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1.1 Blast furnace (3 Tl::LLUU)

1.2 Electric arc furnace (3 Tl::LLUU)

1.3 Heat of formation (3 Tl::LLUU)

1.4 ii.mll'7Jeh1 Molar specific heat (Cp) (3 Tl::LLUU)



3

,
4 ~

"lI'a 1'V1~ _

1.5 Burden 'VI1a Charges rftrmUCil1 Blast furnace il ~::na1Jc;i'1£J a::hu\\1

1.6 Specific capacity "J.Ja\lL~1Lj:.j1~""1.J11 (2 A::U"")
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2. 'h'l~l'\.tlm Heat of reaction "lJEh'lutjn1£.J1 m1L~1~'~"lJl1 t~l£.Jli Hess's law (6 f1:::u~~)

CaC03(s) = CaC(s) + CO2(g)

...
3. n1::1Jl'\.tm1~~~L~anmhlr'\.t~1I11mLr.Jm1r.Jn~1l1lf~:1l1"lJl~"lJtI\I~::nf'\.t (Slag) LL~::~~rhL~l

l~dj'\.t

a) Acid process

b) Basic process
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4. 1Um1eHlmL'lJ'lJL~1Lr_l1~U"1l11LL'lJ'lJL~1UtlU (Rola!;, kiln) fi'Yl1UL~t1U3J1tfU L11~13J11f1

l.Jf'lJth'l11.J LL'lJ'lJ"1ItI'IL~1 LL~::1::'lJ'lJ1.J1::n t1'lJ~h'l ') L~jtll~~n1;'1r_l~~~'1;fu LL~::ii1.J1::~'Ylfi1l1~, ~ ~

fl1'1f1111J1t1U (Heat efficiency) ~'1Llfimh'l'hu1'1 '~'1t1n'lJ1t11~t1~::Latl~~1t11J11~1thh::nEl'lJ
~ ~
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5. ';)\I~1'"1rn Retention time "1JEl\l1~~1'"L~nL~n~wnL:J'"c;l LL1J1JLlil1 Rotary kiln ,nmrEl~~Llil1
i\lU f111:IJtn1 60 L:lJlil1 Li'"~.h'"~'"rrmn\l 3 L:lJlil1 f111:IJL~irJ\I"1JElw;n 3 L:lJlil1 ~El 100'II

L:lJlil1 LLGl::f111:IJL111El1J 2 rpm (1 L:lJlil1 =3.28 y.Jlill (6 fl:::U,",")~

6. ,;)1nn11y.Jm~ ,;)\IlilEl1J~1m:IJ
t

400 500 liOO 700 lIDO llOO 1000 \l00 12a1 lJOO
T_ nu

F•.II~ Sun4onIf _ ..nocIiaoNaf ~........... IiIleIOftthe .....librium ... pr _ ... 0_ """__ (1IJdIooldo}. ,

6.1 liiEl\lm1~~lil~'""1J11(CaQ) .yj1J11tnm~ Open

fh1,"n11y.J Iii1u)

6.2 ilJm'jF-l~lil MgO 'illfmi MgC03 ilJtlill~ij Patial pressune '\IfN [H2o] 10
2

atm ~tJ~ioM'owl1f1iJ
mh~~1n'hh . ..
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7. "um1~~~lhl."lJ11,;)1n~'1uJu~11:IJU1H11r.n LL~::1U ,;)"~1U1nl. Mass and heat balance "ULlil1'II 'II;W 'II

LLlJlJ Shaft furnace (1.~~1U1nl.1~r.J"i!1U (Basis) "lJfl"m1~~~~U"lJ11 1 mole) (25 R::LL"")

,

Ir

.....

~U"11 ~nmfl

Reaction:

i1'W~'W t,rltl9l1 25°C

tI1f11ff t,rltl9l1 25°C

CH
4 t,rltl9l1 25°C

~'W'tIl1 t1t1fHllfUl9l1 100°C

UmY~t1'W t1t1fHllfUl9l1 200°C
~ 1. ... .f ..
fl~11m111'L1I'm'V'l~"

1.iLLn~iiL'nu 0.4 mole ~fl m1~~~UU"lJ11 1 mo e
'II

1i1~ Ca C °~

~ ~

U1'V1un fl::~ fl:IJ 40 12 16

Standard heat of formation (Kcal /mole)

Compound CH4 CO2 H2O CaC03 CaO
Standard heat of formation -17.88 -94.0E, -57.80 -288.4 -151.9
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Thel'fnoohemical Data

Heat of Enifopyof. TraDSfonnation
Elenldl1l formation fOrmation or fusion

"" - AND, Em .-----"--.~ L, or I.,
,COml"nl~J lccal mole-I eal dtg-1mole-1 Reaction 'C k·':\1 molt' 1

(Aj> 0 10'2
(A~( 1, 30'3 23-0
(AI" 0 frTI<'\11\ I, 4<»0 12·2
(Au' e II·n
<(I O. 1'361
[('11..1 11·89 #.5
{CO} 26-40 47-3
[CC\l 94005 .51'1
<t.'a)' 0 . 9-95

<Cad} 1'14 - 9-S:
<Col) 0 12-3
[01 0 5l·)'
(Cu 0 N8
(Cr 0 5·68
(Cr lIt., 270-0 1904
<C~' 0 7-97

.,.,,' <€U,e t, - 4l}() 2%-45-, <Ft",. 0 6·49

r.
.'~- '-~~ .~.

.i:. .j:i,,' ,

,,~~.<

'" 1,033-2 g cm-2

= 14,' 10in-2

""4-184 joule
... 4,114x 10' erg
.. (]'OO39J a.Th.u
= 41·293cc-atm
" 2·78)( 10-4 ampere-hr

= 1-60x 10-\11 JOllie
- 2),05 kelt mole-I,
'" 22'4 fitre at N.T.P.
,. 28·3 litre
.: 4S3~g
= ',609 kilometre
• 8ll ft$.,"C'-l

"" 2'303Iogl 11

4·5751og:.\

~ "c~h't ;~~~~~~PE:illlXl

1-')rt,/nc'w,,?' 19~";.
oJ '

ConJ/an/s

Avogadro's number
Bolttmann's constant
Electroniccharge
Gas constant

N .. 6-02x IOU molo- t

k 1'38 x JO"'2Jjo\lleJllg- l

e 1'«) l( I o-lP coulomb
R '" Nk 8'314joule:'deg-1 mole-l

'" 1'987cal dcg-I mole....1
Para,day's CO\\Slllnl F "" Nt "" 96,494coulomb g-eqUiy-1

... 23,066cal V<llt- I g·equir1

Gravill1UOnlll constant g ". 980·7emscc-J

Table 'of Constants and
Useful Conversion Faotors

, (I :,
A'tl'ENDIX 2.» J .,.<

I~a)orie

Conwrslon Fae/lm
1atmosphere

I toulomb
1 clectfon-v<>lt
I eleCtron-volt m()le~ule-I

",/.;;1 gf.'.m·mol~lar'Volume

,,') ~ubic fNt
.~~·~nd ,

-,' I mile
,,60m.p.i!.
'lof.!. (In)
RJt1"~t tin~

.

~,>" ' "''*:''
.. ,,1;r-U~
~,~."'~'
~,,",;,~~t~N:



102 APl'ENIHX 3 \. TUEltMOCHt:~HC,"'LUA1· ...~J ..
o Solid, () Liquid, [J GlIS. ITemperature

Heat of Entropy of Transformation compound a bx 101 ex 10-$ range, ·K

Element formation formation or fusion

i or - iJJll9l S2~' ~ L, or L( -: - (Ca>j1 1'50 7'74 2·5 713-1,123

I compound kcal moler! cal deg- I mole-I Reactioa ·C kcal mols-t (Ca) N - - 1,123-1,220

t (CaO> 11-86 1·08 -1,66 298-1,177

I
(H 2O) S-L 0 HJ6 .' <Cr> 5-84 2·36 -0,88 298-2,123

(112°) G8')! 16'75 ;z, (Cr) 9'40 - 2.123-

I [HIO] SHO 45·1 <Cr201> 28'5) 2·20 -3'74 350-1,800

(Mn) 0 H S.-S, 720 0'48 «xo HI 1'50 - 298-1,356

S,-+S)' J,IOO oss (Cu) 7-50 - - 1,356-1,600

S)'-+S, 1,136 0'43 ( CU20> 14·90 5-70 - 298-1,200

(Na> a 12'3 S....L 97-8 0·63 <Fo>......_ 4'18 5092 - 273-1.033

(NaC1> 98·6 IN <Fe>•. IlO......... 9·0 h - 1,033-1.183

(Na:O) 1<»7' 17'0 <Fe>,. 1'84 4-66 -' 1,18J.o.l,07~

(Ni) 0 7'12 S....L 1,4055 4'22 <Fe>. 10-5 - - 1,674-I,SI~

(02] 0 49·02 (Fe) 10·0 - - 1.812-1,873

(Pb) . 0 IS" S->L 327 1'105 (FeO> 11·66 2·00 -0,67 298-1.651

<PbO'J 5N 16-2 (FcC) 16·30 - - 1,651-1,800

cso a
. 298-900

i 4'5 S-L 1.420 12'1 <FcJO~>. 21'~S 48,2 -.
<Ti) 0 7'3 S.-S, 882 0·83 (FoIO.>. 48·0 - .. 900-1,800

I S,-..L 1,660 4'5 (Hz) 6-52 0·78 0·12 298-3,000

:. (n) 0 15'4 S.-S. 234 0-09- [HIOl 7·17 2'S6 0·08 298-2.500

;, S,-I. 304 1'03 <.Mn). S'16 HI - 291-993

:1 ,V) 0 7'0 S....L 1,860 4'S
;

<Mn>, 8'33 0·66 ~3-I.'H

il
. ~

L ~Zn) 0 9'9S S-L 419'5 1'14 (Mn>,. 1(}70 ' - 1,37J-I,~;J

t7nr1.'\ ()Q.~ ')(.a <'Mn). lJ·)O - - 1,410-1,'17

~
,,-~. - '6 P , .

-----_..,--p_. --,----- -- .. -~~ ---~ ,._~ .. _~. "." .. -- ..- --. (N2l 6·66 1-02 - Zon-z,)UU

. , (NH)] 7'11 6·00 -0,37 298-1,800
,.

I
(0:) 7'16 1-00 -(}40 298-3,000

Heat capacities
<Pb) HJ 2'33 - 298-600

<Ti>. S';!8 N - .!'J8-l.lS5

C, - a+ bT+cT-2, cal dClr l mole-I (Ti>. 6·91 - - 1.IS5- 1933

~ -F rrn 8'00 - - 1,933-

II

element or ~ 10 c!.),: 1o (TI>. So26 3-40 - 298-50$

compound b x Ie» C)( IO~
Temperaturc

( (11), 7·)0 - - 50S-S77
a range, OK 577-SOO. (11) NO - -

<Zn> . HS NO - 298-693

(AI; 4'~ 2-96 - 298-932 (Zn) 7·50 - - 69l-I,:OO

(AI) Hop -- - 932-1,273 (Zo) 4·97 - - 298-1,200

(.<\120») 27·33 3·0& -11·20 :!'l8-I,SOO .----

m
"Au>, 5-66 124 298-1.336
(Au) - 7'00 - - I:n6--1,600

I~ .(C) 4'10 102 -2·\0 2')3-2,300
rr'l\\ f,··,9 u,98 .. 0-11 29S-:!5<10



*Part 11 - Enthalpy I ncrements Above 29HK
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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.:
Bureau of Mines Bulletin, 605, 1963. JANAF Thermochemical Tables,
;"1;1;_68. Reproduced from Principles of ExtractiY~1'1etallurgyby
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