -

ร 0.15 0.00 0.22 0.12 0.11
Cl 0.00 0.00 0.00 0.00 -

K 1.25 1.42 1.12 1.26 0.15
Ca 21.77 21.71 21.56 21.68 0.11
Ti 0.36 0.42 0.35 0.38 0.04
Cr 0.00 0.00 0.00 0.00 -

Mn 4.81 5.08 4.57 4.82 0.26
Fe 0.37 0.00 0.39 0.25 0.22
Ni 0.00 0.00 0.00 0.00 -

Cu 2.90 2.71 2.72 2.78 0.11
Zn 0.00 0.00 0.00 0.00 -

Zr 1.40 1.35 1.29 1.35 0.06
Cs 0.00 0.00 0.00 0.00 -

Table J77 Experiment 5 % wt of element of No. 5 slag 
(Limestone/AECE+SiCE = 0.85) 2nd specimen

Element “/«Weight1 2 3 Avg SD
C 8.42 9.12 3.75 7.10 2.92
0 40.92 39.70 33.43 38.02 4.02
Na 0.00 0.00 0.00 0.00 -

Mg 0.17 0.22 0.25 0.21 0.04
Al 3.84 3.99 4.25 4.03 0.21
Si 12.95 12.73 8.69 11.46 2.40
P 0.00 0.00 0.82 0.27 0.47
ร 0.14 0.17 0.00 0.10 0.09
Cl 0.00 0.00 0.00 0.00 -

K 1.44 1.22 3.39 2.02 1.19
Ca 22.35 22.67 13.79 19.60 5.04
Ti 0.43 0.41 0.39 0.41 0.02
Cr 0.00 0.00 0.00 0.00 -

Mn 5.37 5.11 3.68 4.72 0.91
Fe 0.00 0.00 24.71 8.24 14.27
Ni 0.00 0.00 0.00 0.00 -

Cu 2.71 3.25 2.85 2.94 0.28
Zn 0.00 0.00 0.00 0.00 -

Zr 1.27 1.42 0.00 0.90 0.78
Cs 0.00 0.00 0.00 0.00 -
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Table J78 Experiment 5 % wt of element of No. 5 slag
(Limestone/AhCE+SiCh = 0.85) 3rd specimen

Element "/«Weight
1 2 3 Avg SDc 3.55 8.78 4.20 5.51 2.85

0 34.10 37.58 34.23 35.30 1.97
Na 0.00 0.00 0.00 0.00 -

Mg 0.18 0.32 0.25 0.25 0.07
A1 4.37 4.26 4.54 4.39 0.14
Si 8.86 8.86 9.41 9.04 0.32
p 0.83 0.00 0.88 0.57 0.49
ร 0.00 0.00 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 -

K 3.28 2.21 3.80 3.10 0.81
Ca 14.62 12.01 14.62 13.75 1.51
Ti 0.46 0.34 0.40 0.40 0.06
Cr 0.00 0.00 0.00 0.00 -

Mn 3.98 3.58 3.74 3.77 0.20
Fe 22.84 18.43 21.03 20.77 2.22
Ni 0.00 0.00 0.00 0.00 -

Cu 2.93 2.06 2.89 2.63 0.49
Zn 0.00 0.00 0.00 0.00 -

Zr 0.00 1.58 0.00 0.53 0.91
Cs 0.00 0.00 0.00 0.00 -

Table J79 Experiment 5 % wt of element of No.6  iron nugget 
(Limestone/AhCE+SiCh = 0.95) 1st specimen

Element "/«Weight
1 2 3 Avg SD

C 11.67 1.06 3.42 5.38 5.57
0 10.16 1.58 9.72 7.15 4.83
Na 0.00 0.00 1.02 0.34 0.59
Mg 0.00 0.00 0.00 0.00 -

Al 0.49 0.00 0.00 0.16 0.28
Si 1 22 0.12 000 0.45 067
P 0.49 0.00 0.00 0.16 0.28
ร 0.18 0.00 1.03 0.40 0.55
Cl 0.00 0.00 0.00 0.00 -

K 0.00 0.00 1.51 0.50 0.87
Ca 2.34 0.23 0.00 0.86 1.29
Ti 0.00 0.00 0.00 0.00 -

Cr 0.00 0.00 0.00 0.00 -

Mn 0.00 0.46 0.31 0.26 0.23
Fe 73.45 96.54 82.99 84.33 11.60
Ni 0.00 0.00 0.00 0.00 -

Cu 000 0.00 0 00 000 -

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 J80 Experiment 5 % wt of element of No.6 iron nugget
(Limestone/Al2 0 3 +Si0 2  = 0.95) 2nd specimen

Element “/«Weight
1 2 3 Avg SDc 5.12 8.21 3.94 176 2.21

0 5.58 16.28 6.79 9.55 5.86
Na 2.13 0.19 0.00 0.77 1.18
Mg 0.00 0.00 0.00 0.00 -

AI 0.00 0.00 0.00 0.00 -

Si 0.19 0.00 0.00 0.06 0.11
p 0.00 0.00 0.00 0.00 -

ร 3.01 0.00 0.00 1.00 1.74
Cl 0.00 0.00 0.00 0.00 -

K 4.60 0.00 0.00 1.53 2.66
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 0.27 0.20 0.00 0.16 0.14
Fe 79.10 75.11 89.28 81.16 7.31
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 J81 Experiment 5 % wt of element of No.6  iron nugget 
(Limestone/Al2 0 3 +Si0 2  = 0.95) 3rd specimen

Element “/«Weight
1 2 3 Avg SD

C 5.37 3.02 2.17 3.52 1.66
0 14.08 24.16 28.84 22.36 7.54
Na 0.00 0.00 0.00 0.00 -

Mg 0.00 0.00 0.00 0.00 -

Al 0.00 0.00 0.17 0.06 0.10
Si 000 0.00 0.19 0.06 0.11
P 0.00 0.00 0.00 0.00 -

ร 0.00 0.72 0.00 0.24 0.42
Cl 0.00 0.00 0.00 000 -

K 0.00 0.66 0.00 0.22 0.38
Ca 0.00 0.48 0.23 0.24 0.24
Ti 0.00 0.00 0.00 0.00 -

Cr 0.00 0.00 0.00 0.00 -

Mn 0.50 0.38 0.27 0.38 0.12
Fe 80.06 70.58 68.12 72.92 6.30
Ni 0.00 0.00 0.00 0.00 -

Cu 0.00 0.00 0.00 000 -

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

Element “/«Weight
1 2 3 Avg SDc 8.95 8.92 8.48 8.78 0.26

0 38.07 38.21 38.54 38.27 0.24
Na 0.00 0.00 0.00 0.00 -

Mg 0.28 0.33 0.27 029 0.03
A1 4.18 4.02 4.24 4.15 0.11
Si 10.47 10.37 11.46 10.77 0.60
p 0.00 0.00 0.00 0.00 -

ร 0.20 0.20 0.20 0.20 -

Cl 0.00 0.00 0.00 0.00 -

K 0.74 0.76 0.89 0.80 0.08
Ca 22.95 22.69 24.09 23.24 0.74
Ti 0.21 0.21 0.31 0.24 0.06
Cr 0.00 0.00 0.00 0.00 -

Mn 4.01 4.08 4.45 4.18 0.24
Fe 5.10 5.73 2 06 4.30 1.96
Ni 0.00 0.00 0.00 0.00 -

Cu 3.38 3.13 3.39 3.30 0.15
Zn 0.00 0.00 0.00 0.00 -

Zr 1.48 1.35 1.61 1.48 0.13
Cs 0.00 0.00 0.00 0.00 -

Table J83 Experiment 5 % wt of element of No.6  slag 
(Limestone/AECE+SiCE = 0.95) 2nd specimen

Element “/«Weight
1 2 3 Avg SD

C 9.87 10.62 10.07 10.19 0.39
0 39.92 34.41 43.58 39.30 4.62
Na 0.00 0.00 0.00 0.00 -

Mg 0.24 0.29 0.32 0.28 0.04
Al 4 18 3.74 4.01 3.98 0.22
Si 11.33 8.57 10.90 10.27 1.49
P 0.00 0.00 0.00 0.00 -

ร 0.20 0.19 0.26 0.22 0.04
Cl 0.00 0.00 0.00 0.00 -

K 0.87 0.68 0.66 0.74 0.12
Ca 23.31 19.27 19.91 20.83 2.17
Ti 0.20 0.16 0.22 0.19 0.03
Cr 0.00 0.00 0.00 0.00 -

Mn 4.03 3.61 4.36 4.00 0.38
Fe 0.63 13.82 0.74 5.06 7.58
Ni 0.00 0.00 0.00 0.00 -

Cu 3.51 3.13 3.23 3.29 0.20
Zn 0.00 0.00 0.00 0.00 -
Zr 1.70 1.48 1.75 1.64 0.14
Cs 0.00 0.00 0.00 0.00 -
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Table J84 Experiment 5 % wt of element of No.6 slag
(Limestone/Al2 0 3 +Si0 2  = 0.95) 3rd specimen

Element "/«Weight
1 2 3 Avg SDc 9.65 10.51 8.74 9.63 0.89

0 42.24 47.43 43.95 44.54 2.64
Na 0.00 0.00 0.00 0.00 -

Mg 0.30 0.35 0.30 0.32 0.03
A1 3.99 3.98 3.89 3.95 0.06
Si 10.86 10.74 11.10 10.90 0.18
p 0.00 0.00 0.00 0.00 -

ร 0.28 0.23 0.25 0.25 0.03
Cl 0.00 0.00 0.00 0.00 -

K 0.73 0.54 0.79 0.69 0.13
Ca 20.52 16.60 20.22 19.11 2.18
Ti 0.23 0.15 0.23 0.20 0.05
Cr 0.00 0.00 0.00 0.00 -

Mn 5.20 3.59 4.70 4.50 0.82
Fe 1.07 0.39 0.47 0.64 0.37
Ni 0.00 0.00 0.00 0.00 -

Cu 2.98 3.37 3.50 3.28 0.27
Zn 0.00 0.00 0.00 0.00 -

Zr 1.94 2.11 1.85 1.97 0.13
Cs 0.00 0.00 0.00 0.00 -

Table J85 Experiment 5 % wt of element of No.7 iron nugget 
(Limestone/Al2C>3+Si0 2  = 1.05) 1st specimen

Element "/«Weight
1 2 3 Avg SD

C 3.54 1.26 0.85 1.88 1.45
0 9.59 22.30 17.29 16.39 6.40

Na 0.00 0.00 0.00 0.00 -

Mg 0.00 0.00 0.00 0.00 -

Al 0.00 0.00 0.00 0.00 -

Si 0.23 0.00 0.00 0.08 0.13
P 0.00 0.00 0.00 0.00 •-
ร 0.00 0.00 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 -

K 0.09 0.00 0.00 0.03 0.05
Ca 0.35 0.00 0.00 0.12 0.20
Tl 0.00 0.00 0.00 0.00 -

Cr 0.00 0.00 0.00 0.00 -

Mn 0.33 0.23 0.00 0.19 0.17
Fe 85.82 76.21 81.86 81.30 4.83
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 0.06 0.00 0.00 0.02 0.03
Cs 0.00 0.00 0.00 0.00 -



137

Table J86 Experiment 5 % wt of element of No.7 iron nugget
(Limestone/Al2 0 3 +Si0 2  = 1.05) 2nd specimen

Element “/«Weight
1 2 3 Avg SD

c 4.25 2.65 1.55 2.82 1.36
0 20.23 25.18 27.13 24.18 3.56
Na 0.00 0.00 0.00 0.00 -

Mg 0.00 0.00 0.00 0.00 -

A1 0.55 0.00 0.19 0.25 0.28
Si 0.92 0.00 0.49 0.47 0.46
p 0.00 0.00 0.00 0.00 -

ร 0.00 0.00 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 -

K 0.00 0.00 0.00 0.00 -

Ca 1.39 0.00 0.80 0.73 0.70
Ti 0.00 0.00 0.00 0.00 -

Cr 0.00 0.00 0.00 0.00 -

Mn 0.62 0.78 0.51 0.64 0.14
Fe 72.04 71.39 69.32 70.92 1.42
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 J87 Experiment 5 % wt of element of No.7 iron nugget 
(Limestone/AbCE+SiCh = 1.05) 3rd specimen

Element “/«Weight
1 2 3 Avg SD

C 1.31 2.08 0.63 1.34 0.73
0 25.91 26.63 35.78 29.44 5.50
Na 0.00 0.00 0.00 0.00 -

Mg 0.00 0.00 0.00 0.00 -

Al 0.00 0.00 0.00 0.00 -

Si 0.00 0.15 0.00 0.05 0.09
P 0.00 0.00 0.00 0.00 -

ร 0.00 0.00 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 -

K 0.00 0.00 0.14 0.05 0.08
Ca 0.00 0.40 0.00 0.13 0.23
Ti 0.00 0.00 0.00 0.00 -

Cr 0.00 0.00 0.00 0.00 -

Mn 0.26 0.40 0.22 0.29 0.09
Fe 72.52 70.34 63.23 68.70 4.86
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 J88 Experiment 5 % wt of element of No. 7 slag
(Limestone/Al20 3+Si02 = 1.05) 1st specimen

Element %Weight
1 2 3 Avg SDc 7.58 6.67 7.12 742 0.46

0 40.85 41.02 40.65 40.84 0.19
Na 0.00 0.00 0.00 0.00 -

Mg 0.29 0.30 0.28 0.29 0.01
A1 4.03 4.05 4.09 4.06 0.03
Si 11.53 11.83 11.80 11.72 0.17
p 0.00 0.00 0.00 0.00 -

ร 0.23 0.25 0.24 0.24 0.01
Cl 0.00 0.00 0.00 0.00 -

K 0.73 0.72 0.69 0.71 0.02
Ca 24.23 24.36 24.35 24.31 0.07
Ti 0.24 0.30 0.28 0.27 0.03
Cr 0.00 0.00 0.00 0.00 -

Mn 4.15 4.07 4.10 4.11 0.04
Fe 1.69 1.75 1.80 1.75 0.06
Ni 0.00 0.00 0.00 0.00 -

Cu 3.05 3.34 3.21 3.20 0.15
Zn 0.00 0.00 0.00 0.00 -

Zr 1.39 1.34 1.38 1.37 0.03
Cs 0.00 0.00 0.00 0.00 -

Table J89 Experiment 5 % wt of element of No.7 slag 
(Limestone/Al203+Si02 = 1.05) 2nd specimen

Element % Weight
1 2 3 Avg SD

C 9.61 10.56 7.28 9.15 1.69
O 42.11 40.39 43.14 41.88 1.39
Na 0.00 0.00 0.00 0.00 -

Mg 0.43 0.42 0.49 0.45 0.04
AI 4.26 4.33 4.67 4.42 0.22
Si 10.71 10.62 11.16 10.83 0.29
P 0.00 0.00 0.00 0.00 -

ร 0.00 0.00 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 -

K 0.51 0.61 0.50 0.54 0.06
Ca 22.87 23.29 23.37 23.18 0.27
Ti 0.17 0.14 0.14 0.15 0.02
Cr 0.00 0.00 0.00 0.00 -

Mn 4.07 4.05 4.04 4.05 0.02
Fe 1.64 1.79 1 82 1 75 0.10
Ni 0.00 0.00 0.00 0.00 -

Cu 2.57 2.74 2.40 2.57 0.17
Zn 0.00 0.00 0.00 0.00 -

Zr 1.04 1.07 1.01 1.04 0.03
Cs 0.00 0.00 0.00 0.00 -



Table J90 Experiment 5 % wt of element of No.7 slag
(Limestone/Al2 0 3 +Si0 2  = 1.05) 3rd specimen

Element “/oWeight1 2 3 Avg SDc 9.47 9.53 8.10 9.03 0.81o 32.26 31.85 31.00 31.70 0.64
Na 0.00 0.00 0.00 0.00 -
Ms 0.00 0.00 0.00 0.00 -
A1 2.00 2.11 1.74 1.95 0.19
Si 4.85 4.82 3.65 4.44 0.68
p 0.72 0.62 0.48 0.61 0.12
ร 0.00 0.17 0.00 0.06 0.10
Cl 0.00 0.00 0.00 0.00 -
K 0.90 1.32 1.26 1.16 0.23
Ca 10.71 9.00 6.77 8.83 1.98
Ti 0.24 0.26 0.24 0.25 0.01
Cr 0.00 0.00 0.00 0.00 -
Mn 3.86 3.79 2.76 3.47 0.62
Fe 31.18 32.80 40.32 34.77 4.88
Ni 0.00 0.00 0.00 0.00 -
Cu 2.36 2.47 2.24 2.36 0.12
Zn 0.00 0.00 0.00 0.00 -
Zr 1.45 1.25 1.43 1.38 0.11
Cs 0.00 0.00 0.00 0.00 -



J.1.4 Experiment 6

Table J91 Experiment 6 % wt of element of No. 1 iron nugget 1st specimen

Element "/«Weight1 2 3 Avg SD
c 1.85 0.89 4.23 232 1.720 22.24 13.22 4.50 13.32 8.87

Na 0.00 0.37 0.33 0.23 0.20
Mg 0.33 0.00 0.00 0.11 0.19
A1 0.00 0.00 0.00 0.00 -

Si 9.44 0.00 0.70 3.38 5.26
p 0.31 0.00 0.00 0.10 0.18
ร 0.00 0.36 1.29 0.55 0.67
Cl 0.00 0.00 0.00 0.00 -

K 0.00 0.64 2.50 1.05 1.30
Ca 6.37 0.00 1.18 2.52 3.39
Ti 0.00 0.00 0.31 0.10 0.18
Cr 0.00 0.00 0.00 0.00 -

Mn 4.92 3.61 8.58 5.70 2.58
Fe 54.54 80.92 76.37 70.61 14.10
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 0.02 0.01 0.01
Cs 0.00 0.00 0.00 0.00 -

Table J92 Experiment 6 % wt of element of No. 1 iron nugget 2nd specimen

Element "/«Weight1 2 3 Avg SD
C 21.47 1.78 1.59 8.28 11.420 4.27 20.34 9.02 11.21 8.26

Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 0.00 -
Al 0.00 0.00 0.00 0.00 -
Si 0.00 0.00 0.00 0.00 -
P 0.00 0.00 0.00 0.00 -
ร 0.00 0.00 0.25 0.08 0.14
Cl 0.00 0.00 0.00 0.00 -
K. 0.00 0.00 0.33 0.11 0.19
Ca 0.00 0.00 0.00 0.00 -
Ti 0.00 0.00 0.00 0.00 -
Cr 000 0.00 0.00 0.00 -
Mn 0.00 0.00 0.68 0.23 0.39
Fe 74.25 77.88 88.14 80.09 7.20
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 -



14]

Table J93 Experiment 6 % wt of element of No.l iron nugget 3rd specimen

Element “/«Weight1 2 3 Avg SDc 0.17 1.49 0.00 (155 0.820 17.11 1.41 26.92 15.15 12.87
Na 1.64 0.08 0.00 0.57 0.92Mg 0.00 0.00 0.00 0.00 -

A1 0.00 0.03 0.00 0.01 0.02
Si 0.00 0.00 0.00 0.00 -

p 0.00 0.00 0.00 0.00 -

ร 1.37 0.08 0.44 0.63 0.67
Cl 0.00 0.00 000 0.00 -

K 1.83 0.16 0.90 0.96 0.84
Ca 0.24 3.22 0.00 1.15 1.79
Ti 0.00 0.00 0.00 0.00 -

Cr 0.00 0.00 0.00 0.00 -

Mn 2.80 11.03 0.39 4.74 5.58
Fe 74.83 82.49 71.35 76.22 5.70
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 0.01 0.00 0.00 0.01
Cs 0.00 0.00 0.00 0.00 -

Table J93 Experiment 6 % wt of element of No.l slag 1st specimen

Element “/«Weight1 2 3 Avg SD
C 0.81 2.44 0.05 no 1.220 37.04 37.86 39.80 38.23 1.42
Na 0.00 0.00 0.00 0.00 -

Mg 0.31 0.28 0.33 0.31 0.03
Al 4.44 4.52 4.66 4.54 0.11
Si 9.68 10.41 10.16 10.08 0.37
P 1.13 0.94 1.29 1.12 0.18
ร 0.00 0.00 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 -

K 3.11 2.69 3.39 3.06 0.35
Ca 15.98 17.23 16.28 16.50 0.65
Ti 0.36 0.38 0.49 0.41 0.07
Cr 0.00 0.00 0.00 0.00 -

Mn 3.04 3.35 2.75 3.05 0.30
Fe 21.68 17.40 18.46 19.18 2.23
Ni 0.00 0.00 0.00 0.00 -

Cu 2.44 2.50 2.34 2.43 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 -
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Table J94 Experiment 6 % wt of element of No.l slag 2nd specimen

Element %Weight1 2 3 Avg SDc 1.65 9.31 2.56 A51 4.180 37.96 35.24 36.55 36.58 1.36Na 0.00 0.00 0.00 0.00 -

Mg 0.32 0.19 0.00 0.17 0.16
A1 4.74 3.54 4.33 4.20 0.61Si 10.85 7.51 8.73 9.03 1.69
p 1.13 1.15 1.55 1.28 0.24
ร 0.00 0.00 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 -

K 2.71 3.04 4.28 3.34 0.83
Ca 18.20 13.24 13.00 14.81 2.94Ti 0.47 0.33 0.49 0.43 0.09
Cr 0.00 0.00 0.00 0.00 -

Mn 3.33 2.44 2.45 2.74 0.51
Fe 16.17 21.47 23.64 20.43 3.84
Ni 0.00 0.00 0.00 0.00 -

Cu 2.48 1.97 2.42 2.29 0.28
Zn 0.00 0.00 0.00 0.00 -

Zr 0.00 0.55 0.00 0.18 0.32
Cs 0.00 0.00 0.00 0.00 -

Table J95 Experiment 6 % wt of element of No. 1 slag 3rd specimen

Element "/«Weight1 2 3 Avg SD
C 9.65 9.86 1.05 6.85 5.030 33.89 33.75 37.14 34.93 1.92

Na 0.00 0.00 0.00 0.00 -

Mg 0.18 0.17 0.24 0.20 0.04
Al 3.63 3.22 4.35 3.73 0.57
Si 7.66 7.18 9.66 8.17 1.32
P 1.07 1.09 1.20 1.12 0.07
ร 0.00 0.00 0.00 0.00 -

Cl 0.00 0.00 0.00 0.00 -

K 3.05 2.43 2.98 2.82 0.34
Ca 13.34 13.37 15.82 14.18 1.42
Ti 0.40 0.32 0.41 0.38 0.05
Cr 0.00 0.00 0.00 0.00 -

Mn 2.41 2.31 2.93 2.55 0.33
Fe 21.73 23.47 21.70 22.30 1.01
Ni 0.00 0.00 0.00 0.00 -

Cu 2.34 2.14 2.52 2.33 0.19
Zn 0.00 0.00 0.00 0.00 -

Zr 0.66 0.68 0.00 0.45 0.39
Cs 0.00 0.00 0.00 0.00 -
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Table J96 Experiment 6 % wt of element of No.2 iron nugget 1st specimen

Element %Weight1 2 3 Avg SDc 1.43 1.11 1.02 1.19 0.220 14.36 4.92 1.28 6.85 6.75
Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 0.00 -
A1 0.09 0.18 0.09 0.12 0.05
Si 0.16 0.17 0.13 0.15 0.02
p 0.00 0.00 0.00 0.00 -
ร 0.00 0.00 0.00 0.00 -
Cl 0.00 0.00 0.00 0.00 -
K 0.00 0.00 0.00 0.00 -
Ca 0.00 0.00 0.07 0.02 0.04
Ti 0.00 0.00 0.00 0.00 -
Cr 0.00 0.00 0.00 0.00 -
Mn 0.38 0.33 0.00 0.24 0.21
Fe 83.57 93.29 96.82 91.23 6.86
Ni 0.00 0.00 0.41 0.14 0.24
Cu 0.00 0.00 0.19 0.06 0.11
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 J97 Experiment 6 % wt of element of No.2 iron nugget 2nd specimen

Element % Weight1 2 3 Avg SD
C 0.75 0.00 0.00 0.25 0.43
0 6.76 9.59 18.84 11.73 6.32
Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 0.00 -
Al 0.00 0.09 0.00 0.03 0.05
Si 0.00 0.09 0.00 0.03 0.05
P 0.10 0.00 0.00 0.03 0.06
ร 0.00 0.41 0.00 0.14 0.24
Cl 0.00 0.00 0 00 0.00 -
K 0.00 0.99 0.00 0.33 0.57
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 0.47 4.74 0.40 1.87 2.49
Fe 91.92 83.16 80.76 85.28 5.87
Ni 0.00 0.00 0.00 0.00 -
Cu 0.00 0.94 0.00 0.31 0.54
Zn 0.00 000 0.00 0.00 -
Zr 0.00 0.00 0.00 0.00 -
Cs 0.00 0.00 0.00 0.00 -



Table J98 Experiment 6 % wt of element of No.2 iron nugget 3rd specimen

Element “/.Weight1 2 3 Avg SD
c 2.11 0.00 0.00 0.70 1.22
o 15.26 13.20 17.79 15.42 2.30
Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 0.00 -
A1 0.00 0.00 0.00 0.00 -
Si 0.00 0.00 0.00 0.00 -
p 0.00 0.00 0.00 0.00 -
ร 0.00 0.00 0.20 0.07 0.12
Cl 0.00 0.00 0.00 0.00 -
K 0.00 0.00 0.36 0.12 0.21
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 0.40 0.00 0.81 0.40 0.41
Fe 82.23 86.80 80.84 83.29 3.12
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 J99 Experiment 6 % wt of element of No.2 slag 1st specimen

Element %Weight1 2 3 Avg SD
C 1.20 5.92 7.64 4.92 3.33
0 44.44 45.30 38.71 42.82 3.58
Na 0.00 0.00 0.00 0.00 -
Mg 0.33 0.34 0.27 0.31 0.04
Al 5.65 5.19 5.15 5.33 0.28
Si 14.57 13.36 13.25 13.73 0.73
P 0.00 0.00 0.00 0.00 -
ร 0.00 0.00 0.13 0.04 0.08
Cl 0.00 0.00 0.00 0.00 -
K 2.22 1.37 2.54 2.04 0.60
Ca 20.91 18.56 21.41 20.29 1.52
Ti 0.40 0.41 0.40 0.40 0.01
Cr 0.00 0.00 0.00 0.00 -
Mn 603 5.55 6 29 5.96 0.38
Fe 1.50 1.08 0.66 1.08 0.42
Ni 0.00 0.00 0.00 0.00 -
Cu 2.75 2.13 2.83 2.57 0.38
Zn 0.00 0.00 0.00 0.00 -
Zr 0.00 0.78 0.70 0.49 0.43
Cs 0.00 0.00 0.00 0.00 -



145

Table J100 Experiment 6 % wt of element of No. 2 slag 2nd specimen

Element "/«Weight1 2 3 Avg SD
c 0.01 7.28 6.87 4.72 4.080 35.72 46.65 47.18 43.18 6.47

Na 0.00 0.00 0.00 0.00 -
Mg 0.32 0.32 0.32 0.32 -
A1 5.03 5.18 5.21 5.14 0.10
Si 13.71 13.07 13.20 13.33 0.34
p 0.00 0.00 0.00 0.00 -
ร 0.24 0.00 0.00 0.08 0.14
Cl 0.00 0.00 0.00 0.00 -
K 2.61 1.57 1.37 1.85 0.67
Ca 28.45 16.74 16.80 20.66 6.74
Ti 0.51 0.29 0.30 0.37 0.12
Cr 0.00 0.00 0.00 0.00 -
Mn 8.59 4.64 4.67 5.97 2.27
Fe 0.78 1.67 1.26 1.24 0.45
Ni 0.00 0.00 0.00 0.00 -
Cu 4.02 2.10 2.19 2.77 1.08
Zn 0.00 0.00 0.00 0.00 -
Zr 0.00 0.50 0.60 0.37 0.32
Cs 0 00 0.00 0.00 0.00 -

Table J101 Experiment 6 % wt of element of No.2 slag 3rd specimen

Element "/«Weight1 2 3 Avg SD
C 9.54 5.68 15.67 10.30 5.04
0 43.24 40.14 39.64 41.01 1 95
Na 0.00 0.00 0.00 0.00 -
Mg 0.33 0.29 0.26 0.29 0.04
Al 5.41 5.18 4.96 5.18 0.23
Si 13.30 13.71 11.58 12.86 1.13
P 0.00 0.00 0.32 0.11 0.18
ร 0.14 0.00 0.18 0.11 0.09
Cl 000 0.00 0.00 0.00 -
K 2.72 1.89 3.69 2.77 0.90
Ca 16.48 21.24 14.03 17.25 3.67
Ti 0.34 0.38 0.39 0.37 0.03
Cr 0.00 0.00 0.00 0.00 -
Mn 4.80 6.23 4.48 5 17 0.93
Fe 1.33 1.65 2.13 1.70 0.40
Ni 0.00 0.00 0.00 0.00 -
Cu 2.35 2.80 2.66 2.60 0.23
Zn 0.00 0.00 0.00 0.00 -
Zr 0.00 0.82 0.00 0.27 0.47
Cs 0.00 0.00 0.00 0.00 -
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Table J102 Experiment 6 % wt of element of No.3 iron nugget 1st specimen

Element “/.Weight1 2 3 Avg SD
c 1.41 1.02 0.73 1.05 0.340 17.34 3.63 10.73 10.57 6.86
Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 0.00 -
AI 0.00 0.09 0.12 0.07 0.06
Si 0.00 0.19 0.22 0.14 0.12
p 0.00 0.00 0.00 0.00 -
ร 0.00 0.07 0.00 0.02 0.04
Cl 0.00 0.00 0.00 0.00 -
K 0.00 0.20 0.20 0.13 0.12
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 0.00 0.99 0.37 0.45 0.50
Fe 81.25 93.80 87.64 87.56 6.28
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 J103 Experiment 6 % wt of element of No. 3 iron nugget 2nd specimen

Element “/oWcight1 2 3 Avg SD
C 0.98 0.00 0.00 0.33 0.570 4.65 0.76 1.31 2.24 2.11

Na 0.00 0.00 0.00 0.00 -
Mg 0.00 0.00 0.00 0.00 -
Al 0.11 0.00 0.00 0.04 0.06
Si 0.14 0.05 0.06 0.08 0.05
P 0.00 000 0.00 0.00 -
ร 0.00 0.03 0.06 0.03 0.03
Cl 0.00 0.00 0.00 0.00 -
K 0.13 0.11 0.36 0.20 0.14
Ca 0.00 0.08 0.12 0.07 006
Ti 0.00 0.00 0.00 0.00 -
Cr 0.00 0.00 0.00 0.00 -
Mn 1 10 1.76 3.10 1.99 1.02
Fe 92.88 97.21 95.00 95.03 2.17
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 J104 Experiment 6 % wt of element of No.3 iron nugget 3rd specimen

Element %Weight1 2 3 Avg SDc 0.52 0.00 2.17 0.90 1.130 0.42 6.59 4.07 3.69 3.10
Na 0.00 0.32 0.66 0.33 0.33
Mg 0.00 0.00 0.00 0.00 -
Al 0.05 0.12 0.19 0.12 0.07
Si 0.11 0.00 0.35 0.15 0.18
p 0.00 0.00 0.00 0.00 -
ร 0.00 0.54 2.89 1.14 1.54
Cl 0.00 0.00 0.00 0.00 -
K 0.00 1.06 6.04 2.37 3.23
Ca 0.00 0.26 0.00 0.09 0.15
Ti 0.00 0.00 0.00 0.00 -
Cr 0.00 0.00 0.00 0.00 -
Mn 1.07 3.31 1.02 1.80 1.31
Fe 97.83 87.80 82.62 89.42 7.73
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 J105 Experiment 6 % wt of element of No. 3 slag 1st specimen

Element %Weight1 2 3 Avg SD
C 7.28 8.16 6.61 7.35 0.78
O 30.76 30.24 32.75 31.25 1.32
Na 0.00 0.00 0.00 0.00 -
Mg 0.17 0.20 0.20 0.19 0.02
Al 3.15 3.41 3.69 3.42 0.27
Si 8.56 9.64 10.76 9.65 1.10
P 0.00 0.00 0.00 0.00 -
ร 0.20 0.00 0.00 0.07 0.12
Cl 0.00 0.00 0.00 0.00 -
K 0.92 0.82 0.77 0.84 0.08
Ca 19.09 23.96 21.96 21.67 2.45
Ti 0.35 0.35 0.36 0.35 0.01
Cr 0.00 0.00 0.00 0.00 -
Mn 5.01 6.18 5.28 5.49 0.61
Fe 19.40 10.75 12.66 14.27 4.54
Ni 0.00 0.00 0.00 0.00 -
Cu 3.79 4.97 3.73 4.16 0.70
Zn 0.00 0.00 0.00 0.00 -
Zr 1.31 1.33 1.23 1.29 0.05
Cs 0.00 0.00 0.00 0.00 -
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Table J106 Experiment 6 % wt of element of No.3 slag 2nd specimen

Element "/«Weight1 2 3 Avg SDc 1.61 7.05 7.09 5.25 3.150 31.38 28.38 30.52 30.09 1.54
Na 0.๓ 0.00 0.00 0.00 -

Ms 0.15 0.00 0.17 0.11 0.09
A1 3.37 2.33 3.24 2.98 0.57
Si 9.07 6.37 9.57 8.34 1.72
p 0.41 0.00 0.00 0.14 0.24
ร 0.18 0.19 0.14 0.17 0.03
Cl 0.00 0.00 0.00 0.00 -

K 0.96 0.94 0.87 0.92 0.05
Ca 19.80 15.14 23.35 19.43 4.12
Ti 0.33 0.28 0.36 0.32 0.04
Cr 0.00 0.00 0.00 0.00 -

Mn 5.13 4.34 6.03 5.17 0.85
Fe 23.70 30.34 13.20 22.41 8.64
Ni 0.00 0.00 0.00 0.00 -

Cu 3.91 3.47 4.20 3.86 0.37
Zn 0.00 0.00 0.00 0.00 -

Zr 0.00 1.16 1728 0.81 0.71
Cs 0.00 0.00 0.00 0.00 -

Table J107 Experiment 6 % wt of element of No.3 slag 3rd specimen

Element "/«Weight1 2 3 Avg SD
C 0.40 0.39 6.14 2.31 3.320 34.08 32.16 31.43 32.56 1.37

Na 0.00 0.00 0.00 0.00 -

Mg 0.23 0.19 0.16 0.19 0.04
Al 3.89 3.36 2.94 3.40 0.48
Si 10.99 8.36 7.68 9.01 1.75
P 0.64 0.54 0.40 0.53 0.12
ร 0.16 0.19 0.19 0.18 0.02
CI 0.00 0.00 0.00 0.00 -

K 0.95 1.10 1.04 1.03 0.08
Ca 20.23 17.00 16.63 17.95 1.98
Ti 0.33 0.33 0.29 0.32 0.02
Cr 0.00 0.00 0.00 0.00 -

Mn 4.84 4.47 4.53 4.61 0.20
Fe 19.74 27.31 24.23 23.76 3.81
Ni 0.00 0.00 0.00 0.00 -

Cu 3.51 3.66 3.43 3.53 0.12
Zn 0.00 0.00 0.00 0.00 -

Zr 0.00 0.93 0.92 0.62 0.53
Cs 0.00 0.00 0.00 0.00 -
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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-rays.

J.2.1 Experiment 3

Table J108 Experiment 3 XRF characterization of product No. 1

4/3/2012 5:07:29 PM PANalytical
Q u a n t i f i c a t i o n  o f  s a m p l e  E x p  3-1

I ~~  ' R .M .S .:0 o6 d  .............  "L _Sqm before normalization: 12 1 % '' ***Normalised to: 100.0%I Sampletype: SoBd "_____'Correction applied for medium: No _____ _________ _ _ _ ___Correction applied for film: None I ~  Used Compound list: OXIDESI ~ Results database: routine ' _' ' ~ 'Results database in: c:\program files\panalytical\superq\userdata

Element Cone. 
(%) .1 Sr 0.23902 Si 1.4423 ร 0.50274 p 0.63275 0 30.80

6 Na 0.46597 Mn 2.6258 K 0.61939 Fe 58.95 ;10 Cu 1.74211 Ca 1.724
12 Ba 0.2551
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Table J109 Experiment 3 XRF characterization of product No.2

4/3/2012 5:08:18 PM PANalyticat
Q u a n t i f i c a t i o n  o f  s a m p l e  E x p  3 -2

---------- - JR.M.S.: Ô.000 .. ~
"ร น เท 'Rffoire nwwiijfeaSôn: 11.8 % ' 3ZZ

__ ^^N Ô m w üfsad to: ~~ ____*___________
~~~~~ Sample type: &5i0~~~ ~   ̂ ....Correction applied for medium: NoCoircctKinappItê lorfijm:..None” ___________Useid Compound list: OXIDES

Results database: routine______________ ___________ __
Resuits database in: c:\program files\panalytical\superq\นserdata

...... Element Cone.
(%)1 Zn 0.07737

2 Ti 0.19263 Si 3.8404 ร 0.39725 p 0.85526 0 32.127 Na 0.2450
8 Mn 3.057
9 Mg 0.2672
10 K 0.6771
11 Fe 51.2612 Cu 1.540
13 Cr 0.161314 Ca 5.310
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Table J110 Experiment 3 XRF characterization of product No.3

4/3/2012 5:09:26 PM PANalytical
Q u a n t i f i c a t i o n  o f  s a m p l e  E x p  3 -3

R.M S.rddod  
Sum before normalization: 12.8%

....... .. ... Normalised to: 100,0 %
~_____________ Sampietype: Solid
Correction applied (or medium: No _Correction applied for film: None _ _ _ _ _ _ _  _ _ _ _ _ _ _Used Compound list: OXIDES Results database: routine

~ 3_รร ิร ิร#ร ่ djtab«ett»r^ïï:\^^ram files'£aHaiytical\superq\userdata

Element Cone.
mÏ Zr 0.028742 Ti 0.28983 Si 6.2824 ร 3.4085 p 0.77826 0 34.767 Ni 0.13108 Na 1.1489 Mn 4.33010 Mg 0.228811 K 3.444

12 Fe 30.4113 Cu 1.24614 Cr 0.190815 Ca 13.1816 Ba 0.1448
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Table J i l l  Experiment 3 XRF characterization of product No.4

4/3/2012 5:10:01 PM PANalytical
Q u a n t i f ic a t io n  o f  s a m p le  E x p  3 -4

R.M.S.: 0.000Sum before normalization: 15.3%Normalised to: 100.0%Sample type: SolidCorrection applied for medium: NoCorrection applied for film: NoneUsed Compound list: OXIDESResults database: routine _____ _________ ~ ___~~~|Results database in: c:\programfiles\panalytical\superq\userdata :

Element Cone.
, (%) ,1 Zn 0.07054 12 Si 1.7733 ร 1.851 I

4 p 0.59495 0 31.946 Na 0.88877 Mn 2.5208 Mg 0.22529 K 1.72810 Fe 55.0711 Cu 1.29312 Cr 0.113613 Ca 1-937.2
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J .2 .2  E x p e rim e n t 4

Table J112 Experiment 4 XRF characterization of product No. 1

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

Quantification of sample 4-1M
R.M.S.: 0.000

Sum before normalization: 11.3%
Normalised to: 100.0%

Sample type: Solid
I Correction applied for medium: No

Correction applied for film: None
Used Compound list: OXIDES

Results database: routine
Results database in: c:\program files\panalytjcal\superq\userdata I

Element Cone.
(%)1 Si 3.147

2 p 1.042
3 o 31.39
4 Na 0.8114
5 Mn 3.127
6 Mg 0.3494
7 K 1.423
8 Fe 51.44
9 Cu 1.792

10 Ca 5.477
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T a b le  J 1 1 3  E x p e rim e n t 4  X R F  c h a ra c te r iz a t io n  o f  p ro d u c t N o .2

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

Quantification of sample 4-2M
RlMiS.: 0.000 

Sum before normalization: 6.9 %
No rmatised to: 100.0%

Sample type: Solid
Correction applied for medium: No

Correction applied for film: None
Used Compound list: OXIDES

Results database: routine
Results database in: c:\program files\panalytical\superq\userdata

Element Cone.
พ1 Ti 0.3777

2 p 1.502
3 0 29.45
4 Na 4.358
5 Mn 7.716
6 Fe 44.08
7 Cu 3.103
8 Cr 0.2529
9 Ca 9.160
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Table J114 E x p e rim e n t 4  X R F  c h a ra c te r iz a t io n  o f  p ro d u c t N o .3

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

Quantification of sample 4-3M
R.M.S.: 0.000

รน(ท before normalization: 14.1 %
Normalised to: 100 0 %

Sample type: Solid
I Correction applied for medium: No

Correction applied for film: None
Used Compound list: OXIDES

Results database: routine
Results database in: c:\program files\panalytical\supeiqNuseidata

Element Cone.
(%)

1 Ti 0.2403
2 Sr 0.04250
3 Si 3.582
4 ร 4.311
5 p 0.968
6 o 34.22
7 Na 3.656
8 Mn 3.730
9 Mg 0.2825
10 K 4.003
11 Fe 36.37
12 Cu 1.156
13 Cr 0.2050
14 Ca 7.234
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Table J115 E x p e r im e n t 4 X R F  c h a ra c te r iz a t io n  o f  p ro d u c t N o .4

3/15/2012 6:53:50 PM
PANalytical

Quantification of sample 4-4M
R.M.S.: 0,000 ~

Sum before normalization: 10.6%
Normalised to: 100.0% __  ____
Sample type: Solid

Correction applied for medium: No ____________ _ _____ _ _ _ _ _ __
Correction applied for film: None _______

Used Compound list: OXIDES _
Results database: _ routine ............................................ ......

Results database in: c:\prograrh iiies\panalvtical\superq\userdata

Element Cone.
(%]1 Ti 0.1666

2 Si 5.367
3 ร 2.271
4 p 1.111
5 0 34.31
6 Na 1.359
7 Mn 2.950
8 Mg 0.3026
g K 1.568
10 Fe 48.65
11 Cu 1.645
12 Cs 0.1380
13 Cr 0.1553
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Table J116 E x p e r im e n t 4  X R F  c h a ra c te r iz a t io n  o f  p ro d u c t N o .5

3/15/2012 6:54:57 PM
PANalytical

Quantification o f  sample 4-5M

R.M.S.: 0.000
Sum before normalization: 17.1 %

Normalised to: 100.0%
Sample type: Solid

Correction applied for medium: No
Correction applied for film: None

Used Compound list: OXIDES
Results database: routine

Results database in: c:\prcKjram flles'ipanalydcal\superq\userdata

Element Cone.
(%)1 Ti 0.5765

2 Si 18.08
3 ร 0.6027
4 p 0.5554
5 o 38.37
6 Na 0.1867
7 Mn 6.484
8 Mg 0.2397
9 K 1.527
10 Fe 2.834
11 Cu 0.5748
12 Cr 0.2232
13 Ca 29.76
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J .2 .3  E x p e rim e n t 5

Table J117 Experiment 5 XRF characterization of product No. 1

3/15/20126:55:38 PM
PANalytical

Quantification of sample 5-1M
RMS.: 0.000

Sum before normalization: 12.8 %
Normalised to: 100.0%

Sample type: Solid
! Correction applied for medium: No - JCorrection applied for film: None

Used Compound list: OXIDES
Results database: routine ~ _  ...... ......... .......JResults database in: c:\progranri files\panaiytical\superq\userdata

Element Cone.
(%)1 Si 5.162

2 ร 2.033
3 p 0.9011
4 0 33.54
5 Na 0.9122
6 Mn 3.187
7 Mg 0.3043
8 K 3.121
9 Fe 41.59
10 Cu 1.411
11 Cr 0.1657
12 Ca 7.671



159

Table J118 E x p e r im e n t 5 X R F  c h a ra c te r iz a t io n  o f  p ro d u c t N o .2

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

Quantification of sample 5-2M
R.M.S.: 0.000

Sum before normalization: 14.3 %
Normalised to: 100.0%

Sample type: Solid
Correction applied for medium: No

Correction applied for film: None
Used Compound list: OXIDES

Results database: routine
Results database in: c:\program files\panalytical\superq\userdata

Element Cone.
(%>1 Si 1 072

2 ร 1.581
3 p 0.5951
4 o 31.53
5 Na 1.083
6 Mn 2.119
7 Mg 0.3373
8 K 1.324
9 Fe 58.09
10 Cu 1.275
11 Ca 0.996
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Table J119 E x p e rim e n t 5 X R F  c h a ra c te r iz a t io n  o f  p ro d u c t N o .3

3/15/20126:57:19 PM
PANalyticai

Quantification of sample 5-3M
R.M.S.: 0 000

Sum before normalization: 
Normalised to:

13.1% 100.0% 
Sample type: Solid 

Correction applied for medium: No
Correction applied for film:_None

Used Compound list: 
Results database:

Results database in:
OXIDESroutine___________________________c:\program fiies\panalytical\superq\userclata

Element Cone.
(%)1 Ti 0.1221

2 ร 2.098
3 p 0.7652
4 o 31.20
5 Na 2.060
6 Mn 3.381
7 Mg 0.3479
8 K 1.736
9 Fe 54.39
10 Cu 1.560
11 Cr 0.1184
12 Ca 2.216
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Table J120 E x p e rim e n t 5 X R F  c h a ra c te r iz a t io n  o f  p ro d u c t N o .4

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

Quantification of sample 5-4M
..........~~~~...........1^^nôüôôq~รนเท before normalization: Ï3.1 % ____ _ _   ___
~ Normalised to: 100 .0  % _ _ _ _ _ _ _ _  ~

^ _________ Sample typeะ Solid_______ __________ __________
Correction applied for medium: No ______ ________ '

[ Correction applied for film: None _ _
l Used Compound lis t: OXipES
i l l  ~  Results database: routine Z Z Z I  n  I Results database in f  c:\program filesVpanaiyticai\superq\userdata

Element Cone.
(%>i Ti 0.1051

2 Si 1.695
3 ร 2.028
4 p 0.6636
5 0 31.83
6 Na 1.304
7 Mn 3.317
8 Mg 0.3018
9 K 2.718
10 Fe 52.15
11 Cu 1.441
12 Cr 0.1561
13 Ca 2.287
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Table J121 E x p e r im e n t 5 X R F  c h a ra c te r iz a t io n  o f  p ro d u c t N o .5

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

Quantification of sample 5-5M
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Table J122 E x p e r im e n t 5 X R F  c h a ra c te r iz a t io n  o f  p ro d u c t N o .6

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

Quantification of sample 5-6M
R.M.S.: 0.000

Sum before normalization: 17.3 % I
Normalised to: 100.0 %

Sample type: Solid
[Correction applied for medium: No __ ________J

_ Correction applied for film: None _____  ___  J
Used Compound list: OXIDES ___~ ______ _ [ j

R esultsdatabase: routine ..mr.__ L ..... โ.'
I ~ Results database in: cAprogram files\panaiytical\supferq\userdata I

Element Cone.
<%)1 Si 1.225

2 p 0.7105
3 0 28.69
4 Mn 23.14
5 Mg 0.2362
6 K 0.2211
7 Fe 44.03
8 Cu 1.243
9 Cr 0.1108
10 Ca 0.3889
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Table J123 E x p e r im e n t 5 X R F  c h a ra c te r iz a t io n  o f  p ro d u c t N o . 7

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

Quantification of sample 5-7M
R.M.S.:

i Sum before nonmalization:
______________ Normalised to:

Sample type: 
. Correction applied for medium: 

Correction applied for film: 
__________ Used Compound list:

0.000
14~8%

T Ô 57Ô % "
Solid
No
None
OXIDES

Results database: loutine Results database in: c:\progtam liles\panalytical\superq'userdata

Element Cone.
พ  ^1 Si 5.339

2 p 1.359
3 ๐ 32.99
4 Mn 1.845
5 Mg 0.2775
6 K 0.2658
7 Fe 46.84
8 Cu 1.232
9 Cr 0.1477
10 C3 9.700
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J .2 .4  E x p e r im e n t 6

Table J124 Experiment 6 XRF characterization of product No. 1

4/3/2012 5:10:33 PM PANalytical
Quantification of sample Exp 6-1

Normalised to:
0.000า ร ่ฅ ่r ~ 100,0% 
Solid 
No

Correction applied for film: None 
Used Compound list: OXIDES

Results database: routineResults database in: ๙ program files\panalyticahsuperq\userdata

Element Cone.
(%)1 Zn 0.06775

2 Ti 0,1714
3 Si 2.198
4 ร 0.8575
5 p 0.7320
6 0 31.20
7 Na 0.6409
8 Mn 5.094
9 K 1.306
10 Fe 51.04
11 Cu 1.601
12 Cr 0.1155
13 Cl 0.02547
14 Ca 4.946
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Table J125 E x p e r im e n t 6 X R F  c h a ra c te r iz a t io n  o f  p ro d u c t N o .2

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

Quantification of sample Exp 6-2
R.M.S.: 0.000 "

Sum before normalization: 14.5%
Normalised to: 1000%

Sample type: Solid
Correction applied for medium: No

Correction applied for film: None
Used Compound list: OXIDES

Results database: routine
Results database in: c:\program files\panalyticaf\superq\userdata

Element Cone.
m1 V 0,02771

2 Ti 0.1543
3 Si 3.906
4 p 0.6639
5 0 29.09
6 Mn 31.71
7 Mg 0.1842
8 K 0.4842
9 Fe 29.51
10 Cu 1.341
11 Cr 0.1632
12 Ca 2.761
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Table J126 Experiment 6 XRF characterization of product No.3

4/3/2012 5:12:05 PM PANalytical
Quantification of sample Exp 6-3

R.M.S.: 0.000Sum before normalization: 15.1 %Normalised to: 100.0%Sample type: SolidCorrection applied for medium: NoCorrection applied for film: NoneUsed Compound list: OXIDES __ J____  j’__Results datatwsef routine ...
Results database in: c:\program files\panalytical\superq\นserdata

Element Cone.
1 Zn 0.069072 Ti 0.12083 Si 3.4324 ร 0.82455 p 0.63476 0 32.087 Na 0.44178 Mn 2.6429 K 1.090 I10 Fe 53.0911 Cu 1.21412 Cr 0.148013 Ca 4.212 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 
a medium containing particles visible to the cell window.
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J.3.1 XK-03

Result: Analysis Report
Sample DetailsSample ID: XK-03 Run Number: 1Sample File: SARUN-01 Record Number: 1Sample Path CASIZERX\DATA\STUDENT\ANUVAT\Sample Notes:

Measured: Tue Jul 12 2011 10.35AM Analysed. Tue Jul 12 2011 10:35AM Result Source: Analysed

System DetailsRange Lens: 300 mm Beam Length: 2.40 mm Sampler: MS 17Presentation 20H0 (Particle Rf = ( 1.5295. 0.1000); Dispersant R.l = 13300]Analysis Model: Polydisperse Modifications: None
Obscuration. 15.8 % 
Residual: 2 875 %

Result StatisticsDistribution Type: Volume Mean Diameters:D{4, 3] * 276.87 urn
Concentration = 0.Û3Q5 %Vot D (v. 0.1 ) = 5.68 um D [3 2J - 14,10 um

Density = 1.000 g / cub. cm D (v, 0.5) = 319.86 um Span = 1.549E*00
Size Low (um) ๒% Size High (um) ชทder% Size Low (um) ๒%0 50 0.99 1.32 100 25 46 1.221 32 2.15 1.60 3.14 31.01 1 281.60 260 195 5 74 37 79 1.471.95 2.20 2.38 794 46.03 1.732.38 1.34 2.90 927 56 09 1.882.90 0.50 3.53 9.77 68.33 1.693.53 0.04 430 9.81 83 26 1.034.30 006 5.24 9.87 101 44 0.105.24 0.48 6.39 10.35 123.59 0.006.39 1.00 7.78 11.34 150.57 0737.78 1.25 9.48 12.60 183.44 3209.48 1.30 11.55 13.90 223.51 70511.55 1.28 1408 15.18 27231 12.3914.08 1 29 17.15 16.46 331 77 17.7917.15 1.30 20 90 17.76 404 21 18 1720 90 1.26 25.46 19.02 492 47 11 25

V o lu m e  (%)

Specific S.A.« 0.4256 sq m/g D(v, 0.9) * 501.08 um Uniformity = 4.868E-01
Size High (um) Under%31.01 20.2537.79 21 5346.03 23.0056.09 24.7368.33 26 6083.26 28 30101.44 29 32123 59 29 43150.57 29 43183 44 30 16223.51 33.3727231 40.44331.77 52.80404.21 70 59492 47 8871600 00 100 00

100
90
80

10

00.1
P a rt ic le  D iam e te r (pm.)

Malvern Instruments Ltd.Malvern UKTel:=+(44] (0)1684-892456 Fax:+(44) (0)1684-892789
Mastersizer X Ver. 2.18 Senal Number: MAL300Ï22

10000

70
60
50
40
30
20
10
0
12 Jul 11 1Pi 51

Figure J1 PSA reference of XK-03, run number 1.
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Result: Analysis Report
Sample DetailsSample [D. XK 03 Run Number 2Sample File- SARÜN-01 Record Number 2Sample Path: C:\SIZERX\DATA\STUDENT\ANUVAT\Sample Notes:

Measured: Tue Jul 12 2011 10:36AM Analysed: Tue Jul 12 2011 10 36AM Result Source: Analysed

System DetailsRange Lens: 300 mm Beam Length: 2.40 mm Sampler: MS 17Presentation: 20HD [Partide R I. = ( 1 5295. 0.1000); Dispersant R I. ริ 1 3300]Analysts Model: Polydisperse Modifications: None

Obscuration: 16.1 % 
Residual 2 296%

Result StatisticsConcentration = 0.0250%Vol Density = 1.000g /cub. cm D (v, 0.1) «ร 2.41 um D (v. 0.5)= 257.80 um
Distribution Type: Vo๒me Mean Diameters D(4. 3]= 224,10 um
Size Low (um) ๒%0.50 1 231.32 2671.60 3.231.95 2 752 38 1 672.90 0 63353 0054 30 0.085.24 0.616.39 1 267 78 1.59948 16511.55 1.621408 1 611715 1.6020 90 1.55
20

D [3, 2] = 11.37 um
Size High (um) Under%1 32 1.231 60 3.901 95 7.13238 9.88290 11 543 53 12.17430 1223524 12.316.39 12 92778 14.189 48 15.7711.55 17.421408 19.0417.15 20 6520.90 22 2525 46 23.80

Span 3 1.681E+00
Size Low (um) ๒%25.46 1.5131.01 1.6137 79 1.864603 2.1456 09 2.2368 33 1.918326 1.12101 44 0 3112359 0.37150.57 1 96183 44 5.01223 51 9 3327231 143133177 1680404 21 12.01492 47 3 73

Specific S.A. = 0.5277 sq. m / g D (V. 0 9)= 435.89 um Uniformity = 5.776E-01
Size High (um) Under%31 01 253137 79 26 9246 03 28.7056 09 309268 33 33.1583 26 35.06101 44 36.18123 59 3649150 57 36.87183 44 38 83223.51 438527231 53.17331.77 67 47404 21 84 25492 47 96 21600 00 100 00

100V o lu m e  (%)

90
80

10

00 1

I \

1.0 v _ X ' . '  ■100
P a r t id e  D iam e te r (ym .)

100.0
Malvern Inn torments Ltd Matvem, OKTel:»*{44| (0)1684-892456 Fax :+{44J (0)1684-892789

Masterstzer X Ver. 2-18 Serial Number: MAL300122

1000.0

70
60
50
40
30
20
10
0
t2 Jul 11 fi 51

Figure J2 PSA reference of XK-03, run number 2.
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Result: Analysis Report
Sample DetailsSample ID: XK-03 Run Number 3Sample File: SARUN-01 Record Number: 3Sample Path: C:\SIZERX\DATA\STUDENT\ANUVAT\Sample Notes;

Measured: Tue Jul 12 2011 10.38AM Analysed: Tue Jul 12 2011 10 38AM Result Source: Analysed

System DetailsRange Lens: 300 mm Beam Length: 2.40 mm Sampler MS17 Obscuration: 17 6%Presentation: 20HD IPartide R.I. = ( 1,5285, 0 1000): Dispensant R.I. = U300)Analysis Model,; Polydisperse Residual; 2,565 %Modifications: None

Distribution Type: Volume Mean Diameters:D{4. 3) = 248.51 um

Result StatisticsConcentration = 0.0300 %Vo! Density» 1.000 g/cub. cm D (v, 01} * 2 64 um D(v.0.5) = 285.88 umD [3. 2) = 12.36 um Span * 1.643E+0Û
Specific SA. -  0.4856 sq. m / g อ (V'.0.9)= 472.27 um Uniformity = 5.427E-01

Size Low(um) เก % Size High (um) Under% Size Low (um) ๒% Size High (um) Under%0.50 1 13 1 32 1.13 2546 1.41 31 01 23 351.32 2.45 1 60 358 31 01 1 49 37.79 24851 60 296 1.95 6.54 37 79 1.70 46 03 26.551.95 2.52 2.38 9.06 46 03 1.94 56 09 28.492.38 1.53 2.90 10.59 56 09 2.03 68.33 30 522.90 0 58 353 11.18 68 33 1 77 83.26 32.293.53 006 4 30 11.24 83 26 1.06 101.44 33.354.30 0.08 5.24 11 32 101 44 022 123.59 33.575.24 0 57 6.39 11.89 123.59 0.08 150.57 33.666.39 1.17 7.78 1306 150 57 1.37 18344 35037.78 1.46 9 48 14,52 183.44 409 223.51 39 14ร.48 1.52 11.55 16.03 223.51 8.09 272.31 47.2311.55 1.49 14.08 17.53 272.31 13.16 331.77 60.371408 1.48 17.15 19.01 331.77 17.21 404 21 77.5717 15 1.48 20.90 2049 404.21 15.04 492.47 92.5820.90 1.45 25.46 21.94 492.47 7.38 600.00 100 00
20

10

00 1

V o lu m e  (%) _-.__  100
90
80
70

/ \ 60
I \ 50

l  i 40

Pa rt ic le  D iam eter ()jm.)

Malvern Instruments Ltd.Malvern UK .Tel:=*[44] (0)1684-892456 Fax:+|44| (0)1684-892789
MastersIzerX Ver. 2.18 Serial Number MAL300122 12 Jul 11 1Pi 52

Figure J3 PSA reference of XK-03, run number 3.
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Result: Analysis Report
Sample DetailsSampl» IDïXK-03 Run Number A Measured. Tue Jill 12 2011 10:39AMSample Fila: SARUN-01 ___  Record Number: A Analysed: Tue Jut 12 2011 10:39AMSample Path: CiVSIZERX\DATA\STUDENT\ANUVAT', Result Source: AnalysedSample Notes

System DetailsRange Lens: 300 mm Beam Length: 2.40 mm Sampler. MSI7Présentation: 20HD [Particle R.I. =(1,5295. 0.1000): Dispersant R.l. « 13300]Analysis Model: Polydisperse Modifications: None
Obscuration: 17.8% 
Residual: 2.668%

Result StatisticsDistribution Type. Volume Concentration = 0.0311 %Vol Density = 1.000 g / cub. cm specific S-A 3 0 4752 sq. m /Mean Diameters D(v. 0.1) = 2 73 um อ (v.0 5)= 284.90 um D (V, 0 9) = 458.49 um0(4.3)= 246.23 urn D (3,2] - 12.63 um Span = 1 600E+00 Uniformity = 5.239E-01
Size Low (urn) ก % Size High (um) Under% Size Low (um) ln% Size High (um) Under%0.50 1 10 132 1.10 25 46 1.34 31.01 22.831.32 239 1.60 349 31 01 1.41 37.79 24 241.60 289 1.95 6 38 37 79 1.64 46.03 25 881.95 2 47 2.38 8 85 46.03 1.92 56.09 27 802 38 1 50 2.90 10.35 56 09 206 68 33 29852.90 0 57 3.53 10.92 68 33 1.78 83 26 31.633.53 0.06 4.30 10.99 83 26 0.99 101.44 32 624,30 0.08 5.24 11.07 101 44 0.03 123.59 32.655 24 056 639 11.63 123 59 0.00 150.57 32 676 39 1.14 7.78 12.77 150.57 1 41 183.44 34.077 78 1.43 9.48 14 20 183 44 4 39 223.51 38.489 48 1.49 11 55 15.69 223 51 8.74 272.31 47.2111 55 1 48 • 14.08 17.17 272.31 14.28 331.77 61.4714 08 1.47 17.15 1864 331 77 18 26 404.21 79.711715 1 45 2090 2010 404 21 14 61 492 47 94 2920.90 1.39 25 46 21 49 492.47 5 66 600.00 100 00

20 Volume (%) 100
90

80

A 70

/  l 60

10 / 1 i \ 50

/  ! 40
I ii t 30

/
i 20

\  /

10
0 \ \  ! 00.1 1.0 ro.0 100.0 1000.0

Pa rt ic le  D iam eter (pm .)

Malvern Instruments Ltd.Malvern UKTel: =+(44) (0)1684-892456 Fax +(44] (0)1684-892789
Mastersizer X Ver. 2.18 Serial Number. MAL300122 12 Jul 11 ท 53

Figure J4 PSA reference of XK-03, run number 4



Result: Analysis Report
Sample DetailsSample It* XK-03 Run Number: 5Sample File: SARUN-01 Record Number 5Sample Path' C:'SIZERX\OATA\STUOEN‘nANUVATA Sample Notes:

Measured. Tue Jul 12 2011 10:39AM Analysed Tue Jul 12 2011 10.39AM Result Source: Analysed

Range Lens: 300 mm Presentation: 20HD Analysis Model: Polycisperse Modifications, None

System DetailsBeam Length: 2.40 mm [Particle RJ. * ( 1 52951 0 1000) Sampler: MS17 Dispersant R.l. 1.3300} Obscuration: 17.5% 
Residual 2 792%

Result StatisticsDistribution Type. Volume Concentration = 0.0310 %Vol Density = 1.000 g / cub. cm Specific SA. = 0 4686 sq. m / (Mean Diameters: D (v. 0.1) s 2.80 urn D(v. 0.5)= 286.89 um D (V. 0 9) = 453 29 umDf4. 3}= 246 34 นเฑ อ (3.2}= 12.81 um Span = 1.570E+00 Uniformity = :5 112E-01
Size Low(um) เท % Size High (um) Under% Size Low (um) เก % Size High (um) Under%0.50 1 08 1 32 1.09 25 46 1.32 31 01 22 481.32 236 1.60 344 31.01 1 41 37 79 23 891 60 2 85 1 95 6.29 37 79 1.66 46 03 25551.95 243 2 38 8.71 46 03 1.96 56 09 27 512.38 1 48 2.90 10 19 56 09 209 68 33 29 612.90 057 3.53 10 76 68 33 1.76 83 26 31 373 53 0.06 4.30 10.83 83 26 087 101 44 32 23430 0 08 5.24 1091 101.44 0.00 123.59 32.245.24 0.55 6.39 11.46 123.59 0.00 150.57 32.266.39 1.12 7.78 1258 150 57 1.22 183 44 33477.78 1.42 9.48 14.00 18344 4.30 223.51 37 79ร.48 1.43 11 55 15.48 22351 888 272.31 466711 55 1.46 • 14.08 16.93 272.31 14 82 331.77 61.4714 08 1.44 17.15 18.38 331.77 18.99 404.21 80.4317.15 1 42 20.90 19.80 404.21 1459 492.47 94.9920 90 1 36 25 46 21.16 492.47 4.96 600.00 100.00

20 Volume (%) 100
90
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Mastersizer X Ver. 2.18 Serial Number: MAL300122 12 Jul 1

Figure J5 PSA reference of XK-03, run number 5
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Result: Analysis Report
Sample DetailsSample ID: XK-03 Run Number: 6Sample File: SARUN-01 Record Number. 6Sample Path: C:\SIZERX\DATA\STUDENT\ANUVATT Sample Notes:

Measured; Tue Jul 12 2011 10:40AM Analysed: tue Jul 12 2011 10:40AM Result Source: Analysed

System DetailsRange Lens: 300 mm Beam Length: 2.40 mm Sampler MS 17Presentation. 20HD [Particle FÜ . (  1.5295. 0.1000): Dispersant R.l. à 1 3300]Analysis Model Poïydisperse Modifications: None
Obscuration: 17.0% 
Residual 2 530%

Distribution Type Volume Mean Diameters:D (4, 3] = 241.37 um

ResultConcentration = 0.0282 %Vol p (v, 0.1) ระ 2 56 um D [3, 2J = 12.03 um

StatisticsDensity = 1.000 g ! cub. cm D (v, 0.5) = 278.43 um Span = 1.647E+00
Specific ร. A. = 0 4987 sq m /g D {v, 0.9} = 46119 um Uniformity = 5.521 E-01

Size Low (um) เก % Size High (um) Under% Size Low (um) ๒% Size High (um) Under%0.50 1.15 1 32 1.16 25.46 1.42 31.01 24.051 32 2.51 1.60 3.66 31.01 1 49 37 79 25.541.60 3.04 1.95 6 70 37.79 1.72 46 03 27.261 95 2.59 2.38 9.29 46.03 1.99 56.09 29.242.38 1.58 2.90 10 87 56.09 2.10 68 33 31 34290 0 61 353 11 48 68.33 1.84 8326 33 183.53 0 07 4 30 11.56 83.26 1.09 101.44 34.284.30 0.09 524 11.65 101 44 0.21 123 59 34 495.24 0.59 6.39 12.24 123.59 0.08 150 57 34 576.39 1.20 7.78 13 44 150.57 1.45 183 44 36017.78 1.52 S.48 14 96 183.44 4.27 223.51 40 309.48 1 58 11.55 1654 223.51 8.42 27231 48 7211.55 1 56 - 14.08 1810 272 31 13.60 331.77 62.311408 1.54 17.15 19 64 331.77 17.31 404.21 79 6017.15 1.53 20.90 21.17 404 21 14.30 492 47 938620.90 1.46 25 46 22 63 49247 6.09 600 00 100 00
20  V o lu m e  (%} 100

90

80

Pa rt ic le  D iam e te r (Mm.)

Malvern Instruments Ltd,Malvern, UKTel:=+{44] (0)1684-892456 Fax:*[44) (0)1684-892789
Mastërsizer X Ver. 2 18 Serial Number: MAL300122
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Figure J6 PSA reference of XK-03, run number 6
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Result: Analysis Report
Sample DetailsSample ID: XK-03 Run Number: 7Sample File: SARUN-01 Record Number 7Sample Path: C:ISIZERX\DATA\STUDENT\ANUVAT\Sample Notes:

Measured: Tue Jui 12 2011 10;40AM Analysed: Tue Jul 12 2011 10.40AM Result Source: Analysed

Range lens; 300 mm Presentation 2OH0 Analysis Model: Pclydisperse Modifications: None

System DetailsBeam length: 2.40 mm (Particle R.i - { 1.5295. 0.100Ô); Sampler: MS 17 Dispersant R.l. = 1.3300] Obscuration: 17,0 % 
Residual. 2.390 %

Result StatisticsDistribution Type: Volume Concentration = 0.0267 %Vol Density = 1 000 g / cub. cm Specific S A. -  0.5267 $q m 1Mean Diameters: D (V, 0.1) = 2.42 um 0 (v. 0.5} = 266.94 um อ (V. 0.9) = 450 34 umD{4,3] = 231 11 um D (3 2]c 11.39 um Span ะ: 1 678E-KK) บกrformity - !5.763E-01
Size Low (um) ๒% Size High (um) Under% Size low (um) ๒% Size High (um) Under%0.50 1.22 1 32 1.22 25 46 1 46 31.01 25.401.32 266 1.60 3.88 31 01 1.52 37.79 26.921 60 322 1 95 7.09 37 79 1 76 46 03 28 681.95 2 74 2 38 9.83 46 03 2 05 56 09 30.722.38 1 68 290 11 51 56 09 2 19 68.33 32.92290 0.64 3.53 12.15 68.33 1.95 83.26 34.873.53 0.07 4,30 12.23 83 26 1.23 101.44 36 IQ4.30 0.10 524 1233 101.44 035 123.59 36 455.24 0 63 6.39 12.96 123.59 021 150.57 36 666.39 1 28 7.78 14.23 150.57 1.56 183,44 38.237.78 1 61 9.48 15 84 183.44 4.38 223.51 42.639.48 1.68 11.55 17.52 223.51 8.49 272.31 51 1211.55 1.65 - 14.08 19.17 27231 13.59 331.77 64 691408 1.63 17.15 20.80 331.77 17.05 404.21 81 7217.15 1.61 20.90 22.41 40421 13.36 492.47 95 0520.90 1.53 25.46 23.94 492.47 4.90 600.00 100.00

20 Volume (%) 10(
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1.0
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Figure J7 PSA reference of XK-03, run number 7
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Result: Analysis Report
Sample DetailsSample (DtXK-03 Run Number: 8Sample File: SARUN-01 Record Number 8Sample Path c VSlZERX\OATA\STUDENT\ANUVAT\Sample Notes

Measured: Tue Jul 12 2011 10:41AM Analysed: Tue Jul 12 2011 10:41AM Result Source: Analysed

System DetailsRange Lens 300 mm Beam Length. 2.40 mm Sampter. MS17Presentation: 2DHO (Particle RJ. = {1.5295, 0 1000): Dispensant R I. « 1 3300)Analysis Model Polydisperse Modifications: None
Obscuration 17.1 % 

Residual: 3.128%

Distribution Type: Volume Mean Diameters D14. 31 = 280.81 urn
Size Low (um) ๒%0.50 0891 32 1 941 60 2351.95 2012 33 1 23290 0 473 53 0064 30 007524 0466.39 0937 76 1 189 48 1.2411.55 1.2314.08 1.2217.15 1 2020 90 1 13

Concentration = 0.0362 %Voi D (v. 0.1) ร 7.19 urn D [3 2] - 15.39 um
Size High (um) Undergo1โ32 0891.60 2841.95 5192.38 7.202.90 8433.53 8.904.30 8.965.24 9036.39 9.497 78 10 429 48 11 5911 55 12.831408 14.0517 15 152720 90 164725.46 1760

1.000g /cub. cm D (v. 0.5) = 321.35 umSpan = 1 497E+00
Size Low (um) เท*2546 1.0931 01 1 1537 79 1 3446.03 1.5756.09 1.6268.33 1 3083.26 0 53101 44 0.0012359 000150 57 0.84183 44 3.6722351 7.99272.31 14 00331.77 19 70404 21 1828492 47 9 31

Specific S.A. = 0.3898 sq. m / g D (V, 0.9) = 488.11 um Uniformity = 4 520E-01
Size High (um) Under%31 01 18.6937 79 198446.03 21 1956 09 22 7568.33 24.3783.26 25.67101.44 26.20123 59 26.21150.57 262118344 27 05223.51 30 7327231 38 7233177 52.70404.21 72 40492.47 90.64600 00 100 00

Result Statistics Density =
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Figure J8 PSA reference of XK-03, run number 8
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Result: Analysis Report
Sample DetailsSample เฉ: XK-03 Run Number: 9Sample File: SARUN-01 Record Number 9Sample Path: C:VSIZERX\DATA\STนDENT>ANUVAT\Sample Notes:

Measured: Tue Jul 12 2011 10:41AM Analysed: Tue Jul 12 2011 10:41AM Result Source: Analysed

System DetailsRange Lens: 300 mm . Beam Length: 2.40 mm Sampler: MS 17Presentation; 20HD {Particle IU = { 1.5295. 0 1000): Dispersant R l. « 1 3300]Analysis Model: Polydisperse Modifications: None
Obscuration: 17.2% 
Residual: 2.536 %

Result StatisticsDistribution Type: Volume Concentration = 0.0277 %v๗ Density = 1.000 g / cub. cm Specific S.A. = 0.5119 sq.m/iMean Diameters: D(v. 0.1)= 2.49 urn D (v. 0.5) = 267.14 urn D(v. 0 9)= 433.42 umD{4.3]* 228 86 urn D [3! 2J = 11.72 urn Span ร 1.613E+O0 Uniformity = 5 486E-01
Size Low (urn) ๒% Size High (urn) Under% Size Low (um) เท % Size High (um) Under%0.50 1.18 T32 1.19 2546 1.43 3T01 24.681 32 2 58 1.60 3.76 31 01 1.51 37.79 26 181 60 3.12 1 95 6 88 37 79 1.75 46.03 27.931 95 266 2.38 9 54 46 03 205 56.09 29 982.38 1 63 2.90 11.16 56 09 2.17 68 33 32 152.90 0 63 3 53 11 79 68 33 1.87 83.26 34 023 53 0 07 4 30 11.87 83 26 1 02 101 44 35.044 30 0 10 5.24 11.97 101.44 0 05 123.59 35.095.24 061 6.39 12.58 123.59 0.03 150.57 35.136.39 1.24 7.78 13.82 150.57 1.71 183 44 36 847.78 1.56 9.48 15.37 183 44 4.89 223.51 41.75948 1 62 11.55 17.00 223.51 9.46 272.31 51.2011.55 1 60 . 14.08 18.60 272.31 15.06 331.77 66.2414.08 1.59 17.15 20.19 331.77 1809 404.21 84.3117.15 1.57 20 90 21.75 404.21 12.47 49247 SG 7220.90 1 49 25 46 23.24 492.47 321 600.00 100.00
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Figure J9 PSA reference of XK-03, run number 9.
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Result: Analysis Report
Sampte DetailsSample ID: XK-03 Run Number: 10 Measured Tue Jul 12 2011 10.42AMSample Fite: SARUN-01 Record Number 10 Analysed. Tue Jul 12 2011 10:42AMSampte Path C:\SIZERX \DATAtSTUDENT\ANUVAT\ Result Source: AnalysedSample Notes.

System DetailsRange Lens. 300 mm Beam Length: 2.40 mm Sampler MS17Presentation: 20HD [Particte R I. = {1.5295. 0.1000). Dispersant R.l. = 1.3300]Analysis Model. Polydisperse Modifications None
Obscuration 17.5% 
Residual 2.119%

Distribution Type: Volume Mean Diameters 0(4.3]= 216 45 urn
Concentration = 0 0248 %Vol p (v, 0.1) = 2.22umD[3. 2]= 10.27 um

StatisticsDensity = 1.000 g ! cub. cm D (v. 0.5) -  249.32 um Span = 1.757E+00
Specific ร.A. = 0 5843 sq m/g D {พ. 0 9)= 440 32 um Uniformity = 6.245E-01

Size Low (um) ๒% Size High (um) Under% Size Low (um) ๒% Size High (um) Under%0.50 1 35 1 32 1.36 25.46 1.67 31,01 28 411.32 2.95 1.60 4.31 31.01 1.74 3779 30.151,60 3 58 1.95 7.88 37 79 1.97 46 03 32 111.95 3 05 2.38 10 93 46.03 223 56.09 34 342 38 1 87 2.90 12.80 56.09 2.31 68 33 36 65290 0 72 3 53 1353 68.33 1.98 8326 38.63353 009 430 13.62 83.26 1.19 101.44 39 824,30 0 12 5.24 13.74 101 44 0.30 12359 40 125.24 0 70 639 14.44 123.59 0.16 150.57 40 296 39 1.42 7.78 15 87 150.57 1.50 183 44 41 787 78 1.79 9 48 1765 183 44 4.28 22351 4607948 1.87 11 55 19.52 22351 8 37 272.31 54 4411 55 1.84 14 08 21 36 272.31 13.28 331 77 67 7014 08 1.83 17.15 23.19 331.77 16 18 404 21 83.8717 15 1.61 20.90 25.00 404 21 12 05 492 47 95 8920 90 1 73 25.46 26.74 492 47 4 07 600 00 100 00
20

10

00 1

V o lu m e  (%) 100
90
80
70

P a rt ic le  D iam eter {(jm.)
Malvern Instruments Ltd Malvern UKTel:»+[44] (0)1684-892456 Fax +{441 (0)1684-892789

Mastersizer X Ver. 2.18 Serial Number MAL300122 12 Jul 11 11 58

Figure J10 PSA reference of XK-03, run number 10.
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J.3.2 FIRST Coal

Result: Analysis Report
Sample DetailsSample ID: FIRST Coal Run Number 1Sample Fite; SARUN-01 Record Number: 11Sampte Path; CASIZERXVDATA\STUOENT\ANUVAT\Sample Notes:

Measured Tue Jul 12 2011 10 49AM Analysed: Tue Jul 12 2011 10:49AM Result Source: Analysed

System DetailsRange Lens. 300 ™  Beam Length. 2.40 mm Sampler: MS17Presentation. 20HD (Particle R.I. = ( 1.5295, 0.1000); Dispersant R.l. = 1 3300)Analysis Model: Poiydisperse Modifications. None
Obscuration: 17.0% 
Residual 5.361 %

Result StatisticsDistribution Type: Volume Concentration = 0.2785 %Vol Density = 1.000 g / cub, cm Specific S A. = 0.0535 sq m / <Mean Diameters. 0 {Vi 0.1) = 88.92 um D(v. 0.5)= 413.71 um D (v, 0.9) = 558.01 umD [4 3) s 383.41 um D (3 2} -  112.16 um Span = 1.134E+00 Uniformity = 2.840E-01
Size Low (um) ๒ % Size High (um) Under % Size Low (um) ๒ % Size High (um) Under%0.50 000 132 000 25.46 0.51 31.01 5 531 32 000 160 0 00 31.01 0.54 37 79 6 061.60 0 00 1 95 0,00 37 79 0.65 46 03 6.711 95 0.00 2.38 0.00 46.03 0 84 56.09 7.552.38 000 2.90 0.00 5609 1 04 68.33 8.592.90 000 3.53 000 6833 1.09 83.26 9673.53 0 00 4.30 0.01 83 26 0 79 101 44 10.464 30 0 62 5.24 0.61 101 44 0.10 123 59 10.575.24 063 6 39 1 25 123 59 000 150.57 10576.39 0 62 7.78 1.87 150 57 0.00 18344 10.57778 048 9 48 2.35 18344 1 86 22351 12.449.48 0.52 11.55 287 223 51 539 272 31 178511.55 0 50 . 14.08 3.37 27231 10.90 331.77 28 7314 08 054 17.15 3.91 331.77 18.55 404.21 47.3017.15 056 20.90 4.47 404 21 25,55 492 47 72.8220 90 0 54 25.46 5.01 49247 27 18 600 00 100.00
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Figure J ll PSA reference of FIRST coal, run number 1.
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Result: Analysis Report
Sample DetailsSample ID: FIRST Coal Run Number. 2Sample Fite. SARUN-01 Record Number 12Sample Path C:\SI2ERX\DATA\STUDENT\ANUVAT\Sample Notes;

Measured: Tue Jul 12 2011 10:55AM Analysed- Tue Jul 12 2011 10 55AM Result Source: Analysed

System DetailsRange Lens. 300 mm Beam Length: 2.40 mm Sampler; MS17Presentation 20HD (Particle R.l. = ( 1.5295, 0.1000); Dispersant R.l. « 13300)Analysis Model: Pofydisperse Modifications: None
Obscuration : 18 9 % 
Residual. 4.610 %

Distribution Type: Volume Mean Diameters:อ (4.3)= 363.50 urn

Result StatisticsConcentration = 0.2069 %Vol Density = 1.000 g / cub. cmp (Vi 0.1) = 60 29 urn D(v.0 5)= 394 44 urnD (3.2} = 76.76 urn Span = 1 244E+00
Spedfic S.A. = 0.0782 sq.m/g D (v, 0.9) = 551.07 um Uniformity = 3.187E-01

Size Low (urn) ๒% Size High (um) Under% Size Low (um) ๒% Size High (um) Under%0.50 0.00 1 32 0.00 25.46 0.68 31 01 6 721.32 0.00 1.60 0.00 3101 0.73 37.79 7.451.60 000 1.95 0.00 37.79 0.91 46.03 8361.95 0.00 2 38 0.01 46.03 1.16 56 09 9 522.38 0 88 290 0.87 56.09 1.36 68 33 10882.90 0.42 3.53 1.29 68.33 1 35 8326 12.223.53 022 430 1.51 83.26 0.92 101 44 13.154 30 0.22 524 1.73 101 44 0 15 123.59 13.305.24 0.32 6.39 205 123.59 000 150 57 13296 39 0.42 7.78 246 150.57 0.31 183 44 13.607.78 0.46 9.48 2.92 183.44 2.46 22351 16.08ร 48 0.51 11.55 3.44 223.51 6.18 27231 22.2711.55 0.57 - 14 08 4.01 27231 11.72 331 77 33.9714 08 065 17.15 4 66 331.77 18.68 404.21 52.6717 15 0 69 20.90 5.35 40421 2385 492 47 76.4920 90 0 69 25 46 604 492 47 23.51 600 00 100 00
20 Volume (%) 100

10
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Figure J12 PSA reference of FIRST coal, run number 2.
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Result: Analysis Report
Sam ple 10. FIRST Coal Run N u m b e r '* ^ 0613'1*
S am ple File: SARUN-01 R ecord  Number: 13
S am ple Path: C:1S12ERX\DATA1STUDENT\ANUVAT\
S am ple Notes:

M easured: T u e Ju l  12 2011 10:56AM 
A nalysed: T ue Jul 12 2011 10:56AM 
R esult Source; A nalysed

System  Details
R ang e Laos: 300  mm Beam  Length: 2 .40 mm Sam pler: M S17
p resen ta tion  2 0 H 0  [Particle R.l. *  ( 1 5 2 9 5 , 0.1000): D ispersant R.l. « ’ 13300)
Analysis Model: Polydisperse 
Modifications: N one

O bscuration : 18,7 %  

R esidual: 5 .425  %

Distribution Type: Volume 
M ean Diam eters:
D [4. 3 | -  376 .53  urn

C oncentration *  0.2880 
ช  (v, 0 .1 )*  71.68 urn 
D [3, 2] -  104 04 urn

R esult S tatistics
%Vol Density = 1 GOO g  /  cub. cm 

D (v, 0.5) -  408 70 urn 
S pan  = 1.187E+00

Specific S.A. = 0 .0577  sq  m  t  g 
D (V, 0,9) -  556,70 um 
Uniformity -  298 4E -0 1

Size Low (นโท) ๒ % Size High (um) Under%
0.50 0.00 1 32 0.00
1.32 0.00 1.60 0.00
ไ 60 0.00 1.95 0.00
1.95 0 00 2 38 0.00
2.38 0.00 2,90 0 0 0
2.90 0.00 3.53 0.00
3 53 0.00 4 30 0.01
4.30 0.65 5 2 4 0.65
5.24 0 69 6  39 1.34
6.39 0  69 7  78 2.03
7 7 8 0.54 9.48 2.57
9.43 0.53 11.55 3.15

11 55 0.57 . 14.08 3.71
14 08 0.61 17.15 4.32
17.15 0 62 20.90 4.95
20.90 0.61 25.46 5 5 6

S ize  Low (um) ๒ % Size High (um) U nder%
25.46 0.58 31.01 6:14
31.01 0.62 37.79 6  76
3 7 7 9 0 76 4 6  03 7.53
46.03 0 9 8 56.09 8.51
56 09 1 19 68 33 9.70
68 33 1.23 83.26 10.92
83 26 0.90 101.44 11.83

101.44 0.18 123.59 12 Q1
123.59 0 0 0 150:57 12.01
150.57 0.00 183.44 12.02
183.44 1.95 223.51 13.97
223.51 5.48 272.31 1S.47
2 7 2 3 1 10.94 331.77 30.38
331.77 18.34 404.21 48.74
404.21 24.94 492.47 73.65
492.47 2 6 3 5 600.00 100.00

20

10

00.1 1.0"
M alvern Instrum ents Ltd.
M alvern. UK
Tel:=+t44) (0)1684-892456 Fax.+[44] (0)1684-892789
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Figure J13 PSA reference of FIRST coal, run number 3
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Result: Analysis Report
Sam p le  ID; FIRST Coal Ç un Number: 4  M easured; T u e Ju l 1 2 2 0 1 1  10:57AM
Sam p le  File: SARUN-01 Record Number: 14 Analysed. Tue Ju l 12 2011 10:57AM
S am ple P ath: C:tSG£RX\DATA\STUDENT\ANUVATV R esult S o u t o : A nalysed
Sam p le  N otes:

Sy stem  Details
R ar,9eL e0S  300 mm B eam  Length: 2 .40  mm Sam pler. MS 17 O bscuration: 18 9 %

?OHD (Particle R J. = ( 1.5295. 0.1000); D ispersant R.t. 'ริ 1.3300)
A nalysis Model: Po tydisperse R esid ual 4  5 4 9 %
Modifications: None

Distribution Type: Volume 
M ean D iam eters 
D (4 . 3 ]=  358.16 um

R esu lt Statistics
C o ncentration  = 0.1988 %Vol Density = 1 .0 0 0 g /c u b .  cm 
0  (V. 0 .1 ) =  56 05 um  อ  (V. 0.5) = 389.81 um
D (3 .2 ] = 73.50 um  S p an  = 1 262E+00

Specific s ;  A. = 0 .0 81 6  sq. m /  g 
D (v, 0 .9 ) -  548 11 um  
Uniformity »  3.260E-01

S ize Low (um ) 
0 .50  
1.32 
1.60 
1 95 
2.38 
2 .90 
3.53 
4 .3 0
5  24
6  39 
7 7 8  
9 4 9  

11.55 
14 08 
17.15 
2 0  90

20

10

Malvern Instrum ents Ltd Malvern. UK
Tel:»*{44] (0)1684-892456

๒ %  S iz e  High (urn) Under% Size Low (um) ๒ %  S ize High (um) U nder%
0 0 0 1.32 0.00 25 46
0 0 0 1.60 0.00 3 1 0 1
0.00 1.95 o o o 37.79
0.00 2.38 0-01 46.03
0.92 2.90 0.92 56.09
0.44 3.53 1.36 68.33
0.23 4,30 1.59 83.26
0.23 5 2 4 1.82 101 44
0.33 6  39 2.15 123 59
0.44 7 7 8 2.59 150,57
0 48 9.48 3.08 133.44
0.54 11.55 3.62 223.51
0.60 - 14,08 4.23 272.31
0.68 17.15 4 91 331.77
0,73 20.90 5 6 3 404.21
0.73 25.46 6.36 492.47

Volume (%)

Particle Diameter (pm.)
M astersizef X Ver. 2 .18 

Serial N u m b er MAL300122Fax:+f44j (0)1684*892789

0.71 31.01 7  0 8
0 7 7 37 79 7 85
0.95 46.03 8.80
1.21 56.09 10.00
1.43 68.33 11.44
1.44 83.26 12.88
1.03 101 44 139 1
0 2 4 123.59 14.16
0.00 150.57 14.16
0.37 183.44 14.53
2.56 223.51 17.10
6.27 272.31 23.38

11.78 331.77 35.14
18.79 4 0 4 2 1 53.95
23.75 4 9 2 4 7 77.67
22.32 600.00 100.00

100

A 9 0

/j 8 0

70
60

!
ii

50
1 4 0

1 3 0
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j  10

100 0 ■ 1000.0
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Figure J14 PSA reference of FIRST coal, run number 4.
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Result: Analysis Report
Sam ple Details

S am ple ID: FIRST Coal Run N um ber 5
Sam p le  n ie  SARUN-01 Record Number: 15
Sam ple Path: C:SSIZERXVDATA\STUDENT\ANUVAT3 
S em ple N otes:

M easured Tue Jg l 12 2011 10:57AM 
A nalysed: Tue Ju l 12 2011 10:58AM 
R esu lt Source. A nalysed

R ang e L^ns: 300  mm 
P resen tation: 2QHD 
A nalysis Model: Polydisperse 
M odifications' N one

System  Details
B eam  Length: 2 .40 mm 
IParticte R J  = ( 1.5295. 0.1000),

Sam pler: MS 17 
D ispersant R.l. ระ 1.3300}

O bscuration: 1 9 .2%  

R esidual: 4 696 %

R esult Statistics
Distribution Type: Volume C oncentration  = 0.2129 %Vol Density °  1.000 g / cub. cm Specific S A  = 0 .0 77 3  sq . mM ean Diam eters: D (v. 0.1) * 61.27 urn D (V. 0*5) = 405.34 um D (v. 0  9) = 556 50 um
D (4. 3} = 371 13 urn D (3, 2] = 77 65  urn S p an  = 1 222E+00 Uniformity = 3.113E-01

S ize  lo w  turn) ๒ % S ize High (um) Under% S ize lo w  (um) ๒ % Size High (um) Under%
0.50 0 00 1.32 0.00 25 46 0.69 31.01 6.69
1.32 0.00 1.60 0.00 3101 0.74 37.79 7.42
1.60 0 0 0 1.95 0 0 0 37 79 0  89 4 6 0 3 8 31
1 95 0 0 0 2.38 001 46 03 1.12 56.09 9.43
2.38 0.87 2 9 0 0 8 6 56 09 1 31 6 8 3 3 10 74
2 9 0 0 41 3.53 1 28 68 33 1.32 8 3 2 6 12.06
3 5 3 0 22 4 30 1.50 83 26 0.96 101.44 1301
4.30 0.21 5 2 4 1.71 101.44 0.23 1 2 1 5 9 13 245 2 4 0 3 1 6  39 2 0  2 121 59 0.00 150.57 13 25
6  39 0 4 2 7 78 2 4 4 150.57 0 1 0 183 44 13 34
7.78 0.45 9 48 2.89 183.44 2.02 223.51 1 5 3 7
9.48 0.51 11.55 3.40 22351 5.53 27231 2 0 9 1

11.55 0.57 . 14.08 3 97 272.31 10.87 331 77 31 76
14.08 0 6 4 17.15 4 61 331.77 17.91 404 21 4 9 6 9
17.15 0 69 20.90 5.31 404 21 24.23 492.47 73 90
20 90 0.69 25.46 6.00 4 9 2 4 7 28.11 600 00 100 00

2 0 V o lu m e  (% )
10(

10

0.1 1.0 _ /v :
Malvern Instrum ents Ltd.
Tel:»+{44} (0)1684-892456 Fax:+(44] (0)1684-892789

10.0Particle Diameter (pm )
M asterçizer X Ver. 2.18 

Serial Number: MAL300122

TOO.

1 90

I 80
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60
I 50

1 40

/ 30
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/ 20
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1 10
! 1000.0 0

12 Jul 11 12:08

Figure J15 PSA reference of FIRST coal, run number 5.
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Result: Analysis Report
.Sam ple Details

Sam p le  ID: FIRST C oal Run Number: 6
Sam p le  File; SARUN'01 R ecord  N um ber 16
Sam p le  Path: C:\SIZERX\DATA\STUDENT\ANUVAT\
S am ple Notes

M easured: T ue Jul 12 2011 10.58AM 
Analysed: T u e J u l  12 2011 10 58AM 
Result Source: A nalysed

System  Details
R a n g e  Lens: 300  m m  Beam  Length 2 .40  mm Sam pler MS 17
Presen tation: 2 0H D  {Particle RX = ( 1.5295. 0.1000), D ispersant R.l. *  1 3300]
A nalysis Model: P o lydisperse  
Modifications: None

O bscuration . 19 2 %  

R esidual: 4 9 1 3 %

R esult Statistics
Distribution Type: Volume Concentration ะ: 0 .2556  %Voi Density = 1 .0 0 0 g /c u b  cm specific  S.A. = 0  0666 s q . m / g
M ean Diameters: D (v. 0.1 ) = 59.49 um D (v, 0  5) = 392.09 um D (V, 0.9) = 546 .1 5  um
D {4, 3] = 361 46 um D [3 ,2 ] = 90.03 um Span ร 1 .241E+00 Uniformity = :3.147E-01
Size Low (um) ๒ % Size High (um) Under% Size Low (um) ๒ % S ize  High (um ) Under%

0 .5 0 0 0 0 1 32 0 00 2 5 4 6 0.63 31.01 6.89
1.32 0 0 0 1 6 0  0 .00 31.01 0.69 37.79 7 5 8
1.60 0.00 1.95 0 .00 37.79 0 8 8 4 6  03 8 46
1.95 0.00 2.38 0.00 46.03 1.15 56 09 9.60
2 .38 0 0 0 2.90 0 .00 56.09 1.39 68.33 10.99
2.90 0 0 0 3.53 0 0 0 68 33 1.40 83.26 12.39
3.53 0 0 0 4.30 0 01 8 3 2 6 0.92 101 44 13 30
4 .30 1.06 5 24 1 05 101.44 0.00 123 59 13315.24 0 90 6.39 1 96 1 23 59 0.00 150  57 13.32
6 .39 0.80 7.78 2.76 150.57 0.11 183 44 13.43
7 78 0 5 0 9.48 3 26 183 44 2.35 2 2 3 5 1 15 79
9 .48 0 .57 11 55 3.83 22351 6 13 272 31 21.93

11.55 0.54 14.08 4 .37 272.31 11 94 331 77 33 85
14.08 0.61 17.15 4 9 8 331.77 19 63 4 0 4 2 1 53 50
17.15 0.64 20.90 5.61 404.21 24 74 4 9 2 4 7 78.19
20.90 0 6 4 25.46 6 .25 4 9 2 4 7 21.79 6 00  00 100 00

2 0 V o lu m e  (% )
. — 1 0 0

A 90
/i 80
I
i

7 0

!
/ 6 0

1 0
!

I
50

I
j 40
j

f 3 0

!
1
1

2 0

f~  * — ร j 1 1 0

0 0 .1 \  J 0T .n  TOO ■  1Cw .o 1 0 0 0 .0Particle Diameter (pm.)
M atoem  Instrum ents Ltd. M astersizer X Ver. 2.18

Serial Number: MAL500122Tel: =+(44] (0) 1684-892456 Fax:+[44] (0)1684-892769 12 Jul 11 12 09

Figure J16 PSA reference of FIRST coal, run number 6.
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Result: Analysis Report
Sam ple Details

S am ple ID; FIRST C oal R un Number. 7 M easured: Tue Ju i 12 2011 10:58AM
S am ple Fite: SARUN-01 R ecord  Number: 17 Analysed, T ue J u l1 2  2011 10 58AM
S am ple Path  C ‘.VSIZERX\DATA\STUDENT\ANUVAT\ R esult Source: A nalysed
S am ple Notes;

System  Details
R ang e Lens: 300 mm Beam  Length: 2 .40 m m  S am p le r MS 17
Presentation: 2 0H D  (Particle R.l ะ: ( 1,5295. 0.1000): D ispersan t R.l. « 1 3300}
Analysis Model: P o lydisperse  
Modifications: Nono

O bscuration: 19.3 % 

Residual: 4 .562 %

Result Statistics
Distribution Type; Volume Concentration - 0.2039  %Vol Density = 1 .000 g /cu b . cm Specific S.A. = 0  0813 s q .m
M ean Diameters: D (v. 0 .1 )3 55.95 um D (v. 0 .5 )=  396 .17  um D (V. 0.9) = 552 .65  um
D [4 3] = 362.82 um D (3. 2) = 73.77 um Sp an  = 1.254E+00 Uniformity = :3.238E-01
S ize  Low (um) ๒ % S ize High (um) Under% S ize Low (um) ๒ % Size High (um ) Under%

0.50 G 00 1 32 0 0 0 2 5 4 6 0 7 2 31.01 7 0 9
1.32 GOO 1.60 0 00 31 01 0.78 37 79 7 87
1.60 0  00 1 95 0.00 37 79 0 9 5 46 03 8.82
1.95 0 00 2 3 8 0.01 46 03 1 19 56 09 1 0 0 2
2.38 0  92 2.90 0.91 56.09 1 40 68 33 11 42
2.90 0.43 3.53 1 35 6 8 3 3 1.40 83 26 1 2 8 2
3 5 3 0 23 4 30 1.58 8 3  26 1.01 101.44 1 3 8 3
4 30 0.23 5.24 1 81 101.44 0.26 123.59 14.09
5.24 0.34 6.39 2.14 123.59 0.00 150.57 14.09
6.39 0.44 7.78 2.59 150.57 0  28 183 44 14 38
7 78 0.49 9.48 3.08 183.44 2.33 223.51 1 6 7 2
9.48 0 55 11.55 3 6 3 223.51 5.94 272.31 22.68

11.55 C.61 - 14.08 4 2 4 272.31 11.31 331.77 3 3 9 7
14 08 0.68 17.15 4.92 331.77 18.17 404.21 52 16
17.15 0.73 20.90 5.65 404.21 23 70 492.47 75 83
20 90 0 7 3 25.46 6.37 492.47 2 4 1 7 6 00  00 100.00

Volume (%)20 ...... .... ...... .......  100

10

00 1 1.0" y  v

Malvern Instrum ents Ltd.
Malvern. UK
Tel:=+{44} (0)1684-892456 Fax ♦ (44) (0)1684-892789

I!
Particle Diameter (pm )

M astersizer X Ver. 2.18 
Serial Number. MÀL300122

1000.0

90
80
70
60
50
40
30
20
10
0

12 Jul 11 12:10

Figure J17 PSA reference of FIRST coal, run number 7.
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Result: Analysis Report
Sam ple Details

Sam ple ID: FIRST C o al R un Number: 8
Sam ple File: SARUN-01 R ecord  Number: 18
S am ple Path  C:\Sl2ERX\DATAtSTUDENT\ANUVAT\
Sam ple Notes:

M easured' Tue Jul 12 2011 10.59AM 
Analysed: T ue Jul 12 2011 10 59AM 
Result Source. A nalysed

System  Details
R ang e Lens: 300  m m  Beam Length: 2 .40  mm Sampler: M$17
P resen ta tio n  2 0 H D  [Particle R.l. * ( 1.5295. 0.1000). D ispersan t R.l. ร ิ 1.3300]
Analysis Model' P o lydispetse  
Modifications: N one

O bscuration  1 9 .3 %  

R esidual 4 .748  %

Result Statistics
Distribution Type Volum e C oncentration = 0 .2 57 2  %Vol 
M ean D iam eters; D (v, 0.1) =  60 01 um
D (4, 3] = 366 64 um D {3 ,2 ] = 9 0  53 urn

Size Low (um) ๒ % Size High (um) Under%
0 50 0.00 1 32 0 0 0
1.32 0.00 1.60 0.00
1 60 0.00 1.95 0 0 0
1 95 0 0 0 2.38 0.00
2 38 0 0 0 2.90 0.00
2 9 0 0  00 3.53 0.00
3  53 0 00 4.30 0.01
4  30 1.05 5.24 1 04
5 2 4 0 9 0 6 3 9 1.94
6 3 9 0 80 7.78 2.74
7 7 8 0 50 9 48 3 2 4
9 48 0 56 11.55 3.81

11.55 0 53 14.08 4.34
14 08 0 .60 17.15 4 9 4
17 15 0 6 3 20.90 5.57
20.90 0  64 2 5 4 6 6 2 2

Density = 1 .000 g /cu b . cm Specific S.A. = 0 0663 sq  m /g
D (V. 0.5) = 4 00  16 um D (v. 0.9) « 554.04 urn
S p an  * 1.235E+00 Uniformity = 3.173E-01

S ize Low (um) ๒ % S ize High (um) Under%
25.46 0.64 31.01 6 86
31 01 0.71 3 7 7 9 7 5 6
37 79 0.88 4 6 0 3 8 44
46.03 1.12 56.09 9.56
56.09 1.34 68.33 10 90
68.33 1.36 83.26 12.26
83.26 1.01 101 44 13.27

101 44 0.27 123 59 1 3 5 4
123.59 0.00 150 57 1 3 5 4
150 57 0.26 183 44 13 80
183 44 2.27 2 2 3 5 1 16 09
223 51 5.78 272 31 21.89
2 7 2 3 1 11 10 331 77 32 96
331.77 18.14 404 21 51.12
404.21 24.04 492 47 75 13
492 47 24 86 600 00 100 00

20 Volume (%) 100

10

00.1 10.0Particle Diameter (pm.)
Malvern Instrum ents Ud Malvern UK
Tel *+f44] (0)1684-892456 F ax  *(44] (0)1684-892789

M astersizer X Ver. 2 18 
Serial Number. MAL300122
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Figure J18 PSA reference of FIRST coal, run number 8.
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Result: Analysis Report
S am ple ID: FIR ST Coal Run N u m te T *  น!0613115
S am ple Ella: SARUN-01 Record N u m b er 20
S am ple Path: C:1S1ZERX\DATA\STUDENT\ANUVAT\
S am p le  N otes.

M easu red  Tue Jut 12 2011 10 59AM 
A nalysed: Tue Jul 12 2011 10:59AM 
R esult Source: A nalysed

Sy stem  Details
R an g e  L en s; 300 mm B eam  Length: 2 .40  mm Sampler; MS17
P resen tatio n; 2 0 H D  (Particle R I. = ( 1.5295. 0.1000), D ispersan t R.I. = 1  3300]
A nalysis Model. Po lydisperse 
Modifications: None

O bscuration: 19.1 % 

R esidual: 4.841 %

R esult Statistics
Distribution Type: Volume 
M ean D iam eters:
D [4. 3) = 368  75 um

S ize  Low (นทา) ๒ %
0.50 0.00
1.32 0.00
1 6 0 0.00
1.95 0.00
2 3 8 0 0 0
2.90 0 0 0
3 5 3 0 00
4 3 0 0.98
5.24 0.84
6 3 9 0.75
7,78 0 4 7
9.48 0.53

11.55 0.50
14.08 0  57
17.15 0 5 9
20 90 0  59

C o n c e n tra te  ท = 0.2678 %Vol 
D ( v .0 .1 ) «  66.34 um 
D [ 3 ,2J ‘ะ 95 17 um

Size High (um) Under%
1.32 0.00
1.60 0.00
1.95 0 0 0
2 3 8 0 00
2.90 0.00
3 53 0 00
4 .3 0 0 01
5.24 0 9 8
6 3 9 1.82
7.78 2.57
9 4 8 3.04

11.55 3.57
14.08 4 07
17.15 4.64
20 90 5.23
25.46 5.82

Density = 1 .0 0 0 g / cub. cm
อ  (v .0 .5 )=  399 88 um
S p an  s  1 214E+00

S ize Low (um) ๒ %
25.46 0.59
31.01 0 6 4
37 79 0.81
4 6 0 3 1.06
56.09 1.29
68.33 1.32
83.26 0.93

101.44 0 1 1
123 59 0.00
150.57 0.13
183.44 2.24
223.51 5.86
272.31 11.45
331.77 19.00
404.21 24.83
492.47 23 94

Specific S.A. = 0  063 0  sq . m f  g 
D (v. 0.9) = 551 .63  um  
Uniformity = 3.074E-01

Size High (um) U nder%
31.01 6.41
37 79 7.05
46.03 7 86
56.09 8 91
6 8 3 3 10 20
83 26 11.52

101 44 12.45
1 2 3 5 9 12.57
150 57 12.57
183 44 1 2.70
223.51 14.95
272.31 2 0  62
331.77 32.24
404 21 51.26
492 47 76 05
600.00 100.00

20

10

00.1 1.0'

Volume (%)

Particle Diameter (|im.)

100À
/ 90

I 80

70
60

, i 50
!
1 40

30
:1 20

i/f 10
/

1000.0 0
n i l ' l l  ,!15Îrum ent* t-ฬ  M astersizer X Ver. 2 18
Tel =+{44j (0)1684-892456 Fax :4(44] (0)1684-892789 Senal Number: MAL300122 12 Jul 11 12 12

Figure J19 PSA reference of FIRST coal, run number 9.
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Result: Analysis Report
Sam ple Details

S am ple ID: FIRST Coal Run N um ber: 10
S am p le  Filer SARUN-01 Record N u m b er 20
S am ple Pa th : C:VSIZERX\DATAlSTUDENT\ANUVAT>
S am p le  N otes.

M easured: Tue Jul 12 2011 10:59AM 
A nalysed Tue Jul 12 2011 10:59AM 
R esult Source: A nalysed

R ang e  Lens: 3CQ mm 
P resen tation: 20H D  
A nalysis Model: Polydisperse 
Modifications; N one

Sy stem  Details
Beam  Length: 2 .40 mm 
[Particle R J. ะ: ( 1.5295. 0.1000);

S am p le r MS 17 
D ispersan t R.I. = 1,3300]

O bscuration: 19.1 % 

R esidual: 4.841 %

Distribution Type: Volume 
M ean Diam eters:
D [4, 3] -  368 .75  um

Size Low'{ฟท} 
0.50  
1.32
1 SO
I .  95
2  38 
2-90
3  53 
4 3 0  
5.24 
6 39 
7.78 
9 ,48

I I .  55 
14.08 
17.15 
2 0 9 0

20

10

0.1

C oncentration 
D (v. 0 .1 ) *  6 6  34 um 
D [3. 2] = 95.17  um

R esu lt S tatistics
0.2678 %Vol Density = 1.000 g /  cub. cm 

D (v, 0.5) *  399.88 um 
S p an  = 1.214E+00

๒%0 00 0.00 0.00 0.00 000 0 00 000 
0 98 
0.84 
0.75 
0 47 
0.53 
0.50 
0 5 7  
0 5 9  
0 5 9

S ize  Nigh turn) Under%
1.32
1.60
1.95
2 .38
2.90
3.53
4  30
5  24 
6 3 9  
7.78 
9 .48  

11.55 
14.08 
17.15 
20 90 
25.46

i.'CT
Malvem Instrum ents Ltd
Tel =+(44] (0)1684-892456 Fax.4(44) (0)1684-892789

0.00 0.00 0.00 0 00 0.00 000 0.01 
0.98 
1.82
2.57 
3,04
3.57 
4.07 
4 64 
5.23 
5.82

S ize  Low (um) 
25.46 
31.01 
37.79 
4 6 0 3  
56 09 
68.33 
83.26

101.44 
123 59 
150.57
183.44 
223.51 
272.31 
331.77 
404.21 
492.47

Volume {%)

10JÇTParticle Diameter (um.)
M astersizer X Ver. 2 18 

Serial Number: MAL300122

Specific ร . A. ะ: 0  06 3 0  s q . m / g  
D (v . 0 .9 )=  551 .63  urn 
Uniformity = 3.074E-O1

๒%
0.59
0.64
0.81
1.06
1.29
I .  32 
0.93 0.11 0.00 
0.13 
2.24 
5.86

I I .  45 
19.00 
24.83 
2 3 9 4

Size High (um) Under%
31.01 6.41
37 79 7 0 5
46.03 7 8 6
56.09 8.91
6 8 3 3 10 20
83 26 11.52

101.44 12.45
123 59 12.57
150 57 12.57
183 44 12.70
223.51 14.95
272.31 20 82
331.77 32-24
404 21 51.26
492.47 76.05
600.00 100.00

1 0 0

/  ' 90
I 8 0

I
:

70
:

6 0

1 50
j 40

30
!i 2 0

10
01000 0
12 Jul11 12 12

Figure J20 PSA reference of FIRST coal, run number 10.
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J.3.3 Dhebkaset Bentonite

Result: Analysis Report
Sam ple Details

Sam p le  ID: Bentonite Run Number: 1
Sam p le  File: SARUN-Q1 Record Number: 21
Sam p le  Path: C:\SIZERX\DATA\STUDENT\AN UVATA 
Sam p le  Notes;

M easured: Tue Jul 12 2011 11:04AM 
Analysed: Tue Jul 12 2011 11:04AM 
R esult Source: A nalysed

System  Details
R an g e  Lens; 300 mm B eam  Length. 2 .40  mm Sam pler: MS 17 O bscuration: 16 7 %
Presen ta tio n  2 0H D  [Particle Rไ. e  ( 1 5295. 0  1000), D ispersant R.l. = 1ไ33๐0]
A nalysis Model: Po lydisperse Residual: 0 .732 %
Modifications. None

R esult Statistics
Distribution Type: Volume Concentration  = 0  0082 %Vol Density = 1.000 g /  cub. cm Specific S A  « 1.6472 sq . m J <
M ean Diam eters: D (v, 0.1 ) = 1 .58 um D (v, 0.5) = 6 .07  um D (V. 0.9) = 276.41 um
D (4. 31 *  58.35 um D (3. 2) =  3.64 um Sp an  = 4.529E+01 Uniformity = 9 .210E+00
S ize Low (um) ๒ % S iz e  High (um) Under% Size Low (um) ๒ % Size High (um) Under%

0.50 3.03 1.32 3.05 25.46 2.19 31.01 75 38
1.32 7.64 1.60 1 0 6 9 31.01 1.90 37.79 77 29
1.60 9.99 1.95 20.66 37.79 1.80 46 03 79.09
1.95 9.55 2.38 30.21 46 03 1.72 56 09 80 80
2.38 7.27 2.90 37 47 56 09 1.45 68.33 82 25
2.90 4 69 3.53 42.16 68.33 0.93 83.26 83.18
3.53 2.99 4.30 45.15 83.26 0.30 101.44 83.48
4 30 2.59 5.24 47 74 101 44 0.00 123.59 8 3 4 95.24 3.15 6.39 50.89 123 59 0.00 150.57 83.49
6.39 3.75 7.78 54.64 150.57 0.53 183.44 84 02
7.78 3 69 9.48 58 33 183.44 1.94 223.51 8 5 9 6
9.43 3.34 11 55 61.67 223.51 3.69 272.31 8 9  66

11.55 3 06 14.08 64.72 272.31 4 9 9 331.77 94 65
14.08 2 97 17.15 67.69 331.77 4.32 404 21 98.9517.15 2.90 20.90 70 59 404.21 1.04 492 47 100.00
20.30 2.61 2 5 4 6 73.19 492 47 0.00 600.00 100.00

2 0 V o lu m e  (% )
1 0 0

90
80
70
60

10 50

00.1

/ ’

Particle Diameter (|jm.) 1000.0

40
30
20
10
0

Malvern Instrum ents Ltd. M astersizer X Ver 2.18
Malvern. UK _ Serial N u m b er MAL300122Tel:=+(44] (0)1684-892456 Fax:+[44J (0)1684-892789 12 Jul 11 12 13

Figure J21 PSA reference of Dhebkaset Bentonite, run number
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Result: Analysis Report
S am ple Details

S am p le  ID: Bentonite Run Number: 2
S am p le  File SARUN-01 R ecord N um ber 22
Sam p le  Path: c  \SIZERX\DATA\STUDENT\ANUVAT\
Sam p le  N otes;

M easured: Tue Jul 12 2011 11:05AM 
A nalysed Tue Jul 12 2011 11 05AM 
R esu lt Source; A nalysed

System  Details
R a n g e  Lens. 300 mm Beam  Length: 2 .40 mm Sam pler. MS17
P resen tation: 2 O H 0 [Particle R~l. = ( 1.5295. 0.1000). D ispersant R I. ร ิ 1 3300]
A nalysis  Model: Polydisperse 
Modifications: None

O bscuration : 16.1 % 

R esid ual 0 .8 1 6 %

R esult Statistics
Distribution Type: Volume 
M ean Diam eters:

Concentration  = 0.0072 %Voi 
D (v, 0 .1 ) ะ 1.49 urn

Density = 1.000 g /  cub. cm 
D (V, 0  5) » 5.42 um

specific S A  
D (V, 0.9) ■ะ

= 1 .8268  sq  m 
275  0 8  umอ  [4 3J = 57.41 u n อ  [3, 2] = 3.28 um Sp an  = 5 049E+01 Uniformity = 1.021E+01

Size Low (um) ๒ % S ize High (um) Under% Size Low (um) ๒ % Size High (um) Under%0 .5 0 4,16 1 3 2 4.18 25.46 2.32 31 01 7 5 7 21.32 9 6 8 1.60 1 3 8 5 31.01 1.94 37.79 77.661 6 0 11 95 1.95 25.79 37.79 1.77 46.03 79.441.95 10.63 2 3 8 36.41 46 03 1.67 56 09 81.112.33 7.21 2.90 4 3 6 2 56 09 1 44 68.33 82.542.90 3.73 3.53 4 7 3 6 68 33 0.98 83.26 83 533 53 1 51 4.30 48.87 83 26 0.38 101.44 83 914 3 0 0 9 0 5.24 49 78 101 44 0 0 0 123 59 83 915.24 1 79 6  39 - 51.57 123.59 0 0 0 150.57 83 916  39 2.86 7.78 54.43 150 57 0 4 5 183 44 84 367  78 3 32 9.48 57.75 183 44 1.82 223 51 86 189 4 8 3 31 11.55 61.06 223 51 3.59 272 31 89.7711.55 3 22 14.08 64.28 27231 4 9 1 331.77 94 6814.08 3 2 0 17 15 67 47 331 77 4 22 404 21 98 8817.15 3 13 20 90 70.60 404 21 t .1 0 492 47 100 0020 90 2 80 25 46 73.40 492 47 0 0 0 600 00 100 00
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Figure J22 PSA reference of Dhebkaset Bentonite, run number 2.



Sam ple Details
S am ple ID Bentonite Run N u m b er 3
S am ple File: SARUN-01 R ecord N um ber 23
Sam p le  Path: C:\SIZERX\DATAVSTUDENT\ANUVAT\
S am p le  Notes:

Result: Analysis Report
M easured, Tue Jul 12 2011 11.05AM 
A nalysed. Tue Jul 12 2011 11:05AM 
Result Source: A nalysed

System  Details
R a n g e  Lens; 300 m m  B eam  Length: 2 .4 0  mm Sam pler. MS17 O b scuration  16 0 %

2 0H D  [Particle R.l = ( 1.5295. 0.10001; D ispersant R I. = 1 3300)
A nalysis Model P o lydisperse  R esid ual 0  8 2 9 %
Modifications' None

Result S tatistics 
C oncentration  = 0 .0068  %VolDistribution Type Volume 

M ean Diameters:
D (4, 3) = 51.19 บท

Size  Low (um) ๒ %
0.50 4.47
1 32 10 28
1 60 1 2 6 2
1 95 11 12
2 3 8 7.40
2 9 0 3.64
3 53 1.27
4  30 0.63
5 24 1 57
6.39 2 8 3
7.78 3 41
9.48 3 45

11.55 3 3 7
14.08 3.35
17.15 3.26
2 0 9 0 2.90

20

D (v . 0 .1 )=  1.48 um 
D [3 .2 ) = 3 1 5  um

S ize  High (um) Under%
1 3 2 4 4 9
1.60 14 76
1.95 27.37
2.38 30.47
2.90 4 5 8 7
3 53 49 53
4.30 50 80
5.24 51 44
6.39 5 3 0 0
7.78 55 83
9 4 3 59.24

11.55 62.69
1 40 8 66 06
17.15 69 40
20 90 72.66
25 46 75 55

Density = 1 .000 g /c u b . cm 
ช (V. 0.5) ะะ 3 71 um
Sp an  = 6.860E+01

Size Low (um) ๒ %
25.46 2.36
31.01 1.94
37.79 1 73
46.03 1.60
56.09 1.35
68.33 0.90
83.26 0.32

101 44 0 .00
123 59 0.00
150.57 0.42
183 44 1.71
22351 3 32
272 31 4 41
331 77 3 58
404 21 0 80
492 47 0 0 0

SpecificS .A . = 1.9064 sq  m / g 
P  (V, 0  9) = 2 55  87 um 
Uniformity = 1 328E-M31

Size High (um) Under%
31.๐1 77.92
37.79 79 85
46.03 81 58
56.09 83.17
68 33 84 53
83 26 8 5 4 3

101 44 8 5 7 5
123 59 85.76
150 57 85 76
183 44 86 18
223.51 87.89
2 72 31 91.21
331 77 95.61
404 21 99 18
492 47 100 00
600  00 100 00
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Figure J23 PSA reference of Dhebkaset Bentonite, run number 3.



192

Result; Analysis Report
Sam ple Details

Sam p le  เว : Bentonite R un Number. 4
Sam p le  Fite: SARUN-01 R ecord  Number: 24
S am p le  Path  c tSIZERX\DATA\STUDENT\ANUVAT\
Sam p le  Notes:

M easured: Tue Jut 12 2011 11:06AM 
Analysed: Tue Jut 12 2011 11:06AM 
R esult Source: Analysed

System  Details
R ang e  Lens: 300 mm B eam  Length: 2 .40 mm Sam pler: MS 17
P resen tatio n  2 0H D  {Particle R.l. = ( 1 5296. 0.1000): D ispersant R.l. «  1 3300]
A nalysts Model Potydisperse 
Modifications: None

O bscuration: 15.9 %

R esidual 0  886 %

R esult ร  ๒ tistics
Distribution Type. Volume Concentration  = 0.0069 %Vol Density = 1,000 0 / cub. cm Specific S.A. = 1.8656 sq  m / <M ean Diameters: D (v. 0.1) = 1.48 um D (V. 0.5) ร 5.35 um D (V, 0.9) = 276 .5 2  umD [4 3 | = 58.96 um D p i  2] =  3.22 um Span = 5.143E+01 Uniformity = 1.065E+01
Size Low (um) ๒ % S ize  High (um) Under% Size Low (um) ๒ % Size High (um) Under%0.50 4 46 1 32 4 4 9 25 46 2 2 2 31,01 75 321.32 10 18 1.60 14 66 31.01 1.81 37.79 77 131.60 12.44 1 95 27 08 37 79 1.63 46 03 78 761.95 10 88 2 38 37 95 46 03 1 55 56.09 80 312.38 7.14 2.90 4 5 0 9 56 09 1.38 68.33 81 682.90 3 38 3.53 48.49 68 33 0  98 83.26 82 653.53 1 02 4 3 0 49.51 83 26 0.40 101 44 83 054.30 c  41 5 24 49.92 101.44 0.00 123 59 83 065  24 1 34 6.39 51.26 123.59 0 0 0 150 57 8 3 0 76  39 2 6 6 7.78 53.92 150 57 0.61 183.44 8 3 6 77.78 3 31 9 4 8 57.23 18344 2 0 7 223.51 85.74

9.48 3 39 11.55 60.62 223.51 3.89 272.31 89 6311.55 3 31 1 4 0 8 63.92 272.31 5.14 331.77 94 7614 08 3.26 17.15 67.18 331.77 4 22 404 21 98 97
17 15 3 15 20.90 70.33 404 21 1.02 4 9 2 4 7 100.0020.90 2 76 25.46 73 09 492 47 0.00 6 00  00 100.00

2 0 V o lu m e  (% )
1 0 0

90
80
70
60
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Matvem Instrum ents Ltd M astersizer X V er 2.18
Malvern. UK Serial N u m b er M A U 00122
Tel.=+{44] (0)1684-892456 Fax:*]44) (0)1684-892789 12 Jul 11 12:20

Figure J24 PSA reference of Dhebkaset Bentonite, run number 4.
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Result: Analysis Report
Sam ple Details

S am ple ID Bentonite R un  Number. 5
S am ple File: SARUN-01 R ecord  N um ber 25
S am ple Path  C:\SIZERX\DATA\STUDENT\ANUVAT3 
S am ple Notes:

M easured T u e Ju l 12 2011 11.06AM 
Analysed: T ue Jul 12 2011 11,06AM 
R esult Source: A nalysed

System  Details
R an g e  Lens: 300 mm B eam  Length: 2.40 mm Sam pler: MS 17
Presen tation: 2 0H D  [Particle R I. *  ( 1 5295. 0.1000). D tspersant R.l. = 1 3300]
Analysis Model: Polydtsperse 
Modifications: None

O bscuration : 15 9 %  

R esidual: 0 .896  %

R esult Statistics
Distribution Type. Volume C oncentration  ะ 0 .0070  % v ๗ Density = 1 .000 g / cub. cm Specific S.A. * 1 8461 sq . m  / (M ean Diameters: D (V. 0.1) = .ๆ4ร um D (v. 0.5) = 6.21 um D (V. 0.9) = 293 .9 9  um
D [4. 3] * 64.05 um D (3. 2] = 3.25 um Sp an  = 4.714E+01 Uniformity -  9 .9 9 4 E +00
S ize  Low (um) ๒ % S ize High (um) Under% Size Low (um) เก % Size High (um) Under%

0.50 4 48 1 32 4.50 25 46 221 31.01 74 22
1.32 10 16 1 60 1 4 6 5 31 01 1 78 37.79 76 001.60 12.36 1 95 27.00 37.79 1.61 46.03 77.61
1 95 10.76 2 38 37.75 46 03 1 58 56 09 79 10
2 38 6 98 2 90 44 72 56 09 1.44 6 8 3 3 80.622.90 3.21 3.53 47.95 68 33 1 02 83 26 81 63
3.53 0 86 4.30 48.81 83.26 0 3 7 101.44 82 004 30 0 26 5 2 4 49.07 101 44 0.00 123.59 82.015.24 1.20 6 3 9 50 26 123.59 0.00 150.57 82.01
6.39 2.56 7.78 52.83 150 57 0.40 183.44 82 41
7.78 3.26 9 4 8 56.09 183 44 1 86 223.51 84 27
ร.48 3.38 11 55 59.47 223.51 3.77 272.31 88.05

11.55 3.31 14 08 62.78 272.31 5.36 331.77 93 40
14 08 3.28 17.15 66.06 331.77 4.96 404.21 98 3417.15 3.17 20.90 69 23 404.21 1.64 4 9 2 4 7 99 99
20.90 2.78 25.46 72.01 492.47 0.00 600 .00 100 00
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Figure J25 PSA reference of Dhebkaset Bentonite, run number 5.



Sam ple Details
S am p le  ip ; B entonite R un N u m b er 6  M easured: Tue Jul 12  2 0 1 1 11:06AM
S am ple EBo' SARUN-OI R ecord  N um ber 26 A nalysed T ue Jul 12 201 ท  106AM
S am ple Path: C:\SIZERX\DATA!STUDENT\ANUVAT\ R esult Source: A nalysed
S am ple Notes:

Result: Analysis Report

R ang e  Lens: 300 mm 
Presen tation: 20H D  
A nalysis Model: Poiydtsperse 
Modifications: None

System  Details
Beam  Length. 2 .40  mm 
[Particle Rไ. = ( 1.5295. 0.1000);

Sam pler: MS 17 
D ispersan t R.l. ร  1.3300]

O bscuration: 1 5 .9%  

R esidual: 0 .982  %

Distribution Type. Volume 
M ean Diameters:

R esult Statistics
Concentration = 0  0075 %Vol Density = 1 .000 g /  cub. cm
D (V. 0  1) =  1 51 um D (v. 0 .5 ) = 7 .88  urn

Specific ร  A. = 1 7 2 6 5 s q m / g  
334 .66  um

D [4, 3] = 81 45 u n อ  (3. 2} «ะ 3 48 um S pan  « 4 .2 3 0 6 + 0 1 Uniformity = 1.005E+01
S ize Low (um) 1ก% Size High (um) Under% Size Low (um) ๒ % Size High (um) Under%

0.50 3.98 1.32 4.01 25.46 2.10 31.01 70.081.32 9 2 7 1 6 0 13.26 31.01 1.72 37.79 71.79
1.60 11.61 1.95 24.86 37 79 1.59 46.03 73.39
1.95 10 40 2.38 35.25 46.03 1.57 56.09 74 96
2 .38 6 9 3 2.90 42.17 56 09 1.40 68.33 7 6 3 7
2.90 3 2 2 3 53 45.41 6 8 3 3 0 91 83 26 77.27
3.53 0 7 9 4 30 46.20 83.26 0.16 101.44 77 44
4 .30 0.17 5.24 46 37 101 44 0.00 123 59 77 44
5.24 1.05 6  39 47 42 123 59 0.00 150 57 77.44
6.39 2 4 0 7 7 8 4 9 8 2 150 57 0.11 183 44 77 55
7.78 3 1 0 9 4 8 5 2 9 2 183 44 1.78 223 51 7 9 3 3
9 4 8 3 2 2 11.55 56 14 223 51 4 05 272.31 83.39

11 55 3.15 14.08 5 9 3 0 272 31 6 31 331 77 89.69
14 08 3 0 9 17.15 62.39 331 77 6B 2 404.21 9 6 4 917 15 2 98 20 90 65 37 404.21 3 5 0 492 47 99 97
2 0 รปี 2.61 25.46 67.98 492.47 0 0 0 600 00 100 00
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Figure J26 PSA reference of Dhebkaset Bentonite, run number 6.
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Result: Analysis Report
Sample DetailsSample Ip; Bentonite Run Number: 7

Sample File: SARUN-01 Record Number: 27Sample Path: C.VSl2ERX\DATA\STUDENT\ANUVA-n Sample Notes.

Measured. Tue Jul 12 2011 11:07AM Analysed; Tue Jul 12 2011 1T07AM Result Source: Analysed

Range Lens: 300 mm 
Presentation: 20HD Analysis Model; Polydisperse Modifications: None

System DetailsBeam Length. 2.40 mm Sampler: MS17[Particle R I = ( 1 5295. 0.1000): Dispersant R.l. = 1 3300] Obscuration: 15.8% 
Residual: 0.894 %

Result StatisticsDistribution Type Volume Concentration = 0 0067 %Vd Density = 1 000 g / cub. cm Specific SA = 1 9226 sq mlMean Diameters D(v, 0.1)= 1.45 um D (V, 0.5) = 5.68 um D (V, 0.9) = 281.33 umD (4, 3] = 59.27 urn D [3.2} -  3.12 um Span = 4 923E+01 Uniformity = 1 G09E+01
Size Low (um) เก % Size High (um) Under% Size Low (um) เท % Size High (um) Under%0.50 5 08 1.32 5.10 25 46 2 16 31.01 75 241.32 11 03 1.60 16.12 31 01 1.76 37 79 77 001.60 12.92 1.95 29.03 37 79 1.66 4603 78 661.95 1077 2.38 39.78 46 03 1 69 56 09 80 352.38 6 62 290 46.40 56 09 1 58 68 33 81 932.90 2.78 353 49 20 68 33 1.16 83 26 83 093.53 054 4.30 49.74 83 26 051 101.44 83.604.30 0 02 5.24 49 77 101.44 0.00 123.59 83.60524 1.02 6.39 50.78 123 59 0.00 150 57 83 606 39 2.55 7.78 53.34 150.67 0 36 183.44 83 967.78 3.39 948 56.72 183.44 1 73 223.51 85.699.48 3.56 11.55 60.28 223.51 3.55 272.31 89 2511.55 3 48 1408 63.76 272.31 4.95 331 77 94 1914.08 3.39 17.15 67.15 331 77 4 40 404 21 98 5817,15 3.19 20.90 70.34 40421 1.41 492,47 99 9920.90 2.74 25.46 73 08 492.47 0.00 600.00 100 00
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Figure J27 PSA reference of Dhebkaset Bentonite, run number 7.



Sample DetailsSample เอ: Bentonite Run Number: 8
Sample Fite: SARUN-01 Record Number 28
Sample Path: c ASIZERX\DATA\STUDENT\ANUVAT\Sample Notes:

Result: Analysis Report
Measured Tue Jul 12 2011 11:07AM 
Analysed: Tue Jul 12 2011 11:07AM Result Source: Analysed

System DetailsRange Lens; 300 mm Beam Length: 2,40 mm Sampler: MS17Presentation: 20HD (Particle R I. * ( 1.5295. 0.1000); Dispersant R.l. « 1.3300]Analysis Model: Poiydisperse Modifications None

Obscuration 15 8% 
Residual 1016%

Result StatisticsDistribution Type: Volume Mean Diameters: Concentration = 0.0073 %Vol D (v. 0.1) * 150 urn Density = 1.000 g / cub. cm อ (V. 0.5) * 7.77 um Specific S.A. = 1.7599 sq m D(v. 0.9) = 328.80 urnD (4. 3] = 77 71 um D {3, 2} = 3.41 um Span = 4.214E+01 Uniformity = 9714E+00
Size Low.(urn) ๒% Size High (um) Under% Size Low (um) ๒% Size High (um) Under%0.50 4.16 1 32 4 18 25.46 2.10 31 01 70831.32 9.57 1.60 13.74 31 01 1.70 37.79 72 531.60 11.93 1.95 2566 37.79 1.60 46 03 74.121.95 10.59 2.38 36.24 46 03 1.65 56 09 7577238 6.92 2.90 43 16 56.09 1.57 68 33 77 342.90 3.05 3.53 46 22 68 33 1.09 8326 78.43353 0 54 4.30 46 77 83.26 077 101 44 78 704 30 000 5.24 46.78 101.44 000 123.59 7871524 0.89 6.39 47.66 123 59 0.00 150 57 78726.39 2.37 7.78 50.02 150.57 0.08 183 44 7879778 3 18 9.48 53.20 183 44 1.74 223.51 80.54943 3.35 11.55 56 55 223.51 3.89 272.31 844311.55 3.28 14.08 5983 272 31 5.87 331 77 90 2914 08 321 17.15 63.04 33177 6.37 404 21 966517.15 3.05 20.90 66.09 404 21 3 34 492 47 999720 90 2 64 25.46 68.73 492 47 0.00 600 00 100 00

20 Volume (%)

90

80

70

60

10

00 1

A

A

Wo /
Particle Diameter (pm.)

Malvern Instruments Ltd.Malvern UKTel =+{44] <0)1684-892456 Fax +(44j (0)1684-892789
MasterstzerX Ver. 2 18 Serial Number: MAL300122

1000 0

50

40

30

20
10
0

12 Jul 1

Figure J28 PSA reference of Dhebkaset Bentonite, run number 8.
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Result: Analysis Report
Sample DetailsSample ID: Bentonite Ron Number 9Sample File: SARUN-01 Record Number. 29Sample Path: c  \SlZERX\DATA\STUOENT\ANUVAT\Sample Notes

Measured Tue Jul 12 2011 11:07AM Analysed: Tue Jul 12 2011 11:07AM Result Source: Analysed

System DetailsRange Lens: 300 mm Beam Length: 2.40 mm Sampler: MS17Presentation. 20HD [Particle R I. * { 1.5295, 0.1000); Dispersant R.l. ร ิ 1 3300)Analysts Model: Poly disperse Modifications: None

Obscuration: 15.8% 
Residual: 1.074%

Result StatisticsDistribution Type: Volume Concentration * 0.0076 %Vol Density = 1.000 g / cub. cm Specific S.A = 1.6828 sq. m /<Mean Diameters D(v. 0.1)= 1.51 um D(v. 0.5)= 9.12 um D (v. 0.9) = 342.88 umD [4. 3) = 88.32 urn D [3 2) = 3.57 um Span = 3.745E+01 Uniformity = 9.409E+00
Size Low (um) ๒% Size High (um) Under% Size Low (um) ๒% Size High (um) Under%0.50 4.01 1.32 4.03 25 46 1.97 31 01 67.651.32 9 19 1.60 13.21 31.01 1 59 37.79 69.241.60 11.42 1.95 24.61 37 79 1 52 46 03 70 761.95 10.10 2.38 34.70 46 03 1.61 56 09 72 382.33 6 55 2.90 41.24 56 09 1.57 68 33 73.952.90 283 3.53 44.09 68 33 1.13 83 26 75.073 53 0.43 4.30 44 52 83 26 0.33 101 44 75 414 30 000 5 24 44 53 101.44 0 00 123.59 75 415.24 0 80 6 39 45.32 123.59 0.00 150 57 7542639 2.25 7.78 47.57 150.57 0.17 183 44 75-587.78 3.07 9.48 50.64 183 44 1.90 223.51 77 499.48 3 26 11.55 53.89 223.51 4 35 272.31 81 8411.55 3 21 • 14 08 57.10 272.31 6.87 331.77 8B.701408 3 12 17.15 60.22 331.77 7.50 404.21 96.1917.15 2.95 20.90 63.17 404 21 3.80 492.47 99.9720.90 2 52 25 46 65.68 49247 0.00 600.00 100.00

20 Volume (%) 100

90

80

70

60
10 50

00.1

A

/ \

Particle Diameter (ym.)
Malvern Instruments Ltd.Malvern, UKTel:=+{44) (0)1684-892456 Fax 4(44) (0)1684-892789

Mastersizer X Ver, 2.18 Serial Number MAL300122

1000.0

40

30

20
10
0

12 Jul 11 12:25

Figure J29 PSA reference of Dhebkaset Bentonite, run number 9.
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Result: Analysis Report
Sample DetailsSample 10: Bentonite Run Number: toSample File: SARUN-01 Record Number 30

Sample Path: C:\StZERXtDATAtSTUDENTtANUVAT)Sample Notes:

Measured: Tue Jul 12 2011 11:07AM Analysed: Tue Jul 12 2011 11.07AM Result Source: Analysed

System DetailsRange Lens: 300 mm Beam Length: 2.40 mm Sampler MS17
Presentation 20HD (Particle R I. = ( 1.5295, 0.1000): Dispersant R.l, •  1 3300)Analysis Model: Po^ycisperse Modifications: None

Obscuration: 15.8% 
Residual: 0 964%

Result StatisticsDistribution Type: Volume Concentration = 0 0069 %Vo1 Density = 1.000 g / cub cm Specific S.A = 1 8442 sq m/qMean Diameters D (V. 0.1 ) = 1 47 urn D (v. 0 5) “ 7.15 um D (V, 0.9) = 291 43 um0(4, 3] = 65.13 นกา D [3. 2J = 3.25 urn Span = 4 056E+01 Uniformity = 8.818E+00
Size Low (urn) ๒% Size High (urn) Under% Size Low (um) ๒% Size High (um) Under%0.50 4.70 1.32 4.73 25.46 2.14 31.01 72 981 32 1041 160 15.12 31.01 1.74 37.79 74 721.60 1250 1 95 27.61 37 79 1.64 46.03 76.371.95 1065 2 38 38 24 46 03 1.70 56 09 78.072.38 6 63 290 44 87 56 09 1.63 6833 79.702.90 2.72 3.53 47 60 68.33 1 23 83 26 80 93353 0.35 430 47 96 83.26 0.54 101 44 81 474 30 0.00 524 47 96 101 44 0.00 123 59 81.475.24 0.83 6 39 48 78 123 59 0.00 150 57 81 486.39 2.43 7 78 51.22 150.57 054 183 44 82017 76 3.33 9.48 54.55 183.44 2.08 223.51 04 099 48 3.55 11.55 58 09 223.51 4 09 272.31 88 1811.55 3.48 14.08 61.58 272 31 5.58 331 77 93.751408 3 38 17,15 64 95 331.77 4 84 404.21 98 5817 15 3.18 20 90 68.13 404.21 1.41 492.47 99 9920 90 2 72 2546 70.84 49247 000 600 00 100 00

Volume (%)20 . ---------- ---- ------. . . _ 100

90

80

70

60
10

Particle Diameter (pm.)
Malvern Instruments Ltd. Mastersizer X Ver. 2 18
^ " (0 )1 6 8 4 .8 9 2 4 5 6  4,44) ,0)1684.892789 ๘ "’ ' “  “ ^ “ ° '22

50

40

30

20
10
0

12 Jul 1 ! /2:26

Figure J30 PSA reference of Dhebkaset Bentonite, run number 10.
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E.2.4 Petch Thai Limestone

Result: Analysis Report
Sample DetailsSample ID: Limestone (PT) Run Number 1Sample File: SARUN-01 Record Number 41Sample Path: C:\SIZERX\DATA\STUDENT\ANUVATV Sample Notes;

Measured Tue Jul 12 2011 11:21AM Analysed. TueJul 12 2011 1121AM Result Source: Analysed

System DetailsRange Lens. 300 mm Seam length 2.40 mm Sampler: MS17 Obscuration. 16.4 %Presentation 20HO (Partide RX = (1.5295. 0.1000); Dispersant R.l. = 1.3300)Analysis Model: Polydisperse Residual 1 428 %Modifications: None
Result StatisticsDistribution Type Volume Concentration = 0 0039 %Vol Density = 1.000 g 1 cub. cm Specific SA. = 3.4811 sq. mMean Diameters: D(v. 01)= 1 30 บทไ p (v. 0.5) * 1.70 urn D (V. 0.9) = 10.26 umD [4. 3] = 16.90 urn D(3.2]â 1.72 urn Span * 5.258E+OQ Uniformity = 9.126E+00

Size Low (urn) เท % Size High (urn) Under% Size Low(um) ๒% Size High (urn) Under%0.50 12.00 1.32 12.07 25 46 0.05 31.01 94 721 32 2849 1.60 40.47 31 01 0.09 37 79 94 821.60 2668 1 95 67 13 37 79 0.20 46 03 95.021 95 1304 2.38 80.17 46 03 0.28 56 09 95 302.33 3.29 2.90 83.48 56 09 0 23 6833 95 532.90 0.25 353 83.75 68 33 0 10 8326 95 63353 000 4 30 83.75 83.26 000 101.44 95 634.30 0.00 524 83.75 10144 0.00 123.59 95.635.24 000 6 39 83.75 123.59 0.05 150.57 95 686 39 2.03 7 78 85.78 150.57 0.23 183.44 95.917 78 3.06 9.48 88.84 18344 0 48 223.51 96 399.49 2.66 11.55 91.50 223 51 074 27231 97.1311.55 1.71 1408 93.21 272.31 0.98 33 ใ.77 98.1014.08 089 17.15 94 11 331.77 1.06 404.21 99.1617.15 0.41 20 90 94.51 404 21 0.73 492.47 99 8920 90 0.16 25 46 94 67 492 47 0 11 600 00 100.00
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Figure J31 PSA reference of Petch Thai Limestone, run number 1.
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Result: Analysis Report
Sample DetailsSample ID: Limestone (PT) Run Number: 2Sample Fite; SARUN-01 Record Number 42Sample Path C:VSIZERX\DATA\STUDENT\ANUVAT\Sample Notes;

Measured Tue Jul 12 2011 า 1:22AM 
Analysed Tue Jul 12 2011 11:22AM Result Source: Analysed

Range Lens. 300 mm Presentation: 20HD 
Analysis Model: Poiydisperse Modifications: None

System DetailsBeam Length; 2,40 mm (Particle R l. ร่ ( 1.5295. 0.1000): Sampler. MS 17 Dispersant R I. -  1 3300] Obscuration: 16 1 % 
Residual 1.420%

Distribution Type; Volume Mean Diameters.
Result StatisticsConcentration = 0.0038 %Vol 0 (v. 0.1) = 1.30 um Density = 1.000 g I cub. cm 1.71 um Specificร.A. = 3.4729sq m/g 10.19 umD (4, 3] a 14 40 um D (3 2] -  1.73 um Span = 5.210E+00 Uniformity = 7 646E+00

Size Low (um) ๒% Size High (um) บกder% Size Low (um) ๒% Size High (um) Under%0.50 11.90 1 32 11.97 25.46 004 31.01 94 681 32 2836 1.60 40 25 31.01 0.15 37.79 94 821.60 26.66 1.95 66.89 37 79 0.33 46.03 95 161 95 1310 2 38 79.99 46.03 045 56 09 95612.38 3.34 2.90 83 34 56 09 040 68 33 96 012 90 026 353 83.62 68 33 0.24 83.26 9625353 0.00 4 30 83 62 83 26 0.09 101 44 96 344 30 000 5.24 83.62 101 44 0.01 123.59 96 35524 0.00 6.39 83 62 123.59 0 03 150.57 96 396.39 2.13 7 78 85.75 150 57 0.18 18344 96 577.78 3.16 9.48 88.91 183.44 0.44 22351 97 019.48 2.72 11.55 91.63 223.51 0.77 272.31 97 7811.55 1.72 14 08 93.34 272 31 099 331 77 98 7614 08 085 17.15 94 19 331 77 0.85 404 21 99 6117.15 0.34 20.90 94 53 404 21 038 492 47 99 9920 90 0.10 25 46 94.63 492 47 0.00 600 00 100 00
20

10
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Volume (%)
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Figure J32 PSA reference of Petch Thai Limestone, run number 2.
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Result: Analysis Report
Sample DetailsSample ID Limestone (PT) Run Number. 3Sample File SARUN-01 _ Record Number: 43Sampte Path: C:\SIZERX\DATAVSTUDENT\ANUVAT\Sample Notes:

Measured. Tue Jul 12 2011 11:24AM Analysed: Tue Jul 12 2011 11 24AM Result Source: Analysed

Range Lens. 300 mm Presentation: 20HD Analysis Model, Polydtsperse Modifications: None

System DetailsBeam Length. 2.40 mm {Particle Rไ. = ( 1.S295, 0 1000) Sampter MS 17 Dispersant R,L = 1.3300] Obscuration: 15.7% 
Residual. 1.453%

Result StatisticsDistribution Type: Volume Concentration = 0.0041 %Vol Density “ 1.000 g / cub. cm Specific SA = 3.1400 sq. m / (Mean Diameters. D (v. 0.1) = 1.32 um D(v, 0.5)= 1.80 um D (v. 0.9) = 60.76 um0(4,3)* 36.06 um D [3 2) -  1.91 um Span = 3.311E+01 Uniformity = 1 929E+01
Size Low (um) h  % Size High (um) Under% Size Low (um) เท % Size High (um) Under%0,50 9.61 1. 32 966 25 46 0.09 31 01 88421.32 24 88 1.60 34.47 31 01 024 37 79 88 661 60 25 15 1 95 59 61 37 79 0.46 46 03 89.121.95 1368 238 73 28 46 03 0.62 56.09 89.742.38 3 94 2 90 77.23 56 09 0 60 68 33 90.342.90 0 35 3.53 77.61 68 33 0.41 83 26 90.753 53 000 4 30 77.61 83 26 0.16 101.44 90 914 30 000 524 77.61 101 44 000 12359 90 91524 0.00 639 77 61 123.59 0.00 150 57 90.916 39 2 15 7 78 79.76 150.57 0.14 183.44 91.057.78 307 9.48 82.83 183 44 060 223.51 91.659.48 2.59 11.55 85.42 223 51 1 27 272.31 92.9211 55 1.61 14.08 87.02 272.31 1 99 331 77 94 9114.08 0.80 17.15 87.83 331.77 2.34 404 21 97 2517.15 035 20.90 88.18 404.21 1.92 492.47 99.1720.90 0.14 25 46 88.33 492.47 0.82 600.00 100.00

20 ก
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Figure J33 PSA reference of Petch Thai Limestone, run number 3
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Result: Analysis Report
Sample เอ: Limestone (PT) Run Number: ^4
Sample File: SARUN-OI Record Number: 44Sample Palh: C:\Sf2ERX\DATA\STUOENT\ANUVAT\Sample Notes:

Measured: Tue Jul 12 2011 11 25AM Analysed: Tue Ju! 12 2011 11 2SAM Result Source: Analysed

System DetailsRange Lens: 30Ç mm Beam Length: 2.40 mm Sampler: MS 17Presentation; พ ุHD {Particle R.l. -(1.5295, 0.1000): Dispersant R.l. = 13300)Analysis Model: Poiydisperse Modifications: None

Obscuration: 15 7 % 
Residual: 1 430%

Result StatisticsDistribution Type: Volume Concentration = 0.0039 %Vol Density ■ะะ 1.000 g / cub. cm Specific SA = 3.2847 sq m 1Mean Diameters. D {v, 0.1 ) = 1.31 um D (v, 0.5) = 1.76 um D (V. 0.9) ะ* 13.69 umD (4. 3] = 24.87 um D [3 2] -  1.83 um Span -  7.045E+00 Uniformity = ■L336E+01
Size Low (urn) ๒% Size High (um) Under% Size Low (um) ๒% Size High (um) Under%0.50 10 47 1 32 10.53 25.46 0.11 31.01 91 691 32 26.32 1.60 36 78 31.01 0.27 37.79 91.951 60 25.92 1.95 6268 37.79 0.49 46.03 92.441.95 13.60 238 76.27 46.03 0.65 56.09 93 092.38 3.76 2.90 80.04 56,09 062 68.33 93.712.90 0.33 3.53 80.39 68.33 042 83.26 94.133.53 0.00 4.30 80.39 83.26 0.19 10L44 94.324.30 0.00 ร. 24 80.39 101.44 0.02 12359 94 345.24 0.00 6.39 80.39 123 59 0.00 150 57 94.346.39 2.23 7.78 82.63 150.57 0.06 183 44 94 407.78 3.19 9.48 85.81 183 44 0.31 223.51 94 719.48 2.69 11.55 88.50 223.51 0.69 272.31 95 4011.55 1.68 14.08 90.18 272.31 1.14 331 77 96 5414.08 085 17.15 91.03 331.77 1.44 404 21 97 9717.15 0.38 20 90 91.42 404 21 1.34 492 47 99.3220.90 0.16 25 46 91.58 49247 0.68 600.00 100 00
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Figure J34 PSA reference of Petch Thai Limestone, run number 4.
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Result: Analysis Report
Sample DetailsSample เอ: Limestone (PT) Run Number. 5

Sample Rte: SARUN-01 Record Number 45Sample Path C:\SlZERX\DATA\STUDENT\ANUVAT\Sample Notes:

Measured Tue Jul 12 2011 11:25AM Analysed: Tue Jul 12 2011 11:25AM Result Source: Analysed

System DetailsRange Lens: 300 mm Beam Length: 2.40 mm Sampler; MS 17Presentation: 20HD (Particle R.l. = ( 1.5295, 0.1000). Dispersant R.I. = 1โ3300]Analysis Model: Polydisperse Modifications: None

Obscuration: 15.7% 
Residual 1.443 %

Result StatisticsDistribution Type: Volume Concentrations 0.0041 %Vol Density* 1.000 9 / cub. cm Specific S A. = 3.1230 sq.m/Mean Diameters: D (v, 0.1) = 1.33 um D(v, 0.5)= 1.80 um D (V, 0.9) = 65.73 umD (4. 3] = 34.92 urn D(3. 2)= 1.92 um Span = 3 579E+01 Uniformity = 861E+Q1
Size Low (um) ๒% Size High (um) Undergo Size Low (um) ๒% Size High (um) Under%0.50 9 53 1.32 9 59 2546 010 31.01 88 081.32 24 72 1 60 34.25 31.01 0 26 3779 88.351 60 25.03 1.95 59.25 37 79 0.49 46.03 88 841 95 13 63 238 72.87 4603 0.66 56 09 89492.38 3.94 2.90 7683 56 09 0.62 68 33 SO 112 90 0.36 3.53 77.20 6833 040 83.26 90.503.53 000 4.30 77.20 83.26 0.13 101.44 90 634.30 0.00 5.24 77.20 101.44 0 00 123.59 90.635.24 0.00 6.39 77.21 123.59 0.05 150.57 90 686.39 2.15 7.78 79.36 150.57 0.37 183 44 91 057.78 3.08 9 48 8243 183.44 0.90 223.51 91 95548 261 11.55 85.04 223.51 1.54 272.31 93 4911.55 1.63 1408 86.67 272.31 2.08 331.77 95 5714 08 0.82 17.15 87.49 331.77 2.23 404.21 97.8017.15 0 35 20 90 87.85 404.21 1.67 492.47 99 4620.90 0.14 2546 87.99 492.47 0.53 600 00 100.00
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Figure J35 PSA reference of Petch Thai Limestone, run number 5.
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Result: Analysis Report
Sample DetailsSample ID; Limestone (PT) Run Number: 6Sample File; SARUN-01 Record Number: 46Sample Path: C:\SIZERX\DATA\STUDENT\ANUVAT\Sample Notes:

Measured TueJul 12 2011 11:25AM Analysed: Tue Jul 12 2011 11:25AM Result Source: Analysed

System DetailsRange Uns, 300 mm Beam Length: 2-40 mm Sampler:MS17 Obscuraton: 15.8%Presentation: 2QH0 IPartide R1. = ( 1,5295, 0.1000): Dispersant R.I.- 1 3300]Analysts.Môaefc Poiydispersa Residual: 1,457 %Modifications: None
Result StatisticsDistriOutipn Type: Volume Concentration * 0.0040 %Vol Density = 1.000g /cub. cm Specifics.A. = 3.2475 sg. m/gMean Diameters: O(v.01) = 1.32 น๓ D(v.0.5) = 1.77 um D(v,0.9)= 13.70umD [4. 3] = 21.44 um D [3. 2] ร 1.85 um Span = 6.984E+00 Uniformity = 1 130E+01

Size Low (urn) ๒% Size High (urn) Under% Size Low (um) ๒% Size High (um) Under%0.50 9.91 1.32 9.97 25.46 0.10 31.01 91 651.32 2571 1.60 35.61 31.01 0.28 37.79 91 931.60 26 03 1.95 61 62 37.79 054 46.03 92.47195 14.18 2.38 75.79 46.03 073 56.09 93 19238 4 10 2.90 79.90 56.09 070 68.33 93 892.90 037 3.53 80.30 6833 047 8326 94 363.53 0.00 4.30 80.30 83 26 0 18 101 44 94 544 30 000 5.24 80.30 101.44 0.00 123.59 94.545.24 000 639 80.30 123.59 0.00 150.57 94.546.39 224 7.78 82.54 150.57 011 183.44 94657.78 3.21 9.45 85.75 183.44 050 223.51 95 15948 2.72 11.55 88.47 223.51 1.04 272.31 96 1911.55 1.71 14.C8 90.18 272.31 1.55 331.77 97 741408 0.86 17.15 91.04 331.77 1.55 404.21 99 2917.15 0.37 20.90 91.41 404 21 0.71 492.47 99 9920.90 0 14 25 46 91 55 49247 000 600.00 100 00
20
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Figure J36 PSA reference of Petch Thai Limestone, run number 6.
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Result: Analysis Report
Sample DetailsSample ip: Limestone (PT) Run Number; 7 Measured Tue Jut 12 2011 11 26AMSampte File: SARUN-01 _ Record Number: 47 Analy sad: Tue'Jut.122011 11:26AMSample Path. C:\SIZERX\DATA\STUDENT\ANUVAฑ Result Source: AnalysedSample Notes:

System DetailsRange téps: 3P0mm Beam Length: 2,40 mm Sampler; MS17Presentation: 20HD (Particle RJ -  ( 1.5295, 0.1000). Dispersant R.l. *. 1 3300]Analysis Model: Polydisperse Modifications: None

Obscuration: 15.9% 
Residual: 1.431 %

Result StatisticsDistribution Type; Volume Concentration ~ 0.0040 %Vol Density = LOGO g /cub. cm Specific ร, A. = 3.2420 รชุ. ๓1Mean Diameters: D (v. 0.1)= 1.32 um D (v, 0.5) = 1.77 um D (v. 0.9) ~ 15.14 umD [4. 3] = 23,20 um D (3. 2] * 1.85 um Span = 7.811E+00 Uniformity = 1.231 E+01
Size Low (um) ๒% Size High (um) Under% Size low (um) ๒% Si2e High (um) Under%0.50 10 03 132 10.15 2546 0 12 31 01 91.141.32 25.80 1 60 35.88 31.01 029 37 79 91.431 60 25.79 1 95 61.66 37.79 052 46,03 91.951.95 13.81 2.38 75.46 46.03 0.71 56.09 92 662.38 3.92 2.90 79.39 56.09 0.69 68 33 93 352.90 035 3.53 79.77 68.33 0.49 83.26 93 843.53 000 4.30 79.77 83.26 0.22 101.44 94 07430 0.00 5.24 79.77 101.44 0.04 123 59 94.115.24 0.00 6.39 79.77 123.59 0.02 150.57 94.136.39 2.24 7.78 82,01 150.57 0.20 183 44 94 337.79 3.19 9.48 85,20 183.44 0.57 223 51 94.909.48 2.70 11 55 87.90 223.51 1.03 272.31 95 9311.55 1.70 14.08 89.60 272.31 1.46 331.77 97.3814.08 0.87 17.15 90.47 331.77 1.58 404 21 98 9617.15 039 20.80 90.86 404.21 0.94 492.47 99 9020.90 017 25.46 91.03 492.47 0.09 600.00 100.00
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Figure J37 PSA reference of Petch Thai Limestone, run number 7.
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Result; Analysis Report
Sample DetailsSample 10: Limestone (PT) Run Number: 8 Measured: Tue Jul 12 2011 11:26AMSample File: SARUN-01 _ _ Record Number: 48 Analysed: Tue Jut 12 2011 11 26AMSample Pattr C:\SIZERX\DATA\STUDENT\ANUVAT\ Result Source: AnalysedSample Notes:

System DetailsRange lens: 300 mm Beam Length: 2.4Û mm Sampler: MS 17Prestation. 20HD {Particle R.I, ร. ( 1 5295, 0.1000); Dispersant R.l. a 1 3300]Analysis Model. Polydisperse Modifications: None

Obscuration. 16.0 % 
Residual: 1.472%:

Result StatisticsDistribution Type: Volume Concentration = 0.0044 %Vol Density = 1.000 g / cub. on Specific SA = 2.9368 sq. m,Mean Diameters: D (v, 0.1) ร 1.34 um D (v, 0.5) ร 1.86 um D (v, 0.9} = 300.92 umD [4. 3) -  53.50 um D [ i  2] = 2 04 um Span = 1.614E+02 Uniformity = 2.804E+01
Size Low (urn) ๒% Size High (um) Under% Size low (um) ๒% Size High (um) Under%0,50 8.53 132 8.59 25.46 0.09 31.01 8392i 32 2291 1.60 31.44 31.01 0.24 37,79 84 161.60 23 89 1 95 55.31 37,79 048 46.03 84 651 95 13.56 2.38 68.85 46.03 0.67 56.09 85 322.38 4.12 2.90 72 99 56.09 0.63 68.33 85 942.90 0.39 3.53 73.40 68.33 039 83.26 86.333.53 0.00 4.30 7340 83.26 0.09 101 44 86424.30 0.00 5.24 73.40 101,44 0.00 12359 86.425.24 000 6.39 73.40 123.59 0.00 150.57 86436.39 2.08 7.78 75.48 150 57 0.02 183.44 86 447.78 2.95 ร.48 78.44 183.44 0.62 223.51 87 069.48 2.51 11.55 80.95 223.51 1.62 272.31 88 6811.55 1.58 - 14.08 82.53 272.31 2.93 331.77 91.6114.08 0 80 17.15 83.33 331.77 3.84 40421 95.4517.15 0.36 20.90 83.69 404 21 3.22 492:47 98,6520.90 0.14 25.46 83.83 492.47 1,34 600 00 100 00
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Figure J38 PSA reference of Petch Thai Limestone, run number 8.
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Result: Analysis Report
Sample DetailsSample ID; Limestone (PT) Run Number; 9Sample File; SARUN-01 Record Number; 49Sample Path; C:\SIZERX\DATA\STUDENT\ANUVAT\Sample Notes:

Measured Tue Jul 12 2011 11 26AM Analysed: Tue Jul 12 2011 11:26AM Result Source: Analysed

System DetailsRange Lens; 300 mm Beam Length; 2.40 mm Sampler MS17Presentation 20HD {Particle Rl. a ( 1 3295, 0.1000), Dispersant R.l. = 13300]Analysis Model; Polydtsperse Modifications: None

Obscuration: 16.2% 
Residual; 1.441%

Result StatisticsDistribution Type. Volume Concentration = 0.0042 %Vol Density = 1.000 g / cub. cm Specific SA = 3.1751 sq.m/iMean Diameters; D (v. 0.1) = 1.32 um D (V. 0.5) ะ: 1.79 um D (V. 0.9) ร 35.99 umD (4, 3] -  27.88 urn D {3 2] = 1.89 um Span ะะ 1 938E+01 Uniformity = 1 479E+01
Size Low(um) เท % Size High (um) Under% Size Low (um) tn % Size High (um) Under%0.50 9.67 132 973 25.46 0.10 31.01 89 811.32 2511 1,60 34.77 31.01 0.29 37 79 90.101 60 25.45 1 95 60.20 37.79 058 4603 90.671.95 13.88 2.38 74.07 46.03 0.79 56 09 91 472.38 4.03 2.90 78.11 56.09 0.75 68.33 92.222.90 0.37 3.53 78.50 68.33 0.50 83 26 92.713.53 0.00 4,30 78.50 83.26 0.19 101.44 92.904.30 0.00 524 78.50 101.44 0.00 123 59 92915.24 0.00 6.39 78.50 123.59 000 150.57 92916 39 2.20 7.78 80.71 150 57 001 183 44 92917 78 3.15 948 83.86 183.44 044 223.51 93 369.48 2.69 11.55 86 55 223.51 1 16 272.31 94.5211.55 1.71 - 14.08 88.26 272.31 2.00 331.77 96.511408 0.89 1715 89.15 331.77 2.24 404.21 98.7517.15 0.40 20 90 89.55 40421 1.18 49247 99 9220.90 0.15 25.46 89.70 492.47 0.07 600.00 100.00
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Figure J39 PSA reference of Petch Thai Limestone, run number 9.
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Result: Analysis Report
Sample DetailsSample ID: Limestone (PT) Run Number: 10Sample File: SARUN-01 Record Number: 50Sample Path: CASIZERX\DATA\$TUDENT\ANUVAT\Sample Notes

Measured: Tue Jul 12 2011 11:27AM Analysed: Tue Jul 12 2011 11:27AM Result Source: Analysed

System DetailsRange Lens: 300 mm Beam Length. 2.40 mm Sampler. MS 17Presentation: 20HD [Particle f u  = ( 1.5295. 0.1000); Dispersant R l = 1 3300]dialysis Model: Polydisperse Modifications: None

Obscuration. 16.3 % 
Residual: 1.415 %

Result StatisticsDistribution Type: Volume Concentrations 0 0041 %Vo! Mean Diameters D [V. 01)= 1 32 เพทD (4, 3] -  24.42 um D{3,2] = 184 um
Size Low (um) ๒% Size High (um) Under%0.50 10.32 132 10.381.32 26.02 1.60 36.331:60 25.69 1.95 61.991.95 13.53 2.38 75.512.38 376 2.90 79.292.90 0.33 3.53 79.643,53 0 00 4.30 79.644.30 0.00 5.24 79.645.24 0.00 6.39 79.646.39 2.25 7.78 81.897:78 322 9.48 85 109.48 2.74 11.55 87.8511.55 1.75 - 14.08 89.6014.08 0.92 17.15 90.5217.15 0.42 20.90 90.9420.S0 0 18 25.46 9113

Density = 1000g /cub. cm Specific S.A. -  3.2532 sq.mD (v. 0.5) = 176 um D (V. 0.9) = 15.09 umSpan = 7.810E+O0 Uniformity * 1304E+01
Size Low (um) ๒% Size High (um) Under%25.46 0.13 3101 91253101 0.30 37.79 915537,79 0.54 46 03 92.0946.03 0.71 56.09 928056.09 0.67 68.33 93.4868.33 045 83.26 93.9283.26 0.16 10144 94 08101 44 0.00 123 59 94.09123 59 0.00 150.57 94.091SQ.57 0.00 183.44 94.09183.44 0.33 22351 94 42223.51 0.89 272.31 9531272.31 156 33177 96.8733177 1.82 404 21 98.69404.21 112 49247 99.80492 47 0.19 600 00 100.00
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Figure J40 PSA reference of Petch Thai Limestone, run number 10.
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J.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.

Table J126 Density of the product by GP

Sample No. Density of Iron Nugget (g/cm3) Density of Slag (g/cm3)
3-1 4.477U0.0302
3-2 4.7650±0.0013
3-3 5.1658±0.1355 3.0606±0.0130
3-4 6.1654±0.0533 2.9741±0.0074
4-1 4.3664±0.0386 3.0838±0.0517
4-2 5.2558±0.0462 2 9115±0 0051
4-3 6.3428±0.0622 2.7944±0.0179
4-4 5.0725±0.0279 2.7628±0.0307
4-5 3.9513±0.0437 2.9126±0.0174
5-1 4.1025±0.2142 2 5723±0.0273
5-2 5 6097±0 1386 2.7472±0.0138
5-3 4.5710±0.0595 2.764U0.0240
5-4 4.1004±0.0408 2.7944±0.0093
5-5 5 2808±0 1511 2.7026±0.0073
5-6 5.2227Ü.4184 2.8407±0.0054
5-7 4.7237±0.0042 2 9636±0.0063
6-1 5.5596±0.0946 2.977Ü0.0101
6-2 6.5608±0.1262 2.9198±0.0093
6-3 6.0483±0.0998 2.8204±0.0306
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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 5 Ox. 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.
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Figure J42 POM image of the product from Experiment 3 No. 1.

Figure J43 P O M  im a g e  o f  th e  p ro d u c t f ro m  E x p e rim e n t 3 N o .3.
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Figure J44 P O M  im ag e  o f  th e  p ro d u c t f ro m  E x p e r im e n t 3 N o .2.
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J.5.2 Experiment 4

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

Figure J46 P O M  im a g e  o f  th e  p ro d u c t f ro m  E x p e r im e n t 4  N o .2.
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Figure J47 POM image of the product from Experiment 4 No.3.

Figure J48 P O M  im a g e  o f  th e  p ro d u c t f ro m  E x p e r im e n t 4 N o .4.
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Figure J49 P O M  im ag e  o f  th e  p ro d u c t f ro m  E x p e rim e n t 4 N o .5.



J.5.3 Experiment 5

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

Figure J51 P O M  im a g e  o f  th e  p ro d u c t f ro m  E x p e r im e n t 5 N o .2.
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Figure J52 POM image of the product from Experiment 5 No.3.

Figure J53 P O M  im a g e  o f  th e  p ro d u c t f ro m  E x p e rim e n t 5 N o .4.
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Figure J54 POM image of the product from Experiment 5 No.5.

Figure J55 P O M  im a g e  o f  th e  p ro d u c t f ro m  E x p e rim e n t 5 N o .6.
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Figure J56 P O M  im a g e  o f  th e  p ro d u c t f ro m  E x p e rim e n t 5 N o .7.



J.5.4 Experiment 6

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

Figure J58 P O M  im ag e  o f  th e  p ro d u c t f ro m  E x p e rim e n t 6 N o .2
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Figure J 5 9  P O M  im a g e  o f  th e  p ro d u c t f ro m  E x p e rim e n t 6 N o .3.
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Sample were analyzed the morphology by SEM (Hitachi, model ร-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

J.6 Scanning Electron Microscope (SEM)

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 3 No.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. 1.

Figure J70 SEM image of the product from Experiment 5 No.2.
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Figure J71 SEM image of the product from Experiment 5 No.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 5 No.6.
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Figure J75 SEM image of the product from Experiment 5 No.7.
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J.6.4 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 slide, 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 Iron Carbide

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, 43.917, 45.068, 49.212, and 58.357 
represent the iron carbide. 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 Iron

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 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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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 carbide. The peaks at the angles = 54.091 and 63.991 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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X IronY Iron Carbide 
À Hematite.40 "j B Magnetite

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, 62.451, 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.7.2 XRD Reference Patterns (Philips; model PW3719 and software 
X’Pert APD)

m m: ■ ะ-.'
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Figure J83 XRD reference pattern of iron.
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Figure J84 XRD reference pattern of iron carbide.
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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

K.1 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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K.2 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 !
V __________________________________________________ V

Figure K2 Iron Ore Dressing Flowchart.
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K.3 Results and Discussion
The composition of magnetic (XK-03D) and non-magnetic (XK-03พ) 

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 Kl, K2 respectively.

Table K1 XRF characterization of XK-03D

Element % wt
A1 6.66
Ca 0.05518
Fe 35.8
K 1.279

Mg 0.2057
Mn 2.882
Na 0.2649
o 38.71
p 0.2773
ร 0.01531
Si 13.64
Sr 0.01455
Ti 0.1896

Table K2 XRF characterization of XK-03พ

Element % wt
A1 4.749
Ca 0.04954
Fe 41.39
K 1.068

Mg 0.16
Mn 3.167
Na 0.1944
0 37.12
p 0.4057
ร 0.01952
Si 11.51
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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