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Measurement of Electrical Resistivity of Molten Iron, Cobalt,
and Nickel by Improved Four-Probe Method

Yoshi fumi Kyta, Shigeru OHGUCHI, and Zen-ichiro MORITA

Synopsis:

For the precise measurement of the electrical resistivity of molten metals at high temperature, the four—
probe method has been improved by use of a newly designed cell in which the four electrodes made of the

same material as the specimen were installed.

The results of the preliminary experiment on molten tin and copper were in excellent agreement with
those of the previous studies by other investigators, and it was proved that “the improved four—probe
method” was quite suitable for the measurement of the electrical resistivity of molten metals at high

. temperature.

The electrical resistivity of molten iron, cobalt and nickel, obtained in the temperature range from melt—
ing point to about 1 660°C. (iron) and 1 620°C (cobalt and nickel), showed a linear dependency on tem—

perature as represented by the following equations.

Fe: p(p@-cm)=0.0154 t(°C)+112.3
Co: p(pf2-cm)=0.0192 t(°C)+ 91.8
Ni: p(pQ-cm)=0.0116 t(°C)+ 70.2

Probable error in the measurement was estimated to be about 4-0.2%,.

The ratio of the resistivity*of the

liquid metal (p;) to the solid metal (p;) at melting point was evaluated to be 1.06, 1.14 and 1.40 for Fe,

Co and Ni respectively.
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Fig. 1. Electrical resistivity of liquid iron

obtained in the previous works.
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Fig. 2. Schematic diagram of cell and specimen.
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C l Si Mn‘ S 1 Fe \ Ni
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Si | S | Pb| Cul| Fe| col| Al | Mg
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Fig. 5. Electrical resistivity of liquid tin.
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Fig. 7. Electrical resistivity of pure iron.
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i & 2R & im0 B b Stk 5 IEPTEORZ(L
8D BT b XN D BREFFSCIEFHMEIN TWin W
L#z bh, EEClESREZT(HROMEX D bET
KExWHoLBbh5. E£—7, HEEOEL2>E,
LRAMONICHEREED, AEBOX ST 2L 3HE
7 & 5 BT IED B3k B (6 ) ROEX D %
Bz ETREVWLD EEZILNS.

4.2 FRAERHEREVROAEMBEDLLE

AEEERD 5 b, BECET 5 BRMEEOBERIEN
o1s BT IV B WEHE & ERE & OIEBLEDLE pi/0ss B
X OVEBLARIO BB do/dt %, GERORERLH]
EfE L & iz Table 2 wiRL .

VAR Sn 33 X 0% Cu BT HIIER ARV TERDRE R &
EhDTIL—HLTVD.

¥@h Fe, Co X O Ni ofERERITE LTI, o1 B
L p1/ ps DIEEHERDFER LITIEFE L VA, dp/dt D
B EEE Ni ic oW T ReceLr 59 DfEE X {—F LT
Wb EEBRVTIE, WS O BEIEE TR
DAL IO TS, AEECRWTRD bivicin
EARED 2D X 5 /NS ILfEDS, Th OERESERED
ARDWEE EDT O &b AEE O EBREA L
ORSESIC R T 5 DO RSP T S0, BT
Al E L OGEROMEEDMERZETHET 5.

= FAREOEBREHN EOMER & LTiE, BiE% -t
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Table 2. Comparison of the results.

Speci-

men Investigator o1 oi/os| dp/dt
S Rorr and Motz | 48.0 2.10 | 0.0250

T | This work 47.42 0.02673

a Rorr and Motz | 21.1 2.04 | 0.00886

Y| This work 21.50 | 2.03 | 0.00837

PowELLYD 138.6 1.09

F ARSENTIEV et al3) 135.1 1.06 | 0.0389

€ | Ono and Yacr® 137.8 | 1.05 | 0.0434

This work 135.9 1.06 | 0.0154
REGELI et al® 102 1.05 | 0.061

Co Ono and Yac? 126.5 1.21 | 0.0384
This work 120.5 1.14 | 0.0192
REGELI et al? 85.0 1.3 | 0.013

Ni Ono and YacIi? 85.0 1.47 | 0.0280
This work 87.0 1.40 | 0.0116

p:1(p2-cm) : Resistivity of the liquid metal at melting point

01/ ps : Ratio of the resistivity of the liquid metal to the solid
metal ‘at melting point

dp/dt(p2-cm/deg) : Temperature coefficient of the resistivity of
the liquid metal

JVHLEETHNT [ SN BABXIC X 0 T2 T B D THER
ORBHEE S HIEEE L CRIETOERH D LBbiLs
T &, BIOEPUIER S OB OIRE R 1T —
TRWZLIREBZFONS. Ui LHBORA»ER
PEHOZAL0 HIZIEEC M I TWwWb 2 2 EET
5 &, BURHERE &HIERE & oI B E R OECE
BEB2HIFEREIBET VDD LEEZDNS. T
2D CHEHRE RS DR —Th okt LTh, FOFR
B—DREER 150°C < VW olEREHE A%
ELTRERKOHECHELZ L5 25 2 L 3E 2. X
S AIEBRE B X b THMTH Y, HIER
Bolzr K& 25X 57 BRI fhicid® z ok
V. LD ETFEBRE Lo ARl Sn ks Lot Cu i
BT SR VB EREE S0 TIEROBR L DD
TEL—FHL VDL E2F 28585 L, RAEDEG
FOBBEEOLN DL ZDX S RIBERKOKX X ERY
SET 5 2 LIE TR

—7> (ERDOINEIT 351 % R LOME A 2% 2
THD. MBEEBECXBHECOVWTIE 2 1 1tk
L7c & ST L DEFRIVNESCHIESZ <, HIEFERED
THICRET 53RE2245 b0 2 Bhbh, Table 2 &R
L7z/pE 5735 X8 ReGeLr 59 ke X 25 81T
DR SIREREIC» IR ORREZEATVWS LD
EEZ LN, EEEC L 5EORENLHIELIT S
% ARSENTIEV 53 D5 T3 dp/dt=0.0389 pQ.-cm/deg
Th D INEBIREEHFE 13bThrie 65°C Thirbon

IO PUEZLIE 2.6 pQ-cm 1T E . Lo 5T
WTRLAX S CHIZEOMERSEEE £1.7 pQ-cm T
H 5o DEPUEZLITFRE D EIFIC &, dp/dt Z5Y
i 4 2 RAIERES RS THh D LEbh s,
DLEDOEETLHL2R X 51T, EROBIERRICIE
L ORMBEAEPEEN TR PIEBRAL RSV OIH L
Ty AWPEORER TIIBIERRZEN £0.29% B L /hE <
BOTHEDMELAZDD L Ebh, 20 & HiRE
PREDED ARBERROLFBIVEHTE5DDTHD

EEZBND.

S DIT, AIEEEESEESEICIR &4 Y 7 B e
BRHIN TV WBELESSE L SERE O ERlA
CHLTCh B CHEATZENTELLD L Bbh
5.

5. #&

Bk S UREBSEO TR BLIRPHIE 217>
iz HBE LCiEkollE Fkckatemz, “hR X
NicPin 35" 2% % L, ¥ Fe, Co 3 X U'Ni 0F
SHEMEEE L. ZORERS2ED XL S ItiBiExh 5.

(1) FHEEEEEGES 2508 & F—ME ks
DERIRBIZE vV B WS DT, fERO BT
TEBi 3 5 BRI O VR, RAMNL L, % 7-84E
BHOKEPZE L BRINLE LRBIZEIME NS
I EORME L OT WS, '

(2) AREIEEDZYEEREGTT 5 72D f7 o7 vsRl
Sn Js X U8 Cu OBESURPIRIE O FRIT, FHRBED X<
IERDHEMB E EbDTIL—FK L, REFSHCHT
5 IAREIE O BELIPUAIEE & UCORE S X OFHE M2
ShDOTENTNWD Z LD LT,

(3) FELXOTHEHESNZBER Fe, Co 1t
Ni OBELIEHUE P BEHEC S WCRE L & bicE
FRANZEEI L, 2> 0F RS X O BIERETRIC 331 5 REE
ODHRHRZE LD TRIFTHY, LTOREZE IR
XoTHEbINSG. F@MATESTHEHEELEMEDE
KEHO pi/ps X2 ED X Sitskd b,

Fe : p(puf2-cm)=0.0154¢(°C) +112.3
p1/ps=1.06 ¢:m.p.~1664°C
Co: p(pR-cm)=0.0192¢(°C) +91.8
t : m.p.~1622°C
Ni : p(p2-cm)=0.0116 £(°C) +70.2
oi/ps=1.40 ¢ :m.p.~1615°C
TR HORIEBERIE RS B RIEED RER @k 5 &
—H LB, BIEORERE dp/dt V3757 Fe,
Co LIV NI OWTFNIZI T S ISR

il

pi/ps=1.14



B XN TR X AR, 230, = o r A OBEGHGUEE 719

Tl /NSl & o7,

(4) AEROEEEIEILET0.2% & REE SN, ik
DORPECHNTREERZE L MELLbD L EbiLs.
£ AVE TN 7 B L S e I IS &
3o T EEET B o7 AR IR & O BRI ATEIT X

STHD TEMCHIE SN b O L Bbh, SDICARE

Pt SRLESERA I L Th BT EBTE
5.
K0T, RERETICHR0, MRt
72 xFE USSR (bR RIS, RSIO8s aw

N, = VEEOMTICE L CEETZRb ) £ L
(k) 1P BLSRAT e AT SR AR BRI R B B —1& L, 1T
F RO OEMOBLZERLET.

F FAFE D —ERVIIEAN 46 AFREER X OF 51 AFEACHE
BREPEgEE, I OHONCIE 47 EERR - ALY
BAEOBYNc X v fibhi- 2 LM LA R L E
T.
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