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Measurement of Interdiffusion Coefficient in Molten High-Carbon Fe-C Alloy

Synopsis:

Yoichi Ono and Masafumi EzAxkx

The interdiffusion coefficient in molten Fe-C alloy has been determined by the capillary-reservoir
method in the temperature range from 1350 °G to 1550 °C under the concentration conditions that the
initial carbon content of capillary sample Co was between 1.7 and 3.3% and the carbon content of reser-
voir melt Cg was the graphite solubility in molten iron.

The results obtained are summarized by the following Arrhenius equation:

D=(2.5+1.7) % 10‘3cxp(—
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{a) Suspension wire

ré—( b) Argon gas outlet

(c) Water ccoled
vacuum seal

~————(d) Mullite reaction
] tube

-~—1-(e) Fumace (with
SiC spiral tube
heating element)

(t) Graphite crucible

= - containing C-sat.

- - iron melt

(g) Sample holder

(with S clumina
capillaries)

{h) Thermocouple
(connected with
PID temperat ure
controller)

1 y—(c)

—

< (i) Argon gas inlet

Fig. 1. Schematic cross section of the apparatus- for
measuring the interdiffusion coefficient in
molten Fe-C alloy by the capillary-reservoir
method.
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Table 1. Experimental data for the interdifusion

0.999 S coefficients in molten Fe-C alloys. (Diffusion
(a) <-£(-: time was 20 min for all the runs.)
0.99 7 [ :
,’74 .Y Sample iTemperature% Cs H Co | oo | Dx10t
- / No. | cCc)H ‘F(wt%)w (wt%%) (cm?) (cm?/sec)
o 0.95 ¢/1 L : ! L
© 590 - E-5 | 1350 | 4.77]3.25) 0.291 | 1.41
A sl —e— F-37 3 E-6 | 1350 1 4.77(3.23/0.360 | 1.74
et = --0-- 543 E-7 = 1350 4.77 13.2710.339 | 1.64
~ 070~ F-7 1 350 4.77 12,72 1 0.417 | 2,03
-~ F-9 | 1350 4.77 1 2.78 1 0.422 |  2.05
S 050F 10 5 F -20 1400 4.90 1 2.96 10.255 | 1.25
' 0.999F — 3 F-13 1400 4.90 { 2.75 | 0.446 | 2.18
O , F-27 | 1450 15.03 | 2,88 0.443 2.19
= (b) <—C?jy/ SE-2 1450 ' 5.03 1 2.65|0.3¢7 | 1.7
=™ 099 o S-12 1450 15.03|1.73 | 0.280 1.39
! < -5 S-13 1450 ' 5.03 11,791 0.277 1.37
- P F-28 1450 5.03 | 2.86 | 0.382 1.89
0.95 70 S-14 I 450 5.0311.79|0.278 1.37
0.90 Py S-16 1450 15.03|1.80 | 0.431 ' 2.13
L TR a5 10 |36 2es| 0| 29
— " -35 1 5.1 . .446 .
o0l 2 oo SE-8 F-37 1500 | 5.16 | 2.74 | 0.408 | 2.04
SE-3 1500 5.16 | 2.43 | 0.294 1.47
0.50 0 SE-5 1500 5.16|2.39 0.357 | 1.79
0 1 2 SE-6 1 500 5.16 | 2.56 | 0.332 1.66
Xo,{cm) F-40 1 500 5.16 | 2.53 | 0.524 2.62
’ SE-I11 1 550 5.28 1 2.50 | 0.368 1.85
(2) Examples of plots showing linearity F-42 1550 5.28 | 2.60 | 0.527 2.65
(b) Examples of plots showing deviation from linearity F -44 1 550 5.28 ] 2.75 | 0.583 2.94
Fig. 2. Concentration distribution of carbon plotted S E-7 1 550 5.28 1 2.62 | 0.432 2.18
on probability paper. SE-8 1 550 1'5.28 | 2.56 | 0.356 1.79
S E-9 1 550 15.2812.68 | 0.366 2.85
S E-I0 1550 5.28 | 2.50 | 0.506 2.55
RRICZETERLTHOMTHENI VDD ET T

Cg =carbon concentration in the reservoir, which is the solubility

EERE L AogEH, SHEORBZIRERXSMOL 10 min Fi of carbon in molten iron, Co=initial uniform concentraion of
. Al . carbon in the capillary, o¢g?=mean square of the diffusion dis-
iz 0.2~0.49, DL ZTRL, L LRIIT L A EEL tance measured on the solidified specimen,
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EOSEFZITERELEED LD, (D)DXSKigs E A
BEXLWD, L LEE»rSOThEZRIZEREL =2k ~ s -
BVbHD, EHITERELERBESKII LWL 0% s
THD7c FRRO X 5 Ik ERPT 31T 5EIhDIE 2 x
L IRERAITIIEL NS R K ER THOTD, IIE <
BEORRORCEHNABELD L2 BFLLNE. < — N
CREBIKRE DALY LTFRS7D, SELhERNGY - -
AT SRR LI LY. X TT, BHRE %754 55 5.6 60 62 64
TOWTa/hEFERIZ X > THEEHK LT (0, 0.50) %386 _+xm‘(mﬂ
5 ( 6 )ﬁ@@%}ﬁ‘*{:}{y), Fig. 2 D& 5 E@’E;ﬁ%’ Flg- Key to the plots; @ present work, @, @ Grace-Derge??,
2DFD X 3T ENRE OB LEE 2 FTRNBFD @ Heisterkamp-Lohbergs’, @ Nomura-Mori (2.535)16)
B - . ra b -y e o Fig. 3. Interdiffusion coefficient in molten Fe-C

EROELOBF -2~ RFeRMTHz 2t L. © alloys...Comparison of the present results
DI LTEYEFT—#—2BU0HEL, Fhdizon with those by various investigators,
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7.65g/cm?® THot. MEREC K ITFSEE L LT,
Lucas DillsE{E™ #{#o7:. Lucas i X5 &, &iRE
CEEOREC X HZLEAIERE TR 1~2% 7 &
DT, EHOEEREHE L. 7T F OBBEIRERE
F LTI a=8.0x10"% (AA{LEMEDH X 0 5T X
B) H{fEor. T HOBERH->T(8)RKp oKD
WIIEEE (x/x0) #x 1350°, 1400°, 1450°, 1500°,
1550°C o&iEEC £hrh 1.080, 1.083, 1.090,

IOTHEFIET L 02 o (T)RiITX2>THRDI:
yhE RSk Do {E% Table | O 6 FNICRT. '
Table 1 1278 U7 PREREREL D O RBOE HE IR T DF
Bl TFey b5 E Fig. 3 X5 sd. 50
ELOENKREL, BEOEEILE VHEKKIITTY
Teusds, E/NEIERES L B RO ARRHENIUS DT, AE
bh .

0042
l)=(2.5il.7)x10—3exp<_"§§_géi_§%l>

RT

CM2/ SEC v verrerserioninn (1)

B OFEHEAL T 3 v £ — 12 8.8(+2.3)keal/mol T
5.

TZT, S7c7-OYRREUEHC 351) B IR B DIRE 7 i

1.005, 1.009 rigo7z. zhbDEEFEST (9)RKic DV THRITLTAHX S, Fig.4, 5 1% Table 1 iR L7z
1.0
I ®1350°C
N a1400°
$e C-Co _, erf< X ) 01450°
3 0.75 ’ R Cs— Co 2 /Dt 4 i
1 ) OO
é’ ° wo
J 050 ) S
- 0
S
1
O 0.25 -+
0 ‘
0 0.5 1.0 1.5 2.0
X/ 2/bt
Fig. 4. Concentration profiles of carbon in capillary specimens at 1350°, 1400° and 1450°C.
1.0
o e1500°C
o o ol 550°
0.75
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~ o
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x [ 2/Dt

Fig. 5. Concentration profiles of carbon in capillary specimens at 1500° and 1550°C.
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ERELZDWT S O/ BT Lz /NERE o 8T
RE (C—Co)/(Ci—Co) % & MAFF @ BRITHE
/2 D LT e v LD DTHS. FORE,
D& LTEERBHT DWW sk - Table | 6 Rz
ffiofs. MpohigiI(3)RNTE5x5hsHGHEeTH
5. LLFGDENALRELTERELL ER T bR
el b, @TOERSRICOEGHBO Lo s 3T
H%. ZOZEIFHROERMERK ED T 0 v FHEL
KBt wdzttelMFED tThsh Fig.4, 5
Knd Lot oy roOERXIBEENCS D24 wT
HBH5. 2T, TNHOREL D EEBRSITREKICE W
TEGREIFRICEWE 2 ATHS. L L, LS A2B L,
1350° & 1500°C 07— & — 13 E&ic B < PERiRER
DDOTW5AA, 1450° & 1550°C, LRBEDF—

#—di3 x/2 Dt BNE W E T A TEGthS, HIE
ThEZMZESEmMERLTWS. Thbdh, THS
DEAEIEL T, EREOREOBEMNIENOES» LT
BlEND XD LR DTVS. OEESHEER S
HDOMPEH, BRPITHE5O0ERHALHITE L
HRGROD X 5 CH S TRV, X0 EREEOE WL
BREEBL7-DIT, 5B ISP ERMICRTLTY
IR S,
3.2 AROABBEE DL

#Fh Fe-C G &P OMEIRREUC B L <iiskBER X
NTCWHNARREBZMEROERE & iz Table 21 F
EDTRLA. XBEFT 2) »5 10) ¥ CIREBRIIF
ROBERCTHRRERBREHLTHS. EL£0HTc>
W, BIERE, IREMHE, BEFEC >3- Clless

Table 2. Comparison of the interdiffusivity values in Fe~C melts reported by various

investigatorsr.--.. D=Dg exp (—Q/RT).
ing D (cm?/sec) Dx 10t
Investigators i\/Ieﬁ\rslgrmg Wtbp ct TenE? érz)xture at 1550°C
echnique carbon Do em?/ sec}| @ (keal/mol)| ( om?/ sec)
Grace-Derge? Capillary- 1.63~Sat. 1410~1600 | 1.6x10-2 14.0 3.3
('58) Reservoir 2.53~Sat. 1340~1505 | 3.9x10-2 16.0 4.7
Shurygin- Dissolution Liquidus 1170~1400 | D=(2.5~4.5)%10-5
Zilbergleit® Rate of solid ~Sat.
('63) Fe
Hillert-Lange® Steady-state a. 4.3 a. 1160 D=5(+0.7) x10-5
('63)
Heisterkamp- C-R 2,55~ Sat. 1350~1500 | 8.27x10-3 12.0 3.0
Lohbergs
('66)
Lepinskikh et al.® C-R 2 1400~1500 | 1.74x10-3 9.2 1.4
('69)
Kaibichev- C-R 0.5~8at 1 400~1500 | (1.2+ 13.8 1.6
Lepinskikh? 1.7x[%C])  +0.8 (3.5%C)
('70) x 10-3
Kosaka-Saito® D-R (solid Fe) 4.15 1190~1510 | 1.76x 10-2 15.0 2.8
('72)
Savelev et al. 9 C-R 2.96 1430~1600 | 1.1x10-2 15.0 1.8
('72)
Goldberg-~Belton!® C-R(CO/CO,) | 0.0~Sat. 1 560 D=1.1xX(14+[%C1/5.3) 1.8
('74) { D-R (graphite) (£0.2) x10-¢ (3.5%C)
Nomura-Mori?e) Evaluation of 0.0~2.5 1350~1600 | 1.74x (1+ 11.3 1.8
('68) Literature 0.52% [% (2.5%C)
C])x10-3
Bester-Lange!? Evaluation of dil. 1536~1700; 5.2x10-3 11.7 2.0
('72) Literature
Present authors C-R 1.73~8at. 1350~1550 | 2.5(£1.7) 8.8 2.2
X 10-3 (£2.3) | (40.9)
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EIREHBRIC KT 5@ Fe-C F&hOMELIRERE O HIE 415

F% ArrHENIUS DRIT 3T HIEREATERR Do & ML
TAAE—~ Q THFTRLTSHS. T, AWHOTEIC
X ARRHENIUS DT LD TEE LA 15350°C wkiF
B YRR R D DfE % F D72 L.

Grace, Derce?, Heisterkamp, LOHBERG® Is X OF
LePINSKIKH, KAIBICHEV 5 879 OfFEiX w33 ca-
pillary-reservoir ¥Eic L 1, BI85 DIEIBHE LIckE
SO BIEE 7V BT CANK Fe-CHE LD
BN B R f T bt /2 b D THB. D5 bH, GRACE,
DerGE? D#BIIEHERBOEERE X DRkD-dD
TH5HP, BIEEDIESD>EHNEFE L L K&\, HEISTER-
xamp, LGHBERGY TIATHHFE & RIARICEME AR OIRE
A7 X 0 PREREUE Sk e, BIEEOE S D SIS W
5, BlEES A7 (8 [E). LepinskikH 5819 IRy
T &7 S B R O RIR O R R IRE ORI ZE LA
EAREREZFIRB L cRBENHZER X >TEL, £D
SER X BRSO R . HESoRE 0 RS
DRSNS BB X HTH B, HRENC X HIREZ(LE &
FEREHC DWW T TR L, HRECTERNETESD
PREMEITHB.

IR, TERED 1IIARL Fe-C &4 & Bk & DIERT %
—EDRE L, FEESOBRC X 5E - mRAmOY
BEE I U, £ OfS R BRSO BRI gkh DK
EoMBIC XoTEEINS & LTHN LT, B8RO
1 FE D YRR PRI KD 72

GOLDBERG, BeLTON!® [Z—3ED#ikD CO-CO, &5
Wik CO-CO,-Ar BT R X D gk~ D R 3 OWRIBLH
Ex 1560°C THEIEL, XTOFREBHPOREEDIR
BANEIC X TR LT, IBEUBORIRE Co=0.001
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BB (1.4~4.7) X 10-% cm?/sec THEHF I LT
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