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Appendix I 
Gas retention times for samples & Product gas calculations 

 
Time multiple data for graphite and pre-reduced Sishen ore sample mixtures 

n.p. = component not present in product gas  
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1300A 1503 1359 1558 1682 1161 n.p. 3347 159 -1 0 1 -2
1300B 1498 154 1559 2271 499 n.p. 3417 159 -8 0 5 -6
1400C 897 n.p. 952 999 508 n.p. 2701 159 n.p. 0 1 -2
1400D 897 350 954 1145 315 n.p. 2821 159 -3 0 2 -4
1500E 260 355 344 332 482 n.p. 1388 159 1 1 0 1
1500F 268 337 337 360 325 n.p. 1503 159 0 0 1 0

 
 
 



 119

 
 
Time multiple data for coal-ore sample mixtures 

n.p. = component not present in product gas  
no = component concentration did not return to initial level 
* 1 = -2000 +1400 µm; 2 = -850 +425 µm; 3 = -425 +300 µm  
 
 
 
 
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, 86th Edition, 2005-2006. An 
equation fit for the data was made and this equation used to calculate the %H2O in the product 
gas. 
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1300 Coal 2 2 3 40 177 342 246 no 1045 n.a. 2179 159 1 0 no 5
1300 Coal 2 2 6 40 360 631 442 no 934 n.a. 2037 159 2 1 no 4
1300 Coal 2 2 9 40 537 789 606 595 1395 n.a. 1806 159 2 0 0 5
1300 Coal 2 2 15 40 898 1207 965 1388 1553 n.a. 2698 159 2 0 3 4
1300 Coal 2 2 12 40 720 1173 789 1244 1563 n.a. 2224 159 3 0 3 5
1400 Coal 2 2 3 40 179 514 261 293 928 n.a. 1424 159 2 1 1 5
1400 Coal 2 2 6 40 359 769 455 444 1111 n.a. 1556 159 3 1 1 5
1400 Coal 2 2 9 40 540 1020 626 595 1350 n.a. 1917 159 3 1 0 5
1400 Coal 2 2 12 40 718 1164 779 885 1117 n.a. 2226 159 3 0 1 3
1400 Coal 2 2 15 40 900 1273 977 1398 1540 n.a. 2768 159 2 0 3 4
1500 Coal 2 2 3 40 180 526 311 257 1482 n.a. 2108 159 2 1 0 8
1500 Coal 2 2 6 40 357 966 487 444 1105 n.a. 1790 159 4 1 1 5
1500 Coal 2 2 9 40 536 1061 669 648 1309 n.a. 2183 159 3 1 1 5
1500 Coal 2 2 12 40 718 1155 881 1255 1491 n.a. 2530 159 3 1 3 5
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
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dpT = water dewpoint (°C) 
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22400/gg Qn =  
=ng%  % of component g in gas 
=ag%  % of component analysed by mass spectrometer 

∑
i

ag
0

%  = sum of % of components 0 to i analysed by mass spectrometer 

=ArQ Ar flow rate into experiment [Ncm3/min.] 
=gQ  flow rate of gas g in product gas [Ncm3/min.] 
=pt  time interval [seconds] 
=gn mol gas g in product gas for time interval pt  
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Appendix II 
View factor calculations for radiation network 

 

The view factors were calculated as follows. 

From parallel disk geometry (Wong, 1977): 
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=ijF  view factor from area i to j  

=ir  radius of disk [m] 

=h  separation distance between disks [m] 

Ai = area of surface i [m2] 

Similarly the following view factors were calculated: F27, F2(3+4), F28, F(3+4)7,  F47, F48, F(3+4)8, F87. 
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Appendix III 

Surface temperature measurement for alumina sample (1300°C a) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Surface temperature measurement for alumina sample (1300°C b) 
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Surface temperature measurement for alumina sample (1400°C) 

 
Surface temperature measurement for alumina sample (1500°C) 
(Filtered data for thermocouple placed 5 mm from sample surface shown) 
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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 IV 
 

Chemical Analyses of Input Materials 
 
Ore Analyses  
 

 
Sishen Fines: 

-425 +300 
µm 

Sishen Fines: 
-850 +425 

µm 

Sishen Fines: 
-2000 +1400 

µm 

Pre-Reduced 
Sishen Fines 

Al2O3 1.35 1.64 1.35 1.81 
CaO 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 
Fe0 n.d. n.d. n.d. 0.64 
FeO n.d. n.d. n.d. 68.1 
Fe2O3 n.d. n.d. n.d. 25.0 
K2O 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 
SiO2 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. 
TiO2 0.06 0.10 0.06 0.08 
Moisture 0.02 0.01 0.02 n.d. 
 
 
XRD analysis of pre-reduced Sishen fines  

 
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-Kα radiation 
Phases identified using X’Pert Highscore plus software 

 

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

Counts

0

2000

4000

6000

8000

 Coetzee_TCFeO

 Peak List
 01-076-1849; Fe3 O4; Magnetite
 01-089-0686; Fe0.925 O; Wuestite, syn
 01-087-1165; Fe2 O3; Hematite
 01-071-1399; Fe2 Si O4; Fayalite, syn
 03-065-0466; Si O2; Quartz low, syn
 03-065-4899; Fe
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Coal, Char and Electrode Graphite Analyses 
Ultimate Analyses (Dry basis) 

% Eikeboom Coal: 
 -425 +300 µm 

Eikeboom Coal: 
 -850 +425 µm 

Eikeboom Coal: 
-2000 +1400 µm 

Eikeboom Char: 
-850 +425 µm 

Electrode 
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 
O 5.72 6.03 5.72 2.64 --- 

 
Proximate Analyses 

% Eikeboom 
Coal: 

-425 +300 µm 

Eikeboom 
Coal: 

-850 +425 µm 

Eikeboom Coal: 
-2000 +1400 µm 

Eikeboom Char:  
-850 +425 µm 

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: 

 -425 +300 µm 
Eikeboom Coal: 
 -850 +425 µm 

Eikeboom Coal: 
-2000 +1400 µm 

Eikeboom Char: 
-850 +425 µm 

Al2O3 39.37 38.72 39.37 32.75 
CaO 2.81 2.42 2.81 0.96 
Cr2O3 0.04 0.05 0.04 0.17 
Fe2O3 1.32 1.65 1.32 5.42 
K2O 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 
Na2O 0.27 0.30 0.27 0.02 
P2O5 1.25 1.17 1.25 0.14 
SiO2 49.10 50.62 49.10 55.90 
TiO2 2.11 2.13 2.11 1.86 
V2O5 0.04 0.05 0.04 0.05 
ZrO2 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 
SO3 1.26 0.81 1.26 0.55 
Total 98.77 99.68 98.77 99.89 
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Appendix V 
Mass measurements of sand samples divided in Sample Cutter-Splitter 
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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 1.42 -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 
Deviation 

0.6 0.2 0.5 0.5 0.1 0.4 1.7 0.5 1.4 2.0 0.5 1.7

95% 
Confidence 
Limit

0.4 0.1 0.3 0.3 0.1 0.2 1.0 0.3 0.9 1.2 0.3 1.0
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Appendix VI 
Calibration sample masses and analyses 
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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 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 44.519 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*
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1300A 15.6 0.2 0.2 51.5 57.2 52.6 11.6 20.5 24.0 63.8 59.1 57.9 16.2 0.3 0.2 53.6 60.3 55.5 12.06 21.61 25.34 41.6 46.8 43.1 8.4 15.1 17.7 66.3 62.2 61.1 1.01
1300B 11.4 0.1 0.1 52.5 57.7 52.7 17.6 20.9 21.6 64.5 59.5 56.2 11.6 0.1 0.1 53.6 61.0 54.1 17.98 22.08 22.19 41.6 47.3 42.1 12.6 15.4 15.5 65.9 62.9 57.7 1.00
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1500E 4.3 0.4 0.4 56.4 46.9 51.2 17.2 31.9 26.2 60.2 59.2 58.5 4.4 0.4 0.4 57.1 49.3 53.9 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 7.1 0.2 0.4 58.0 50.2 50.8 12.1 26.2 27.3 60.7 57.6 58.9 7.1 0.2 0.4 58.1 53.2 54.0 12.13 27.77 29.04 45.2 41.3 42.0 8.5 19.4 20.3 60.7 61.0 62.7 1.01
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 *Corrected for Fibreboard carry over 
 
 
 
 
 
 
 
 
 
 
 
 

Product gas analysed %C calculated vs. Analysed Mass C in and out g. Mass loss g. O to gas

S
am

pl
e 

R
ef

er
en

ce
 N

o.
 

To
ta

l g
. C

O
2 

in
 P

ro
du

ct
 G

as

To
ta

l g
. C

H
4 

in
 P

ro
du

ct
 G

as

To
ta

l g
. C

O
 in

 P
ro

du
ct

 G
as

To
ta

l g
. H

2 
in

 P
ro

du
ct

 G
as

To
ta

l g
. H

2O
 in

 P
ro

du
ct

 G
as

%
C

 o
ut

 a
na

ly
se

d 
- t

op
 (C

or
re

ct
ed

)*

%
C

ou
t

ca
lc

ul
at

ed
fro

m
in

cr
em

en
ta

l
M

as
s

&
E

ne
rg

y

B
al

an
ce

 - 
To

p

%
C

 o
ut

 a
na

ly
se

d 
- m

id
dl

e 
(C

or
re

ct
ed

)*

%
C

ou
t

ca
lc

ul
at

ed
fro

m
in

cr
em

en
ta

l
M

as
s

&
E

ne
rg

y
B

al
an

ce
 - 

M
id

dl
e

%
C

 o
ut

 a
na

ly
se

d 
- b

ot
to

m
 (C

or
re

ct
ed

)*

%
C

ou
t

ca
lc

ul
at

ed
fro

m
in

cr
em

en
ta

l
M

as
s

&
E

ne
rg

y
B

al
an

ce
 - 

B
ot

to
m

%
Fi

xe
d 

C
ar

bo
n 

in
 s

ta
rt 

m
ix

tu
re

To
ta

l g
. C

 in

g.
 C

 in
 - 

to
p

g.
 C

 in
 - 

m
id

dl
e

g.
 C

 in
 - 

bo
tto

m

To
ta

l g
. C

 re
m

ai
ni

ng
 in

 s
am

pl
e

To
ta

l g
. C

 c
on

su
m

pt
io

n 
ac

co
rd

in
g 

to
 %

C
 c

he
m

ic
al

 a
na

g.
 C

 to
 g

as
 - 

Pr
od

uc
t g

as
 a

na
ly

si
s

g.
 C

 to
 g

as
 a

cc
or

di
ng

 to
 in

cr
em

en
ta

l M
as

s 
&

 E
ne

rg
y 

B
al

an
ce

g.
 C

 to
 g

as
 a

cc
or

di
ng

 to
 c

he
m

ic
al

 A
N

A
LY

S
IS

 - 
to

p

g.
 C

 to
 g

as
 a

cc
or

di
ng

 to
 c

he
m

ic
al

 A
N

A
LY

S
IS

 - 
m

id
dl

e

g.
 C

 to
 g

as
 a

cc
or

di
ng

 to
 c

he
m

ic
al

 A
N

A
LY

S
IS

 - 
bo

tto
m

M
as

sa
 L

os
s 

ac
co

rd
in

g 
to

 P
ro

du
ct

 g
as

 [T
ot

al
 T

im
e]

M
as

s
lo

ss
ca

lc
ul

at
ed

in
in

cr
em

en
ta

l
m

as
s

&
en

er
gy

ba
la

nc
e

g.
 O

 in
 C

O
 &

 C
O

2 
Pr

od
uc

t g
as

 [T
ot

al
 T

im
e]

g.
O

Fr
om

R
ed

uc
tio

n
to

ga
s

ac
co

rd
in

g
to

in
cr

em
en

ta
l

M
as

s 
& 

En
er

gy
 B

al
an

ce
g.

O
Fr

om
R

ed
uc

tio
n

to
ga

s
ac

co
rd

in
g

to
in

cr
em

en
ta

l

M
as

s 
& 

En
er

gy
 B

al
an

ce

1300A 0.92 0.00 2.34 0.03 0.75 12.9 14.5 13.2 13.5 15.1 12.7 14.4 6.4 2.9 2.1 1.3 5.6 0.77 1.25 0.58 0.96 0.09 -0.27 4.0 2.2 2.0 0.9 0.9
1300B 0.56 0.00 1.71 0.01 0.21 12.4 12.9 12.7 13.7 18.7 15.6 14.4 6.3 2.9 2.1 1.3 5.7 0.59 0.89 0.45 0.65 0.23 -0.29 2.5 1.3 1.4 0.7 0.7
1400C 0.99 0.03 1.30 0.01 0.30 10.5 14.1 13.5 13.7 18.0 14.5 14.4 6.4 3.0 2.1 1.3 5.4 1.01 0.83 0.54 1.28 0.08 -0.35 2.6 1.8 1.5 1.0 1.0
1400D 0.63 0.00 2.96 0.01 0.14 12.2 13.4 11.1 13.5 16.2 13.7 14.4 6.3 2.9 2.1 1.3 5.0 1.24 1.44 0.83 1.05 0.43 -0.25 3.7 2.2 2.2 1.3 1.3
1500E 0.72 0.02 0.41 0.01 0.29 16.8 15.1 12.2 12.2 13.9 14.4 14.4 6.5 3.0 2.1 1.4 6.3 0.21 0.37 0.13 -0.16 0.27 0.10 1.5 0.7 0.8 0.3 0.3
1500F 0.33 0.01 0.47 0.01 0.12 14.6 21.6 14.3 12.7 13.6 7.5 14.4 6.4 3.0 2.1 1.3 6.1 0.36 0.29 0.17 1.28 0.04 -0.96 0.9 0.6 0.5 0.3 0.3
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*Corrected for Fibreboard carry over 
 
 
 
 
 
 
 
 
 
 
 
 
 

g. Al2O3 pick-up g. SiO2 pick-up %Al2O3 - Out %SiO2 - Out Corrected masses out Correced Fibreboard masses
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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 5.12 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 0.67 1.74 1.41 2.15 1.08 0.74 0.31 0.59 0.18 0.18 0.39 0.17 3.95 5.15 3.17 5.31 5.43 4.69 15.1 14.8 9.7 12.1 7.0 13.2
1500E 0.69 1.65 1.46 1.99 0.96 0.53 0.17 0.50 0.29 0.05 0.29 0.19 2.58 4.48 4.52 3.82 4.77 5.15 18.7 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
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Incremental Heat-mass balance calculation sheets for sample 1400C 
 
 
Top Node mass balance 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Top Node Mass  IN Mass in (g.)

Time (s) Top 
Node % T (°C) %Reduction %Fe(total) %Fe(met) %Fe(+2) %Fe(+3) g. Fe (total) g. Fe (met) g. FeO g. Fe2O3 g. Al2O3 g. CaO g. K2O g. MgO g. MnO g. P2O5 g. SiO2 g. TiO2 g. C g. Mullite g. H2O g. Ar Total g. in

0 46 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 12.1 0.300 5.1 35.8
240 175 28.5 68.1 0.0 58.2 9.9 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 12.1 0.150 5.1 35.5
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 12.1 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 12.1 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 2.42 12.1 0.000 2.4 31.4

Top Node Mass  OUT Mass Out: 16.0 g. Fe out: 10.9 Mass out (g.)

Time (s) T (°C) %Reduction 
Aim %Reduction %Fe(total) %Fe(met) %Fe(+2) %Fe(+3) g. Fe (total) g. Fe (met) g. FeO g. Fe2O3 g. Al2O3 g. CaO g. K2O g. MgO g. MnO g. P2O5 g. SiO2 g. TiO2 g. C g. Mullite g. H2O (g) g. Ar g. CO g. CO2 Total g. Out %CO/(%CO+%CO2)

Aim 

%CO/(%CO+%CO2)
0 25.0 25.7 25.7 68.1 0.00 52.5 15.59 10.9 0.0 10.8 3.6 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 2.92 12.1 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 12.1 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 1.9 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 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 12.1 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 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 0.038 5.1 0.13 0.08 34.9 71 71
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 2.59 12.1 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 1.9 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 2.50 12.1 0.000 5.1 0.17 0.04 34.5 86 86
840 1055 45.3 45.3 68.1 16.32 43.6 8.20 10.9 2.6 9.0 1.9 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 2.42 12.1 0.000 5.1 0.18 0.04 34.3 88 88
897 1054 46.6 46.5 68.1 17.60 42.3 8.20 10.9 2.8 8.7 1.9 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 2.38 12.1 0.000 2.4 0.08 0.02 31.4 88 88
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Top Node heat balance 
 

Top Node kJ  IN
Time (s) Fe (met) FeO Fe2O3 Al2O3 CaO K2O MgO MnO P2O5 SiO2 TiO2 C Mullite H2O 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 Fe2O3 Al2O3 CaO K2O MgO MnO P2O5 SiO2 TiO2 C Mullite H2O 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 
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Middle Node Mass  IN Mass in (g.)

Time (s) Middle 
Node % T (°C) %Reduction %Fe(total) %Fe(met) %Fe(+2) %Fe(+3) g. Fe (total) g. Fe (met) g. FeO g. Fe2O3 g. Al2O3 g. CaO g. K2O g. MgO g. MnO g. P2O5 g. SiO2 g. TiO2 g. C g. Mullite g. H2O g. Ar Total g. in

0 33 25 25.6 62.3 0.10 47.5 14.70 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
120 25 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
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 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
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 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
720 826 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 22.2
840 958 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 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. Fe out: 9.4 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. Fe2O3 g. Al2O3 g. CaO g. K2O g. MgO g. MnO g. P2O5 g. SiO2 g. TiO2 g. C g. Mullite g. H2O g. Ar g. CO g. CO2 Total g. Out

0 25.0 25.6 62.3 0.10 47.5 14.70 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
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 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
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 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  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Middle Node heat balance 
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Middle Node kJ  IN

Time (s) Fe (met) FeO Fe2O3 Al2O3 CaO K2O MgO MnO P2O5 SiO2 TiO2 C Mullite H2O 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 Fe2O3 Al2O3 CaO K2O MgO MnO P2O5 SiO2 TiO2 C Mullite H2O Ar CO CO2 Total kJ 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 2.4 -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 3.4 -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) Bottom 
Node % T (°C) %Reduction %Fe(total) %Fe(met) %Fe(+2) %Fe(+3) g. Fe (total) g. Fe (met) g. FeO g. Fe2O3 g. Al2O3 g. CaO g. K2O g. MgO g. MnO g. P2O5 g. SiO2 g. TiO2 g. C g. Mullite g. H2O 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 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
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 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
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 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
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 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  

 
Bottom Node Mass  OUT Mass Out: 9.5 g. Fe out: 5.5 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. Fe2O3 g. Al2O3 g. CaO g. K2O g. MgO g. MnO g. P2O5 g. SiO2 g. TiO2 g. C g. Mullite g. H2O g. Ar g. CO g. CO2 Total g. Out

0 25.0 24.7 58.5 0.20 42.8 15.50 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
57 56 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
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 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
340 386 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 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
522 711 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 0 0 22.4
616 822 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
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 22.4  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Bottom Node heat balance 
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Bottom Node kJ  IN

Time (s) Fe (met) FeO Fe2O3 Al2O3 CaO K2O MgO MnO P2O5 SiO2 TiO2 C Mullite H2O Ar 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 -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 Fe2O3 Al2O3 CaO K2O MgO MnO P2O5 SiO2 TiO2 C Mullite H2O 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 -0.1 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 1.7
241 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 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 -241.5 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 1.3 -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 1.5 -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 1.7 -199.3 0.0 0.0 0.0 0.0 -229.5 1.3  

 
 
 
 
 
 
 
 
 
 
 
 
 

Time (s) kJ Out - kJ In 
Top 

kJ Out - kJ In 
Middle 

kJ Out - kJ In 
Bottom

Incremental kJ

120 10 0 1 11
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 

ini
jm _ = mass of component j in node i of unreacted sample 

outi
jm _  = mass of component j in node i of reacted sample 

outi
corrjm _

_ = corrected mass of component j in node i of reacted sample 

in
totalm  = total g. unreacted sample mix in crucible 

iniY _% = mass% of component Y in node i of unreacted sample 

outiY _% = mass% of component Y in node i of reacted sample 

outi
corrY _% = corrected mass% of component Y in node i of reacted sample 

kmm = molar mass of component k 

iX  = 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 

outi
phasejn _

_ = mol of component j in 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
total

intop
total Xmm ⋅=_   

100
%

100
% _

32_
_

32_
32

intop
intop

total

outtop
outtop

total
overcarry

OAl
OAl

m
OAl

mm ⋅−⋅=−  

100
%

100
% _

2_
_

2_
2

intop
intop

total

outtop
outtop

total
overcarry

SiO
SiOmSiOmm ⋅−⋅=−  

 

 
overcarry

OAlm −
32

 = g. Al2O3 carry-over from fibreboard to reacted sample mix in top node 

overcarry
SiOm −

2
= g. SiO2 carry-over from fibreboard to reacted sample mix in top node 

in
totalm  = total g. unreacted sample mix in crucible 

overcarry
SiO

overcarry
OAl

intop
total

outtop
corrOAl mmmm −− −−=

23232

__
_
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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: 

 
overcarry

SiO
overcarry

OAl
outtop

FB
outtop
corrFB mmmm −− ++=

232

__
_  

overcarry
OAlm −

32
 = g. Al2O3 carry-over from fibreboard to reacted sample mix in top node 

overcarry
SiOm −

2
= g. SiO2 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: 

100
% _

__
outtop

outtop
total

outtop
FeO

FeOmm ⋅=  

100% _
_

_
_ ⋅= outtop

corrtotal

outtop
FeOouttop

corr m
m

FeO  

FeFeOouttop
corrtotal

outtop
FeOouttop

corr mmmm
m
m

Fe ⋅⋅=+ /100)2(% _
_

_
_  

Similarly the corrected mass% of C, Fe2O3, 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 

FeOFe

outtop
corr

intop

intop
outtop

corrtotal
intop

FeO mmmm
totalFe

totalFe
Femm ⋅⋅

+
⋅= /

100
)(%

)(
)2(% _

_

_
_

_
_  

FeOFe

outtop
corrouttop

corrtotal
outtop

FeO mmmm
Fe

mm ⋅
+

⋅= /
100

)2(% _
_

_
_  
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Calculation of CaO into top node material mix 

100
% _

___
intop

intop
total

intop
CaO

outtop
CaO

CaOmmm ⋅==  

top
in
total

intop
total Xmm ⋅=_  

 

 

Fe balance calculation to check Fe mass accounting  

100
)(%

100
"%" __

_
intotalintotal

in
total

intotal
Fe

totalFeFeOmm ⋅⋅=  

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

100
)(%

100
)(%

100
)(% _

_
_

_
_

__
outbot

corroutbot
corr

outmid
corroutmid

corr

outtop
corrouttop

corr
outtotal

Fe
totalFe

m
totalFe

m
totalFe

mm ⋅+⋅+⋅=

 

1_

_

≈outtotal
Fe

intotal
Fe

m
m

 

 

C balance 

100
%

100
% __

__
intotalintotal

intop
total

intop
C

CGraphitemm ⋅⋅=  

top
in
total

intop
total Xmm ⋅=_  

 

C
outtop

gasCO
outtop
gasCO

intop
C

outtop
C mmnnmm ⋅+−= )( _

_
_
_

__
2

 

 
intotalGraphite _% = mass% graphite in sample mix 

intotalC _%  = %C in graphite 
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O balance 

3//3//
32323232

_____
_ ⋅−−⋅+= OFe

outtop
OFeFeO

outtop
FeOOFe

intop
OFeFeO

intop
FeO

outtop
gasO mmmmmmmmmmmmn

 

100/_
_

_
_

_
_

2

r
nn
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gasCO
outtop
gasCO

outtop
gasCO =

+
 

outtop
gasO

outtop
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outtop
gasCO nnn _

_
_
_

_
_ 2

2 =⋅+  

)2/()1(_
_

_
_2

rrnn outtop
gasO

outtop
gasCO −−⋅=  

2%%
%

COCO
COr
+

=  in product gas analysis 

 

 

(b) Heat balance equations 
22/)( DTTCBTATC p +++=  [J/mol K] 

)(3/)/()(2/)( 3
1

3
212

2
1

2
2121

2

1

TTDTTCTTBTTAHdTCH T

T

T
p −⋅+−−−⋅+−⋅=∆+=∆ ∫   

The )(TC p  equations were obtained from Kubashewski et al. (1993). 

intop
j

top
j

outtop
j

top
j

top
total nHnHJ __ ⋅∆∑−⋅∆∑=∆  [J] 

bot
total

mid
total

top
totaltotal JJJJ ∆+∆+∆=∆  [J] 

tJW totaltotal ⋅∆=∆ 6000/  [kW] 

4A
W

q total
HM

∆
=  [kW/m2] 

 

)(TC p  = heat capacity of component at constant pressure 

H∆ = change in enthalpy of component material when heated from T1 to T2 

t  = total reaction time in minutes 

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

 

 

The enthalpy equation parameters used are shown below: 
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[J/deg mol] 
Component ]/[

1
molJHT∆  ][1 KT  ][2 KT  A   310⋅B  510−⋅C  610⋅D  

Fe2O3 -823400 298 950 98.28 77.82 -14.85 --- 
 -731081 950 1050 150.62 --- --- --- 
 -716019 >=1050  132.67 7.36 --- --- 
Fe3O4 -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 --- --- 
 72893 1809 2000 46.02 --- --- --- 
SiO2 -908300 298 540 46.9 31.51 -10.08 --- 
 -893971 540 2000 71.63 1.88 -39.06 --- 
 -781586 >=2000  86.19 --- --- --- 
Al2O3 -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 --- 
CO2 -393500 >=298  44.14 9.04 -8.54 --- 
C(graphite) 0 298 1100 0.11 38.94 -1.48 --- 
 13998 >=1100  24.43 0.44 -31.63 --- 
MnO -384900 298 2058 46.48 8.12 -3.68 --- 
H2 0 298  27.37 3.33 --- --- 
H2O (liquid) -285800 >=298  75.44 --- --- --- 
H2O (gas) -241800 >=298  30 10.71 0.33 --- 
TiO2 -944000 >=298  73.35 3.05 -17.03 --- 
Na2O -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 --- --- --- 
K2O -363200 >=298  95.65 -4.94 -11.05 23.68 
P2O5 -1505000 >=298  74.89 162.34 -15.61 --- 
Mullite 
(3Al2O3.2SiO2) 

-6820800 298 600 233.59 633.88 -55.86 385.77 

 -6698110 600  503.46 35.1 -230.12 -2.51 
 

)(TC p  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, 15minutes 
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Coal-Ore; 40mm layer, 1400°C, 6minutes 
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Coal-Ore; 40mm layer, 1400°C, 12minutes 
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Coal-Ore; 40mm layer, 1500°C, 3minutes 
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Coal-Ore; 40mm layer, 1500°C, 9minutes 
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Coal-Ore; 40mm layer, 1500°C, 15minutes 
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Coal-Ore; 16 mm layer, 1400°C, 6minutes 
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Coal-Ore; 16 mm layer, 1400°C, 12minutes 
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Char-Ore; 40 mm layer, 1400°C, 3minutes 
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Char-Ore; 40 mm layer, 1400°C, 9minutes 
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Char-Ore; 40 mm layer, 1400°C, 15minutes 
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-850 +425 µm Coal & -2000 +1400 µm Ore; 40 mm layer, 1400°C, 9minutes 
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-2000 +1400 µm Coal & -850 +425 µm Ore; 40 mm layer, 1400°C, 9minutes 
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-850 +425 µm Coal & -425 +300 µm Ore; 40 mm layer, 1400°C, 9minutes 
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Appendix IX 
Calculation of %Carbon consumption, %Reduction and Total mass loss 
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The %Carbon consumption is calculated similarly for the middle and bottom nodes 
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The %Reduction is calculated similarly for the middle and bottom nodes 

 

Mass loss calculated from weighed masses and firbre board carry over correction 
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CoalO _%  = %O in Ultimate analysis of coal 

overcarry
OAlm −

32
 = g. Al2O3 carry-over from fibreboard to reacted sample mix in top node 

overcarry
SiOm −

2
= g. SiO2 carry-over from fibreboard to reacted sample mix in top node 

in
totalm  = total g. unreacted sample mix in crucible 

weighed
totalm∆ = sample mass loss calculated from weighed masses and fibre board carry over correction 

ini
jm _ = mass of component j in node i of unreacted sample 

outi
jm _  = mass of component j in node i of reacted sample 

outi
corrjm _

_ = corrected mass of component j in node i of reacted sample 

in
totalm  = total g. unreacted sample mix in crucible 

iniY _% = mass% of component Y in node i of unreacted sample 

outiY _% = mass% of component Y in node i of reacted sample 

outi
corrY _% = corrected mass% of component Y in node i of reacted sample 

kmm = molar mass of component k 

iX  = 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 
Appendix X (a): Graphs of total sample mass loss calculated from weighed masses 
and fibreboard (FB) carry over ( weighed

totalm∆ ) vs. mass loss according to product gas 
analyses 
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1500°C, 40 mm, Coal-Ore
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1400°C, 40mm, Size Fraction Change
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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 

1300°C, 40 mm, Coal-Ore
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1500°C, 40 mm, Coal-Ore
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1400°C, 40 mm, Size Fraction Change
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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 

1300°C; 40 mm, Coal-Ore
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1500°C, 40 mm, Coal-Ore
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1400°C, 40 mm, Size Fraction Change
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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 µm; 2 = -850 +425 µm; 3 = -425 +300 µm; * Corrected for Fibreboard carry over) 
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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_I 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_II 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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*Corrected for Fibreboard carry over 
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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 2.9 3.4 57.3 71.9 65.7 8.9 2.3 2.6 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 1.4 0.2 0.2 26.9 3.9 3.1 41.7 69.6 69.1 20.9 3.0 2.4 29.2 48.7 48.3 51.4 51.9 50.9 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 2.1 39.2 72.4 69.0 20.7 2.9 1.6 27.4 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 1.47 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 0.4 35.5 63.9 66.1 27.1 6.1 0.3 24.8 44.7 46.2 57.0 51.2 46.9 1.00
1300_15_40 5.21 3.97 2.43 1.83 3.34 0.92 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 62.8 27.8 7.4 3.8 18.7 46.5 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 0.60 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 2.8 49.3 74.0 64.1 11.4 2.2 2.2 34.5 51.8 44.8 49.5 54.2 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 1.3 0.3 26.1 3.2 2.6 37.3 67.8 67.5 5.7 1.3 0.3 26.4 3.3 2.5 37.8 70.3 67.1 20.5 2.5 2.0 26.4 49.2 46.9 52.7 53.0 49.2 1.00
1400_9_40 3.25 2.53 1.35 1.20 2.17 1.04 0.13 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 70.1 59.5 23.2 3.8 2.7 23.6 49.1 41.6 56.8 53.2 44.6 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 32.4 7.4 3.8 25.4 67.0 67.5 15.3 0.2 0.2 32.5 7.7 3.7 25.5 69.4 66.9 25.3 6.0 2.9 17.8 48.6 46.8 58.4 54.8 49.9 0.99
1400_15_40 5.46 4.74 2.62 2.31 3.46 1.16 0.04 3.12 0.20 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 7.0 14.2 64.2 64.8 27.9 9.7 5.5 9.9 44.9 45.3 60.1 55.0 51.1 1.01

1500_3_40 2.71 1.51 1.12 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 3.3 51.6 70.0 64.8 13.1 1.8 2.5 36.1 48.9 45.3 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 2.7 26.8 69.7 68.2 24.7 3.5 2.1 18.7 48.7 47.7 57.4 52.6 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 4.3 23.0 67.2 66.9 22.6 7.8 3.4 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 1.72 0.00 4.01 0.27 1.38 37.8 0.4 0.3 28.4 17.4 8.0 6.8 53.8 64.4 39.3 0.5 0.3 29.5 18.8 8.2 7.1 58.1 65.4 22.9 14.6 6.3 5.0 40.6 45.7 67.2 55.7 52.4 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 10.5 7.6 28.3 42.1 71.5 55.9 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 0.0 54.3 0.0 0.0 16.8 0.0 0.0 38.0 0.0 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 0.0 34.3 0.0 0.0 30.3 0.0 0.0 24.0 0.0 0.0 60.1 0.0 0.0 1.00
1400_9_16 3.93 2.93 2.00 1.46 2.44 0.66 0.00 2.66 0.12 0.49 11.7 0.0 0.0 47.1 0.0 0.0 17.6 0.0 0.0 12.3 0.0 0.0 49.7 0.0 0.0 18.6 0.0 0.0 38.6 0.0 0.0 13.0 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 0.0 11.5 0.0 0.0 38.0 0.0 0.0 8.1 0.0 0.0 66.2 0.0 0.0 1.01
1400_15_16 6.22 4.13 3.31 2.16 3.80 0.88 0.00 4.68 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 41.4 0.0 0.0 8.8 0.0 0.0 32.1 0.0 0.0 6.1 0.0 0.0 70.1 0.0 0.0 1.01

Coarse ore_I 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 3.2 31.2 69.3 66.4 25.7 5.0 2.5 21.8 48.5 46.5 58.1 54.0 49.3 0.99
Coarse coal_II 3.98 3.41 1.7 1.53 2.54 0.95 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 30.3 57.5 57.9 35.2 8.4 3.7 21.2 40.2 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 25.6 7.0 3.0 18.2 46.2 47.5 58.6 53.6 50.9 1.01
Fine ore_B 6.26 5.18 3.03 2.53 3.73 0.87 0.00 4.21 0.40 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 4.5 17.2 66.1 70.5 26.1 8.2 3.5 12.0 46.2 49.3 52.5 55.1 53.2 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 71.4 74.1 0.5 0.1 0.0 15.1 1.6 0.9 57.3 75.0 74.0 11.8 1.3 0.7 40.1 52.5 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 0.47 0.04 0.43 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 52.6 73.9 74.6 15.4 0.8 0.5 36.8 51.7 52.2 54.3 52.6 53.0 1.00
1400_9_40_char 2.56 2.28 1.3 1.2 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 0.8 41.6 76.5 74.0 19.9 1.2 0.7 29.1 53.5 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 1.4 24.0 66.5 70.3 8.4 0.2 0.2 44.2 5.0 1.4 24.2 70.0 70.6 34.3 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 7.6 2.3 13.1 45.5 50.0 62.0 53.3 52.3 1.00

 
 
 



 206

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Corrected for Fibreboard carry over 
 

g. Al2O3 pick-up g. SiO2 pick-up %Al2O3 - Out %SiO2 - Out Corrected masses out Correced Fibreboard masses
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1300_3_40 0.97 2.05 1.84 2.40 1.07 0.57 0.17 0.56 0.35 -0.04 0.36 0.03 4.56 5.42 5.07 5.94 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 2.35 1.01 0.51 0.08 0.65 0.27 -0.08 0.40 -0.02 4.12 6.12 4.44 5.95 6.31 5.39 12.84 14.82 10.54 5.48 4.93 8.92
1300_9_40 0.97 2.08 1.84 2.38 1.10 0.55 0.15 0.69 0.26 -0.05 0.43 -0.05 4.72 6.16 4.65 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 1.78 2.42 1.03 0.64 0.27 0.54 0.21 0.17 0.34 -0.08 4.59 6.14 5.04 6.42 6.67 6.22 14.94 13.02 7.99 11.42 7.15 13.18
1300_15_40 0.94 1.87 1.77 2.36 0.93 0.59 0.22 0.55 0.16 0.11 0.37 -0.11 4.63 5.87 4.70 6.56 6.55 6.31 13.81 13.68 7.55 10.07 7.25 13.02

1400_3_40 0.95 1.41 1.79 2.06 0.47 0.28 0.16 0.23 0.07 0.07 0.18 -0.19 3.78 3.64 3.62 5.65 5.12 5.42 15.59 14.61 7.50 11.47 6.73 13.02
1400_6_40 0.95 1.52 1.79 2.09 0.57 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 3.95 6.30 5.94 5.63 13.59 14.30 5.54 10.97 7.55 12.34
1400_12_40 0.93 1.41 1.76 1.98 0.48 0.22 0.08 0.31 0.09 -0.03 0.20 -0.16 3.94 4.25 3.74 6.09 5.40 5.44 12.80 13.92 7.78 11.71 7.06 13.47
1400_15_40 0.93 1.77 1.76 2.23 0.83 0.47 0.19 0.51 0.13 0.04 0.35 -0.13 5.19 5.57 4.12 7.14 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 2.09 0.57 0.28 0.10 0.32 0.14 0.00 0.19 -0.12 3.49 4.39 4.11 5.30 5.43 5.70 15.52 13.96 8.39 10.21 7.05 13.42
1500_6_40 0.96 1.45 1.80 2.05 0.49 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 2.19 0.65 0.38 0.10 0.46 0.09 0.03 0.29 -0.15 4.12 5.23 3.55 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 1.75 2.47 1.11 0.71 0.30 0.63 0.19 0.13 0.44 -0.07 6.32 6.46 4.86 8.20 7.05 6.41 11.04 13.38 7.78 10.13 6.88 12.75
1500_15_40 0.93 2.07 1.75 2.45 1.14 0.70 0.30 0.61 0.23 0.11 0.40 -0.03 6.67 6.93 5.11 8.45 7.42 6.60 10.46 12.23 8.17 10.80 6.94 12.48

1400_3_16 0.36 0.39 0.68 0.72 0.03 0.03 0.23 0.00 0.00 0.40 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 0.42 0.69 0.72 0.06 0.03 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 0.68 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 0.49 0.68 0.73 0.13 0.05 0.32 0.00 0.00 0.42 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 0.52 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_I 0.97 2.05 1.84 2.06 1.07 0.22 0.17 0.64 0.27 -0.07 0.28 -0.21 4.15 5.76 7.33 5.25 5.30 6.22 14.68 15.76 6.38 5.43 4.86 9.73
Coarse coal_II 0.96 1.80 1.78 2.06 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 1.82 2.15 0.94 0.33 0.11 0.58 0.26 -0.11 0.32 -0.09 4.73 5.77 4.93 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 2.04 1.06 0.25 0.06 0.73 0.27 -0.24 0.37 -0.09 5.12 6.45 4.64 6.03 5.97 4.87 9.78 14.99 10.00 5.04 5.01 9.50

1400_3_40_char 1.03 1.92 2.16 2.18 0.89 0.02 0.09 0.59 0.21 -0.25 0.24 -0.22 3.77 5.39 4.25 4.98 5.52 4.84 15.09 16.38 10.09 5.28 4.96 9.08
1400_6_40_char 1.03 1.84 2.15 2.35 0.81 0.19 0.09 0.48 0.24 -0.14 0.24 -0.17 3.61 5.08 4.60 5.49 5.91 5.47 15.56 15.41 9.84 5.36 4.63 9.19
1400_9_40_char 1.03 1.87 2.15 2.20 0.84 0.05 0.14 0.49 0.22 -0.14 0.14 -0.20 3.99 5.16 4.43 5.52 5.28 5.15 15.34 15.40 9.80 10.12 6.44 14.35
1400_12_40_char 1.01 1.93 2.12 2.40 0.92 0.28 0.17 0.52 0.23 -0.04 0.25 -0.19 3.97 5.57 5.28 5.89 6.20 6.09 15.84 14.60 8.34 6.18 4.67 9.32
1400_15_40_char 1.02 1.83 2.14 2.33 0.81 0.19 0.15 0.44 0.21 -0.07 0.18 -0.18 4.14 5.27 4.58 6.04 6.02 5.64 15.04 14.12 9.34 5.83 4.50 9.02

 
 
 



 207

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Corrected for Fibreboard carry over 

%Reduction %Carbon out Mass Carbon In %Carbon consumption
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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 12.6 16.0 19.4 13.5 16.3 16.8 15.4 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 14.5 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 2.1 18.7 12.3 16.8 19.0 12.6 16.5 16.4 15.4 18.7 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 2.43 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 2.4 16.7 14.1 15.0 16.8 14.6 14.9 15.7 15.4 18.7 7.28 3.35 2.40 1.53 2.74 1.97 1.25 35.9 15.3 24.2 26.6
1400_15_40 52.6 6.5 4.1 15.5 13.1 15.3 15.8 13.9 15.3 15.1 15.4 18.7 7.17 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 2.5 16.0 14.0 17.5 16.1 14.5 17.6 15.9 15.4 18.7 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 3.0 2.2 16.0 13.9 15.1 15.9 14.5 15.0 15.3 15.4 18.7 7.47 3.44 2.47 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 22.1 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 17.9 7.3 6.1 14.7 14.6 6.3 15.9 15.0 11.3 15.4 18.7 7.15 3.29 2.36 1.50 2.69 1.93 1.23 80.0 17.5 18.5 46.4

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 24.1
1400_6_16 26.5 0.0 0.0 14.6 0.0 0.0 15.4 0.0 0.0 7.1 15.4 18.7 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 0.0 0.0 11.1 0.0 0.0 12.0 0.0 0.0 5.5 15.4 18.8 2.79 2.79 0.00 0.00 1.05 0.75 0.48 55.4 0.0 0.0 55.4

Coarse ore_I 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_II 25.1 6.8 4.5 11.8 18.7 18.2 11.9 19.8 18.1 15.8 15.3 18.8 7.25 3.33 2.39 1.52 2.72 1.95 1.24 41.1 -9.5 32.4 22.6
Fine coal_A 39.8 5.0 2.7 13.8 14.8 15.3 13.8 15.7 15.6 14.8 15.3 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 0.5 15.8 14.2 14.1 15.6 14.9 14.1 15.1 15.7 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 3.11 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 1.1 12.5 15.7 15.1 12.6 16.5 15.2 14.4 15.7 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 11.1 15.9 14.8 11.2 16.6 14.9 13.7 15.8 16.0 6.74 3.10 2.23 1.42 3.05 2.19 1.39 45.9 -5.3 2.0 19.8
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Mass Carbon remaining Mass loss Mass oxygen Energy Input
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1300_3_40 7.07 6.82 0.25 4 1.98 1.6 0.4 26 9.42 8.21 1.21 0.09 7 -120 21
1300_6_40 6.92 6.30 0.62 10 2.43 2.2 0.2 10 9.34 7.87 1.47 0.15 10 -127 46
1300_9_40 6.95 6.11 0.84 14 2.68 2.5 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 8.99 7.08 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 9.11 7.65 1.45 -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 8.45 6.48 1.97 0.20 10 -178 96
1400_12_40 6.14 5.34 0.80 15 4.05 4.5 -0.5 -11 9.02 6.68 2.34 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 4.15 3.8 0.4 9 9.26 6.99 2.26 0.43 19 -250 89
1500_9_40 5.79 5.21 0.58 11 5.94 4.9 1.0 20 9.35 6.68 2.67 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 7.5 1.9 26 8.86 4.90 3.95 1.80 45 -208 186

1400_3_16 2.45 2.13 0.33 15 1.73 1.3 0.4 35 3.47 2.77 0.70 0.55 78 -165 29
1400_6_16 1.91 1.87 0.03 2 2.95 2.2 0.7 33 3.47 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 3.44 1.57 1.87 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_I 6.45 5.57 0.88 16 4.81 4.0 0.8 19 9.57 7.29 2.29 0.93 41 -152 82
Coarse coal_II 6.23 5.61 0.62 11 3.98 3.4 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 4.3 1.6 38 9.23 6.98 2.25 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 9.94 8.58 1.36 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 
 
 

 
 
 
 

 

Mass% In Sample Mix Out Fibreboard Thermocouples Totals Out Mass In
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*Corrected for Fibreboard carry over 

 
 

g. Al2O3 pick-up g. SiO2 pick-up %Al2O3 - Out %SiO2 - Out Corrected masses out Correced Fibreboard masses
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*Corrected for Fibreboard carry over 
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Appendix XII: Calculation of equilibrium %CO in CO-CO2 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: 

22/)( DTTCBTATC p +++=  [J/mol K] 

)(3/)/()(2/)( 3
1

3
212

2
1

2
2121

2

1

TTDTTCTTBTTAHdTCH T

T

T
p −⋅+−−−⋅+−⋅=∆+=∆ ∫   

The )(TC p  equations were obtained from Kubashewski et al. (1993). 

 

Entropy equation: 
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)()ln( 2
1

2
22

1
2

2
12

1

2
1

2

1

TTD
TT

CTTB
T
T

ASdT
T

C
S T

T

T

p −⋅+−−−⋅+⋅=∆+=∆ ∫  

STHG ∆−∆=∆  

KRTG ln−=∆  

 

 

 
T = temperature (K) 

)(TC p  = heat capacity of component at constant pressure (J/mol K) 

H∆ = change in enthalpy of component material when heated from T1 to T2 (J) 

S∆ = change in entropy of component material when heated from T1 to T2 (J) 

G∆ = Gibbs free energy change for reaction between T1 to T2 (J) 

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

[J/deg mol] 

Component 
]/[

1
molJHT∆

 

 
1TS∆  

]deg/[ molJ
 

Ht 
[kJ/mol] ][1 KT  ][2 KT  A   310⋅B  

510−⋅C
 

610⋅D
 

Fe0.945O -263000 60.10 --- >=298  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 --- 
CO2 -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 --- 
H2 0 130.6 --- 298  27.37 3.33 --- --- 
H2O (liquid) -285800 69.9 --- >=298  75.44 --- --- --- 
H2O (gas) -241800 188.7 --- >=298  30 10.71 0.33 --- 
CH4 -74800 186.3 --- >=298  12.45 76.69 1.45 -17.99 
O2 0 205.1 --- >=298  29.96 4.18 -1.67 --- 
 
 
 
The linear plots for οG∆ : 
 

 

y = -175.003x + 171340.954
R2 = 1.000

y = 19.815x - 19226.081
R2 = 0.999
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y = -142.926x + 135283.859
R2 = 1.000
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y = -108.094x + 88074.887
R2 = 1.000

y = -251.020x + 223358.746
R2 = 1.000

y = -282.654x + 258829.895
R2 = 1.000
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R2 = 0.997

y = -142.926x + 135283.859
R2 = 1.000
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