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Effects of Carbon, Cobalt, Nickel, Silicon, Titanium, and Vanadium
on the Activity Coefficient of Manganese in Liquid Iron Alloy

Synopsis:

Kusuhiro MUKAT and Akio UcHmDA

A modified closed chamber method has been applied to determine the effect of the alloying element
on the activity coefficient of manganese in liquid iron alloy. The results obtained are summarised as

follows:
(1)
e$r=—0-0538 [9C1<1"2,

8% =—0-0036 [29Co]<4"3,

Interaction parameter. ef%)
e8> =—-0'0327

in liquid iron alloy at 1570°C:

[26Si]1 <28

4F=0'0192 [9Ti]<2 4

e =—00072 [%Ni]<3'5, ¢f2=0-0057 [%V]3'5
The value of ¢} is in fairly good agreement with those of previous investigators obtained by a

different method.
(2) Enthalpy coefficient AX
for X=C and Si as follows:

eS8, =—1"371(1/T) +0:690 (1 550~1600°C)

(1 545~1620°C)

k3= —8,410 cal/g-atom

s$1 = _—4-41 cal/ (g-atom-deg)

6§ =—1,838(1/T) +0-964
RS = —6, 270 cal/g-atom,
3§\%= —3-16 cal/(g-atom-deg),

(3)

and entropy coeflicient s{X}

In consideration of the large discrepancy in 5%

<X

defined by Chipman et al. are obtained

1> °s of the present authors and previous inves- -

tigators, it is shown that H,-H,O method has a possibility of making considerable errors by the effects

of hydrogen, oxygen, and SiO in determination of &,

eM® by the previous investigators.

(4) A regular periodic relation is found between the interaction parameter ¢{X

of the alloying element X.
(5) The interaction parameter eiX}

¢S iy

e$’, and ¢§V, which were used to obtain

> and atomic number

shows a tendency to decrease with increasing the effective

number of free electron nx o¢r of the alloying element X.
(Received July 2, 1973)
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Schematic drawing of the arrangement of
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Fig. 1.
specimens in the alumina capsule.
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A Silicone rubber F  Alumina capsule
B Cooling coil (Copper) G Alumina cement
C  Alumina tube (SSA-S) H Silica tube
D Mo coil I Radiation shield (Copper)
E  Thermocouple (PtRh (6%)-PtRh(309%)

Fig. 2. Furnace arrangement.
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A Plasma torch G  Alumina chip (SSA-S)
B Plasma jet H  Alumina crucible (SSA-H)
C  Alumina plug (SSA-S) I Copper crucible
D Alumina tube (SSA-S) J O ring
E Alumina cement (98% Al;03) K Cooling water
F Iron alloy specimen

Fig. 3. Schematic drawing of the arrangement used

for making the alumina capsule by plasma
jet.

2.4 KBRIBMHE

7NV FH e 2D 5 Wi SEAKELTE
NTHERDOIRES O RIFAAEIC Fig. 2 TR/TX5
Kty bL, FE Ar ¥RATEREBR LAOLAEL
7oo Ar HREUE LIS B, BUS TR EMIEIRE RS L
BB SO LS L. R OSHIOE XX, Zh
EX DTN 1570°C 55 1500°C 12 75 2 Dic 60 sec
EETOIREDOLDOTH DA HRETHEIBREM T v
PR EEOT, SEMBORASSERREYSE



328 & &t @M

w60 &£ (1974) E3 S

(b) .

l ] ]
0 2cm

Photo. 1. Shape of the alumina capsule (a), and

the cross section of the capsule (b).
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at 1570°C.
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Fig. 11. Relation between ) and temperature.

Z T hP=0H,%:/0[%3], si¥=05%:/0[%3]. (14),
(15) & & D& D> HAG, = —6 270 cal/g-atom, s = —
3-16 cal/(g-atom. deg) #1857 Fi= N, Ny, M,, M;
Frhrh 1, 3 Ko EALSR, EEELTHITE,
7= (0H,X3/3N3) N151 =100 (M/ M) hi¥ - (16)18
o = (025%3/0N3) Nys1 = 100 (M5/ M) 553
_{1_(M3/M1)}R ........................... (17)18
X, p&,=—135kcal/g-atom, ¢, =—66"7cal/(g-

2‘3RT€‘23’=h‘23’—T5§3’---“--'-"""'“'""""(15) atom - deg) %%f:-
Table 1. Comparison of ¢g..
i Observed value Tem

Investigators e ‘ﬁ;} (oép)' {22C ] | Experimental method
B e G &8 e M | o MW
Present work |—0-0538/—0-0538 1570 ! <1-2 Closed chamber
%"I‘f!‘;;ﬁ’,‘ and |_0-070 —0-012 1600~1650, <1:7 | CO,+C=2CO
Seumany and | . 190 —~0°002 | 1200~1700[ 5'4 | Solubility of C
ScHENCK and . . l . Distribution of Mn
NEUMANNY —0-047 |—1-62* ‘: ; i 1500 06 | between Fe and Ag
OHTANI® —0-025 —0-47 1 1 540 <2-3 Mn concentration cell

' . Distribution of Mn

2) 0 _1-54% ~ .

CHou 0-047 ! 1-54 t 1 450~1650] <06 between Fe and Ag

* Values were calculated from figure,
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Table 1z &S, BT HFDEIEERE L ORI Y
. Bho «f, O, ZElEFoER|IES (18),

(19), QORELHNT &%, WHE LD THD.
e =0 {142 3¢ [%2]} - - (18)19)
¢33 1 J ()( _ [%2]
= ML (I —t%31/100) 1%\ ! 100 )
3 2
M (33’%00] Myt li’oo]
1 )
+—%(M3_M2) ?(19)”)
8(3)__M1N1+M2N2+M5N3
B 230
{ l (&3] ( 1 — 1 > ]+ (SJN (2)N }
M, €2 M, Ml (1+ePNy+e?Ny)
- (20)19)
2T o RHMEEREEERE M, NEsFshFn

k52 DRFE, EAMNSRTHD. REOBRE» LD
BlIED L Fl& L TR L7z NEUMANN 5518 DBl o ffa
ik, (18), (19)RMick T ¢ =01920,
#Fvy, ScHENck LAYDIGAITIX(20) Rz BT MP
—OUE M. 7o ScHENGK HODMISHE S, 1k C
DIRIREEBRIC B W T H CIREICIKET 50T, #AilE
IREGEAOHRBETH S 006,C TOME %1 » HE
EDbDTH D EROBIERHRIT, FAEFRERE S
STENTNRIEENRER DS L b 5T, BEvih,
KO WEEZZDTWED, FAEEIZ 6§ H5 Wik
eCn DERIEDHTIIH LR

5.2 Fe-Mn-Si %

Fe-Mn-C ROEA LR, [%Si111 & log fFSP1
L DBFR%E TFig 12 wiT. [%Sil] & log FEVT 11
REZBEHEMERIDL AT ENTE, B/
RILC X D X OAFEE KD, efi=—00327, e§l'=—
3-29 2B/ FREOHIE TEA 1 545°C, 1600°C, 1 620
CTo S DHEIFEHERE R, 1570°CTOER L ELIT
/T wtL <7 oy b LD Fig. 13 ©h5H. o8P
& YT FERBERCDY, Fig. 13 OEBIIKIEET

etan on

Q -
-002 2% “ , TR
-o0s |
3. -006 : B2 :
i - 5
g -008
-0l10 :H °lo o
-o12 ‘ ; ‘
0 05 I'o "5 20 2 30
[% si']
Fig. 12. Relation between loz £V 1 and [9Sil]
at 1570°C.

1 600°C 1 5350°C
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Fig. 13. Relation between {§I’ and temperature.

DHEBELZHZE L ThkDADDT, kA TRISH
5.

E5D=—1,838(1/T) 40964 - ereneeeenen (21)
@R XD, A§Y=—8,410cal/g-atom, pFl’=—423
kcal/g-atom, s@§l'= —4-41cal/(g-atom. deg), o§L’=
—221 cal/(g-atom. deg) %487-.

NE S, B 521, Si0, #fnR 5 & & Fe-Si-Mn-
O RUARISK S &M O MR & ™ Zk®, T F
#u 1550~1650°C ¢ 0-281, 1600°C ¢ 0-051 %487
INLOEE (1R ANWT [%2]=[%3]1=0 L LT
WS CIRET B &, SNE L DMEE 00545, FE 520
X 0°096 tis . FBIEEELIERALD, MEOMHERE
HITETHD, LrIEWICKESHEESRDSE. F0OE
RE LT, 2572 2 VHEOFERGE» S M %3k
B5HEE, FECRIETCE LRk &, 657, §,
eMP I, % < OBTERBIEEL AT TRD B0
T ODOBIEEDIRAE OHEHEER Licd i b
V. FERDEIER R LHEW, 6f;-047~0, &S5
0:0064~0-32, g§12; —0° 16~ —0-087, ¢M™; —0- 026~ —
0020 TH v, BIEHEDRERFHIZIL ST M FIER D
BAZHED 5D . ELITHEASDEH N e‘°’”> , e 28,
¢5 2k Ho-H,O ' 2 -8kl 0 TR R Bk ed BHh
b D (LE ol EE He-H,O (EMEZ L1 5)
THdHH, TREOMEEKE, BEE SIODEE Lo
TEDED B ) THRTWHTE AEEDS 5 (ks
). SESWDX ST, e KITiEsk-RED Si oy
Beh> B3RDIED & vy, 4 it H,-H,O ke
FEPERAVIEETH LB 2 TKRERBEER4E LS
FREMEY B D, FA X DEEML R T V-2 A ARG
EHEEFEDOEBRMBRT D LETHD LEbIL 5.
5.3 Fe-Mn-Co, Ni, Ti, V%

Xpsyhs Co, Ni, Ti, V OBED [%X 1] & log

X7 L ofgEE FhFh Fig. 14, 15, 16, 17 oiw
T BESEOWVT, RAERED [%X1] & log FiR]
DEHMORE % F/bh— FETRD, 33=—0°0036,
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Fig. 14. Relation between log f€21 and [2,Col]
at 1570°C.
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Fig. 15. Relation between log f " and [2Ni!]
at 1570°C.
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Fig. 16. Relation betweeen log f K| and [2,Til]
at 1570°C.
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Fig. 17. Relation between log f{¥2 ! and [%V -]
at 1570°C.
e = —0-0072, &FD=00192, eY)=0-0057 %1%, =

DFEER L (D ®Th s‘ﬁg’=—0 93, ND—
e =393, ¥2=1-35 24E7-.

XiEm2 Ti ofs, BIEROEGERE | oXmE &
BEEL, KMk 5 Ti OFLOTREEDE 2 Hhis
23, 1 570°C 1T Shr (4% Le & 4508 1 »» HAL230-109%
BHash-z Lo s, TilEEOHMORLS IS bic Ti
EDd ALO; OBEII X5dDEE X [%All=

—1-79,

0109 o3FE, BRTHLAYEBETEE 5% 2ox
JGREGR HEE Lin &= -3 2HVRhiE, (7)RT
kb D ey’ BEOEXDVE —0003 75 FE< HlE X
NHZ L dh, BlEREREARNORECEE 5.
ABEE &4 1%, LI Mn, X OfEEEEF
R 5HEEERIREDFREOFHETHS. HIEER
XD L»L, FHEDO Mo DBEFFE, 0:6~2'1%ick
WT [%XT] & log £l DA% B EREMRC &
e, HIEFREORE, T4hbb MnOFERHRE
WX % WAGNER O REH? D — RIS A E IR EE
AT KL T 5D ELRE, Licsdio THEIEE 8
i, ERFERELY SO KA REGHATC—EELT
T & AHDMEERRENMGREICHY TS & LTI
ABIERE R, M >eMa> 0 > iy > e >R >efy &
D, ERgkEE&PICMn EHETS Ti, V 3xhZh
FvokaziEinzy, G, Co, Ni,Si iHifcETIw
LT EiEind. ExEEARBE LTERAENS Si-
Mn BERDHFHE, $P <09, M0 EEThiE,
AR5 B VIR A & R T DT B DBEERAEIE T L 2 I
T¥sziemy. +hd iz Si-Mn E&EBOEEhNE
13, FAGERENT VIR ER A R (@sio,DIET) 1T, Ei:
EEERANIC VIR Vb T & 72 X 5 IR RO HE
(A&7 )0, TOHMmZRD LT HIER S,

6. & =

e LS 3ORMEDRETES LOMORBEIKIZ T
Fe-C-XR2 7 K CR T35, Fig. 18 13 Fe-
Mn-X RICHT HAMER B2HERORE L L dicT
L7z DTH D HrHLELPE X S5IC Fe-Mn-X 3Ric
BWTh, 70 BEMESHEAMERES bhvs. /risFig.
18 TAEMIERIE «M™ 2 (1)RE P¥=eX %
WT ey WHEBE LLETHS. @ XK 2B FRiErE
HZE Fe DFED e THY, ScHENck 5 ¥ [EEE
FLLMES, E2, EIRAMCREFESOEME &
bIT eify WA L, TEES 2 TEICD &5 AL
{b2RL, E4EAYTIE Fe 215 LTEFHES O
ELBIWEDPHLAENEBPT HERERT. efn DHH
COMAES BFE L T D05, eIEN Py(g) & 158k
EDOF HKDI-DDTHY, Mn, P REOEVWE
WTOBIETHS S5 21, HIEEDIES S E2BE
T5E, ey KB LTRASHEESBRTTRE /X
NTVWH X 5B 5.

WEINSTEIN 51998 Fe-H-X FD & it LT
DR EFRIE LT, ASBEBEETE nxerr & effe &
BIfRZ TR LD Fig. 19 TH 5. o8 13 nx, eccD DN
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T
6 [ O This study (1570%<C)
o Experimenicl values R
4 by other investigators _To'
s Calculated values based
on &)= gl
2 7 v
! o]
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He Ne P Ar
. 0 _ = |): *Fe
if ¥ !3 9% 4
&2) Coq
-2 T Ni
Si
¢ (o}
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aa
2
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Atomic number of X
Fig. 18. Relation between ¢y and atomic number
of X. ¢M™ values are tabulated by Scu-
ENCK et all®),

8
Ti
4 1—0o
vV
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vUJ: o] n = a
°g9) o H
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o}
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A a
N O
a
S
-8 -6 -4 -2 o] 2 4 5 8
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Fig. 19. Relation between ¢&{X) and effective
number of free electron ny, or¢ of X.
(Marks arethe same as in Fig. 18).

& EDWITTHPTHDT 0% Fl— nx,etr WHIT S
SR EXEABBAROH, Cix X OBEDHHE IR
@ Ni, Si Jg EOBAE LY EVIERE RT

7 =

(=] [=]

GERER FORMEE» 5, T —HDFRITOWT L
fiisbh CwWinh O ERlgk &4 PO Mn OEREFHC
BXIETELETCEOFEDBRIET W LT, ATV EF
# P& % Fiv 7= closed chamber method 3 F % 58 2
72 BETEXDERUEN Mn iz b L C+5EW5E,
WEAT N 2 Fh Fethd Fe-Mn-X Fo 2 {EOERE
HALEE, KHEZBELT Mo 23EIRMNEBT T3 &
kv, Mo RSB UCTPEREBCEELS S &%
W, HEER/ T x — 2 — &F) 5T eifa O

ENTREAR Z L &R Lz BohEREUTIORT.
(1) 1570°C i\ > &R THEERBRED
HZ157-
e& =—00538 [2:CI<]1'2
£SO 00036 [95Co] <43
eND—_0:0072 [%Ni]<3'5
eSh— _0°0327 [%Si]1<2'8
eT0=0'0192 [95Ti]<2 4
V2 —0°0057 [%V]<3'5
et BT A AAIEFHR R OBEIEE R, BlERk
BEEZEIPPLOTHEMNI S —FH L.
(2) efn efin OIREKEFR,
¢C = 1871(1/T)+0°690 (1 550~1600°C)
€S _1838(1/T)+0-964 (1 545~1620°C)
X, CareMaNn 59D E 27 KL, X L TRD
EREEL
&) = —6 270 cal /g-atom
$§§) = —3"16 cal/ (g-atom-deg)
A8 = —8,410 cal/g-atom
s§=—4-41 cal/ (g-atom-deg)
(3) ey CHTHARBIERREAT /-2 2 A0
P H3kD IR DBIERR & OMICIE AR S e iiED

H0, ZOFERE LCEEOEIEEOMES 2 WL 20
i L. &<, Fodc@fxhtyw5H,-H,0 &k

TskDAMEROBIZEM e, ¢S, e > 13, k3K 8%,
Si0 DEE IO TEDED L/ b Fh w5 A iE
DHBHT LRI LE.

(4) FAERER o 2EFOREZERL LD X
A TERORFEST LXMEXE15E, WHEORMITIE»
7 0 BARESREIMESSERD S, E70 o5 1 XS T
FOEYEBHEFE rxwerr OWME L DT, 1FITHHA
AT B {Em & T L.

AIFIC K LT, AN TERERHEFER &5 E
RETHIWRIAER, BfEE, DIIFERIEL, L
MIZERZEHFRITF, BARFRE, 36 w&gk (kR
DIBNEBE LI ERIFELCRE A LET.

ft &

H,-H,O Tk 5 €, b,
e €S, e§V L LTEFIT B

e o T. 6 TxtT 5 H oFEE, KazacH-
KOVE®) DY g b &K THERRTEDbIh 5.

e$V vz T,

e(())l_efof_h: o —ebH’KH 5 -
exp {236 [901} 4/ 1+ 220 4 Par.
Py, Py,
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Fig. 20. Relations between (¢'-¢
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and Py./Py, at 1600°C.

1 0 (Pu,0/ Pu,)
2(1_‘_1;1-120_*_ PAr) [ 0]

H, Hy /

+ 2'38‘1?’

..(A;])
22T Kn=fQ1%H1/y/Pa, Puyo, Par 1EH AFED
FRFRORS OS5 E (atm). 1600°C © Ku=2-47x
10-318), [940]1=0"03, 3(Pu,o0/Pu,)/8[%0]=3" 4430,
Pu,o/Pu,=0"1 252784, (A-1) KoKl (' —
e cate ¥, €§Y, Par/Pu, WWxiLT Fig. 20 X 573
ZiLeRT. EROBIEM (68 )ovs B, T L Fig. 20
WRT X5, Par/Pu, DENNL &S ICENT 5 ER%
WA, Par/Pu, XY 5L OWANEIANE, g OEH|
B 29 138 % 5\ 1% 409 DFED (¢ —e8) care IR
DENE D AREWNEMEZRT. Licd D THEROBEIEE
() obsit VX, HOEEDIEIHNIZ, O S»DETD
IKEOHEEBADT DRSS, itk Fig.20 T
AVERIN 530, TANKINS 539D (e§") ovs VX, 1§ 5 DBIZEE
[260] & log fo DX Pu,o/(Pu,[%0]) 23 i
ZEOPEH Uz, HIEEOKFELROELE Par/Pu,
DFFAFIFHZ R L, TANKINS 5390 Pa./Pu, /I 553
BiE i v Par/Pu,=3, 25, 110 DEOFEHETH
5.

eSP, e$V o T e§ 13, [%Si] BSEWIEE
DOEELEETIE, &' OBEEERKRIC LTOELE
mmﬁfibéha

(517'—8(31) 2.0 [201]
8i Si 2[%Si]

L7c232T, H,-H,O kiz X o€ [%Si] 2MEWEE I
BT S e§” kD BiITiE, (A-2) ROEDVFE2L2HEOY

e (A2)

WRER LTI S S 1 E 72 SiO DARL
RiEo7zd, BEOME &P X bkE g sh s aigkk
HES N TV 3108, TOBHEITE Lend> TEIER
R 0 LEOMHE §0 b 1/2(eFV —eSP) 72
s Fod ZIE 6§ =0110829 VW hiER 001 22/
SLPESh TR Z LTS,
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