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1. afinssug weldlennuenadaimesudszneuwiasndathaialiidrlelaig

1.1 Heat of formation (3 ﬂ:LLuu)

1.2 Gross calorific value 4@NA1IIIN Net calorific value 889l (3 AzULUW)

1.3 Zone refining (3 AZLUN)

1.4 Burden ¥38 Charges nilautan Blast furnace Usznavdls arlsihia (3 AzlUB)

1.5 Reduction of metal (3 azunn)

1.6 Endothermic reaction 61411 Exothermic reaction 88143 (3 Aazl)

1.7 wiaiaasmaasuniieann KJ 1u Keal (3 azunn)
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18 Gassifier anacly fzfialar Jaquamienldldtarlsine wsedune (6 azuny)

1.9 23@NWNN Free energy diagram Ua3 Calcination ULRINDLATDNY (BATII)
f1. £ Partial pressure 2841831 (H,0) 1Ny 10 atm 226189 Calcine U3 Mg(OH), 1

qmﬂn‘lﬁazha@hwh"h
2. Partial pressure 284 CO, luenmadisviila

@. Equilibrium partial pressure 283 CO;, ’Lumnmﬁugmﬁaw‘amgwfnﬁqmﬁqﬁ 1000 K

Wurinle

2. m:mumm’é@1mﬁnnﬁwffumamnu,sz’%ﬂnmuﬁsm’m?\maamn%’u (Slag) wazagviuen
1aidn Acid process LRe Basic process
wa’ﬁmsﬂﬁﬁuﬁammmeem"uaoﬁy’oaaanszmumswi”auﬁaané’aamaﬂiznau

(6 AZUL)
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3. 9AUINE Retention time maai’a@ﬂ,uLmngw‘ﬁmuﬁ WULLAN Rotary kiln 3 ndayaian

o A o [l € al 1
@itk AT 60 LUNT Lauwﬂuguzlnawa 3 LAY ANNULALNTAIAT 3 LNAT a8 100

(3
LWAT UARZAIULIINTBY 2 rpm (5 Aazunn)

4, ma%mawi"ammgﬂﬂs:naume‘lﬁvﬁﬂaﬁa Kinetic of lime making lagldwan Shrinking

core model laslii@sugunmaaislsznavais (8 AZLUW)
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5. ﬁmmuame.;uumnmﬂmmmmmwu (Rotary kiln) AfUszAnSnwmeanuan
uas Uiz AN AWINIaaueaal (Kinetic) Adann (aﬁmﬁwsam’uﬂmﬂﬂivnaulﬁmwum

Tuuduad Heat and mass transfer Uaz Kinetics 18) (12 Azllnbn)
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6. %Ga'fimUﬁdm’lNLLGmGiN?JadﬂSzU'mmiNa@Lﬂﬁﬂﬂé‘ﬁ(ﬁ’:Ele Bessemer convertor,

Basic Oxygen furnace (BOF) Lazi@1 Indirect electric arc furnace (EAF) @ F.I‘LLE‘JJ

1sznauelg (15 ATLUY)
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7. 23dw1ns Heat of reaction 1a9UfifTendalud (10 asuuw)

7.1 FeO + CO = Fe + CO,

7.2 CHy + 20, = 2H20 + CO,

8. fsasunsuazdourumiuazlaazunsuldidrlalah ladsmunsnldlanzazgiitian

\flu Reducing agent §wiungausdsmiia (MnO) a (6 AZLUUY)
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9. 9.193§ W10k Heat and mass balance 1umw§mgumaﬁfammé’oﬁﬁﬁa Stone

. 9/ = € A‘ =
preheater L& air preheater Tasldunatinumiwsainianugy

Exit gas

T

CaCO,

CH, ——» i

air ¥ Lime (C20)

9.2 usrenfidranueuvesfiinuiiin 19176 Kcalimole 23dWImh Heating or
Thermal efficiency UaJta1

DN

— .

n. 14%nu 0.5 mole dayuu13 (Cao) AHAAL 1 mole

dinw Audlu LLa:mmﬂuﬁm’f'umﬂqmﬂn“ﬁ 25 °C

=

gum'aaaﬂmmmﬁ 200 °C

2

3. Exit gas 2N NLeNT 200 °C
3. Thermo data

1. Standard Heat of formation AH; .95 (Kcal/mole)

CaCoO; - 288.4
Ca0 -151.9
CO, - 94.05

2. Atomic weight

Element H O Ca |Fe | N S C
Atomic wt | 1 16 |40 |56 |14 |32 |12

(30 AZUWW)



11

——
Fau,0, ' 80 o s W W [V Lt [y [P
- to:~ Yie® Mot Mo 10 o ‘o &
0 ¢ | 200 gy 1.-%600 800 000 1200 1400 1600 1800 2000°C paim.
K s > >4 0
sz e ¢t » i/
5] P i Pl ot 10
L] / . .
20 5 Gy = =20 1074
=5 4 e e i oy
£050; mx° 5/“ // o3 1
40 J/‘}* 2 e @ 4
wodt ) o s‘:ﬂ — 40 w0
s ool T Pl Y
@ el V B w0y
E s / " %«'&‘@— 60
3 g o {517 e
g A zmﬂ‘;;{"r/
2 i e ’}“O' ‘QZ
[ g I x‘ I/
& 80 + 80
_; L2810 ¢+ 0= 2580y ‘0‘&
Cé" €405 5 €O7 Y L] o
&
- 100 x — "/ 100 - t"'
o -
i 7‘“30/ ,// " a 3
i " I
H St - /
3 o ——fr S |5 —= 120 1o
I e
i % o o’ ] ’lﬁ - £ 107E
b4 7 -l 1 Koo S8 p:
% Cé ’{}; i 4’&4 40*0‘ / ’ mL?‘“'o ] // ﬁ;} //"<1\ <
2 ¢ = ; e ot syt 140
kS Py “
bt ] = s 105
2 K/ /5/ X *°z[ 1 o X £ > oY
g -
':3 © el / L~ P / G\yO‘Lﬁ ’\6/& (?’ ) e /
£ z 5 160
—— L e a2, g v L
é ] / L~ yoouh o:f ’ ‘(/ L 7 - iO_‘i
5 ey Y P = Vi N
. X L1 |~ £,/ 7 % /
% 180 $r,0,1 :‘/ - ] /‘;’/’,l | p 0
& oA #
% Fro0 1 " /’,é" P | i w17
@ L e / f/%f P 10 b
g 200 e S e 4 e 200 ’
4
8 L~ ’II // 'O—Q 10!
% 22 : % o gt < 220 ]
A &P . / .
» /,/Q;';ep/ e . p .
N Ny £ o r . 22
Jod T T | ] el | e s | o 0
24Q] oz 240 RS
a0y g 2 / 1 I c - 1
z8s0] ] s M vl ¢ —
10y 4 - Condenced
260 ‘,/ // L~ o s | GOgEOUE | GOSE00S o 10'2\2 o
280 // -~ Sugqested occuracies Changes of 2 K;)\
/ » // &2 T w ry sfa!e
/ ] @ & 3 kitocalaries Melling ol " L I N
280 ThO, ] © x 10 kioeolaries Bailing Pt 8 L] s0 PN
ELI] ey ® >0 kilocalories Suplimation pti  § 8 0"
$ua,0, Teonsition i r fus] ™~
300 1 ! l i 100 1078
o*K 0o*%C 200 400 600 800 13Q0 - 1200 1400 1800 1800 2000°C N o'
Temperature ™
= T 1o~ T 0734 oo ot
Poa™ "\ \ \ \ NN
. ® o? o o
8, '~ N N &£
Fia. 42. The dard {roe ies of s fon of oxides, the standard states being the pure condensed phases and gases st | atm pressure, Grids
for po; and COJCO, values are-indicated by scales round the sight margin and radiate from foci marked on the temperature axis. Where values
are 1ot known fy or where inclusion would jad o confusion the pxide iy indicated by its £ s st the appreximate value of

AG* at 0°C. (Based on dagrams by Eflingham " and Richerdson and Jecsa,



AG = ~ RT'n Pgo,tkeatimole)
8G" == RT'In Py

REACTIONS WITH AND BETWEEN SOLIDS k418

T T T T ,/1...1, I Ca

Peo, of Pyjofatm) ‘07 -~

o
{

} ] I ] i } ] i 1 | S
300 400 500 600 700 800 900 1000 1100 1200 1300

Teraperature (°K)
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Part 11 - Enthalpy Increments Above 298K"
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The sources for the data in this part are as follows: Kelley, K.K.:
Bureau of Mines Bulletin, 584, 1960. Wicks, C.E. and Block, F.E.:
ggreau of Mines Bulletin, 605, 1963. JANAF Thermochemical Tables,
:"AE.68, Reproduced from Principles of Extractive Metallurgy by
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