2962 % & @

# 61 £ (1975) 14

1

UDC 669.1-404 : 536.7 : 669.784 : 546.127

Fe-C 2 suiitk o #7058

E B B

*-EN BERY R

Thermodynamics of Liquid Iron-Carbon Solutions

Akira UEDA, Kimio FuMURA, and Toshiseda MoOR1

Synopsis:

The activity of iron in liquid iron-carbon solutions has been determined in the whole range of carbon
concentration up to its saturation at 1 550° and 1630°C by measuring the rate of effusion of iron vapor
through the orifice of alumina cells. It is found that the rate of effusion of iron through the orifice per
unit time and unit orifice area at a constant temperature is constant independent of the orifice area.

The logarithm of activity coefficient of iron expressed in atom fraction unit is proportional to the
square of atom ratio of carbon to iron at each temperature.

The activity coefficient of carbon is calculated from the value of that of iron by integrating the Gibbs—
Duhem equation. The interaction parameters of carbon in liquid iron—carbon solutions have been

expressed as a function of temperature and the concentration of carbon either in atom fraction or in
weight percentage unit in the whole range of carbon up to its saturation.

Partial molar enthalpy and entropy of mixing of carbon in iron—carbon solutions are calculated as the

function of atom fraction of carbon.

The obtained thermodynamic values are compared with those of other authors.
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Table 1. Chemical composition of pure iron. (%)

C Si Mn Cu Ni Cr
0.001
0.001 ~0.003 <0.01 | <0.005 <0.01 | «0.01]
Al O N Ti Vv
<0.003 <0.003 | 0.0010 <0.005 <0.001

Table 2. Carbon content of Fe-C mother alloys.

e | oo | e | o | e |
153 5.29 | 148 | 3.13 138 1.03
143~ 5.25 i 139 | 2.99 157 | 0.76
150 . 4.99 | 147 | 2.15 159 | 0.64
140 | 4.74 | 135 2.03 145 0.51
156 | 4.56 162 | 1.71 155 | 0.45
136 | 4.33 141 1.58 158 | 0.28
146 | 4.00 | 152 | 1.47 161 | 0.20
144 | 3.62 | 151 | 1.12 160 | 0.090
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1 Ar cylinder
2 Hg bleeder

3 Silica gel
4 ROs

5 Cunet(450°C)

6 Qil bleeder

7 Philips gauge

8 Valve

8 Oit diffusion pump
10 Hg manometer
11 Qil rotary pump
12 Reaction tube
13 Siliconit furnace
14 Pt-Rh thermo couple

15 Gas outlet

—D— 16 Mo wire
0 17 AL0, disk
18 Al;O;crucible
@!@ 15 19 Ta ring

14 20 Fe-C sample

Fig, 1. Experimental apparatus.
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Photo. 1. Alumina disks.
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Fig. 2. Melting process of sample.
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Fig. 3. Relation between rate of effusion of iron
and orifice area.
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Fig. 4. Relation between ap, and orifice area.
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Fig. 5. Activity of iron in Fe-C alloys at 1 550°
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Fig. 6. Relation between log yre and (Nc/Nre)?2.
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s S IEBMA R 5. 3 Turkpocan SOHIERIT
HoDE5 X7 HE, St OEZMWTEHELALDDOTH
5.

1630°C CToOEBHEIT Yavoskn 59D EEREESE,
Rist and CaieMan? 335 X (8 CHipMAN2® 235 2 7D
1630°C TOFEELHE LA, BDO2HOFEMEE
Pl XL —FH Lk R LEBRRIELS LB CHT
TIENE L.

54 Fe-C2RARBFHICHIIRROERFHERE
REBSUEREEORR

(26), (27) RicH VT lim Ne—=0 LFhis, EIRA

HILk TS 7 Thbb 7o Bkdbhd. Tiabb
log yo=—0.206, 75=0.62:1550°C------ (28)
log y3=—0.222, 7%=0.60: 1630°C------(29)

log ro #AEHEE OME /T o 13RERKLE LTH

T
log 73=694/T —0.587 --ooeveeivrienieeceai- (30)

E NV o ZRVT (26), (27) REFEEL, yc D
D /T ol REKOE cRbLT AR E
EDdHNB.

log yo= (5300/T +0.507) yc+ (694/7 —0.587)
e (31)

T 2 yo=nc/npe=Nc/Nre=N¢/(1—=Ng) T, nc, nre

EAMITHD.

T log rc AKkDBITWEDLEDE,C EIMEE D &
1w (23) ROGLHE 2 HEZRAHS LTHRDLN DD,
THLTHRDK e DiEE (26), (27) RN X B31RME
LREDPDTEL—F L.

fEEDTEITRE NI log re DERL LTI TN
DORICIXD>TEHE LK ro OfEx Table 4 TR L7
T LIBRER No BHE—LTaRLTHS.

AFEEED DI Suul 59 DEER T ape HRKDT,
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Table 4. Equations for log yc and comparison of the value of rg.

o Experimental
Authors log 7¢ 78 | Temp. °C method
5300 Ne . (6% 05m> (062 | 1550 | Ehusion of
Present authors <—?-+0.507> | —No +< T 0.60 1630 Fe vapor
.60 1550
Ris & Grateaant (4350/T) [1-+4-10-4(T— 1 770)] @Ne—N3) | 0-60 | 1950 C0/CO,
ST + {(1180/T) —0.87} 0.5 1630
1 550 Effusion of
S ooy & 4.30Nc—0.21 0.62 | ""1'600 | Fe vapor
900 0.56 1550 .
) —=_0.75 e
Banva & MaToBat 6.40Nc+ T 053 Cea 2
TURKDOGAN et al.® 5.0Nc—0.25 (Nc<0.045) 0.56 1 600 CH,/H,
Mori1, FujmMura et al. 2.33(2Nc—Ng) —0.181 0.66 1550 CO/CO,
1180 ) 1 550
? 400+0‘72\ e +( 0'87> 060 Calculation
CHI1PMAN20) T J 1—N¢ T
—log (1—2Ng) 0.58 1630
YAVOISKIL et al.® ‘ 6.162Nc—0.725 0.19 1635 Carrier gas
T ORIEH B ac HBVIE e EFHRE LI, X DORER 16

75 CO-CO, IREH 2 L 1Sk & & FHISHEE ac 5
W 7c RO EREERIDN0 L FF-HTLHI L
YT 5 & (15) RIFERIREOHFHAN THILT S &
ExTEIWTHABD.
5.5 Fe-C 2 TR BH(CHI2 REDBERAR (B)
FHEIRFERESOBR

(Bl REBAMCEE»LT N THHTH LM

HERRFRE»ELNS.

dlnye o (5300 0507) 1
o= e8=2.303(——+0.507 Jr ey

(32) sic X oT BRI Tr0 RFBEMETO
EEOMERTR TS & EHETLILHNTED.

1550° 3 X8 1630°C iwki¥ % & offix Fig. 10
R L. BRI O 70013 5> OFFFEHE ORIE S B
mL7z.

FERDS C OWE T €& DRFBEKIFHI DT

an 7s R I X T Wi v, AR IRE B
(eB)Ne, Ng=0 DIEDS € IV e§ R &8, & DHE
ic Ne ofme kdhic Bnd 52 L& # 2, €8
P Ne i@ X o TH#bno f 2R LTh FEHATEAD
55,

S BLIABEAEFBIREMREL & & & oty (33)

1:This study 1550°C
| 2:This study 1630°C
3 :Mori, Fujimura et al®’1550°C
14 4 :Rist & Chipman' 1550°C -
5:Rist & Chipman® 1630°C

12 "%E

8 .2 Ng
L @
=~ 4|5 | 5
*1%) i Py = P >~ E b=
W1 0 =t o 5
69 ",—>’ \_\\§ E 8
L2 akls

i
il

10 %k 3 =
8 p=or
%\2 : Shui et al 8 1550%1600iC

6

7: Banya & Matoba® 1460%1760°C
8: Turkdogan et al’1600°C
9
0

6 : Chipman 2915 50°C
10: Chipman?°216 30°C
4 B R
0 004 0.08 212 0.16 0.20 0.24
Ne A
Fig. 10. Relation between e§ and Nc.
K OBRIIKILT 5.
100
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6 2 : Chipman®™ ’ ! 600°C
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: Rist ipman' |
T~~~ | 5:Smiera 1550°1600T
w 02 g‘\ 4 8 [
2 5 [ =y =
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7+ Turkdogan et al*’ | 600C
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Fig. 11. Comparison of the relation between e§
and 9,C among authors.
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v b hE v,
5.6 Fe-C2ARRGDHNFEEHL
EERIBERITHER LT A Y — 38D 1% 5tk %55
HEDORIE Cgra.)=C (1% in Fe) i HiRE D
SENVEHRTINMNY— GE X

GE=RT In(r5-0.5585/12.0L) -rereevrrror. (35)
THHrb (30) XEARALTEET S LR EES.
A3 180—8.78T -rererereriieraninnnnns (35)
FERREOTEGRE LTS G 1 31 ®Xxo
Ne
M __
¥=3 18024 200 S
Ne B
-(269—232 >T+4ﬁkﬂ"bghk
- g

cerrrnens (37)
LB DO TRFEDIREDEH Sy e v 2 00— HY
BIUHZENTL b €— S§ BERFREKRTE

bhb.

.
M 3180424 200—C v, (38)
1—Ne

M Ne
$8=2.69—-2.32 —4.575 log Ng ------ (39)
1— N,

BERA~ DR FE DO BERRIRER G T, BMERESEKRTY
3 200 cal/mol, fRFEFAFNRE (Nc=0.2) {HET# 9200
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REEDIH, ThitEs LT CO FROFEEEI S
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log yre=(—2645/T—0.256) (Nc/1—N)2
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(3) BREOHERGEIKEHBMRE X COLIRESR
HokRTHExbLN5.
log 7¢=(5300/T +0.507) (Ng/1— N¢)
+ (694/T —0.587)
(4) REOHEVHIRER B) HEL, KA TEH
Zbh5.
€9=2.303(5 300/ +0.507) (1 —Ng) -2

5300 \  100- Mg,

Cc__

e°'< 7 70307 00— 002 M
1 Mpo—Mq

T 2.303  9%4C- Mg+ (100—9C) M
(5) BERTIKENBETOIBEORGOHT TV
vENE—KITZy be R ENREIRANTE XS
na.

H¥=3 180+ 24 200 Ne

1—Ng
§=2.69-2.32; le[ —4.575 log N¢
—i¥C

(6) ZAEBERET Carpman OITEEIC DD E DI
V.

FEMREITE S H O THEEHFTEC X 5ERKEDH
BB N T S o — IR Ix S0 T
WNERCEL#ELBE LETFET.
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