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Surtace Tension of Liquid Fe-C-Si Alloys

Yasuji KAWAI, Katsumi MoORI, Makoto Kisumoto,

Synopsis:

Katsuhiko ISHIKURA, and Toshiro SHIMADA

The surface tension of liquid iron,iron—carbon, iron-silicon and iron—carbon-silicon alloys was measured
by sessile drop method. The s:urface tension and the density of pure liquid iron at 1550°C were 1735dyne/
cm and 7-05 gfcms3, respectivéi_fy. The surface tension of iron—carbon alloys decreased linearly with tem—
perature and the carbon content, and the temperature coefficient decreased with increase of carbon content.
The surface tension and the density of iron-silicon alloys decreased with increase of silicon content, but
abnormal phenomena were found at 50 at %, Si, that is, the temperature coefficients of surface tension and

density were positive,

The surface tension of iron containing carbon reached a maximum value when

some arnounts of silicon was added, although individual addition of carbon or silicon decreased the sur—

face tansion of iron.

(Received May 22, 1973)
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Fig. 1. Shape of liquid drop.
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Table 1. Surface tension and density
of iron at 1550°C.

1760 | 1698 ‘ 1747 | Aver. 1735

7 (dyne/cm)
d(g/cm3) 7-07

7-03 | 7-04 | Aver. 7-05
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Fig. 3. Surface tension of Fe-C alloys
(lime plate).

Table 2. Surface tension of Fe-C alloys.

[ C] T

1742—0-597 (t—1 550)
17250477 (t—1 550)
1:0 17020430 (t—1 550)
22 1631—0-118 (t—1 550)
3-0 1614—0-078 (t—1 550)
40 1581 —0-066 (t—1 550)

(t°C)
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Table 3. Surface tension and density of Fe-Si alloys.
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[265i] Xsi Tt (t°C) |
2 0°040 : 1684—1-18 (t—1 550)
5 0-095 i 1636—0°48 (t—1 550)
10 0-18 ! 1576 -0-20 (t—1 550)
20 0-33 { 1410-0-24 (t—1 550)
33 0-50 l 1141+0-32 (t—1 550)
50 0-665 ! 875—0-12 (t—1 550)
75 0-82 | 754—0-11 (t—1 550)

677
6°71
6°34
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4-30
3-30

dy (t°C)

—0°002 (t—1 550)
—0:001 (t—1550)
—0:001 (t—1 550)
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Fig. 7. Surface tension of liquid Fe-Si alloys.
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Fig. 8. Density of Fe-Si alloys at 1550°C.
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Fig. 9. Surface tension of Fe-C-Si alloys.
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Table 4. Surface tension and density of Fe-C-8i alloys.

Composition Tt dy _
Fe-194,C-1948Si 1726—0-208 (t—1 550) 6-88—0-0006 (t—1 550)
oy 229480 1776 -0-192 (t—1 550) 6:78—0-0005 (t—1 550y

% -594Si 16970161 (t—1 550) 6°63—0-0006 (t—1 550)

7 -109,8i1 1639—0°'047 (t—1 550) 6°'34—0-0007 (t—1 550)
Fe-32,C-19,S1 1724—0'694 (t—1 550) 6:87—-0-0040 (t—1 550)
7 -29,Si 1694—0-614 (t—1 550) 6:59—0-0013 (t—1 550)

% -59,Si 1669—0-340 (t—1 550) 6-51—0-0012 (t—1 550)
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T.
BHEmC BT ARE HEOBFEIX 3~5x10-10
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Ehb.

—7%, GueeEnHEMZD LR, ZARRVEHIETEAN
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XFe

{ 800
_—.\.
\O\x \,\
1 600 F R NE "\N\
’é \
S 1400}
2
s
. 1200
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13. Relation between surface tension and loga-
rithm of activity of solute.

Fig.

@c and Qg; were calculated from the results
of Yact and Ono23) and CHIPMAN, BasHo-
wITZ28)

ZZT Am V3 1 mol ¥ » QREFD e 5HEHHEFR (cm?
fmol), ZEAHTHB. Wie; HWREBITK B
BEOTHNE—T, FISOC X5 & iWhe,/Wrei 135
FREKTIE 0°5, LBIERIKTIZ 082, 4 & 1 #E¥ilk
TIROWEELEZEzONE. 2T, (1R bEIEX
NEEMEERIVEEF - 20 b#HEEIND Wpe &
FwT, (14) CsEahi #HKko FEENEZ,
Fig. 13 i@ XN TR L. 7k, Wree & LTIX, EHR
SLEEFNCESE Fe-C ROREOFE #TE L
AKX - BB X5 —21369 cal/ mol V. T/,
AR SOTHRBE K E LV Fe-Si iz WwWT PETRU-
SHEVSKIL, GELD'2 Y Wigogi=A+Bxg; 7 B BE{REY BT
Fe-Si 54 0ZOGERFIE L, EHIE L HEMN X
W—HFHEREBTVWBDT, Wresi=—28900+ 3 100xs; 7z 5
fHZERA L.

Table 5. Surface excess and surface concentration.

. .. Mole fraction |Surface tension
Mole fraction Activity Tig*x 10w I¥ex 1010 o
- a dy/dloga (mol /omz) (mol/em?) of i 111';1 )s(t;:face Cal]%lclll.at(el?l- )by

0017 0-016 42 1-20 1-18 0-057 1714

Fe 0:045 0-044 70 2-01 1:92 0-110 1 688
| - 0095 0-16 106 3-04 2-75 0-187 1638

G 0-125 0-29 123 356 3-06 0-231 1 604
0-162 0-53 129 3-72 3-11 0-269 1590

0-040 4-3 % 10-5 53 1:52 1-46 0-090 1 697

0-095 2°1x10-4 73 2-09 1:89 0-158 1 665

Fe 0-18 11-3x10-4 100 2-86 2:35 0-259 1609
| 0-33 1:85x10-2 202 5-79 3:88 0-463 1401

Si 0-50 0-20 375 10-74 537 0-685 1 083
0-665 0-53 570 16-33 5-47 0-860 842

0-82 0-76 730 20-90 3-76 0-970 763

* Calculated from Eq. (5}, #%  Calculated from Eq. (11)
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Fig. 14. Surface excess concentration of silicon and
carbon in ternasy Fe-C-Si alloys.
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Fe-C-S5i 3 J5FEix 2T WHALEN, et al®. X GiBes O
&I & ScHUAMANNIO DFERFTE F ka4 b4 T,
Fe-3%C-S1 R ToKE, HEOEMAFEZFE LT
W, FOFERE Fig. 14 wRT X 5T, BEEIRENH
KIdHeE, HRRABEZh, RETABREFEENS. L
L, ZOFHVETI, dr/dlnac=0 L{EELTV5D, A
ERHERCINE, 2%, 3TRELOFEMENIRE
RECEKELCWS. £ T (dr/dln ac)ternary= (dr/
dInac)pinary &IELLL, Fe-19%C-Si F#T, [%Si1>2
DOERCTEE LcER% Fig. 14 iRg. WHALEN, et
al. OFEREFICER»PA NS5, HEZO@FER,
LD /NEV. ZlE WHALEN, et al. DEIEIZFWT,
EHERNCE XETHRORENKEW DTS F
7o Fe-Si 20RDGE LT D &, KED IRINTE
BHERECTIEZOWEESERT HEMIAE LN DM
10951 T 230, 3R CRIEEORAERETHS
4.3 Fe-Si, Fe-C-Si S DENFTE

Fe-Si, Fe-C-Si &4 1550°C iz &1F 5 = VKA
Fig. 15 wiR¥. FEFROEE L LT DzHEMILEV 570
2:54g/cm® ZERA L. WX Y Fe-Si 540 VKK
MBI CEARERS DAICREE LTE D, 50 at%
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;
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Molar volume of Fe-Si and Fe-C-Si
alloys at 1550°C.

Fig. 15.

SifHE TZELDERNB L 2T W5, PG TR ik
%, BOBHETANERMETH S &, BOERS T VTR Ve
1% 50 at% Si ##Ei 7-92cm3/ molp> 5 5°55cm3/ mol
~NMET L, WicEEOIS £ AEFRE Vi it 8°6cm? mol
228 11'06cm3/ mol ~EKRKL TW5. RIERDETL Fe
-Si SE&POHEROFBEMBICIADNRED. Tivbb
40 at% Si DUTF T, HEEOFEREIE Raoult =R 5
*ELARRBBELTVWDD, 50 ate) Si fHEs LEED
WERBBIKERL, BEZRETIEROFEED Ra-
oult DEEBEIP LTI D/PEL LD, ZDXSIT
HEOHEIVEDOREE T L1x. Fe-Sipair 04
IANF—PREVWTIERTLTCED, BAAL DIRE
TrIHEATIT FeSi JpLCHYM 35 2 5 2 2 — DAL
Tl BESEARTSLI0X S BEBEEDRTFE
Bl L, EHRFSHOREBIESSEERD LD
AR X 5 KRR, EECREGRRCEESECE
hoLEZILNS.

Fe-C-5i &0 V&% Fig. 14 cfirlzz. KX
D 3TLREED T AMERII 2ITREED T VIR & BT
LTk, EEEHERCET e s Bk X ETHE
REOHEXIE—ELHEEINE. REOHMITXLD
Fe-C-Si £4&0 T VAERIRERA T3 Z L 8bh 5.

FIARFER LD 50 at% Si LUF, 3%C DLITofnk
K+ 5 1550°C TD Fe-C-Si 44D € LERFHITIELL
Bz (1)K cEbshs.

Vi =7'92xp,+8 60x5;+3"42xc === (16)
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5. #

BHEERIT X Y A8k s X OARL Fe-C, Fe-Si, Fe-C-Si
SE&EORMENZEE L. ZOFEER, #igho 1550°C
I HEREIRFE 1735 dyne/ cm, EEVX 7°05g/ cm?
THoz.

Fe-C FRTWRFBIREDH KL & bt KEIRIGERD
Lic ZOROEERS ORIV TFROMRT S
BDETHD, REIRESEHWVIZEZXZOHENEIZRDS L
7z,

Fe-Si 57 Td, HFIREOHEAI XY RKERNIBLD
L7z. 50 at% Si i CRMKN, BWEORBEREN &
HITIEL 75 5 REMSRD Sh.

Fe-C-Si RTid, KHK, HFRL DWHKOERERN %
WO SEDL bbb T, —ERFREDOSE, BEE
ETIMLTCWL EREIRNBBAEZ R LIZOLETL
7z-

e DI AW IR BIRT AR E S XA &gk
HSIPIIEROBEMIC L VT EbRIDTHE L
LEMEETAELD h—, AT DOBRITIC DV FRELT
BERIXOCTHA VAR E S LSmEARARMESE
MRIEAREE S o R0 AR EOERCFER#MOBEE
®LET.
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