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The Sohibility of Graphite in Nickel and Cbbalt

and Effects of Alloying Elements.

Synopsis:

Yasushi KonMa and Kokichi SANo

(1) The solubility of graphite in pure cobalt and nickel was determined at various tem-

peratures.
a) Nickel log Nc=—875/T—0"521
b) Cobalt log N¢=—1050/T —0°"265

Temperature dependence of graphite solubility in nickel and cobalt was as follows:

(2) The solubility of graphite in nickel-cobalt solutions was also determind at 1400°C.
From these data, excess partial molar free energy was calculated to be about —300 cal/gram
atom, and it showed that the solution of this alloy was not an ideal.

(3) Effects of alloying elements such as Si, Mn, Cr, V and Mo on the solubility of

graphite in liquid Ni and Co were investigated at

1400°C. - The interaction parameter of

Wagner e £=— (9 In Né‘/ d@ Nx) was calculated and found comparable with that of liquid iron.

(4) With the systems Ni-Cr-Mn-C and Co-Cr-Mn-C the solubilities of graphite were
determind at 1400°C. The experimental results were in good agreement with calculations

from the ternary systems in dilute solution.

I. #&

)

HEfl Ni, Co mMOREMMBHES L LTk L
ETEITEOHEC OV, (ERSEVMEIhT

VR, EERH O BT BRI AR f L O e Tk JIET
FITLEDEEL OV, HLOMEMSEREINTEDY
R b, BATEEAOIC & Bk 5 B AT R S H T
W, BRIAMIRTIC R 53 TR O I LIFT REMINE
MEOCHEIEISTRORFESCHE LD L, =X
A, RELHBFERLTLER, EBRIVC %L OWEDD
BRERINI. E7, WacNer® OEEERGHRHOER
DS TTRIER~DREIC X 0 HMx S TRIGH b A7

D Z OWESPIEICE DT E TV 5. FEROFE IR

TREZVWAWAERIB, FTOREBFGIREIC S XIET
HEEMRLTERLD, EMERBEYEX LT EICX
b, ¥OX 57 Wasner OMEEHEGKCED
NEPEBRE L. RAREK,LLFE 2 5L Fe, Co, Nj
D 3FEHEI, BIVEEFSAP BEEEL, 3d B
KEWTENTN 6, 7, 8 LELDTW S OBRTHD
T LI D T{EEMBER I SETVv5. Tht 35
FORFBCTTLEFHCRITFORELEE2HMEL T
WET BT Ed ¥, BRRNCERENCZLTHS.

9

AWFRITEH VT Ni,Co DV AWADEEI KT S
BEEHAREE, Ni-Co &4 VENRD 1400°C VT B R FER
FVEHEE, Si, Mn, Cr, V, Mo 0fEmic X % Ni,Co
T O 1 SR B FVA AREE O 8 35 X CMELVE RS ¢ &=
—(dInNE/ 3 Nx) @ 3 EBEWEDILEE, 4 TIHEWITI T
% RFRBAFNARFBLIIENE & 3 JTIBE O IR R AL IRIE(E
B DFFEAE & DR e
B & &
KRB Fig. | OCLLTHD. T BILHE
RO THKL, Boh—E{LRBL IR 40%%
MehHY, FHYECaHo—Ib, BEEE VATV E
NEREENE Uy BOSIPPIRCELAL 72,

Hilf S e —E{LRFEANE 14mm OREETFEN
WAL, *&HE 10mm EH2»B X ZVIGIRERTE
CRE DT 7. EBRICER LR LVY RIXEHE7 v
PFRELY R LD THBPN TS, BEEAVY KD
SEiE, 28mm CTEHE A 40mm CTEFE 18mm FX

==
=

II1.

* PF3SES AR MBEKICTHRE
OAEBRRFIER
R BEHBARFEIFER HE



898 % & @A

8 47 fE (1961) 1B

—

Opt. pyrometer

—

e

Gas ovtlet

Induction

o
-]
o
o
e coil
o

009 00 o

Crucible

Fig. 1. Appratus.

3emm HBXUERE 4mm FEX 34mm D2 I DRNH
FCHD. PIEI # #V 40~50g & ANEML, 8%
DEZBEINIOEERFT T—BLERBUALGHEED L
MWD 2T ONEHAT) XaedB LT, RELH
El7. Fig.l ®=Fav A, Bet#kxsr itk
DA AFEERTEVTD, GFNEZEE 10 mmHg
KT 5T EMTES. )

II1. 8 8 A &
FEBRICHAWEHEBOMERI>EDL LIV TH 5.

Co; 99'99%, Ni; (Ni-+Co),99+99%, Si; 99-9%,
Cr; 99°99%, Mn; 99'99%, V; 99°5%, Mo; 99°9%
RGP PE 36mm O—SH COREETH 5.
FEE7 VR F TRES BBV Y FEFIEDOEELX A
M, FRICEy b3 5. BB HECRE X7 —al
JRF%49 300cms/mn T 30 HRWFRETLICESL,
7RVA OEEFEFEIRFCBEEL, BRERE 2 #hrei:.
AP ERE—BR{LKFEDOHREEZ 0cm®/mn ITTF
JC, WIFPRICEAL, 2 ER FTE O IR TR L
7z, ABHRRER C SO E%Z 300cmd/mn i Bhn
L, WEE 3mm ORIEE TR ET, T KkpTas
L7c. BB A kFLEA TR & 35~65 % v v a DRSOk
EoboR, MERBECIDT, RESHEREHWL
7z.

IV. BEMIECDNT

Co-C, Ni-C 0oxhZh ot ABEIX 1309°C D,
1318°C® ThH 5. MEMOEMELHEGTREL, 1
Fhx 2 VEHIS dmm L HFORRIABT 5L Sic L7
BEOIRTBRE L x 2 VEAZ GRS THE LGS
DERGIT DEFIL, HEEITH VT 5~8°C DER MR
Do,

LDOEBRDFED X 5T, » 2 VENKEHIT IV -

BRRCBWT, FRFRO REORS XSV Hars

HhS0p Alkalic- KOY  H,508
prrogaltel .

WTL, A ZVORNEROLARE & D EEEWT
CERBEHRLTWS. IRARAIVEERZERT
L7358 2 # VERO LT DIRE AR L EH
HOBEDEBIC X DT, 57 74 hOFHE
FHB2/EVELTD, TR IDTERO—E
OREEER YT, KRG ORBERELZBRL LD S
FRRELSD. L oTER» 2 VREEOXER
FHC X HIRERE OBFRES, FEREL LS.
AEBRITHNTE, LB TERBLY DR
—HEBHIGEV — 2 BV HRESTIC X D THIIE
ShIEEREHC LD TREXARE L. ZOHRE0F
HiER X OWEENL, +3°C TREERSE»OR.

V. REIMILEREC DT

REQV Y Kip DIERL » 4 VRO RFE OIBFHEREV,
VB RR ORI & BRIRBE & OBAfRE I ~RIE L. 1/2

Bl & 8 Biff oM D RFEIME O SIRERIE, 1 ’eilic
BWCTCRBIMICGELTCWAHZ LEFE LK. Lisho

T 2Rl AERIC W CRFAEDIREZRIFL, LK
FREVHBMBEFEZRTHOL L 2EE, B
BANRER TTREE, TiobbiBiafmoIkED Kk E Lk
D B RERHTH LEATNTE T 5 % TR 354 B R,
Ni  Co DIFMDEED, WmMTEZ MBS
Ed, 105HCTEHTHDOR. T EILBEBTIC
&b 755 B b KR~ O BLE el 23 @ o
T, FIEOCEET 30 SRR OIRE D HRE
FEHEIBONSZ L ERLTWA.
ERPF—EOREXRRLEAL, 5, LDEE
TS E0b, BEY T GE 0 R R BFNAHRE
EERTERE £0°01%(ER) DN T—H L.

VI Jﬁ?‘a‘!ﬁ#ﬁ(:ocxf

REOSHIL, LRDZ & {BREBERBETHH L.
Co X Ni ORRILMOBEHNE W OT PRFZ FHL
7o, BRFIE L TiE PbyOs AV, 500°C TEERSM
T T, VEERAZEEL, REVSE DR ENT 2T
EBTHLDTHOBFA L.

ARETCRR L AR OREE 2 22 &, LE, $E,
TEhE NG Lic. BREPIHELAET T 774 b
PHABHRRD SWIKIBA L IRBEO S EZ TEECT S
BABHOHHTHD.

S ERRAREZOEITE E 2L REL»27k. i
BEICBRR<OML o BRD HITE, EHEE £
001 % AR CRI—ERBHL 2V T—F L 7=,

— 10 —



= o VIS A OV MCHERT B REBHIERE I X UE 3 BHROBE © 899

ViI. £ 8 & B

-080 - TR 2RO
o W, -TERLE

085 N - . Ni kX Co
S @\(Cbba!f soluto ) VSR O B
:§ -090 " \G : %Hﬁ%’ﬁ@?&“‘ &l {JIBIL
s A 38 @sam
% N\ | @ st wrk |- T fﬁﬁa%n
- % ’ \ x Turkdognet al|  JEEED £ VL
3100 ™ \v\ | o
\[\G \/.;/V/o('e Solution B

s - T oBGRE
. | mELEbo
'”050 55 40 %5 -y ThH. Lo
Vradt? K7 > B> 3 8

Fig. 2. Solubility of graphite in Ni Fnys#zpE Dif

‘ and Co solutions. B TRV,

DEORBATRIND.
Ni; log N¢=—875/T —0°521
Co; log Ne¢=-—1050/T —0*265
ZZTT: {ERE, Nco RERMRE O s v5HR
#FEbT. MPERLED E L XHIE TurkDoGAND &
DF=EPLDOLDTHY, Co BHITHE W TIEE < —
HL TP NI BBOBERIFF TR 2T 5. &
E Ni C&ENn5METED 5 350 S Lok
' C B, RFEDOUE
a9 | 5 MECgEz
BIXE§LE
//“ Abh5ITHE
A’ VLo,
, o . BRI
0% /J D¥ERETC & 75
' | v Ni i
e V — DRE DR
)/ EEVRE S 1
100 : A+ sicoh
“ Th ¥ »ic
LECOED,
e 5TFrFh
1051~ : 5. 1600°C
[/ 025 250 275 00
o= Noy /Hey + W) AT LD
EEETET
EoED LT

Saturation

/og Ne at gmphi!e

Fig. 3. Solubility of graphite in.
Ni-Co solutions at 1400°C.

{5, ZhRZOBHEPRELREEDTHERVLT
BLAAND, REERSEETH O L, BEBT
eEbHieDT, REOHEIPERRICTbh b &5
HEZT, RBHREOBEELEZONS.

Ni-Co-C FZlizoWC, Ni-Co &4&iELeRiciE>T
1400°C .IT 3513 B BRIEMER Pig. 3 R L7
BRELAe&THRE L OBRRNERD K.

JogN¢c=0"206a2—0"015a¢ —1°033 0= a@ =<0°5
~ logN¢=0"188a — 1083 O s<a=t

ZZT a=Nco/(Nni+Nco) TH5.

7ES

—fi%1c Ni-Co FURITIRAER »> HYMT U TEAEE AR IC
EHITIEV &2 BTV S, BAEERKIC SR

2% T BEEk L LT excess partial molar free ener-
gy GERE S 7 FREB T A VF ) REFEL .
— R IBWER D ¢ K55 D excess .partial molar free
energy 13, FP*=RTInyi LEEIND. ZZT i
ki TROL DB R T HIERFKTHSB.  Ni-Co-
c¥@%Auo§@ia<i#né '
CFi&o-nip=— FC(Nc—>O>+NC° : C(NC D
. "'NNl' FCCNN =1
m?’%@aﬁ?!ﬁbw\éb e a-punb\:altd
F& -niy=RT[In Nc—
— Nni-1ln NeNyi- »]
BRI LIRS0 T 1400°C
molar free energy %5 HET5%, a=0'4~0'51l%
WTEKRICIL D, —300cal/g atom CiR-Dof. HiE
Y #%K%%V%ﬂ&%m%mﬁﬁwivb B

Ncoln NeNco=-1

BT Z; excess partial

EREOHW +004
BAIWHRRL ' » l .
: .
THAHT EIE l /{}//. _____ o
N Lt <7 7 I RS A
ELL WD < T
HLhg v ﬂ L ®----Si
2oLl . oK
4. -
FERHE S M) o e
WL T Ni’CO il - ’\ .
. Mo o
VEWLEAREE = <3
=
MR AT D \\\\
VT EDIERE - SZ&f
TET. :
Ni-C-X % -
006
Z DT 1400 0 005 710 a5 a2
°C w5 - 4 Ns
Fig. 4. Effect of alloying e‘ements

Ni BHRCH
hnEE iz

on the solubility of graphite in
-liquid nickel at 1400°C.



S00 % & # BB A7 4 (1961) 71 H

ToE DR FREFIGHREOL{L% Fig.4 WRL.
fnTEE LT V,Cr,Mn, Mo, Si %3EA 7.

WiONiJAWICIBET D IRBEOMBEE NG & L, &UFm

TERMA B EOREDOIRERX NS &bL, 4NE
=NE—-NQ, LiFTROMEE OBFERRLA. T
@@%&&ﬂkﬁb?&o%@ D,

Si; AN =0"720N%;—0'33Ns;

Mn; ANY®=0"630N%pn—0"123Npn

Cr,(Mo);  ANEM®—0289 Ncrcmo

A\ ANE=0"218Nvy

ZZC Cr, Mo WEEMREICH VT, :bic U &
THOREBEAFECSIETHEOBIRE > LEL
WOTHE—RCERDL L. )

" +006 ' Co-C-X %

. iCoUT
lg‘// Fig. 5 31400
a0 A1 7 °C wmiFs
b {ﬁi’ L~ | Co mmciR
sz Ay //><-~~M., | femFEEx
T ve | epeons
g T“m DV RREE DFE
s 205 g s az {bE Ni
| ok DRE L FIFR
Fig. 5. Biec of sloyng clements iy o
liquid cobalt at 1400°C. @f@6~%

ﬂnmm&: L IREFTNEREORILOMFRRE, 20l
<%ﬂ9ﬂ_b kf)"’c %%)

Mn; ANYR=0"170NMn
Cr(Mo); ANEMO—=0-356Ncrentod
V; ANI=0°463N,

Ni-C- X'{ ‘(EZ@%A&I—I*ibhy 213?1' ﬂﬁ@i%’t\%, CI',
Mo BRECBREOCLELICE IETHENRZELVD
TH—BEHERCEDb L.

ui®$%zlwﬁﬁ—Nxuogﬁﬁﬁié&hml

KL, (dlog NE/GNx)ac-1 BRdH SN S. WAGNER
EX-oTEEEN/-e &= —(3InNZ /3 Nx)ac-, %
hr bk, EROHED 6 Fe-C-X TD e &
K& L TAH%5E Table | OTEKITi5.

Table 1 75 HH rarw.;g; 51, N1, Co, Fe 037(2’1,7(

NLDIFMRT ﬁbﬂ’éiﬁﬁﬂmma)%%@ Si @%Akiéik/b
EEL L, Cr, Mo DA IRIBEMSFEC ThhiZe &

Table t. Interaction parameter ¢ ¥ in Ni, Co

and Fe solutions.

Alloying | Si Mn

element X Cr(Mo)] V | Co | Ni

_egin Ni|+3°45(+1°24f —2-74 |{—2°12|+0°04| ©

efin Co| — [—1°31] —2°42 |—3°13] 0 |[+0°41

¢ ¥ inFe®+3°52—0°52| —1°07 |—2-08|+0°52/4-0°9%

=cf°L7B. Ll Mn OHECHVT ¢ ¥4L, Ni
B OEEEIERL D, Co, Fe MiBKOEASITIXEE

kb, EEAMEICEOTVS. FOMDORIMTEEOEL

CERWTIE, HEMERRR IOk,
PERFB A DN TEL X S, AN EFI L E O

WD ETNEZDOIEOIBHOMCE VT e & D
BIEHEAS I IUETE B 7w, b0 & & FHSIE & IRonE
DEIDLBITI T, FEDERESERERIC I 5
FEERTLOE, ZOIBEROBITIEILFEEESTE
ET5RTFTH5. Ni-Co ALBIRIC 5\ TH5, |
EMICIER T i & b JEEAEIAIR & LCETL, -
DRI 3V THE & B 15 < ARSI BN B b o
t%i%hé.%@%%abf$ﬁ%m3w1me§®

BT EED Sl ote. ¢ SIS &R E RE
@M%Mﬁﬂﬁ@ﬁ%é%m&?%%@k%x%hé.
Ni-Cr-Mn-C %35 X Co-Cr-Mn-C RicowT
BWWRAININTGERX, YO2L BRI L H5E5EBROEE
iE, R RE R RITE X 3 X ORISR Y
PHIRD 2 UEELBRFROREBIMBBRELSOED
TELFHEIL X DRk ONE. IRIMTEIFE LB ST
130 E DB RIET B

X+Y X
T(C+)=T x>,

o Q)
c  T¢

7¢

LTy Rsumsmic st 5, 1 P Bismas
XHHWRY BB b oEe, 18 Biimn
i?X,Yﬁmﬁﬁﬁﬁ¢KMbék%€®,%h%h
REDFERRETHS.

EEEHERKE ORGRR a@c=rcNc B—RTksL
T5. REREVPEMTHLOCHERITL 5. L
T, m—MNc&kD @%ﬁﬁ%iﬁkﬁlb%
il P

InNZ+Y = InNQ+1nNX/ N2+ 1InNE/N2

Z T NQuipgtisuko, N, NP, NE+V 32
nrEnX, Y, X+Y®ﬁMm?#m0tAﬁmﬁ®m
mﬁaﬂffngf H5.

— 12 —



=y T ek asv FCERT B RFEMERE S L 08 3 LHROBE 901

WmTEX, YORC X5 KRREOE{LE, L
20T, WRICXWEHETHLHBTES.
di N&E*+P=4ln NE+4dIn N

Fig. & 1%
.é\\\ ® @ |__-- 1400°C T3k
-095¢ b Ny R B J 5 Ni-Cr-
o , =
g : JBIRFROWE
N AR T L
< 72b DT H
5y ®
S 5. Mok
% M, ki
S L 7= 55 v,
1 < Fig. 4 o
B o} ‘
= _ T g ) ]
- Tt—0| XU Ni-Mn-
. R . C N DL S :fé\i- z
s, 7 2

/VMn ; D:kb?‘:d)

Fig. 6. Solubility of graphite in .
Ni-Cr-Mn solution at 1400°C. PTH- .
Broken line curves are experi- Ncgr=0"0670

1.
menta BT,
i T ] Nun=0030
® Xh, ¥/,
w LT Ve =onoses
g _ Ny &7 BV Tk
< ®
éasoo—/—e B9 Nma=0-018
S Nee | 27| X O EERIET
3 ®
I g 0 L arEEx
S o~ Ner L
< ér/// //j/ nEEO
< | e e
_-ggs /(f¢ 0~°’l. L {IBRELSE
% ® Ncr < I ~
x ’/ 4'0 ) S f._.
S Nee Ni ¥EHEIC 35
W, B

5 | fi & M &

] 0025 0050 a075 0100 - =
NHn XZoX 94

Fig. 7. Solubility of graphite in B TR B

Co-Cr-Mn solution at 1400°C. b —E L

5. 5. Fig. 7k 1400°C i k13 %5 Co-Cr-Mn-CFHRiC
BILREOEBREZRRLALLDOTHS. Co HIIT
BT, ERBMEANT, RFEEFEMREOEIE L E
AlE S X < —F L7

PR A LTS5 L, NiERsEHEE & ERliE
EMRRIUREMITEZMX T LA VE#RE LT, 2

EQULIEzLND., TECHNICLOK, e n

Ni Bl DOHIET Co, Fe MBMITE W TRATH>

7zt Mn EWORFEEFNERFEAS 1400°C i\ T7°55

wto® T 5. L7cHh>T Mn, Fe, Co, Ni {FilED%

NENOREOHBBHEORICIT > X ORGRITFET 5.
NQ (Mn)>N2(Fe)>N2(Co)>NZ(Ni)

Ni-Mn-C RAEEEHCGETIE, < M0 @B
v, DEDORMRMBEIL LA FE L b,
0> ¢ Mr(Fe)> ¢ M3(Co)> ¢ MO(Ni)

Lo T, e M(NDAMBEDHETH B C & 1%, Co-Mn-—
CH#<% Fe-Mn-C RicH L, Ni-Mn-C RAJEEAEH
e LTOEHEELRTINEEZLNS. 3THRD
B 4 TR DR EERE S STET 558 A L BERR
HSEABIE U B B WX T IR ViIBIRIC R T H D TH S
»b, Ni-Mn-C RO X 5 ic5& < FEFABBIRE & L TO
Ba TR SERICE T, FHREERE, T70bbE
TRIBIRIEVIRAEIC 3o VW TR & —F T 5.

VIII. &

B0 Ni 35 X UWE Co MKICIEIT 5 B DRIRIIERT
Bk IR L OBIRE ke, Co IBMRDBEICILA
EOFFEE B Li=n%, Ni @ROSETE—3 L
Dfc. TOREE, Ni BROABRRIC X BRELE
Zbh5.

Ni-Co &4 15k REMMBHIE % 1400°C kv~
TR L BEMSHFTFEBE ANV —2FRH L
#:5 300 cal/g atom THote '

I ES Ni, Co BTV AWA L5 ZEiLX
D sked7-, WAGNER D parameter e § # SISO T
LHE LR, Ni, Co, Fe 3 it ORITXBoE ML
ot ’

1400°C 123\ C 4 TTRIBWRIT IV 5 R R ERFEAFED
% EBRATI KD X F R 7o 3 TTROZ B OFTEE
EDHEITHE VT, Co HEOBEEBRHEAAN T X<

1]

I

#Lte. E7- NiBHEOBE IR ORES T

WTHEHACI—H L, REVPE LD LI
WEMEE & —F L7 < Fodk. N
AWIFEIC S KOG N B I & F Lo RmMHok
BFHES, )| P AT R RSB LR

(HB#N 36 42 AERD

% i
) ZRARM, KAEE: B, 42 (1956)

p. 169~171 ,

2) M. Outanr and N. A. Gokcen: Trans Met.
Soc., Amér. Inst. Min., Met. & Pet. Eng.,
218 (1960), p. 533~540

— 13 —



902 #% & M

47 £ (1961) B7 B

3) W, BOER, MM gL, 46(1960)
p. 235~237

4) E. T. Turkpocan, R. A. Hancock and S. 1.
Herrtrz: J. Iron & Steel Inst. (U.K.) 182
(1956) p. 274~277

5) F. NeumanN and H. Scuenck: Arch.
Eisenhiittenw., 30 (1959), p. 477~483

6) C. WAGNER: “Thermodynamics of Alloys”

(1952), p. 51

7 ) M. Hansen: “Constitution of Binary Alloys”’
(1958), p. 349~351

8 ) M. Hansen: ‘“‘Constitution of Binary Alloys’’
(1958), p. 374~376

9) L. S. Dargen: J. Amer. Chem. Soc., 72
(1950), p. 2909~2914

HMBTARO H 2 G HRICON T

(ARPDH ZBICHKFTKIPKESEOHEID

B W F B

On Gas Contents in Molten Steel Just before Tap.

(Influence of water-vapor pressure in air on gas contents in molten steel—II)

Synopsis:

Yoshz’hszo ABE

The molten steel in contact with air has the following chemical reaction:
Steel+H,0(in air)e==22[H] (in steel)+ [O](in steel)

K=[H]?-[01/Pu,0

Therefore, if the distribution of each gas in the air.slag-steel phase will be constant, the
Telation between Py,o in air and the gas contents in molten steel of steelmaking practice could
explained only by the above equation. But the author presumed in this paper that the
[H]2-[O] value just before tap in steelmaking process with a basic electric arc furnace was
not proportional to Pu,o in air, because the hydrogen and the oxygen in molten steel in the
steelmaking practice were controlled by each of the following phenomena:

(1) As the movement of the hydrogen in the air-slag-steel phase was controlled by the
velocity of diffusion in slag, which changed with CaO/SiO; ratio of and temperature of slag,
the hydrogen content ([H]) in molten steel in contact with molten slag will be effected by
€a0/8i0; ratio of and the temperature of slag.

(2) As the molten steel and the molten slag were not in an ideal state, the ratio between
the oxygen content ([O]) in molten steel and the 2 (FeO) content in molten slag would
change with the component of steel, the Ca0/Si0; ratio of slag and the bath temperature.
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2[H](in steel)+[O](in steel) --------- (1)
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K=[H]2: [O]/Pr,0 «++coeverrremmrrmramsernnns (2)
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