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Appendix |

Gas retention times for samples & Product gas calculations

Time multiple data for graphite and pre-reduced Sishen ore sample mixtures
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Time multiple data for coal-ore sample mixtures
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1500 | Coal 2 2 15 40 897 1184 1033 1434 1345 n.a 2708 159 2 1 3 3
1400 Coal 2 2 3 16 177 292 280 280 915 n.a 1317 159 1 1 1 5
1400 Coal 2 2 6 16 355 487 441 415 786 n.a 1537 159 1 1 0 3
1400 Coal 2 2 9 16 537 612 612 929 682 n.a 2162 159 0 0 2 1
1400 Coal 2 2 12 16 717 783 795 1074 947 n.a 2035 159 0 0 2 1
1400 Coal 2 2 15 16 899 863 933 1772 702 n.a 4299 159 0 0 5 -1
1400 Coal 2 1 9 40 538 1188 700 603 1530 n.a 1980 159 4 1 0 6
1400 Coal 1 2 9 40 538 1111 621 627 1218 n.a 2147 159 4 1 1 4
1400 Coal 3 2 9 40 537 1220 625 1043 1114 n.a 2011 159 4 1 3 4
1400 | Coal 2 3 9 40 537 1215 625 1297 990 n.a 2083 159 4 1 5 3
1400 Char 2 2 3 40 190 293 293 225 1184 n.a 1877 159 1 1 0 6
1400 | Char 2 2 6 40 358 441 452 429 623 n.a 1758 159 1 1 0 2
1400 | Char 2 2 9 40 539 627 627 603 828 n.a 2241 159 1 1 0 2
1400 | Char 2 2 12 40 717 791 885 756 953 n.a 2479 159 0 1 0 1
1400 Char 2 2 15 40 897 947 1075 994 947 n.a 2868 159 0 1 1 0

n.p. = component not present in product gas
no = component concentration did not return to initial level
*1=-2000 +1400 pm; 2 = -850 +425 pm; 3 = -425 +300 pm

Product gas composition calculation

Data for the pressure of water vapour over water, in mm Hg, for temperatures of -16 to 30
was taken from CRC Handbook of Chemistry and Physics, 86" Edition, 2005-2006. An
equation fit for the data was made and this equation used to calculate the %H,0 in the product
gas.

Py =2896-10° T, +1986-107* - T +1.058-107% -T¢ +3.332-107" - T, +4.587
%H,0 =Py o /760 Py,

Pu,0 = Water vapour pressure (mm Hg)

P, = atmospheric pressure (Bar)
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Tgp = Water dewpoint (°C)

0,
%g, —— 92 400

Y %g, +%H,0
0

A %0,
- A o%Ar, 60

Q

ng =Qg /22400
%g,, = % of component g in gas
%g, = % of component analysed by mass spectrometer

i
>.%g, =sum of % of components 0 to i analysed by mass spectrometer
0

Qar =Ar flow rate into experiment [Ncm®/min.]

Qg = flow rate of gas g in product gas [Nem®/min.]
t, = time interval [seconds]

n, =mol gas g in product gas for time interval t
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Appendix Il

View factor calculations for radiation network

The view factors were calculated as follows.

From parallel disk geometry (Wong, 1977):

F\ = —— (X —\[X? —4B’C?)

" 2B?
B=
h
c-l
h

X =(1+B*+C?)

Fij = view factor from area i to j
I, = radius of disk [m]

h = separation distance between disks [m]

A, = area of surface i [m?]

Similarly the following view factors were calculated: Fu7, Fais+ay, Fas, Fs+ay7, Far, Fas, Fz+ays, Far.

Fn=1-F,
Fp =0

Fys = Fore) — Foe
Fps = Fpr — Fog

Fzs = F28 - I:2(3+4)

Fu=1-2F,; F, =F;,

A,
F,=Fy E
F(3+4)1 = F(3+4)7 - F(3+4)2
A,
F(3+4)2 = F2(3+4)
A(3+4)
A(3+4)

F1(3+4) = F(3+4)1 A
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Fis = F1(3+4) —-Fy

A
Fu=Fy —
Fo=Fs —Fp

A
Fis =Fy —

A

Fls :1_(F11 + FlZ + F13 + F14 + Fls)

F41 = I:47 - F42
Fiz=0;F,=0
Fis=Fi—Fy

Fus 21_(F41 +F, + F45)

F51 = I:57 F52
F57 = F58
Fos =1-

Fs = I:5(3+4) —-Fs

A+ A,

F5(3+4) = F(3+4)5
5

F(3+4)5 = F(3+4)8 - F(3+4)7

A
Fsy = Fus EA'
Fos =1-2F

F56 Zl_(F51 + Fsz + I:53 + I:54 + Fss)

A
Fa=Fg E
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20 =0; Fy3 =0

Fo =Fy

Ll L]

LL LL
I I

[¥s] ©
™ ™

LL LL

<|< <

—
©

LL

Feo =F

Fe (3+4) — F64

63 —

4

A
As

Foiay = Fesr Faias =1—Fraaps
Foo =1-2F; Fg

F64 = F4e

Fo(aa)

Fes :1_(F61 +Fg +Fg+Fe + Fse)
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Surface temperature measurement for alumina sample (1300°C a)

Temperature (°C)

Surface temperature measurement for alumina sample (1300°C b)
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Temperature (°C)

Surface temperature measurement for alumina sample (1400°C)
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Surface temperature measurement for alumina sample (1500°C)
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Temperature (°C)

Surface temperature measurement for alumina sample (1500°C)
(Both filtered and original data for thermocouple placed 5 mm from sample surface shown)
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Appendix 1V

Chemical Analyses of Input Materials

Ore Analyses
Sishen Fines: | Sishen Fines: | Sishen Fines: Pre-Reduced
-425 +300 -850 +425 -2000 +1400 . .
Sishen Fines
um pum um

AlL,O; 1.35 1.64 1.35 1.81
CaOo 0.25 0.19 0.25 0.10
Cr <0.05 <0.05 <0.05 n.d.
Fe(total) 63.5 63.0 63.5 71.1
Fe’ n.d. n.d. n.d. 0.64
FeO n.d. n.d. n.d. 68.1
Fe, O, n.d. n.d. n.d. 25.0
K,O 0.20 0.23 0.20 0.23
MgO 0.08 0.05 0.08 0.04
MnO 0.03 0.04 0.03 0.04
Ni <0.05 <0.05 <0.05 n.d.
P 0.05 0.05 0.05 0.05
SiO, 3.43 3.95 3.43 3.84
C 0.03 0.01 0.03 n.d.
S 0.01 0.02 0.01 n.d.
Ba <0.05 0.49 <0.05 n.d.
TiO, 0.06 0.10 0.06 0.08
Moisture 0.02 0.01 0.02 n.d.

XRD analysis of pre-reduced Sishen fines

Counts

Coetzee_TCFeO

8000 —
6000 —

4000 —

2000 *Mw i
T . " ¥

Mgy A b w,

T
10 20 30 40 50 60 70 80
Position [°2Theta]

Peak List

01-076-1849; Fe3 O4; Magnetite ‘

01-089-0686; Fe0.925 O; Wuestite, syn L ‘ ‘ ‘

01-071-1399; Fe2 Si O4; Fayalite, syn

03-065-0466; Si O2; Quartz low, syn |

Hand milled, top loading onto zero-background holder due to small sample size

Analysed using a PANalytical X'Pert Pro powder diffractometer with X'Celerator detector and variable divergence- and
roeceiving slits with Fe filtered Co-Ka radiation

Phases identified using X'Pert Highscore plus software
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Coal, Char and Electrode Graphite Analyses
Ultimate Analyses (Dry basis)

% Eikeboom Coal: Eikeboom Coal: Eikeboom Coal: Eikeboom Char: | Electrode
-425 +300 pum -850 +425 pum -2000 +1400 um -850 +425 um Graphite
C 76.0 75.9 76.0 78.9 98.7
H 3.60 3.53 3.60 0.26 0.01
N 1.80 1.81 1.80 0.60 <0.01
(@] 5.72 6.03 5.72 2.64 -
Proximate Analyses
S - -
% E"Ee:;?m E'kce:;?m Eikeboom Coal: Eikeboom Chair:
425 +306 um -850 +425 um -2000 +1400 um -850 +425 um
Moisture content
(air dried) 3.2 3.3 3.2 4.0
Ash content
(air dried) 12.0 12.0 12.0 17.3
Volatile matter content
(air dried) 22.8 22.5 22.8 1.9
Fixed Carbon
(air dried) 62.0 62.2 62.0 77.5
Total Sulphur 0.36 0.36 0.36 0.31

Ash Composition

% Eikeboom Coal: Eikeboom Coal: Eikeboom Coal: Eikeboom Char:
-425 +300 pum -850 +425 um -2000 +1400 um -850 +425 um
Al,O4 39.37 38.72 39.37 32.75
CaOo 2.81 2.42 2.81 0.96
Cr,0O3 0.04 0.05 0.04 0.17
Fe,O3 1.32 1.65 1.32 5.42
K,O 0.50 0.50 0.50 0.66
MgO 0.68 0.67 0.68 0.51
MnO 0.02 0.02 0.02 0.67
Na,O 0.27 0.30 0.27 0.02
P,Os 1.25 1.17 1.25 0.14
SiO, 49.10 50.62 49.10 55.90
TiO, 2.1 2.13 2.1 1.86
V505 0.04 0.05 0.04 0.05
ZrO, 0.14 0.12 0.14 0.08
Ba 0.25 0.24 0.25 0.10
Sr 0.20 0.18 0.20 0.05
SO; 1.26 0.81 1.26 0.55
Total 98.77 99.68 98.77 99.89

128



e

H UNIVERSITEIT VAN PRETORIA
. UNIVERSITY OF PRETORIA
A4

YUNIBESITHI YA PRETORIA

Appendix V
Mass measurements of sand samples divided in Sample Cutter-Splitter

< g 3 ®
8 g | 2| 2 3 5|8 |8
o] S) ) =
= g 3 z 2 5 z © e o |9 ! =
3 _ g 3 2 g = 3 ~ 3 8 | ¢ g2l 8l |= 3lE
= 8 > 3 = = sl = o @ z o = z |= T =
g 3 RS Z 2 15 : - : = 5 K © £ g = c |- s 5|5 —~
£ o £ g 3 £ ® ® ® 3 8 z =) S z 2 s |= a8 Ol =
> 2 @ [ = @ 3 3 3 e o = 2 o aQ e 5 |o o 2|5 @
z 5 @ . : . @ @ @ < 5 e = @ ° s a2 |5 5 g|la 8
2 A s 2 g ) o o o ] i S 2 S S R R |9 G|k als &
S e B 3 3 3 £ £ £ @ 17 2 7 @ @ @ 2 |18 218 ¢le o
2 & S n n €N L L L © © @ 3 < © ® g |8 5|8 5|5 &
6] [y n o)) o)} o) o)) o)} o)) = = = = = = = = = 0Ol= lw 0o
1 21.05 36.52 17.3 12.4 7.9 6.6 4.3 8.6 37.65 19.48 46 33 21 34 22 44 1.13 | -1.57 | -0.44
2 20.93 36.52 18.3 12.4 7.0 6.7 4.2 8.4 37.70 19.39 48 33 19 35 22 44 1.18 | -1.55 | -0.37
3 21.56 36.53 18.1 12.3 7.4 6.7 4.4 8.9 37.83 19.98 48 33 20 34 22 45 1.30 | -1.58 | -0.28
4 20.45 36.52 18.2 12.7 6.8 6.6 4.2 8.3 37.63 19.10 48 34 18 35 22 43 1.11 -1.34 | -0.23
5 20.23 36.52 16.9 12.8 8.1 5.9 4.3 8.3 37.84 18.58 45 34 21 32 23 45 1.31 -1.66 | -0.34
6 20.24 36.52 16.4 12.9 8.1 5.5 4.1 8.4 37.41 17.96 44 34 22 31 23 47 0.88 | -2.28 | -1.40
7 21.02 36.52 17.8 12.7 7.4 6.5 4.3 8.5 37.94 19.34 47 33 20 34 22 44 142 | -1.68 | -0.26
8 19.90 36.52 17.2 12.7 8.0 6.0 4.2 8.2 37.86 18.34 45 34 21 33 23 45 1.34 | -1.57 | -0.22
9 21.10 36.52 16.9 12.8 8.4 5.4 4.4 9.5 38.03 19.34 44 34 22 28 23 49 1.51 -1.76 | -0.25
10 21.16 36.53 16.8 12.6 8.5 6.6 4.5 8.4 37.93 19.47 44 33 22 34 23 43 1.41 -1.69 | -0.28
Average 20.76 36.52 17.4 12.6 7.8 6.3 4.3 8.6 37.8 19.1 46 33 21 33 22 45
Population
Standard 0.6 0.2 0.5 0.5 0.1 0.4 1.7 0.5 1.4 2.0 0.5 1.7
Deviation
95%
Confidence 0.4 0.1 0.3 0.3 0.1 0.2 1.0 0.3 0.9 1.2 0.3 1.0
Limit
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Appendix VI
Calibration sample masses and analyses
Sample Mix Out Fibreboard Thermocouples Totals Out In
3
. m 2 1 - 5 »
2| 3 s | § o | e | e | B2 3] 8|2
p £ o kel £ a 3 S £ E S % 2 3 c
£ e £ 2 3 2 3 ! ! - € 3 8
e = = . . = g 3 @ o o o 8 3 c £ 2
2 5 2 X % % - ) - = S S 5 < E 3 : z
: sl E| e | E el s |3 |8 | 5|3 |c|E|28:]c¢: 3 | &
P4 14 - L L L 8 8 8 o} o] o] ®» [ [= 3 e O
o ) o =3 =3 =3 © © © £ £ £ S S S o £ ) )
ol 4 F S = € B8 & S & @ @ = = = S X ) )
£ £ & 3 3 a i ic i £ £ £ IS g I i = o o
®© © [} . . . . . . . . . ] ] =] . X ol ol
n [} o o) o)) o)) o} o)} o) o)) o)} o)} [ = [ o) o)} S S
19 09 2006 1300 A 25 |1300A 25 15.981 16.182 [ 11.261] 13.906 | 3.371 | 12.299| 0.16 0.098 | 0.328 | 43.424 | 29.576 | 0.586 | 31.854 | 43.787 | 85.4 14.6
19 09 2006 1300 B 25 |1300B 25 18.615 | 15.453 | 8.847 | 10.798 | 6.092 | 12.643 0 0 42.915 | 29.533 0 31.264 | 43.218 | 85.4 14.6
20_09 2006_1400_C_15 |1400C 15 16.283 [ 16.030 | 9.815 | 11.435 | 6.303 [ 13.048 | 0.234 0.217 | 0.193 | 42.128 | 30.786 [ 0.644 | 32.365 [ 44.023 | 85.4 14.6
20_09 2006 1400 D_15 |1400D 15 15.534 | 15.739 | 10.043 | 11.572 | 5.972 | 12.867 | 0.346 0.337 | 0.534 | 41.316 | 30.411 1.217 | 32.096 | 43.017 | 85.4 14.6
21_09 2006_1500 _E_4.5 |1500E 4.3 18.954 | 16.168 | 9.610 | 11.560 | 6.162 | 13.160 0 0 0 44,732 | 30.882 0 32.395 | 44519 | 85.4 14.6
21_09 2006 1500 _F 4.5 |1500F 4.5 11.482 | 15.372 | 18.011| 5.814 | 6.784 | 16.174 0 0 0 44.865 | 28.772 0 30.868 | 43.968 | 85.4 14.6
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Sample out Fe analyses Sample out Fe analyses - Corrected*

| 3| 2 : | 3 c |3 sl g |33

=) T o = = = kS £ £ ks 2 o o 2 S ks S

gl el &l =z 2|l 3| || 2| || 3|¢e| | 3| ¢e]|:s
@ N IS @ £ (&) [N IS s 2 o o g o — — o ~— — o @ £ —
S = | s 2 E|l |zl | | =| = 5| 2] = 2] =2 El 2| = El & 2 E|l = | 2| 2| 3
s| 5| =21 % o | E o | B 2 s | 2| 3 S| = 5 o | = £ = | 3 2 = | = £ = 3 2 3 2l 3 ¢
A e I I O O O I - A i (= - O I N B - R = A Bl i
2 = = = = m = = = = = = = m ~ - ~ s s ~ = = =
Co I O R R <SR- - - - - - A O - - - 0 I - O 0 - O SR I
IS [ L D [ D [ [ [ L (& L [ L [ [ [ (& D [ [ [ [ D L D (& D [ [ L?j
© [N [T [N [N [N [N [V [N [T [N [T [N [T [N [N [V [N [N [N [V [N [N [N o o [T [N [N [N [N )
%) = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = >
1300A | 156 | 02 02 | 515 | 572 | 526 | 116 | 205 [ 240 | 638 | 59.1 | 579 | 16.2 0.3 0.2 536 | 603 [ 555 | 1206 | 21.61 [ 2534 | 41.6 | 468 | 431 84 15.1 177 | 663 | 622 | 611 | 1.01
1300B | 114 | 041 01 | 525 | 577 | 527 | 176 | 209 | 216 | 645 | 595 | 562 | 11.6 0.1 0.1 536 | 610 [ 541 | 17.98 | 22.08 [ 2219 | 416 | 473 | 421 12.6 154 | 155 | 659 | 629 | 57.7 [ 1.00
1400C | 17.3 | 0.1 02 | 534 | 575 | 531 [ 115 | 197 [ 213 | 669 | 586 | 564 | 17.6 0.1 0.2 544 | 612 [ 551 | 1172 | 2096 [ 2212 | 423 | 475 | 428 8.2 147 | 155 | 681 | 623 | 585 [ 1.04
1400D | 23.0 | 0.1 01 | 475 ] 598 | 558 | 65 | 188 [ 20.7 | 645 | 59.8 | 580 | 237 0.1 0.1 490 | 638 | 57.8 | 6.71 | 20.05 | 21.45 | 381 | 495 | 449 4.7 140 | 150 | 665 | 63.7 | 60.1 [ 1.04
1500E | 4.3 0.4 0.4 564 | 469 | 512 | 172 | 31.9 | 262 60.2 59.2 58.5 4.4 0.4 0.4 571 49.3 539 | 17.41 [ 33.53 | 27.57 | 44.3 38.3 41.8 12.2 23.5 19.3 60.9 62.1 61.5 | 1.02
1500F | 71 0.2 04 | 580 | 502 | 50.8 | 121 | 262 | 273 | 60.7 | 576 | 589 | 741 0.2 0.4 581 | 532 [ 540 | 1213 | 27.77 | 29.04 | 452 | 413 | 420 85 194 | 203 | 607 | 610 | 627 | 1.01
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0.41
0.47

se9 jonpoid ul yHO ‘B [ejo

0.00
0.03
0.00
0.02
0.01

Product gas analysed

se9 jonpoid ul 09 ‘Blejoy

0.56
0.99
0.63
0.72
0.33

‘0N 90uUalejoy o|dweg

1300B

1400C

1400D

1500E
1500F

*Corrected for Fibreboard carry over
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F;' UNIVERSITEIT VAN PRETORIA
=t

g. Al203 pick-up g. SiO2 pick-up %AI203 - Out %Si02 - Out Corrected masses out Correced Fibreboard masses

. | 3| B | . s | 8

O T T - O

o Py £ 8 e Py

o £ 2 g £ = 5 Z K §

g o g | & e | 5| s| 2|5 28|2e| 8| 8| 8|58 2

2 3 s | & | | 3 s |2l 5| ||| 2|8~ = @ A @

8 Sl x| sl ol sl 2SS s l3lslelzlel 5| s3] 2] 5| <

S oy G E3 3 E o o o 3 o o @ 53 @ o o o 3 3 3

3 5 S| s | || 2] 2| 2|2 ||| |2| 2] z2]| ¢ ElE ]l 2|z B

2 £ 3 - E g 2 a a a 2 S S g= £ £ g g 2 £ E E s g g

p P P ~ N X . 3 3 Py S S S o o o < < < = = = ) 3 8

a I S o) Q = > 5 5 I ) ) Qo 2 Q Q 3 3 ) E E £ 8 a 8

£ < < (7] (7] 2 2 < < < »n »n »n = = = b7} ® @ ®» ®» ®» [ [ i

@ S S = S e e S S S S S S = =2 = = = = S S S S S S
1300A | 0.68 1.91 1.44 2.24 1.24 0.81 0.42 0.51 0.31 0.19 0.32 0.29 4.59 4.52 3.99 5.35 4.92 5.26 15.4 15.4 10.7 14.5 4.2 12.9
1300B | 0.67 1.54 1.42 2.00 0.87 0.58 0.23 0.50 0.14 0.16 0.32 0.10 2.88 4.68 3.15 4.37 512 4.47 18.2 14.6 8.6 11.2 6.9 12.9
1400C | 0.68 1.71 1.45 2.05 1.03 0.61 0.20 0.61 0.21 0.11 0.35 0.15 3.17 5.22 3.64 4.74 5.18 4.61 16.0 15.1 9.5 11.7 7.3 13.4
1400D | 067 | 174 | 141 | 215 | 108 | 074 | 031 | 059 | 018 | 018 | 039 | 017 | 395 | 515 | 3147 | 531 | 543 | 469 | 15.1 14.8 97 121 7.0 132
1500E | 0.69 | 165 | 146 | 199 | 096 | 053 | 017 | 050 | 029 | 005 | 029 | 019 | 258 | 448 | 452 | 3.8 | 477 | 515 | 187 15.4 9.1 11.8 6.9 13.6
1500F | 0.68 1.89 1.44 2.21 1.21 0.77 0.15 0.54 0.52 -0.12 0.33 0.56 3.99 4.97 3.69 4.77 5.24 4.78 11.5 14.5 16.9 5.8 7.7 17.3

*Corrected for Fibreboard carry over
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Incremental Heat-mass balance calculation sheets for sample 1400C

Top Node Mass IN Mass in (g.)
Time (s) Il?)?ie % T (°C) |%Reduction |[%Fe(total) |%Fe(met) |%Fe(+2) |%Fe(+3) |g. Fe (total) g. Fe (met) |g. FeO |g. Fe203 |g. Al203 |g. CaO |g. K20 |g. MgO |g. MnO |g. P205 |g. SiO2 |g. TiO2|g. C g. Mullite [g. H20 |g. Ar |Total g. in
0 25 25.7 71.1 0.6 52.9 17.5 10.9 0.1 10.4 3.8 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 2.91 12.1 0.300 | 0.0 30.7
120 25 25.7 71.1 0.6 52.9 17.5 10.9 0.1 10.4 3.8 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 2.91 121 0.300 | 5.1 35.8
240 175 28.5 68.1 0.0 58.2 9.9 10.9 0.0 12.0 23 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 2.87 121 0.150 | 5.1 355
360 497 31.3 68.1 2.0 57.9 8.2 10.9 0.3 11.9 1.9 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 2.81 12.1 0.011 | 5.1 35.2
480 755 34.1 68.1 4.9 55.0 8.2 10.9 0.8 11.3 1.9 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 2.74 121 0.000 | 5.1 34.9
600 920 36.9 68.1 7.7 52.2 8.2 10.9 1.2 10.7 1.9 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 2.67 12.1 0.000 5.1 34.7
720 1021 39.7 68.1 10.6 49.3 8.2 10.9 1.7 10.1 1.9 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 2.59 12.1 0.000 | 5.1 34.5
840 1059 42.5 68.1 13.5 46.4 8.2 10.9 2.2 9.5 1.9 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 2.50 121 0.000 | 5.1 34.3
897 1055 45.3 68.1 16.3 43.6 8.2 10.9 2.6 9.0 1.9 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 242 12.1 0.000 24 31.4
Top Node Mass OUT |Mass Out:  |16.0 g. Feout: [10.9 Mass out (g.)
Time (s) T(°C) Z:iieduct\on %Reduction |%Fe(total) |%Fe(met) [%Fe(+2) |%Fe(+3) |g. Fe (total) g. Fe (met) |g. FeO |g. Fe203 |g. Al203|g. CaO |g. K20|g. MgO |g. MnO|g. P205 (g. SiO2 |g. TiO2 |g.C |g. Mullite [g. H20 (g) |g. Ar [g.CO [g. CO2 Total g. Out |%CO/(%CO+%C02) “/CO/(“/:Z*’/ o)
0 25.0 25.7 25.7 68.1 0.00 52.5 15.59 10.9 0.0 10.8 36 0.3 0.0 0.0 0.0 0.0 0.0 0.7 00 [ 292 121 0.000 0.0 0.00 0.00 30.7 100 #DIV/0!
120 175 28.5 28.5 68.1 0.00 58.2 9.87 10.9 0.0 12.0 2.3 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 | 2.87 121 0.150 5.1 0.00 0.18 35.8 0 0
240 497 31.3 31.3 68.1 2.02 57.9 8.20 10.9 0.3 11.9 19 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 | 2.81 12.1 0.075 5.1 0.03 0.15 35.5 25 25
360 755 34.1 34.1 68.1 4.88 55.0 8.20 109 0.8 113 19 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 | 274 121 0.038 5.1 0.08 0.12 35.2 50 50
480 920 36.9 36.9 68.1 7.74 52.2 8.20 10.9 12 10.7 1.9 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 [ 267 12.1 0.038 5.1 0.13 0.08 34.9 7 Il
600 1021 39.7 39.7 68.1 10.60 49.3 8.20 10.9 1.7 10.1 1.9 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 [ 259 121 0.000 5.1 0.14 0.07 34.7 75 75
720 1059 42.5 42.5 68.1 13.46 46.4 8.20 10.9 2.2 9.5 19 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 | 250 121 0.000 5.1 0.17 0.04 34.5 86 86
840 1055 45.3 453 68.1 16.32 43.6 8.20 10.9 2.6 9.0 19 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 | 242 12.1 0.000 5.1 0.18 0.04 34.3 88 88
897 1054 46.6 46.5 68.1 17.60 423 8.20 109 2.8 8.7 19 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 | 2.38 121 0.000 2.4 0.08 0.02 31.4 88 88

134



Top Node heat balance

&
<

4

i

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Top Node kJ IN
Time (s) Fe (met) FeO Fe203 Al203 CaO K20 MgO MnO P205 Si02 TiO2 C Mullite H20 Ar kJ IN
0 0.0 -38.2 -19.7 -5.1 -0.2 -0.2 -0.1 0.0 -0.2 -10.0 -0.2 0.0 -192.9 -4.8 0.0 -271.6
120 0.0 -38.2 -19.7 -5.1 -0.2 -0.2 -0.1 0.0 -0.2 -10.0 -0.2 0.0 -192.9 -4.8 0.8 -270.8
240 0.0 -42.6 -11.4 -5.1 -0.2 -0.1 -0.1 0.0 -0.2 -10.0 -0.2 0.4 -191.3 -2.0 0.8 -261.9
360 0.1 -39.5 -8.9 -5.0 -0.2 -0.1 -0.1 0.0 -0.2 -9.7 -0.2 1.7 -187.1 -0.1 0.8 -248.7
480 0.4 -35.2 -8.4 -4.9 -0.2 -0.1 -0.1 0.0 -0.2 -9.5 -0.2 2.8 -183.5 0.0 0.8 -238.3
600 0.8 -32.0 -8.2 -4.8 -0.2 -0.1 -0.1 0.0 -0.2 -9.4 -0.2 3.6 -181.0 0.0 0.8 -231.0
720 1.2 -29.4 -8.0 -4.8 -0.2 -0.1 -0.1 0.0 -0.2 -9.3 -0.2 4.0 -179.5 0.0 0.8 -225.8
840 1.5 -27.4 -7.9 -4.8 -0.2 -0.1 -0.1 0.0 -0.2 -9.3 -0.2 4.0 -178.9 0.0 0.8 -222.7
897 1.9 -25.7 -7.9 -4.8 -0.2 -0.1 -0.1 0.0 -0.2 -9.3 -0.2 3.9 -179.0 0.0 0.4 -221.4
Top Node kJ OUT
Time (s) Fe (met) | FeO Fe203 | AI203 [ CaO | K20 | MgO | MnO | P205 Si02 | TiO2 C Mullite H20 Ar CO CO2 kJ OUT (kJ OUT) - (kJ IN)
0 0.0 -39.5 -18.4 -5.1 -0.2 | -0.2 -0.1 0.0 -0.2 -10.0 -0.2 0.0 | -192.9 0.0 0.0 0.0 0.0 -266.8 5
120 0.0 -42.6 -11.4 -5.1 -0.2 -0.1 -0.1 0.0 -0.2 -10.0 -0.2 0.4 -191.3 -2.0 3.5 0.0 -1.6 -260.8 10
240 0.1 -39.5 -8.9 -5.0 -0.2 -0.1 -0.1 0.0 -0.2 -9.7 -0.2 1.7 -187.1 -0.9 3.5 -0.1 -1.3 -248.1 14
360 0.4 -35.2 -8.4 -4.9 -0.2 -0.1 -0.1 0.0 -0.2 -9.5 -0.2 2.8 -183.5 -0.4 3.5 -0.2 -1.0 -237.3 11
480 0.8 -32.0 -8.2 -4.8 -0.2 -0.1 -0.1 0.0 -0.2 -9.4 -0.2 3.6 -181.0 -0.4 3.5 -0.4 -0.6 -229.7 9
600 1.2 -29.4 -8.0 -4.8 -0.2 -0.1 -0.1 0.0 -0.2 -9.3 -0.2 4.0 -179.5 0.0 3.5 -0.4 -0.6 -224.0 7
720 1.5 -27.4 -7.9 -4.8 -0.2 -0.1 -0.1 0.0 -0.2 -9.3 -0.2 4.0 -178.9 0.0 3.5 -0.5 -0.3 -220.8 5
840 1.9 -25.7 -7.9 -4.8 -0.2 [ -0.1 -0.1 0.0 -0.2 -9.3 -0.2 3.9 | -179.0 0.0 3.5 -0.5 -0.3 -219.0 4
897 2.0 -25.0 -7.9 -4.8 -0.2 | -0.1 -0.1 0.0 -0.2 -9.3 -0.2 3.8 | -179.0 0.0 1.7 -0.2 -0.1 -219.6 2

Middle Node mass balance

135



2
g

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Middle Node Mass IN Mass in (g.)

Time (s) ’lilll:«jjdeliﬂ) (°C) %Reduction [%Fe(total) |%Fe(met) |%Fe(+2) |%Fe(+3) |g. Fe (total) [g. Fe (met) |g. FeO[g. Fe203 |g. AI203 |g. CaO |g. K20 |g. MgO |g. MnO [g. P205 |g. SiO2 |g. TiO2 [g.C |g. Mullite [g. H20 |[g. Ar |Total g. in
0 33 25 25.6 62.3 0.10 47.5 14.70 94 0.0 9.2 3.2 0.2 0.0 0.0 0.0 0.0 0.0 0.5 0.0 21 7.0 0.0 0.0 222
120 25 25.6 62.3 0.1 475 14.7 9.4 0.0 9.2 3.2 0.2 0.0 0.0 0.0 0.0 0.0 0.5 0.0 2.1 7.0 0.0 0.0 22.2
240 50 25.6 62.3 0.1 47.5 14.7 9.4 0.0 9.2 3.2 0.2 0.0 0.0 0.0 0.0 0.0 0.5 0.0 2.1 7.0 0.0 0.0 22.2
360 182 25.6 62.3 0.1 475 14.7 9.4 0.0 9.2 3.2 0.2 0.0 0.0 0.0 0.0 0.0 0.5 0.0 2.1 7.0 0.0 0.0 22.2
480 404 25.6 62.3 0.1 47.5 14.7 9.4 0.0 9.2 3.2 0.2 0.0 0.0 0.0 0.0 0.0 0.5 0.0 2.1 7.0 0.0 0.0 22.2
600 652 25.6 62.3 0.1 475 14.7 9.4 0.0 9.2 3.2 0.2 0.0 0.0 0.0 0.0 0.0 0.5 0.0 2.1 7.0 0.0 0.0 22.2
720 826 25.6 62.3 0.1 475 14.7 9.4 0.0 9.2 3.2 0.2 0.0 0.0 0.0 0.0 0.0 0.5 0.0 2.1 7.0 0.0 0.0 22.2
840 958 25.6 62.3 0.1 475 14.7 9.4 0.0 9.2 3.2 0.2 0.0 0.0 0.0 0.0 0.0 0.5 0.0 2.1 7.0 0.0 0.0 22.2
960 1038 25.6 62.3 0.1 47.5 14.7 9.4 0.0 9.2 3.2 0.2 0.0 0.0 0.0 0.0 0.0 0.5 0.0 2.1 7.0 0.0 0.0 22.2

Middle Node Mass OUT  |Mass Out:  [15.1 g. Feout: 19.4 Mass out (g.)

Time (s) T(°C) %Reduction [%Fe(total) |%Fe(met) [%Fe(+2) |%Fe(+3) [g.Fe (total) |g. Fe (met) [g. FeO |[g. Fe203 |g. AI203 [g. CaO (g. K20 |g. MgO [g. MnO |g. P205 [g. SiO2 |g. TiO2 |g.C |g. Mullite |g. H20 |g.Ar [g.CO |g. CO2 |Total g. Out
0 25.0 25.6 62.3 0.10 475 14.70 9.4 0.0 9.2 32 0.2 0.0 0.0 0.0 0.0 0.0 0.5 0.0 2.1 7.0 0.0 0.0 0 0 222
120 50 25.6 62.3 0.1 47.5 14.7 9.4 0.0 9.2 3.2 0.2 0.0 0.0 0.0 0.0 0.0 0.5 0.0 2.1 7.0 0.0 0.0 0 0 22.2
240 182 25.6 62.3 0.1 47.5 14.7 9.4 0.0 9.2 3.2 0.2 0.0 0.0 0.0 0.0 0.0 0.5 0.0 2.1 7.0 0.0 0.0 0 0 22.2
360 404 25.6 62.3 0.1 475 14.7 9.4 0.0 9.2 32 0.2 0.0 0.0 0.0 0.0 0.0 0.5 0.0 2.1 7.0 0.0 0.0 0 0 222
480 652 25.6 62.3 0.1 47.5 14.7 9.4 0.0 9.2 3.2 0.2 0.0 0.0 0.0 0.0 0.0 0.5 0.0 2.1 7.0 0.0 0.0 0 0 22.2
600 826 25.6 62.3 0.1 47.5 14.7 9.4 0.0 9.2 3.2 0.2 0.0 0.0 0.0 0.0 0.0 0.5 0.0 2.1 7.0 0.0 0.0 0 0 22.2
720 958 25.6 62.3 0.1 47.5 14.7 9.4 0.0 9.2 3.2 0.2 0.0 0.0 0.0 0.0 0.0 0.5 0.0 2.1 7.0 0.0 0.0 0 0 22.2
840 1038 25.6 62.3 0.1 47.5 14.7 9.4 0.0 9.2 3.2 0.2 0.0 0.0 0.0 0.0 0.0 0.5 0.0 2.1 7.0 0.0 0.0 0 0 22.2
960 1071 25.6 62.3 0.1 475 14.7 94 0.0 9.2 32 0.2 0.0 0.0 0.0 0.0 0.0 0.5 0.0 2.1 7.0 0.0 0.0 0 0 222

Middle Node heat balance
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Middle Node kJ IN
Time (s) Fe (met) FeO Fe203 Al203 CaO K20 MgO MnO P205 Si02 TiO2 C Mullite H20 Ar Total kJ IN

0 0.0 -33.7 -16.3 -3.7 -0.1 -0.1 -0.1 0.0 -0.2 -7.2 -0.1 0.0 -111.3 0.0 0.0 -172.8

120 0.0 -33.7 -16.3 -3.7 -0.1 -0.1 -0.1 0.0 -0.2 -7.2 -0.1 0.0 -111.3 0.0 0.0 -172.8
240 0.0 -33.5 -16.3 -3.7 -0.1 -0.1 -0.1 0.0 -0.1 -7.2 -0.1 0.0 -111.1 0.0 0.0 -172.4
360 0.0 -32.7 -16.0 -3.7 -0.1 -0.1 -0.1 0.0 -0.1 -7.1 -0.1 0.3 -110.3 0.0 0.0 -170.1
480 0.0 -31.2 -15.4 -3.6 -0.1 -0.1 -0.1 0.0 -0.1 -7.0 -0.1 0.9 -108.7 0.0 0.0 -165.5
600 0.0 -29.4 -14.6 -3.5 -0.1 -0.1 -0.1 0.0 -0.1 -6.9 -0.1 1.8 -106.7 0.0 0.0 -159.9
720 0.0 -28.2 -14.1 -3.5 -0.1 -0.1 -0.1 0.0 -0.1 -6.8 -0.1 2.4 -105.2 0.0 0.0 -155.9
840 0.0 -27.2 -13.7 -3.5 -0.1 -0.1 -0.1 0.0 -0.1 -6.7 -0.1 3.0 -104.1 0.0 0.0 -152.7
960 0.0 -26.6 -13.5 -3.4 -0.1 -0.1 -0.1 0.0 -0.1 -6.7 -0.1 3.3 -103.4 0.0 0.0 -150.8

Middle Node kJ OUT
Time (s) Fe (met) FeO Fe203 | AI203 | CaO K20 MgO MnO P205 Si02 TiO2 C Mullite H20 Ar CO CO2 | Total kd OUT] (kJ OUT) - (kJ IN)

0 0.0 -33.7 -16.3 -3.7 -0.1 -0.1 -0.1 0.0 -0.2 -7.2 -0.1 0.0 | -111.3 0.0 0.0 0.0 0.0 -172.8 0.0
120 0.0 -33.5 -16.3 -3.7 -0.1 -0.1 -0.1 0.0 -0.1 -7.2 -0.1 0.0 | -111.1 0.0 0.0 0.0 0.0 -172.4 0.4
240 0.0 -32.7 -16.0 -3.7 -0.1 -0.1 -0.1 0.0 -0.1 -7.1 -0.1 0.3 | -110.3 0.0 0.0 0.0 0.0 -170.1 2.3
360 0.0 -31.2 -15.4 -3.6 -0.1 -0.1 -0.1 0.0 -0.1 -7.0 -0.1 0.9 | -108.7 0.0 0.0 0.0 0.0 -165.5 4.5
480 0.0 -29.4 -14.6 -3.5 -0.1 -0.1 -0.1 0.0 -0.1 -6.9 -0.1 1.8 | -106.7 0.0 0.0 0.0 0.0 -159.9 5.6
600 0.0 -28.2 -14.1 -3.5 -0.1 -0.1 -0.1 0.0 -0.1 -6.8 -0.1 24 | -105.2 0.0 0.0 0.0 0.0 -155.9 4.1
720 0.0 -27.2 -13.7 -3.5 -0.1 -0.1 -0.1 0.0 -0.1 -6.7 -0.1 3.0 | -104.1 0.0 0.0 0.0 0.0 -152.7 3.1
840 0.0 -26.6 -13.5 -3.4 -0.1 -0.1 -0.1 0.0 -0.1 -6.7 -0.1 3.3 | -103.4 0.0 0.0 0.0 0.0 -150.8 1.9
960 0.0 -26.3 -13.4 -3.4 -0.1 -0.1 -0.1 0.0 -0.1 -6.7 -0.1 34 | -103.1 0.0 0.0 0.0 0.0 -150.0 0.8

Bottom Node mass balance
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Bottom Node Mass IN Mass in (g.)
Time (s) zggsr; T(°C) [%Reduction |%Fe(total) |%Fe(met) |%Fe(+2) |%Fe(+3) |g. Fe (total) |g. Fe (met) |g. FeO [g. Fe203 |g. Al203 [g. CaO |g. K20 |g. MgO |g. MnO|g. P205 |g. SiO2 |[g. TiO2 |g.C g. Mullite |g. H20 |g. Ar Total g. in
0 21 25 24.7 58.5 0.20 42.8 15.50 5.5 0.0 5.2 2.1 0.1 0.01 0.0 0.0 0.0 0.0 0.3 0.0 1.3 13.2 0.0 0.0 22.4
57 25 24.7 58.5 0.2 42.8 15.5 5.5 0.0 5.2 2.1 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1.3 13.2 0.0 0.0 22.4
146 56 247 58.5 0.2 42.8 15.5 55 0.0 5.2 2.1 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 13 13.2 0.0 0.0 22.4
241 150 24.7 58.5 0.2 42.8 15.5 5.5 0.0 5.2 2.1 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1.3 13.2 0.0 0.0 22.4
340 265 24.7 58.5 0.2 42.8 15.5 55 0.0 5.2 2.1 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 13 13.2 0.0 0.0 22.4
448 386 24.7 58.5 0.2 42.8 15.5 5.5 0.0 5.2 2.1 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1.3 13.2 0.0 0.0 22.4
522 546 24.7 58.5 0.2 42.8 15.5 55 0.0 52 2.1 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1.3 13.2 0.0 0.0 22.4
616 711 24.7 58.5 0.2 42.8 15.5 5.5 0.0 5.2 2.1 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1.3 13.2 0.0 0.0 22.4
713 822 247 58.5 0.2 42.8 15.5 55 0.0 5.2 21 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 13 13.2 0.0 0.0 22.4
Bottom Node Mass OUT [Mass Out: ol5) g.Feout: |55 Mass out (g.)
Time (s) T(°C) %Reduction  |%Fe(total) [%Fe(met) |%Fe(+2) |%Fe(+3) |g. Fe (total) g. Fe (met) [g. FeO  |g. Fe203 [g. AI203 [g. CaO |[g. K20 [g. MgO |g. MnO |g. P205 |g. SiO2 [g. TiO2 |g.C [g. Mullite |g. H20 |g. Ar g.CO |g.CO2 |Total g. Out
0 25.0 247 58.5 0.20 42.8 15.50 55 0.0 52 2.1 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1.3 13.2 0.0 0.0 0 0 22.4
57 56 247 58.5 0.2 42.8 15.5 5.5 0.0 52 2.1 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1.3 13.2 0.0 0.0 0 0 224
146 150 24.7 58.5 0.2 42.8 15.5 5.5 0.0 5.2 2.1 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1.3 13.2 0.0 0.0 0 0 22.4
241 265 24.7 58.5 0.2 42.8 15.5 55 0.0 52 2.1 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1.3 13.2 0.0 0.0 0 0 22.4
340 386 24.7 58.5 0.2 42.8 15.5 5.5 0.0 52 2.1 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1.3 13.2 0.0 0.0 0 0 22.4
448 546 24.7 58.5 0.2 42.8 15.5 5.5 0.0 5.2 2.1 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1.3 13.2 0.0 0.0 0 0 22.4
522 71 247 58.5 0.2 42.8 15.5 55 0.0 52 2.1 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1.3 13.2 0.0 0.0 0 0 224
616 822 24.7 58.5 0.2 42.8 15.5 55 0.0 52 2.1 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1.3 13.2 0.0 0.0 0 0 224
713 874 24.7 58.5 0.2 42.8 15.5 5.5 0.0 5.2 2.1 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1.3 13.2 0.0 0.0 0 0 224

Bottom Node heat balance
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Bottom Node kJ IN
Time (s) Fe (met) FeO Fe203 Al203 CaO K20 MgO MnO P205 Si02 TiO2 C Mullite H20 Ar kd IN
0 0.0 -19.1 -10.8 -2.4 -0.1 -0.1 0.0 0.0 -0.1 -4.6 -0.1 0.0 -211.6 0.0 0.0 -248.8
57 0.0 -19.1 -10.8 -2.4 -0.1 -0.1 0.0 0.0 -0.1 -4.6 -0.1 0.0 -211.6 0.0 0.0 -248.8
146 0.0 -18.9 -10.8 -2.3 -0.1 -0.1 0.0 0.0 -0.1 -4.6 -0.1 0.0 -211.3 0.0 0.0 -248.3
241 0.0 -18.6 -10.6 -2.3 -0.1 -0.1 0.0 0.0 -0.1 -4.6 -0.1 0.1 -210.2 0.0 0.0 -246.5
340 0.0 -18.2 -10.4 -2.3 -0.1 -0.1 0.0 0.0 -0.1 -4.5 -0.1 0.3 -208.7 0.0 0.0 -244.2
448 0.0 -17.7 -10.2 -2.3 -0.1 -0.1 0.0 0.0 -0.1 -4.5 -0.1 0.6 -207.0 0.0 0.0 -241.5
522 0.0 -17.1 -9.9 -2.3 -0.1 -0.1 0.0 0.0 -0.1 -4.4 -0.1 0.9 -204.5 0.0 0.0 -237.7
616 0.0 -16.4 -9.5 -2.2 -0.1 -0.1 0.0 0.0 -0.1 -4.4 -0.1 1.3 -202.0 0.0 0.0 -233.6
713 0.0 -15.9 -9.3 -2.2 -0.1 -0.1 0.0 0.0 -0.1 -4.3 -0.1 1.5 -200.2 0.0 0.0 -230.8
Bottom Node kJ OUT
Time (s) Fe (met) FeO Fe203 | AI203 | ca0 | K20 MgO MnO p205 [ sio2 T Tio2 [ C Mullite | H20 Ar CO CO2 kJ OUT [ (kJ OUT) - (kJ IN)
0 0.0 -19.1 -10.8 2.4 -0.1 -0.1 0.0 0.0 -0.1 -4.6 0.1 [ 0.0 [ -211.6 0.0 0.0 0.0 0.0 -248.8 0.0
57 0.0 -18.9 -10.8 2.3 -0.1 -0.1 0.0 0.0 0.1 -4.6 01 [ 0.0 [ -211.3 0.0 0.0 0.0 0.0 -248.3 0.5
146 0.0 -18.6 -10.6 2.3 -0.1 -0.1 0.0 0.0 0.1 4.6 0.1 | 0.1 [ -210.2 0.0 0.0 0.0 0.0 -246.5 17
241 0.0 -18.2 -10.4 2.3 -0.1 -0.1 0.0 0.0 -0.1 4.5 0.1 [ 03[ -2087 0.0 0.0 0.0 0.0 -244.2 2.4
340 0.0 17.7 -10.2 2.3 -0.1 -0.1 0.0 0.0 -0.1 4.5 -0.1 [ 0.6 [ -207.0 0.0 0.0 0.0 0.0 2415 2.7
448 0.0 -17.1 -9.9 2.3 -0.1 -0.1 0.0 0.0 0.1 4.4 0.1 | 0.9 [ -204.5 0.0 0.0 0.0 0.0 -237.7 3.8
522 0.0 -16.4 9.5 2.2 -0.1 -0.1 0.0 0.0 0.1 4.4 -0.1 13 | -202.0 0.0 0.0 0.0 0.0 -233.6 4.1
616 0.0 -15.9 9.3 2.2 -0.1 -0.1 0.0 0.0 -0.1 4.3 -0.1 15 | -200.2 0.0 0.0 0.0 0.0 -230.8 2.8
713 0.0 -15.7 9.2 2.2 -0.1 -0.1 0.0 0.0 -0.1 4.3 -0.1 17 | -199.3 0.0 0.0 0.0 0.0 -229.5 1.3
Time (s) kd Out - kd In | kd Out - kJ In | kd Out - kJ In
] Incremental kJ
Top Middle Bottom
120 10 0 1 1
240 14 2 2 18
360 11 5 2 18
480 9 6 3 17
600 7 4 4 15
720 5 3 4 12
840 4 2 3 8
897 2 1 1 4
Total Incremental kJ: 103
Weighted Average kW/m”2: 163
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Appendix VII
Mass and Heat Balance equations

(a) Mass balance equations

m'~"" = mass of component j in node i of unreacted sample

m'j—c’”t = mass of component jin node i of reacted sample
mi- out = corrected mass of component jin node i of reacted sample

Mygrar = total g. unreacted sample mix in crucible

%Y '~ = mass% of component Y in node i of unreacted sample
%Y - = mass% of component Y in node i of reacted sample
%Y - = corrected mass% of component Y in node i of reacted sample

corr

mm, = molar mass of component k

X, = mass fraction of sample material mix in node i, i = top, mid, bot for top, middle or bottom node
i = top, mid, bot for top, middle or bottom node
nij__O;;Jr:ase = mol of component jin node i of reacted sample in a phase

Correction of reacted mass out for fibreboard carry over to top node reacted sample

mix:

top_in _ 4in
Migtar = Miotar - Xtop

top _out top_in
carry—over __ mtop_out . %A|203 _ miop_in %A|203
Al,O3 — "total 100 total 100
-~ top_out -~ top_in

mcarryfover _ mtop_out . %SIOZ _mtop_in %SIOZ

S|02 - total 100 total 100

top _out _ mtop_in _ mecarry—-over mcarry—over

Al,05 _corr — '''total Al,O4 Sio,

carry—-over _ - -
m AlLO; = g. Al,O; carry-over from fibreboard to reacted sample mix in top node
mg?ézy_over = g. SiO, carry-over from fibreboard to reacted sample mix in top node

Mygrar = total g. unreacted sample mix in crucible
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The fibreboard carry-over calculations for the middle and bottom node are done in the

Same manner.

Correction of fibreboard crucible mass, in top node section, for fibreboard carry-

over to top node reacted sample mix:

top_out __ . top_out carry—over carry—over

Megcorr =Mpg™ + My 0, + Mg,

mS3Y Ve = g AlLO; carry-over from fibreboard to reacted sample mix in top node
Al,Oy g. Al carry p p
carry—over - - ..

mSioz = g. SiO, carry-over from fibreboard to reacted sample mix in top node

The fibreboard mass correction calculations for the middle and bottom node are done in

the same manner.

Correction of FeO analyses for top node for fibreboard carry-over to top node

reacted sample mix:

top _out
top_out _ top_out Y0Fe€O

Meeg ™ = Mgl - 100

mtop_out

top_out __ FeO

%FeOCO” = W -100

mtotal_corr

top _out
top_out __ FeO
%FE(+2)C0” = W -100/ mm,:eo . mm,:e
total _corr

Similarly the corrected mass% of C, Fe,O3;, Fe metal, Fe(total) can be calculated. The

calculations are done for the top, middle and bottom nodes.

Calculation of mass FeO into top node material mix

moP_in _ top_out _%Fe(+2)mp‘fn .%Fe(tOtal):;%Br_OUt
e oAl Eatotal )P -1" 100

/mmFe “MMeo

top _out
top_out %Fe(+2)c02r_ /MMe. - mm
total _corr 100 Fe FeO

top_out _
Meg =M
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Calculation of CaO into top node material mix

top_in
mtop_out _ mtop_in __ atop_in .%Cao P-
CaO - CaO - total 100
top_in _ ,in
Mgl = Migtar - Xtop

Fe balance calculation to check Fe mass accounting

total_in _ ~in %--Feoutotal_in %Fe(total)total_in
Mee = Wotal 100 . 100

%" FeO" = mass% pre-reduced ore in sample mix

top _out mid _out

mtotal_out _mtop_out %Fe(tOtal)coprr_ mmid_out %Fe(tOtal)corr_

Fe = Weorr ’ 100 + Meorr : 100

total _in
Mee = 4

total _out
mFe
C balance

) %G hit total _in (thotaI_in

miop_in _ ptop_in osrapnite A

¢  va 100 100

top_in _ 4 in
Migtar = Migtar * Xtop

top_out _ . top_in top _out top _out
me =M™ =" —(Nco~gas + Neo; gas) " MMe

%Graphite™?' - = mass% graphite in sample mix

%C 81" = o4C in graphite

+m

bot_out Y0Fe(total)

corr

bot _out
corr
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O balance
top_out _ . top_in top_in top _out
N0 gas = Mpeg /MMeeo + Mee,0, IMMeeo, -3—=Meeg /MMeggg —M

ntop_out
CO _gas
=9 =r/100
ntop_out +ntop_out
CO_gas CO, _gas
top _out _ptop_out  _ _top_out
n(:O_gas +2 nCOZ_gas - nO_gaS

t t t t
Ngo ges = Mo ges - (L=1)/(2=T)

%CO

=————"—  inproduct gas analysis
%CO + %CO, P J Y

(b) Heat balance equations

C,(T)=A+BT+C/T?+DT? [J/mol K]

top _out
Fe, 0,

/ mmFe203 * 3

T
AH = jcpdT +AH; = A-(T, -T,)+B/2- (T} -T*)-C/(T,—T,)+ D/3-(T; -T;)

T

The C,(T) equations were obtained from Kubashewski et al. (1993).

AJ top  _ zAH}op . ntjop_out — Y AH }op . ntjop_in [J]

total

id b
AJ total — AJ ttgtgl +AJ trgtlal +AJ to(t);I [‘]]

AWigq = Ad oty /6000t [kw]

Gy = =L (kWM

|

C,(T) = heat capacity of component at constant pressure

AH = change in enthalpy of component material when heated from T;to T,
t = total reaction time in minutes

Qum = heat transfer to sample as calculated in heat-mass balance

The enthalpy equation parameters used are shown below:
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Component | AHy[J/mol] | T[K] | T,[K] [J/3de moll ~ 5
A B-10 C-10 D-10
Fe20s -823400 298 950 98.28 77.82 -14.85 -
-731081 950 1050 150.62 - -—- -
-716019 >=1050 132.67 7.36 -—- -—-
Fes04 -1108800 298 900 91.55 202 - -
-980846 >=900 213.4 - - -
FeO -263000 >=298 48.79 8.37 -2.8 -
Fe 0 298 800 28.18 -7.32 -2.9 -
15571 800 1000 -263.45 255.81 619.23 -
24408 1000 1042 -641.91 696.34 - -
27308 1042 1060 1946.25 -1787.5 -— -
28525 1060 1184 -561.95 334.13 2912.11 -
35002 1184 1665 23.99 8.36 -—- -
53069 1665 1809 24.64 9.9 - o
72893 1809 2000 46.02 - - -
SiOz -908300 298 540 46.9 31.51 -10.08 -
-893971 540 2000 71.63 1.88 -39.06 -
-781586 >=2000 86.19 - - -
AlL,O3 -1675700 298 2325 117.49 10.38 -37.11 -
CaO -634900 298 2900 50.42 4.18 -8.49 -
MgO -601600 298 3105 48.99 3.43 11.34 -
CO -110500 >=298 28.41 4.1 -0.46 -—
CO; -393500 >=298 44.14 9.04 -8.54 -—-
C(graphite) 0 298 1100 0.11 38.94 148
13998 >=1100 24.43 0.44 -31.63 -—
MnO -384900 298 2058 46.48 8.12 -3.68 -
Hz 0 298 27.37 3.33 - -
H20 (liquid) -285800 >=298 75.44 - - -
H.O (gas) 2241800 >=298 30 10.71 0.33
TiO, -944000 >=298 73.35 3.05 -17.03 -
Na20 -415100 298 1023 55.48 70.21 -4.14 -30.54
-351070 1023 1243 82.3 12.76 - -
-317883 1243 1405 84.85 10.71 - -
-254140 >=1405 104.6 — - -
K20 -363200 >=298 95.65 -4.94 -11.05 23.68
P20s -1505000 >=298 74.89 162.34 -15.61 -
Mullite
(3A1,05.2Si0,) -6820800 298 600 233.59 633.88 -55.86 385.77
-6698110 600 503.46 35.1 -230.12 -2.51

C,(T) of Argon taken as 20.786 J/mol K from Chase, M.W., Jr., NIST-JANAF

Thermochemical Tables, Fourth Edition, 1998. American Institute of Physics, Woodbury, New

York.
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Appendix VIII: Experimental data graphs

Coal-Ore; 40mm layer, 1300°C, 3minutes
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Coal-Ore; 40mm layer, 1300°C, 9minutes
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Coal-Ore; 40mm layer, 1300°C, 15minutes
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Vol%

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Quud YUNIBESITHI YA PRETORIA

Coal-Ore; 40mm layer, 1500°C, 9minutes

‘ 4 mm 10 mm 20 mm 30 mm Pyrometer Real T_Surface (°C) KW/mA2 === == Sample lowered
1300
M -10
1250 A I
1200 4 30
1150 | P
1100 41y i 150
1050 N\ r 70
1000 |
v
oL T 1
o TR T
400 ot AN P | A30
LA YL I ok
700 san ATNANINAAA Al - 5
650 TR i 170 2
A AT il I L 4e0 &
600 e 190 £
050 1] T l £
500 ] O L ' 210 £
L |
450 il -230
400 nﬂNU p———
350 (i ! 1 250
300 7”" I -270
250 ]| —7 e I
\ I 1 290
200 I
150 -310
100 I
1 -330
50
0 T T T T I -350
0 60 120 180 240 300 360 420 480 540 600
Time (s)
‘ Carbon Dioxide Methane Hydrogen Water-DM Carbon Monoxide === == Sample lowered Argon
30 100
29 I ]  —
28
27 \\ I 920
26 \ i
25 A
2 A — w0
23
2\l | )
21 70
0l N | e
PO W ,
18 |\ e I 60
17 }
i ~ ' :
15 11 S ] 50 8
1 ~— N 5
bl N
ol o~ \ 40
Lz I~
10 —\
| r
9 30
s L ]
| T
7
6 ' ! 20
T \
Al I\
3 Il \\ 10
> =7 | \
1 | \
0 : : : : : : : o~ ‘ ‘ : : 0
0 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900 960 1020 1080 1140
Time (s)

163



Temperature (°C)

Temperature (°C)

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

Heating Zone 1 Heating Zone 2 Heating Zone 3 == == Sample lowered

1515
I

1510

1505

1500

1495

1490

1485

1480
1475

1470

1465
/—‘—_“_ I
1460 1 | T \

1455

1450

1445

1440

1435

1430

1425

1420

0 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900 960 1020 1080 1140

Time (s)

Coal-Ore; 40mm layer, 1500°C, 12minutes

‘ 4 mm 10 mm 20 mm 30 mm Pyrometer Real T_Surface (°C) KW/mA2 === == Sample lowered

1300
1250

N
1200 I} T 20
1150 ‘%:// 140
1100
b | A
950 il ! -80
900

850

800 1 } [ 4 ,\NMN
750
700 ]

T 0

- -100

S -140

|

|

| T

650

e00 1] 1 T 5 -160

|

_

|

T

I

!

i

I

!

i

|

l
550 v i
500 l MU
450 ’
400
350
300
250
200

kW/m”2 into sample

+ -200

-220

+ 240

|| et

+ -260

150
100 /

+ -280

-300
0 60 120 180 240 300 360 420 480 540 600 660 720 780

Time (s)

164



Vol%

Temperature (°C)

IT VAN PRETO
Y OF PRET
HI YA PRET

0
0

RIA
RIA
RIA

Carbon Dioxide

Methane

Hydrogen

Water-DM

Carbon Monoxide

= == Sample lowered

Argon

I

™~

—

|

N o w R O N ®©® © O

—

| |

——
— T ]

e e |

1515
1510
1505
1500
1495
1490
1485
1480
1475
1470
1465
1460
1455
1450
1445
1440
1435
1430
1425
1420

60

120

180

240

300

360 420

480

540

600

660

~
N
o

Time (s)

~
@®
S

840

900

960

1020 1080 1140 1200 1260

Heating Zone 1

Heating Zone 2

Heating Zone 3 = = Sample lowered

100

90

80

70

60

50

40

30

20

0

1320

Vol% Ar

0 60

120

180

240

300

360

420

480

540

600

660

Time (s)

720

780

840

900

960 1020 1080 1140

1200 1260

1320

165



Temperature (°C)
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Temperature (°C)

Temperature (°C)

1415

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA
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Vol%

Temperature (°C)
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Temperature (°C)

Vol%
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Temperature (°C)

Temperature (°C)

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Heating Zone 1 Heating Zone 2 Heating Zone 3 === == Sample lowered
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Vol%

Temperature (°C)
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Y RIA
HI YA PRETORIA
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Temperature (°C)

Vol%
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UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Char-Ore; 40 mm layer, 1400°C, 9minutes
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Temperature (°C)

Temperature (°C)

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA
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Vol%

Temperature (°C)
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Temperature (°C)

Vol%

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Char-Ore; 40 mm layer, 1400°C, 15minutes
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Temperature (°C)

Temperature (°C)

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA
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Vol%

Temperature (°C)

IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA
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Temperature (°C)

Vol%

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

-2000 +1400 pm Coal & -850 +425 um Ore; 40 mm layer, 1400°C, 9minutes
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Temperature (°C)

Temperature (°C)

IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA
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Vol%

Temperature (°C)
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IT VAN PRETO
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Temperature (°C)

Vol%

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

-850 +425 pum Coal & -425 +300 um Ore; 40 mm layer, 1400°C, 9minutes
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Temperature (°C)

Temperature (°C)
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Temperature (°C)
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Temperature (°C)

Vol% & %H2/%CO

NIVERSITEIT VAN PRETORIA
NIVERSITY OF PRETORIA
UNIBESITHI YA PRETORIA

Alumina-Coal; 40 mm layer, 1400°C
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Appendix IX

Calculation of %Carbon consumption, %Reduction and Total mass loss

%Carbon consumption

m out 100 . 100

=m . — —_—
Miotal = MFe
%Fege Y00re

in |n %Coal %TotalC
mC_totaI Miotal - 100 ' 100

top _in
M = Xtop - mc _total

top _out
top out _ top_out @Cco?r_
Mc total _corr 100

o loP B (mwp " g)p_out)
9% consumption = miop_in
c

-100

The %Carbon consumption is calculated similarly for the middle and bottom nodes

% Reduction

op ot YoFe(total)oh -

top _in

corr
Mo mtotal_corr ’ 100 mm,, - 2 -3 mmg
top _out top _out
top _out top _out /OFe(+2)corr %Fe(+3)corr
Mg =Myl corr -Mmg + -3 mmg,
- 100 - mmg, 100-mmg, - 2
(m miop_in _ top_out)
%RP = Mo -100
top_in
Mo

The %Reduction is calculated similarly for the middle and bottom nodes

Mass loss calculated from weighed masses and firbre board carry over correction

Amwezlghed top _out carry—over

_ _ carry—over
total mtotal Miotal _corr ~ Sio,

~MaLL0,

Total mass oxygen in unreacted sample

mo _total — Mo

. %H | 9
top_in m(r)nld in mgot in +mg1 el [ ](foozcr)n;ncoa ‘mmg + AJOl_Og,O&l]
H,0

%H,0 _ Coal = %Moisture in Proximate analysis of coal
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%0 _Coal =%0 in Ultimate analysis of coal
carry—over _ . P
M0, = g. Al,O; carry-over from fibreboard to reacted sample mix in top node
carry—over _ - - -
mSio2 = g. SiO, carry-over from fibreboard to reacted sample mix in top node

in o .
My, = total g. unreacted sample mix in crucible

Amt‘g’f;?he" = sample mass loss calculated from weighed masses and fibre board carry over correction

m'j—'n = mass of component j in node i of unreacted sample

m'j—OUt = mass of component j in node i of reacted sample
M~orr = corrected mass of component j in node i of reacted sample

Moty = total g. unreacted sample mix in crucible

%Y '~ = mass% of component Y in node i of unreacted sample

%Y - = mass% of component Y in node i of reacted sample
%Ycio—rﬁ’Ut = corrected mass% of component Y in node i of reacted sample
mm, = molar mass of component k

X, = mass fraction of sample material mix in node i, i = top, mid, bot for top, middle or bottom node

I = top, mid, bot for top, middle or bottom node
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Appendix X (a): Graphs of total sample mass loss calculated from weighed masses
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g. mass loss - gas analysis
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Appendix X (b): Graphs of total oxygen removed from sample as calculated from

forms of Fe analyses for reacted sample vs. total oxygen in product gas analyses
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Appendix X (c): Graphs of total carbon remaining in reacted sample as calculated
from carbon analyses for reacted sample vs. total carbon in product gas analyses
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NIVERSITEIT VAN PRETORIA
NIVERSITY OF PRETORIA
UNIBESITHI YA PRETORIA
1500°C, 40 mm, Coal-Ore
8.0 —
75 = —
7.0 - Y _
6.5
A g
6.0
A
o 55 —— Total g. Carbon remaining in
= sample [calculated from sample
g 5.0 A analysis]
2 Total g. Carbon remaining in
£ 45
p | sample [calculated from product
_g 4.0 T gas analyses]
< // - .
S 35 _ | g. Total Carbon in
o 4
< 3.0
°
= 25
2.0 -
15 v
1.0
05 +——
0.0+
00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Total g. Carbon in sample according to sample analyses
1400°C, 16 mm, Coal-Ore
5.0
45
4.0
—— Total g. Carbon remaining in
sample [calculated from sample
3.5 analysis]
2
g— Total g. Carbon remaining in
g 3 sample [calculated from product
2 X gas analyses]
'c - = g. Total Carbon in
§ 25 Y
IS
(@]
o 2.0 -
3
o A
F s A
1.0
0.5 A
0.0
0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0 4.5 5.0

202



(02;8

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Total g. Carbon in sample

1400°C, 40 mm, Size Fraction Change
8.0 >

75
7.0 - —

6.5 [Coarse Ore | /

X Y
A S

6.0 Coarse Coal . /

55 [Fine Coal Al —— Total g. Carbon remaining in

Y sample [calculated from sample

5.0 [Fine Ore | analysis]

45 — A Total g. Carbon remaining in
sample [calculated from product
4.0 4 A gas analyses]

3.5

= g. Total Carbon in
3.0

25 K
2.0 A+

15 -
1.0 1 pe
05

0.0

00 05 10 15 20 25 30 35 40 45 50 55 60 65 7.0 75 80

Total g. Carbon in sample according to sample analyses

Total g. Carbon in sample

1400°C, 40 mm, Char-Ore
7.5 >

7.0

6.5

6.0

5.5

—— Total g. Carbon remaining in
5.0 | sample [calculated from sample
analysis]

4.5

A Total g. Carbon remaining in
sample [calculated from product
gas analyses]

3.5 o — g. Total Carbon in
3.0

25 -

20

0.5

0.0 +
00 05 10 15 20 25 30 35 40 45 50 55 60 65 7.0 75

Total g. Carbon in sample according to sample analyses

203



YUNIBESITHI YA PRETORIA

E

=

“ UNIVERSITEIT VAN PRETORIA
@, UNIVERSITY OF PRETORIA
A~ 4

Appendix XI: Sample masses and analyses for coal-ore; coal-char and coal-alumina experiments

(*For Coal/Char Size and Ore Size: 1=-2000 +1400 um; 2 = -850 +425 pum; 3 = -425 +300 um; * Corrected for Fibreboard carry over)

Mass% In Sample Mix Out Fibreboard Thermocouples Totals Out Mass In
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3
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= E ] o9
2 2 o £ < b N
~ 0 =5 - 13
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® £ 2 5 £ 8 g 2 g : : b £ g 8 3=
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5 5 » £ <Y ° } £ £ £ 2 2 2 3 3 3 £ g 5] 2 ce
3 2 = e £ B 2 3 g I 8 8 8 2 £ 5 g b5 €2
z I} 5} o f - o o 2 2 2 2 S 8 I} o s} & [ = 2 2
2 8 5 5 5 kS 2 2 2 g g g o g 2 E E E 5 5 & o < Zs
= © 2 2 %) 3 o » » g % % S S S < o) o) = = —= S X =5
£ £ <] <] o b5t £ 8 8 @ @ ) i [ i = S £ £ £ 2 i = o
n [ (] o o o (] £ £ [} <)) =)} [=)) [=)) <)) <)) [=)) [=)) = = = [=)) <)) 5 8
1300_3 40 1300 Coal 2 2 3 40 75.3 24.7 13.490 16.210 10.918 5.302 3.888 8.348 0 0 0 40.618 17.538 0 19.591 40.209 40.555
1300_6_40 1300 Coal 2 2 6 40 75.3 24.7 12.843 15.862 10.792 5.480 3.880 8.668 0 0 0 39.497 18.028 0 19.849 40.167 40.197
1300_9_40 1300 Coal 2 2 9 40 75.3 24.7 12.679 16.414 10.049 5.119 3.931 8.719 0 0 0 39.142 17.769 0 19.793 40.236 40.026
1300_12_40 1300 Coal 2 2 12 40 75.3 24.7 15.389 13.901 8.118 10.975 6.266 13.045 0 0 0 37.408 30.286 0 32.529 38.875 38.721
1300_15_40 1300 Coal 2 2 15 40 75.3 24.7 14.145 14.595 7.600 9.733 6.335 12.962 0 0 0 36.340 29.030 0 31.103 38.842 38.825
1400_3_40 1400 Coal 2 2 3 40 75.3 24.7 15.831 15.024 7.378 11.234 6.314 13.137 0 0 0 38.233 30.685 0 31.865 39.092 39.199
1400_6_40 1400 Coal 2 2 6 40 75.3 24.7 14.425 14.775 8.347 10.076 6.491 14.509 0 0 0 37.547 31.076 0 32.460 39.164 39.249
1400_9_40 1400 Coal 2 2 9 40 75.3 24.7 13.755 15.042 5.246 10.804 6.814 12.634 0 0 0 34.043 30.252 0 31.637 39.383 36.382
1400_12_40 1400 Coal 2 2 12 40 75.3 24.7 12.849 14.429 7.717 11.660 6.550 13.540 0 0 0 34.995 31.750 0 32.889 38.473 38.820
1400_15_40 1400 Coal 2 2 15 40 75.3 24.7 11.930 14.693 7.968 9.972 6.138 13.187 0 0 0 34.591 29.297 0 30.991 38.503 38.267
1500_3_40 1500 Coal 2 2 3 40 75.3 24.7 15.622 14.472 8.416 10.112 6.540 13.396 0 0 0 38.510 30.048 0 31.756 39.638 39.909
1500_6_40 1500 Coal 2 2 6 40 75.3 24.7 12.993 14.785 9.013 10.692 6.396 12.863 0 0 0 36.791 29.951 0 31.451 39.523 39.852
1500_9 40 1500 Coal 2 2 9 40 75.3 24.7 13.138 14.922 8.281 10.778 6.751 13.189 0 0 0 36.341 30.718 0 32.562 39.700 40.243
1500_12_40 1500 Coal 2 2 12 40 75.3 24.7 11.468 14.448 7.901 9.697 5.810 12.630 0 0 0 33.817 28.137 0 30.528 38.342 38.734
1500_15_40 1500 Coal 2 2 15 40 75.3 24.7 10.868 13.241 8.373 10.395 5.924 12.276 0 0 0 32.482 28.595 0 31.001 38.432 38.125
1400_3_16 1400 Coal 2 2 3 16 75.3 24.7 13.723 0 0 36.794 0 0 0 0 0 13.723 36.794 0 37.172 14.999 14.946
1400_6_16 1400 Coal 2 2 6 16 75.3 24.7 12.821 0 0 40.621 0 0 0 0 0 12.821 40.621 0 40.887 15.007 14.953
1400_9_16 1400 Coal 2 2 9 16 75.3 24.7 12.159 0 0 37.403 0 0 0 0 0 12.159 37.403 0 37.730 14.997 15.063
1400_12_16 1400 Coal 2 2 12 16 75.3 24.7 11.668 0 0 39.304 0 0 0 0 0 11.668 39.304 0 39.668 14.976 14.799
1400_15_16 1400 Coal 2 2 15 16 75.3 24.7 11.188 0 0 39.941 0 0 0 0 0 11.188 39.941 0 40.357 14.980 14.855
Coarse ore_| 1400 Coal 2 1 9 40 75.3 24.7 14.777 16.677 6.439 5.333 3.941 9.672 0 0 0 37.893 18.946 0 21.139 40.222 40.646
Coarse coal_lI 1400 Coal 1 2 9 40 75.3 24.7 16.635 14.001 5.650 6.559 3.798 8.538 0 0 0 36.286 18.895 0 20.495 39.340 38.605
Fine coal_A 1400 Coal 3 2 9 40 75.3 24.7 11.779 15.669 9.383 5.652 3.875 9.075 0 0 0 36.831 18.602 0 20.440 40.241 39.901
Fine ore B 1400 Coal 2 3 9 40 75.3 24.7 9.598 16.092 10.185 5.231 3.917 9.316 0 0 0 35.875 18.464 0 20.514 39.089 37.698
1400_3_40_char 1400 Char 2 2 3 40 79.7 20.3 14.929 17.208 10.078 5.445 4.132 9.093 0 0 0 42.215 18.67 0 20.606 42.074 42.522
1400_6_40_char 1400 Char 2 2 6 40 79.8 20.2 15.509 16.130 9.916 5.408 3.908 9.115 0 0 0 41.555 18.431 0 20.082 42.003 42.041
1400_9_40_char 1400 Char 2 2 9 40 79.8 20.2 15.333 16.019 9.813 10.124 5.815 14.334 0 0 0 41.165 30.273 0 32.236 41.992 42.288
1400_12_40_char 1400 Char 2 2 12 40 79.8 20.2 15.974 15.371 8.380 6.053 3.896 9.277 0 0 0 39.725 19.226 0 21.024 41.427 41.368
1400_15_40_char 1400 Char 2 2 15 40.0 79.7 20.3 15.118 14.743 9.377 5.751 3.881 8.984 0 0 0 39.238 18.616 0 21.278 41.792 42.038
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1300_3_40 1.98 0.76 0.82 0.33 1.30 0.30 | 0.01 | 1.05 | 0.09 | 0.54 0.3 0.4 0.2 11.3 2.8 3.3 56.8 67.8 63.4 0.3 0.4 0.2 11.4 29 34 [ 573 [ 71.9]657| 89 23 26 | 40.1| 50.3 [ 45.9 | 49.3| 52.9| 48.8 | 0.99
1300_6_40 2.43 1.52 1.02 0.66 1.62 0.55 | 0.01 | 1.09 | 0.11 | 0.67 1.4 0.2 0.2 26.9 3.6 3.0 41.7 65.0 67.5 14 0.2 0.2 26.9 3.9 3.1 [ 41.7 [ 69.6 | 69.1 [ 209 | 3.0 24 | 292 | 48.7 [ 483 | 514|519 509 | 1.00
1300_9_40 2.68 2.10 1.04 0.93 1.88 0.83 | 0.01 | 0.76 [ 0.13 | 0.94 3.0 0.2 0.2 26.4 3.4 2.1 38.9 67.5 67.6 3.0 0.2 0.2 26.6 3.7 21 | 392 | 7241 69.0 [ 20.7 | 29 1.6 | 274 | 50.7 | 48.3 | 51.1] 53.7 | 50.1 1.01
1300_12_40 3.73 2.98 1.58 1.35 2.55 1.02 | 0.01 [ 147 | 0.13 | 1.10 4.9 0.4 0.4 33.9 7.4 0.4 34.5 59.8 65.0 5.1 0.4 0.4 34.9 7.9 04 | 355|639 ]66.1] 271 [ 6.1 03 | 248 | 44.7 | 462 | 57.0| 51.2| 46.9 | 1.00
1300_15_40 5.21 3.97 243 1.83 3.34 092 | 0.00 | 3.08 [ 0.18 | 1.02 10.6 0.3 0.5 35.0 8.9 4.9 26.1 62.3 62.4 10.9 0.3 0.5 35.8 9.5 4.9 | 26.7 | 66.5 )| 628 | 278 | 74 3.8 | 18.7 | 465 | 44.0 | 57.4 [ 54.2| 48.3 | 1.00
1400_3_40 1.58 0.93 0.62 0.44 1.02 0.39 | 0.05 | 060 | 0.10 | 0.45 3.6 0.2 0.3 14.4 2.7 2.8 48.6 72.0 65.1 3.6 0.2 0.3 14.6 2.8 28 | 493 | 740 | 641 ] 114 [ 2.2 22 | 345| 51.8 | 44.8 | 495|542 | 47.2 | 1.00
1400_6_40 2.61 1.82 1.06 0.86 1.71 0.75 | 0.10 | 0.90 [ 0.12 | 0.74 5.7 13 0.3 26.1 3.2 2.6 37.3 67.8 67.5 5.7 1.3 0.3 26.4 3.3 25 | 378 | 70.3 | 671 | 205 | 25 20 | 264 | 492 | 469 [ 52.7 | 53.0 | 49.2 | 1.00
1400_9_40 3.25 2.53 1.35 1.20 217 1.04 | 013 | 1.03 | 0.13 | 0.92 9.9 0.3 0.4 29.5 4.7 3.7 33.3 66.7 62.8 10.0 0.3 0.3 29.9 4.9 3.5 [33.7[701]595( 232 | 38 27 | 236 | 491 [ 416 | 56.8| 53.2| 446 | 1.08
1400_12_40 4.05 3.61 1.87 1.71 2.57 0.96 | 0.08 | 2.04 [ 0.17 | 0.79 15.2 0.2 0.2 324 7.4 3.8 25.4 67.0 67.5 15.3 0.2 0.2 32.5 7.7 3.7 | 255 | 69.4 | 66.9 [ 253 | 6.0 29 | 17.8 | 486 | 46.8 | 58.4 [ 54.8 | 49.9 | 0.99
1400_15_40 5.46 4.74 2.62 2.31 3.46 116 | 0.04 | 3.12 | 020 | 0.94 21.9 0.3 0.3 35.2 11.8 7.0 13.9 60.5 64.8 22.3 0.3 0.3 35.9 12.5 70 | 142 | 642 | 648 | 279 | 97 5.5 9.9 | 449 | 453 | 60.1[ 55.0] 51.1 1.01
1500_3_40 2.71 1.51 112 0.80 1.88 0.86 | 0.00 | 0.87 [ 0.13 | 0.85 4.5 0.4 0.4 16.7 2.2 3.3 51.3 67.5 64.6 4.6 0.4 0.4 16.8 2.3 33 | 516 | 70.0 | 64.8 | 13.1 1.8 25 | 36.1 | 489 | 453 [ 53.7 [ 51.1] 48.2 | 0.99
1500_6_40 4.15 3.30 1.95 1.67 2.69 1.20 | 0.00 | 1.89 | 0.24 | 0.83 14.0 0.4 0.4 32.0 4.3 2.7 26.9 66.7 68.6 13.9 0.4 0.4 31.9 4.5 27 | 268 | 69.7 | 682 | 247 | 3.5 21 | 18.7 | 48.7 | 47.7 | 57.4| 526 | 50.2 | 0.99
1500_9_40 5.94 5.07 2.77 2.46 3.71 1.20 | 0.00 | 3.32 | 0.36 | 1.06 20.0 0.3 0.4 28.8 9.5 4.4 22.8 63.8 67.4 20.2 0.3 0.4 29.1 10.0 43 | 230 | 672]669| 226 [ 7.8 34 | 16.1| 47.0 | 46.8 | 58.9| 55.1| 50.6 | 0.99
1500_12_40 7.39 6.30 3.55 3.11 4.77 172 | 0.00 | 401 | 027 | 1.38 37.8 0.4 0.3 284 174 8.0 6.8 53.8 64.4 39.3 0.5 0.3 29.5 18.8 8.2 7.1 | 581654229 | 146 | 63 50 | 406 | 457 [ 67.2| 55.7 | 524 | 0.99
1500_15_40 9.39 7.93 4.81 4.04 5.75 1.58 | 0.00 | 6.40 | 0.35 | 1.07 47.8 1.1 0.4 17.7 31.5 13.2 10.4 37.3 58.7 49.7 1.2 0.4 18.4 34.1 13.5 | 10.8 | 40.4 | 60.2 | 14.3 | 26,5 105 | 7.6 | 28.3 [ 421 | 71.5]| 559 53.0 [ 1.01
1400_3_16 1.73 0.94 0.68 0.48 1.25 0.58 | 0.00 | 0.45 | 0.05 | 0.65 0.9 0.0 0.0 20.7 0.0 0.0 51.8 0.0 0.0 1.0 0.0 0.0 21.7 0.0 00 | 543 ] 0.0 | 00 | 168 [ 0.0 00 | 380 00 0.0 | 55.8( 0.0 | 0.0 1.00
1400_6_16 2.95 2.14 1.42 1.05 1.89 0.60 | 0.00 | 1.71 | 0.10 | 0.53 5.6 0.0 0.0 37.0 0.0 0.0 32.5 0.0 0.0 5.9 0.0 0.0 39.0 0.0 00 | 343 ] 00 ] 00 ] 303 [ 0.0 0.0 | 240| 0.0 0.0 | 60.1f 00 ] 0.0 1.00
1400_9_16 3.93 2.93 2.00 1.46 244 066 | 0.00 | 2.66 [ 0.12 | 0.49 11.7 0.0 0.0 471 0.0 0.0 17.6 0.0 0.0 12.3 0.0 0.0 49.7 0.0 0.0 | 18.6 | 00 | 0.0 [ 38.6 | 0.0 0.0 | 130 | 0.0 0.0 | 64.0| 0.0 | 0.0 1.00
1400_12_16 3.82 3.27 1.89 1.61 2.52 1.13 | 0.02 [ 1.85 | 0.10 | 0.71 18.9 0.0 0.0 45.8 0.0 0.0 10.8 0.0 0.0 20.2 0.0 0.0 48.9 0.0 00 | 11.5] 0.0 | 0.0 | 380 [ 0.0 0.0 8.1 0.0 0.0 |66.2( 00 ] 0.0 1.01
1400_15_16 6.22 4.13 3.31 2.16 3.80 0.88 | 0.00 | 468 | 0.12 | 0.55 [ 29.5 0.0 0.0 38.3 0.0 0.0 8.1 0.0 0.0 31.9 0.0 0.0 414 0.0 00 [ 88 [ 00 | 00 | 321 ] 00| 00 | 6.1 0.0 00 J701) 00] 00 | 101
Coarse ore_| 4.81 3.98 2.06 1.85 3.22 1.38 | 0.00 | 1.84 | 0.28 | 1.31 10.5 0.5 0.4 32.9 6.1 3.2 31.0 65.5 65.8 10.6 0.5 0.4 33.1 6.4 32 | 312 | 69.3 ] 664 | 257 [ 5.0 25 | 21.8 | 485 [ 46.5 | 58.1| 54.0 | 49.3 | 0.99
Coarse coal_ll 3.98 3.41 1.7 1.53 2.54 095 | 0.00 | 1.77 [ 0.31 | 0.95 3.2 0.5 0.8 44.9 10.2 4.9 30.0 54.3 58.2 3.2 0.5 0.8 45.3 10.8 4.8 | 303 | 575|579 352 | 84 3.7 | 212 402 | 40.5 [ 59.6 [ 49.1 | 45.0 | 1.02
Fine coal_A 5.98 4.99 2.93 2.49 3.70 1.19 | 0.00 | 3.62 | 0.31 | 0.86 14.8 0.3 0.4 33.0 8.6 3.8 26.0 62.3 66.8 14.8 0.3 0.4 33.0 9.1 3.9 [ 26.0 [ 66.1|68.0[ 256 | 7.0 3.0 | 182 | 46.2 | 47.5 | 586 53.6 | 50.9 [ 1.01
Fine ore_B 6.26 5.18 3.03 2.53 3.73 0.87 | 0.00 | 421 [ 040 | 0.78 14.7 0.6 0.4 34.2 9.8 4.4 17.5 61.6 69.2 14.4 0.7 0.4 33.5 10.6 45 | 17.2 | 66.1 | 705 | 26.1 | 8.2 35 | 120 | 462 | 49.3 | 52.5| 55.1| 532 [ 1.04
1400_3_40_char 2.01 1.19 0.85 0.69 1.54 1.06 | 0.00 [ 0.13 | 0.04 | 0.78 0.5 0.1 0.0 15.3 1.6 0.9 57.9 714 74.1 0.5 0.1 0.0 15.1 1.6 09 | 573 | 750 ] 740 | 118 [ 1.3 0.7 | 40.1 | 525 [ 51.8 | 52.4 | 53.8 | 52.5 | 0.99
1400_6_40_char 1.97 1.63 1.02 0.87 1.4 1.03 | 0.00 | 047 | 0.04 | 043 2.1 0.2 0.3 19.9 0.9 0.7 52.8 70.6 74.1 2.1 0.2 0.3 19.8 1.0 0.7 | 526 | 73.9 | 746 | 154 | 08 05 | 36.8 | 51.7 | 52.2 | 54.3 | 526 | 53.0 | 1.00
1400_9_40_char 2.56 2.28 1.3 12 1.79 1.21 0.00 [ 0.73 | 0.07 [ 0.55 5.3 0.1 0.1 25.6 1.5 0.8 41.6 73.5 73.9 5.2 0.1 0.1 25.6 1.5 08 | 416 | 76.5] 740 ] 199 [ 1.2 07 | 29.1| 535 [ 51.8 | 54.2| 54.8 | 52.5 | 1.00
1400_12_40_char 3.19 2.88 1.74 1.6 2.35 2.20 | 0.02 | 0.24 | 0.04 | 0.69 8.4 0.2 0.2 43.8 4.7 14 24.0 66.5 70.3 8.4 0.2 0.2 44.2 5.0 14 | 242 | 700 | 706 | 343 [ 3.9 1.1 16.9 | 49.0 | 49.4 | 59.7 | 53.1| 50.7 | 1.00
1400_15_40_char 4.32 3.98 2.5 2.31 2.9 2.03 | 0.00 [ 1.79 | 0.05 [ 0.46 10.8 0.2 0.0 48.8 9.4 3.0 18.6 62.3 71.2 10.9 0.2 0.0 49.1 9.8 3.0 | 18.7 | 65.0 | 71.5| 38.1 | 76 23 | 13.1 | 455 | 50.0 [ 62.0f 53.3 | 52.3 | 1.00

*Corrected for Fibreboard carry over
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1300_3_40 0.97 | 2.05 1.84 | 240 | 1.07 | 057 | 0.17 0.56 0.35 -0.04 0.36 0.03 4.56 5.42 5.07 594 | 5.94 5.85 13.37 15.30 10.54 5.43 4.80 8.73
1300_6_40 0.97 | 1.98 1.83 | 235 | 1.01 0.51 | 0.08 0.65 0.27 | -0.08 0.40 | -0.02 | 4.12 6.12 4.44 595 | 6.31 5.39 12.84 14.82 10.54 5.48 4.93 8.92
1300_9_40 0.97 | 2.08 184 | 238 | 1.10 | 055 | 0.15 | 0.69 0.26 -0.05 043 | -0.05 | 4.72 6.16 465 | 6.29 | 6.30 5.50 12.58 15.30 9.84 5.22 5.05 8.93
1300_12_40 0.94 | 1.97 178 | 242 | 1.03 | 0.64 | 0.27 0.54 0.21 0.17 0.34 | -0.08 | 4.59 6.14 504 | 642 | 6.67 6.22 14.94 13.02 7.99 11.42 7.15 13.18
1300_15_40 094 | 187 | 1.77 | 236 | 093 | 059 | 022 | 055 | 0.16 | 0.11 037 | -011 | 463 | 587 | 470 | 6.56 | 6.55 6.31 13.81 13.68 7.55 10.07 7.25 13.02
1400_3_40 095 | 1.41 179 | 206 | 047 | 0.28 | 0.16 0.23 0.07 0.07 0.18 | -0.19 | 3.78 3.64 3.62 565 | 5.12 5.42 15.59 14.61 7.50 11.47 6.73 13.02
1400_6_40 0.95 | 1.52 179 | 209 | 057 | 0.30 | 0.15 | 0.32 0.10 0.03 0.20 | -0.15 | 4.06 4.29 3.58 5.91 5.36 5.31 14.25 14.25 8.39 10.26 7.01 14.46
1400_9_40 0.95 | 1.52 1.80 | 2.06 | 0.57 | 0.26 | 0.12 0.44 0.01 0.04 0.30 | -0.30 | 4.08 5.00 395 | 630 | 5.94 5.63 13.59 14.30 5.54 10.97 7.55 12.34
1400_12_40 093 | 1.41 1.76 1.98 [ 048 | 0.22 [ 0.08 0.31 0.09 -0.03 020 | -0.16 | 3.94 4.25 3.74 | 6.09 | 540 5.44 12.80 13.92 7.78 11.71 7.06 13.47
1400_15_40 0.93 | 1.77 1.76 | 223 | 0.83 | 047 | 0.19 0.51 0.13 0.04 0.35 | -0.13 | 5.19 5.57 412 | 714 | 6.30 5.67 11.70 13.84 7.96 10.21 6.99 13.19
1500_3_40 0.96 | 1.53 1.81 209 | 057 | 0.28 [ 0.10 0.32 0.14 0.00 0.19 | -0.12 | 3.49 4.39 4.1 530 | 543 5.70 15.52 13.96 8.39 10.21 7.05 13.42
1500_6_40 0.96 | 145 1.80 | 205 | 049 | 0.24 | 0.02 0.38 0.09 | -0.08 0.25 | -0.15 | 3.53 4.73 3.22 5.81 5.70 4.97 13.05 14.15 9.07 10.64 7.03 12.80
1500_9_40 0.96 | 1.62 1.81 219 | 0.65 | 0.38 [ 0.10 0.46 0.09 0.03 029 | -0.15 | 4.12 5.23 355 | 6.54 | 5.97 5.36 13.01 14.17 8.34 10.90 7.51 13.13
1500_12_40 0.93 | 2.04 175 | 247 | 1.11 0.71 | 0.30 0.63 0.19 0.13 044 | -0.07 | 6.32 6.46 4.86 820 | 7.05 6.41 11.04 13.38 7.78 10.13 6.88 12.75
1500_15_40 0.93 | 2.07 175 | 245 | 114 | 0.70 | 0.30 0.61 0.23 0.11 0.40 | -0.03 | 6.67 6.93 5.11 845 | 7.42 6.60 10.46 12.23 8.17 10.80 6.94 12.48
1400_3_16 0.36 | 0.39 | 068 | 0.72 ] 0.03 | 003 | 0.23 | 0.00 | 0.00 | 040 [ 0.00 | 0.00 | 2.87 | 0.00 | 0.00 | 5.22 | 0.00 0.00 13.09 0.00 0.00 37.42 0.00 0.00
1400_6_16 0.36 | 042 | 069 | 0.72 ] 0.06 | 003 | 0.26 | 0.00 | 0.00 | 0.40 [ 0.00 | 0.00 | 3.30 | 0.00 | 0.00 | 5.58 | 0.00 0.00 12.16 0.00 0.00 41.28 0.00 0.00
1400_9_16 0.36 | 0.41 ] 068 | 0.71 ] 0.05 | 0.02 | 0.25 [ 0.00 [ 0.00 | 0.39 [ 0.00 | 0.00 | 3.41 0.00 [ 0.00 | 5.81 | 0.00 0.00 11.52 0.00 0.00 38.04 0.00 0.00
1400_12_16 0.36 | 049 | 068 | 0.73 ] 0.13 | 005 | 0.32 [ 0.00 [ 0.00 | 042 | 0.00 | 0.00 | 4.21 0.00 [ 0.00 | 6.26 | 0.00 0.00 10.93 0.00 0.00 40.04 0.00 0.00
1400_15_16 0.36 | 052 [ 0.68 | 0.79 [ 0.16 | 0.10 [ 0.36 0.00 0.00 0.47 0.00 0.00 4.68 0.00 0.00 7.04 | 0.00 0.00 10.36 0.00 0.00 40.77 0.00 0.00
Coarse ore_| 0.97 | 2.05 1.84 | 206 | 1.07 | 0.22 | 0.17 | 0.64 0.27 -0.07 0.28 | -0.21 4.15 5.76 7.33 525 | 5.30 6.22 14.68 15.76 6.38 5.43 4.86 9.73
Coarse coal_Il 0.96 | 1.80 1.78 | 206 | 0.84 | 0.28 | 0.13 0.51 0.19 0.02 0.26 | -0.22 | 3.46 5.93 6.95 5.04 | 6.07 6.50 16.48 13.22 5.68 6.71 4.57 8.51
Fine coal_A 0.98 | 1.92 182 | 215 | 094 | 0.33 | 0.11 0.58 0.26 -0.11 0.32 | -0.09 | 4.73 5.77 493 | 6.15 | 5.89 5.40 11.79 14.77 9.22 5.65 4.78 9.24
Fine ore B 0.95 | 2.00 1.78 | 204 | 1.06 | 0.25 | 0.06 0.73 0.27 -0.24 0.37 | -0.09 | 5.12 6.45 4.64 | 6.03 | 597 4.87 9.78 14.99 10.00 5.04 5.01 9.50
1400_3_40_char 1.03 | 1.92 | 216 | 218 | 0.89 | 0.02 | 0.09 0.59 0.21 -0.25 024 | -0.22 | 3.77 5.39 425 | 498 | 552 4.84 15.09 16.38 10.09 5.28 4.96 9.08
1400_6_40_char 1.03 | 1.84 | 215 | 235 | 0.81 0.19 | 0.09 0.48 0.24 -0.14 024 | -0.17 | 3.61 5.08 4.60 549 | 591 5.47 15.56 15.41 9.84 5.36 4.63 9.19
1400_9_40_char 1.03 | 1.87 | 215 | 220 | 0.84 | 0.05 | 0.14 0.49 022 | -0.14 0.14 | -0.20 | 3.99 5.16 443 | 552 | 5.28 5.15 15.34 15.40 9.80 10.12 6.44 14.35
1400_12_40_char 1.01 193 | 212 | 240 | 092 | 0.28 | 0.17 0.52 0.23 | -0.04 025 | -0.19 | 3.97 5.57 528 | 589 | 6.20 6.09 15.84 14.60 8.34 6.18 4.67 9.32
1400_15_40_char 1.02 | 1.83 | 214 | 233 | 0.81 0.19 | 0.15 0.44 0.21 -0.07 0.18 | -0.18 | 4.14 5.27 458 | 6.04 | 6.02 5.64 15.04 14.12 9.34 5.83 4.50 9.02

*Corrected for Fibreboard carry over
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1300_3_40 6.7 2.2 2.3 18.7 15.3 16.6 18.9 | 16.2 17.2 17.6 15.4 18.7 7.60 3.50 2.51 1.60 2.87 2.06 1.31 27.8 1.1 -13.5 10.3
1300_6_40 16.2 2.4 1.9 17.7 15.1 15.1 17.7 16.2 15.5 16.7 15.4 18.7 7.53 3.47 2.49 1.58 2.84 2.04 1.30 34.4 3.7 -3.0 16.4
1300_9_40 19.4 2.1 1.5 | 19.2 | 126 16.0 | 19.4 | 135 | 16.3 16.8 154 | 18.7 | 7.50 3.45 2.48 1.58 2.83 2.03 1.29 29.5 16.5 -2.1 18.6
1300_12_40 24.8 4.8 1.1 14.1 15.8 15.3 145 | 16.9 15.6 15.5 15.4 18.7 7.26 3.34 2.39 1.52 2.74 1.96 1.25 35.0 8.3 18.5 22.7
1300_15_40 35.1 5.1 3.7 13.3 17.4 15.3 13.6 18.6 15.4 15.6 15.4 18.7 7.28 3.35 2.40 1.53 2.74 1.97 1.25 43.8 -5.7 23.9 23.3
1400_3_40 15.0 1.7 | 21 ] 187 | 123 168 | 19.0 | 126 | 165 16.4 154 | 187 | 7.35 3.38 2.42 1.54 2.77 1.99 1.26 12.4 23.8 19.7 17.7
1400_6_40 23.9 4.1 1.9 18.2 13.3 17.1 18.4 13.8 17.0 16.6 15.4 18.7 7.36 3.38 243 1.54 2.77 1.99 1.27 22.4 19.0 7.6 18.2
1400_9_40 31.2 3.0 2.8 15.9 14.4 18.9 16.1 15.1 17.9 16.2 15.4 18.7 6.82 3.14 2.25 1.43 2.57 1.84 1.17 30.3 3.7 30.8 21.6
1400_12_40 40.6 4.1 24 | 167 | 144 150 | 168 | 146 | 14.9 15.7 154 | 187 | 7.28 3.35 2.40 1.53 2.74 1.97 1.25 35.9 15.3 242 | 266
1400_15_40 52.6 65 | 41| 155 | 131 153 | 158 | 139 | 153 15.1 154 | 187 | 717 3.30 2.37 1.51 2.70 1.94 1.23 44.0 18.7 19.1 30.4
1500_3_40 16.6 1.9 | 25| 16.0 | 14.0 175 | 161 | 145 | 176 15.9 154 | 187 | 7.48 3.44 2.47 1.57 2.82 2.02 1.29 27.4 17.9 6.2 19.8
1500_6_40 38.6 30 | 22| 16.0 | 139 151 | 159 | 145 | 15.0 15.3 154 | 187 | 747 3.44 247 1.57 2.82 2.02 1.29 39.5 16.6 13.2 26.4
1500_9_40 47.1 5.2 3.0 16.3 12.3 14.9 16.5 | 13.0 14.8 15.0 15.4 18.7 7.54 3.47 2.49 1.58 2.84 2.04 1.30 38.3 26.2 221 30.9
1500_12_40 69.9 9.6 4.6 10.4 13.7 14.1 10.8 | 14.8 14.3 12.9 15.4 18.7 7.26 3.34 2.40 1.52 2.74 1.96 1.25 64.3 17.4 26.9 41.0
1500_15_40 76.1 179 | 7.3 6.1 14.7 14.6 63 | 159 [ 150 11.3 154 | 187 | 7.15 3.29 2.36 1.50 2.69 1.93 1.23 80.0 17.5 185 | 464
1400_3_16 11.8 0.0 0.0 15.5 0.0 0.0 16.2 0.0 0.0 7.5 15.4 18.8 2.80 2.80 0.00 0.00 1.06 0.76 0.48 24.1 0.0 0.0 241
1400_6_16 26.5 00 | 00 | 1486 0.0 0.0 154 | 0.0 0.0 7.1 154 | 187 | 2.80 2.80 0.00 0.00 1.06 0.76 0.48 33.2 0.0 0.0 33.2
1400_9_16 39.4 0.0 0.0 13.4 0.0 0.0 14.1 0.0 0.0 6.5 15.4 18.7 2.82 2.82 0.00 0.00 1.06 0.76 0.49 42.3 0.0 0.0 42.3
1400_12_16 49.6 0.0 0.0 11.9 0.0 0.0 12.7 0.0 0.0 5.8 15.4 18.7 2.77 2.77 0.00 0.00 1.05 0.75 0.48 49.9 0.0 0.0 49.9
1400_15_16 60.7 00 | 00| 111 0.0 0.0 12.0 | 0.0 0.0 55 154 | 18.8 | 279 2.79 0.00 0.00 1.05 0.75 0.48 55.4 0.0 0.0 55.4
Coarse ore_| 32.9 4.0 2.4 15.1 14.9 13.2 15.2 15.8 13.3 15.0 15.4 18.7 7.62 3.50 2.51 1.60 2.87 2.06 1.31 36.3 1.1 46.9 26.9
Coarse coal_lI 25.1 68 | 45| 118 | 187 182 | 119 | 198 | 181 15.8 153 | 18.8 | 7.25 3.33 2.39 1.52 272 1.95 1.24 41.1 9.5 324 | 226
Fine coal_A 39.8 50 | 27 | 138 | 14.8 153 | 138 | 157 | 156 14.8 153 | 18.8 | 7.49 3.44 2.47 1.57 2.81 2.02 1.28 52.8 6.1 8.7 28.1
Fine ore_B 44.0 6.2 3.0 20.6 13.0 13.4 20.2 14.0 13.6 16.8 15.4 18.7 7.06 3.25 2.33 1.48 2.66 1.91 1.22 39.2 10.3 8.0 23.1
1400_3_40_char 8.5 1.0 | 05| 158 | 142 141 | 156 | 149 | 141 15.1 157 | 16.0 | 6.80 3.13 2.24 1.43 3.07 2.20 1.40 24.6 -8.9 0.5 8.4
1400_6_40_char 13.2 0.8 0.9 13.2 15.4 15.6 13.2 16.1 15.7 14.7 15.7 16.0 6.72 3.09 2.22 1.41 3.03 2.18 1.39 33.7 -12.1 -9.7 9.5
1400_9_40_char 21.9 1.0 0.6 16.6 12.8 13.5 16.6 13.3 13.5 14.9 15.7 16.0 6.75 3.1 2.23 1.42 3.05 2.19 1.39 18.1 8.0 6.6 12.3
1400_12_40_char 33.3 2.9 11 | 125 | 157 151 | 126 | 165 | 152 14.4 157 | 16.0 | 6.60 3.04 2.18 1.39 2.98 2.14 1.36 34.3 -10.7 8.8 14.1
1400_15_40_char 38.0 5.1 1.5 | 111 15.9 148 | 112 ] 166 | 149 13.7 158 | 16.0 | 6.74 3.10 2.23 1.42 3.05 2.19 1.39 45.9 -5.3 2.0 19.8

*Corrected for Fibreboard carry over
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1300_3_40 7.07 6.82 0.25 4 1.98 1.6 0.4 26 9.42 | 821 1.21 0.09 7 120 21
1300_6_40 6.92 6.30 0.62 10 2.43 2.2 0.2 10 934 | 787 | 147 0.15 10 127 46
1300_9_40 6.95 6.11 0.84 14 2.68 25 0.1 6 9.30 7.77 1.53 0.35 23 -125 67
1300_12_40 6.35 5.61 0.74 13 3.73 3.0 0.7 25 899 [ 708 | 1.92 0.63 33 -109 79
1300_15_40 5.71 5.58 0.12 2 5.21 4.0 1.2 30 9.02 6.74 2.28 1.06 47 -108 97
1400_3_40 6.98 6.05 0.93 15 1.58 1.7 0.1 -8 911 | 765 | 145 -0.43 -30 -181 33
1400_6_40 6.77 6.02 0.75 12 2.61 2.6 0.0 1 9.12 7.31 1.81 -0.10 -5 -180 65
1400_9_40 6.09 5.34 0.75 14 3.25 3.2 0.1 3 845 | 648 | 1.97 0.20 10 178 96
1400_12_40 6.14 5.34 0.80 15 4.05 45 0.5 -1 9.02 | 668 | 234 0.23 10 -175 126
1400_15_40 5.52 4.99 0.52 10 5.46 5.0 0.5 10 8.89 6.17 2.72 0.74 27 -169 152
1500_3_40 6.87 6.00 0.87 15 2.71 2.2 0.5 20 9.27 7.69 1.58 0.30 19 -259 47
1500_6_40 6.33 5.49 0.84 15 415 3.8 0.4 9 926 | 699 | 226 0.43 19 -250 89
1500_9_40 5.79 5.21 0.58 11 5.94 4.9 1.0 20 935 | 668 | 267 1.04 39 -254 137
1500_12_40 5.07 4.29 0.78 18 7.39 6.7 0.6 10 9.00 5.53 3.47 1.30 37 -211 151
1500_15_40 3.97 3.83 0.14 4 9.39 75 1.9 26 886 | 490 | 3.95 1.80 45 -208 186
1400_3_16 245 213 0.33 15 1.73 1.3 0.4 35 347 | 277 | 070 0.55 78 -165 29
1400_6_16 1.91 1.87 0.03 2 2.95 2.2 0.7 33 347 | 2.31 1.17 0.72 62 -158 56
1400_9_16 1.50 1.63 -0.13 -8 3.93 3.0 1.0 32 3.50 1.92 1.58 0.86 54 -157 85
1400_12_16 1.67 1.39 0.28 20 3.82 3.3 0.5 16 344 | 157 | 187 0.65 35 157 113
1400_15_16 0.54 1.24 -0.70 -57 6.22 3.9 2.3 58 3.45 1.23 2.22 1.58 71 -153 138
Coarse ore_| 6.45 5.57 0.88 16 4.81 4.0 0.8 19 957 | 729 | 229 0.93 41 -152 82
Coarse coal_ll 6.23 5.61 0.62 11 3.98 34 0.5 16 8.93 6.81 2.11 0.43 20 -146 79
Fine coal_A 5.61 5.38 0.23 4 5.98 43 16 38 923 [ 698 | 225 1.45 65 153 82
Fine ore_B 5.02 5.43 -0.41 -8 6.26 3.1 3.1 100 8.88 6.79 2.09 1.64 78 -153 82
1400_3_40_char 6.45 6.22 0.23 4 2.01 1.2 0.8 65 | 10.00 | 9.12 | 0.87 0.67 77 -175 33
1400_6_40_char 6.23 6.08 0.16 3 1.97 1.5 0.5 33 9.88 8.83 1.06 0.34 33 -168 60
1400_9_40_char 6.11 5.92 0.19 3 2.56 2.0 0.5 27 994 | 858 | 136 0.43 31 -163 88
1400_12_40_char 5.90 5.68 0.23 4 3.19 2.8 0.3 12 9.73 7.74 1.99 0.36 18 -155 112
1400_15_40_char 5.42 5.41 0.01 0 4.32 3.8 0.5 14 9.88 7.63 2.25 0.65 29 -151 136
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Sample masses and analyses for coal-alumina experiments
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Appendix XI1: Calculation of equilibrium %CO in CO-CO; gas
The heat capacity values and standard enthalpy and entropy values used are those from
Kubashewski et al. (1993). The values used are summarised in the table below.

Enthalpy equation:
C,(T)=A+BT+C/T?+DT? [J/mol K]

T2
AH = jcpdT +AHp = A-(T,-T))+B/2.(T/ -T?)-C/(T, -T,)+ D/3- (T, -T,%)
T1

The C,(T) equations were obtained from Kubashewski et al. (1993).

Entropy equation:

.
:C T c,1 1

AS = [=2dT +AS; =A-In(z2)+B- (T, -T)) - (=5 -=5) + D/2- (T} -T})
J:T T 2 T22 T12

AG =AH —TAS

AG =-RT InK

T = temperature (K)

Cp (T) = heat capacity of component at constant pressure (J/mol K)

AH = change in enthalpy of component material when heated from T;to T, (J)
AS = change in entropy of component material when heated from T, to T, (J)

AG = Gibbs free energy change for reaction between T, to T, (J)

K= equilibrium constant
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The enthalpy and entropy equation parameters used are shown below:

[J/deg mol]
AH; [J /mol] AS. H
Component ! ! ! T[K] | T,[K .107° .108
p (3 /degmol] Tkymol] | 2[K] A | g.o® | C-107° D10
Feo.0450 -263000 60.10 - >=208 48.79 8.37 -2.8 --—-
Fe 0 27.3 - 298 800 28.18 -7.32 -2.9 -
15571 56.95 - 800 1000 -263.45 | 255.81 619.23 ---
24408 66.74 - 1000 1042 -641.91 696.34 - -
27308 69.58 --- 1042 1060 1946.25 | -1787.5 --- ---
28525 70.73 - 1060 1184 -561.95 | 334.13 | 2912.11 -
35002 76.54 0.9 1184 1665 23.99 8.36 - ---
53069 89.22 0.8 1665 1809 24.64 9.9 --- ---
72893 100.32 13.8 1809 2000 46.02 - - -
CO -110500 197.50 - >=298 28.41 4.1 -0.46 -
CO; -393500 213.7 - >=298 44.14 9.04 -8.54 -
C(graphite) 0 5.7 298 1100 0.11 38.94 -1.48
13998 26.56 - >=1100 24.43 0.44 -31.63 ---
Hz 0 130.6 --- 298 27.37 3.33 --- ---
H20 (liquid) -285800 69.9 --- >=298 75.44 --- - ---
H20 (gas) -241800 188.7 --- >=298 30 10.71 0.33 ---
CH4 -74800 186.3 - >=298 12.45 76.69 1.45 -17.99
02 0 205.1 --- >=298 29.96 4.18 -1.67 ---
The linear plots for AG®:
150000 |
y =-10.277x + 13906.787| |y = 19.815x - 19226.081
\\ R?=0.998 R?=0.999
100000 \
50000 -
* C+C02=2CO
M ® FeO+CO=CO2+Fe
N 0 A FeO+H2=H20+Fe
? - H20+C=CO+H2
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