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Electric Resistivity of Molten Fe-C, Fe-Si, and Fe-C-Si Alloys

Yoichi ONo, Katsuhisa HiRAYAMA, and Kazuhiro FURUKAWA

Synopsis:

:

The electric resistivity of molten Fe-C, Fe-Si, and Fe—C-Si alloys has been measured by the electrodeless,
rotating field method. The results are summarized as follows.
(1) The resistivity of pure iron shows a rise of about 5%, in the process of melting and thereafter a linear

increase with increasing temperature up to 1625°C.

(2) For molten Fe-C alloys, the concentration range of measurement has been from 0:32~4-229%,, the

temperature range being up to 1 500~1 600°C.

(a) The resistivity increases linearly with an increase of temperature. (b) The resistivity isotherm
increases fairly steeply but monotonously with rising carbon content. (¢) The temperature coefficient of
resistivity exhibits a rapid fall at a concentration between 0:32% and 0:92%, showing little change at
higher concentrations.

(3) For molten Fe-Si alloys, the measurements have been made in the temperature range up to 1 450

~1 580°C and in the whole concentration range.
(a) The resistivity of the alloys with silicon content of more than 30at%, shows a fall in the process of
melting. (b) The resistivity shows a linear dependency on temperature. But the temperature coef-
ficient of the alloys with silicon content of more than about 50at%, is negative, except that of pure silicon.
(c) The resistivity isotherm shows a large positive deviation from the so—called additivity law.

(4) The resistivities of molten Fe-C-Si alloys with concentrations of 1 or 39% carbon and 2, 5, or 10
% silicon have been measured in the temperature range up to 1 450~1 580°C with the result which is in—
dicative of the possibility of the multiplying interaction of carbon and silicon on the resistivity of molten
1ron.

(Received Feb. 7, 1974)
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Car?\z;n g/:;)tent a(pQ cm/°C) B (192-cm)
032 0-0490 631
0-92 0-0330 90'6
1-90 0-0329 95-9
2-89 0-0376 92:0
3-90 0-0367 99-1
422 0-0361 104-7

Vi
160 /
;{ o]
= )9 ,-(@’///7/
- /
i h/,/./, //O /
~~ 150 ¥
N i i
2 4
E 7 |soo°c}ﬁ
2 4 / 1 500
@ Vi
140 4] | l
@ Present work N
@ Bornemann et al. (| 600°C)
® Arsentev et al. (1 600°C)"°
1 | {

0 | 2 3 4
Carbon content (wt. %)

Fig. 5. Electric resistivity of molten Fe-C alloys
vs. carbon content,
007 T T T
@ Present work
006 @ BorNEMANN ef ai”

B @ AmsenTev et al.”

OOSJF]'
004‘- N‘;/%%i
. L N\‘(23

0 i 2 3 4q
Carbon content (wt. %)

dp/dr, (un.cm/°C)

002

Fig. 6. Temperature coefficient of electric resisti-
vity of molten Fe-C alloys vs. carbon content.

— 38 —



gt Fe-C, Fe-Si, % X ¢ Fe-C-Si £&DERIEN

2115

BAH L, FhULED RERE TEHED BLLTWE
V. o ERREFBECRT S BERKO S8 ELE
SamariN, FiLippov 5101819 33358 U T W HEMAKIZ S
% (8),—(7); @ short-range order {EDELDK
BEBBEDHE—DDEZLFTHSS. Lirl, BRCD
R LUEBEIEOHEYZEICARNE Z0X5 kg
OZE(LE HEUOF B0 BIRTIE BEto X Sic Bbh
5. SBILCERMICBRITRETHS. Lk, BN
®p X DHotE Fig. 5 iHh b X 5 KRIREDHEINIC
Lo THICHEA LT 5.

s, Fig. 6 wX b & dp/dt DFEEDOHEIREIR
EMMEL LB ONTARELLDTWAD, THIEKRE
IBEERMEL 71 B DN TRES ORIRTIRME o ORIER
B 2T\ 5 (Fig. 4 BR) 72D TH 5. T4
bbb, tORVEEOF— % - LTHEBESIK &L
DEAERDOEBEEN/NZL R EDITTHS. EHBe LD
HOOEREEIIRZBECIOTELALELR .
3.3 Fe-Si &%

Fe-Si &4 nTB&IEH S 89, 181, 25'7, 33-2,
46-9, 56-6, 70-2, 80'3 at% ODEMFIT 2>V THEIE L
jo. TOFERiCX B L, Fe-Si 54&1IMgkP Fe-C o5&
LIIEDT, WILh5 X 5 k@ o0 ORRISFBE TR
7. '

¥, Fig. 7 BRROBOEIROZEL (01— ps)/
os & Si BELOBFRERLAEDIOTHS. TIT,
oLs ps RENFHEMAMREE R X CEERERE KT
LIEHERAELTHDOT, L Thikiks X CERKIZE
I HEEF -2 - X D AMBELTRD . Hhbbhr5X
51z, SiiBE 10 at% <HVWETREROLRE, &4
& R AR OB RPN 545, £ 30 at9% Si
Bl ERROECERBERS L, Lrd X ORY

020

o>

N\

(6= F)/ 6

X

-060 - >
0 20 40 60 8 100

Silicon content (at. %)

-040

Fig. 7. Change of* electric resistivity of Fe-Si
alloys in the process of melting vs. sili-
con content. . -

#AVE Si BEAEL LSO TAEL R BHMCD
D, 80 at% Si TIHEMBORSFIET 60% Tk
XATWS.

Fig. 8 |37ARh Fe-Si & DEMROAIEH/REZTL
ADTHL. W& EIF 3~7 BoREORERCE
W ARIEEOEEEYFLT. EREEAIEEETEAT
VHEE E &b EBMCELL TS, JlET—F—IC
BAEFTEYEA L CRDREROFREEY Table 2 i
Tt CoBE, BIERBERMEKS Fe-C &t 5

210 |
566 at %Si
200 <N "3'6_9.'
190
P
180 >,b/ﬁ/‘s"l;
. “}/9/9"‘
§
q
X i70
L 257 r’o—‘ﬁ_
\;{Ms__o——o"’—‘
C)

\\“
160

Resistivity,

e | L

150 Mr"'y
gl o
803_4 89 oo
140 \\\ ]
-~
¢\ /f
¢ Pure Fe
130
1 300 1 400 1 500 I 600

Temperature (°C)

Fig. 8. Electric resistivity of molten Fe-Si alloys
vs. temperature.

Table 2. Electric resistivity of molten Fe-Si alloys
o (pR-cm) =a-t(°C) + 8.

Silicon content
a(uf2-cm/°C) B (p2-cm)

wt % at %

4-67 89 0-0112 126
10-03 18-1 00204 120
14-84 257 0:0126 149
19-97 33-2 0-0271 144
30-78 469 —0-0034 206
39-57 56-6 —0°0440 263
5422 702 —0-0745 261
6714 80°3 —0-0377 190
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Si A& OUMEE ARKS 5E L EcFhTk,
ZDThiE 50 at% Si Tk E .

Fe-Si & DIEHBIZD\WTiZ Bavm 519 |Es:
RPBESNTHED, APEORKR & EETLTL
D=L T, FFOBEOIEIHEOTL, BHX
DIRERE, BMEROMRED 50 Thicsan Sh bl
RUBET oML —HLTW5.

ST, Fe-Si F&VEBRBPICHLTC IO XL 5o
POFREEHME LD IOV, BRTIRERIC
AR EENEREE 25 LIXTERL WA, RICE
HACE X LN S L LA =R TH S

— R, EROBSIEMIELEFOIRE L T4
BRTHILSh DRI > TEE2HDT, EHRp
RERPNZIIRR TS 2 Hh 5.

m

p=ne2r ...(g)A
LT, nREHEFOREE, « 3EMEM, n 18
FOHE, ¢ XEFOER»ELT. BEFEILECES
FIZEWT, R4 A X 5BHORMMECE NSRS
HLE, HELZZT 5, XOEE OERITIEMR D
FE (/) whmTs -

AR L CHIRIC 2 B &, 4 # » DEFINE N,
HEMERIIE AT 50T, 3 LIZETFOREEICL(LS
TR, EHEREIRFOE I RESICE AT 51T
ThHod. IHIT, MIFEDREOLAICE DT, 2
EHOD 1 % o DEFNDENBSAEL LBDT, =0
BELREETFOTRECE S nET 5 &, BRI
BELLIEERTHRTTHEY. CABREBEOLE
LEEDEFEFH T, Ficd 7 Fe, Co, Ni £ Fe-C =
&R ZOMEY SIET 5.

L Z5T, Fe-S1i 4TI, HEKITIH VT FegSi,
FesSis, FeSi, FeSi; &\ onflAIRFL&ERMILEY
2oL BLER, Si BERETHLHT LI, HHEEIL
T, Fe & Si LR34 & LR FTRLBANAEF
FIOMIIER»E X, WMEOKDESIE &K CIILAEE
BBV TNV DL EDbIhE. ZTOdE Ik
D Fe-Si A4 TREUETO BRI B K
SV, TN T SR ERABEERE ST,
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& Fe-C, Fe-Si, % X ® Fe-C-5i & 0 BEAIEM 2117

WEETRELTWRMEF»EZEE LD, ZEE
T OEESPEKRT S DERBRPIBELTEI0LE LD
n5. Fig. 7 @k\T, EHROBAEIEH SiiRE
BB LR ONRTAREL Bz L, &Lt FeSi M
W BHRD & ZAHTHEEZRL (WD Z LR ERDFE
2HEH—FHT S

wic. B Fe-Si A4 0EMROREREDH SR
ETHIRDZ L2 Th, RIBROFEXFTHBTE
5. Fiebb, HRh Fe-Si 44 REGEMBIERFICKE
&, 7B Raourt R LZELLACTRTVS
z b, IEBTEA MR »BHREL ERThTwi ok
(Fig. 10) 7o X SHET LT, BRUREBIR VW THEL
HEREOERMPEFLTWT, BENLEER/EDY
LT BRTEEBTOHERI» L VAEVLD LD
ha. LT, BESEETSE, Thitkdbo>TH
EDEBEE~OEIED, EEEFOBESEAL
LIRS LT 5 b0 EEZLNE. ZDOX5TE X
i, FeSi, M4 2RO & 25 TIRERKOM
EArSEAEAE &5z & (Fig. 9) B TE5%. 3oL
3, BEOFFICE LD THERER (/) 4R
KT BHDT, EROBEREIIVWTNE, LGIEKED
FThH5. COHREWIDLD, EROBIES X BT
BERECHRFTAES ZEBEENE. E, ok
5ICHEMRBIIMEEETORE L HEHEED 2 DORFIC
KHETBHDT, TIET 7 — 2 —OFRBEE» L5
o, ol ziE Haww BEEFHETSLICEDT
FEETFOBES, BT SR RDD ZLEHBTE
i, OO LIERERSTELTHS 5.
3.4 Fe-C-Si &%

1H50WE 3wt o G & 2,5 HBHWE 10 wt%h
» Si & AERM Fe-C-51 G&OBIURMARIZE L
fo. X OEER, Fig. 11 0RT XS ICRABIEE L &
HICEEHICHERT 5. RANBETEERIC X2 TR ER
OFE%y Table 3 iRy, FHEMEE ERRETTY
+1o ThHotr ik, BCXELEROSITEBLTRL
TH5.

=7, G, Si :bRBEHKOBELIEZ BN EDTLHE
THHHH, WE C & S RREFCHEMLAZEE, Th
LDTEOEE T A SPDERIS 2 WIS RS H
L5 kB ICEBEESH S, HEHMAD Fe-C-Si &
&E#ELT, HEHEETLOIEMEN pro-c-s1 TH
5LT5. ZDE4LLFAUKRERED Fe-C G&0OH
H#EY pre-c ML Si-iBE®D Fe-Si £4&0ikHTR%
PFe-si T 5 &, BHOEMRBICRXET C, Si 0l
WMOMBIIFTHFRRKXTEEEIND oF., pte TED

Table 3. Electric. resistivity of molten Fe-C-Si
alloys o (uQ-cm) =a-¢(°C) + 8.

Composition
a(pR-cm/°C) B (pf2-cm)
wt % G | wt 9551
0-92 1-84 0-0135 123
0-94 4-90 0-0288 110
1-16 9-92 0-0308 114
3-14 1-70 00477 - 76
3-15 424 00479 84
160 o= o
(]
% %—:Aﬁ40%§>y)
S yﬂ”/y' .
= 5 _///;”ﬁ
Q 150 Fe—|°/oC—5°/oSi —
> / L
= C
= 5 o
k7 Fe-3%C-5%Si ° | e
@ / ,o’o":’ © ]
140 Fe —1%C-2%Si /
A!// /,e/ge
Fe-3%C-2%Si o

1 200 1 300 1 400
Temperature (°C)
Fig. 11. Electric resistivity of molten Fe-C-Si alloys

vs. temperature.
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0%e= PFe-C— PFe B ¢ 1)

Pg“e=PFe—Si‘-PFe ................(11)
e,

0%:% = pFe-c-si— (pret+ pFet 0Fe) o (12)
L. Thbb, FeC-Si A4&LOEFOEHRE

pre-c-si & C & Si OBMIMOFHREIT ZHER L THE
L3RR (oret pFet phe) E D25 pf® BFE XD L&,
st C & Si OZFEAER (interaction) X5 HD
LEZLNS.
(10)~(12) KX b
0855 = pFe-c-si— PFe-C— PFe-sit Pre - (13)

LD, FTT, fighk, Fe-C &, Fe-Si GBIV
Fe-C-Si &4 0RO BIZEEZ > T, 1550°C ik
GBS EERERDTIE o8 Bk®, Thz SiiRE
R LTETR TS E Fig. 12 0o X 51 sd. ZhiZED
L, p%% ofERET, C& Si ZFERCEINTS L,
BHOBESENICAN LCHEESIRE S XET 2 L8 bh
5. bokb, TOHBECHWTE, 4 oDOREMEDOR
ERMEXNDDT, pf’ OHERIILY. LDk
7k~ VOT, T THEREREHT L
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Fig. 12.

Interaction of carbon and silicon on the
electric resistivity of molten iron at 1 550

°C vs. silicon content. Interaction pg;S!

is defined by pg;® —pFe c-si— (pFe+
‘oFa-I_pFle), where pg,= PFe-c— pre and
PFe PFe-8i— PFe-

T ET . A%é%kﬂ%#ﬁ%éﬁfﬁ%%kﬁﬂ
Ui & 7o v,

4. & 5

Rl Fe-C, Fe-Si, % X% Fe-C-Si EEOBLIEH
REWEEEERGECIE Lie. TOBERELH5
ERD L SIS,

(1) MEgkOIHRIFMROIITKI 5% EAL, =5
CRLARRIE 1625°C ¥ CollEREGRBECRED LR
I E DR OCEBMICHERT 5. '

(2) 06k Fe-C 54 DIEM=TIT 0°32~4-229,C
IREEHIFA S X OBLE S 5 1 500~1 600°C if@zgﬁ
BACHEIE L. % DsR,

(a) IEPIRTBIERERECAL & & b ICESWIC
XY 5. =

(b) —EDIRETIZ, EHRRERIREOMNC &
I OTH i D Ak, Lo LESECEATS.

(¢) IEAEOREREIREIRE 0°329% & 0-929
ORI TRBICEST 525, R EOREBE IS
DZEE Lis . ‘

(3) ¥R Fe-Si A& ORMZIEAS, S | 450~
1580°C iR M T LRI >\ TlIE Lz, %
DEEE '

(a) SiiRE# 30 at% Bl ECi3, EBO&RE - &
& SR RS ORI R SRS T D,

(b) BhAPEE, SPIRIARE L & b ICEEWCE(LT
55, TOREGEE Si BB X >TES 3 WTaR

£%. FTibb, SiiRES 50 at% ¥ TLRIBEFSET
IETHSBD, #9 50 at% P bicle s L4 Si #BvCiE
BEREIaiin 5.

(c) IEIFAEE Si iBE L OBMRIIIARMED HA S
EZTFhTws.

(4) VAR Fe-C-Si 54 0IEMEI1Z 1 H5WIE 3 we
%C, 2, 5, H5,ix 10 wt% Si DHHRICOWT, Rl
A D 1450~1580°C oI EFEHIFE CEIE L. 0%
RITX DL, BHROWHBICHTS C & Si oFEr
RAREBIRSEET 5 X SicEbh 5.

bR, ARV CHERELBE 2 -2
PR FLZBHIRAKREZBEL, & S0 ERICE
NENIAMAENFETFREERICELBHOTEEL
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