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Deoxidation Equilibrium of Silicon in Liquid Ni-Cr, Ni-Mo and
Ni-W Alloys

Fujio IsHII and Shiro BAN-YA

Synopsis :

In order to understand the effects of the various alloying elements on the equilibrium constant of deox-
idation of liquid nickel, the deoxidation of nickel based alloys with silicon has been studied at temperature
range between 1550°C and 1650°C by the use of silica crucible.

In nickel-chrominium alloy, the deoxidation product, log K &; (ni-cr), which drastically increased by the
addition of chromium up to 20 pct chromium, was empirically represented to be.

log K 5iNi-ce) = log K &iniy + 0.347[ % Cr] — 0.010{ % Cr]?
Cr<15%, 0.65% Si, 1550°C~1650°C
while the deoxidation product in nickel-molybdenum alloy, log K &;(ni-mo)» Which also lineally increased with
increasing molybdenum content, was given by the expression :
log K Si(ni-mo) = log K si(niy + 0.047( % Mo
Mo<16%, 0.65% Si, 1550°C~1650°C
In nickel-tungsten alloy, the value of log K &;(ni-w) was found to be as follows :
log K si(ni-w) = log K sicwi) + 0.007[ % W ]
Mo<11%, 0.4%Si, 1550°C~1650°C

For the effect of the alloying elements on the activity coefficient of oxygen in nickel, the following pa-

rameters were obtained :

log fSini) = —0.171[%Cr] Cr<5%

log f¥eni) = —0.025[ %Cr] Mo<16%

log f¥ni) = —0.004[ %Cr] W<11%
Key words : deoxidation; Si; Ni-Cr alloy; Ni-Mo alloy; Ni-W alloy; deoxidation product; interaction
parameter ; superalloy ; thermodynamic ; equilibrium constant.
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Ar & H, BTHIEO R > XA AT, #NFHAFHEE
YHELCEAT HAMEMELRZEL, 100~120 ml/min
EH L7z, RIS EAYYE 67 mm, PR 56 mm, £ ¥ 500
mm OREHAEECTH S, REEMS 21T/ E 32
mm, PE 25mm, & X 50mm @ Si0, 52T TH Y,
SiO, fRELDITICAN, B2ITHIC L Si0, ki % TR
L7, ]

BRAHELTNIBLYCriCRER= vy A VEE
fraostHvy, Mot WitREBEMEDEBEY 757
YEGRBY VAT Y, BEETEE LT 99.99% @
HEZREZMEH L2 RBOBEREICE 10kVA BZERER
WHEIRLFERHL, #& Ni oS CTHIE LobERE
TR % fl%E L 7.

EBBEL LTI, TN LAETEYRELTH
100g 2 AN7z%21 3% ROCEMNICKE L, Ar-H, RE
HA%RBANLTCEBTH RBEME H 7203
Ar-H, RE T AT PICRIF L THEMBELXRE L.
0%, Ar RKP CTHHEDBEICHEFLTHS, Bl
& an$ % 861 O RRE AT £ NER 3mm OF
ERAEECHESIIRNT 5. Z0#%, BHHICHEH 0.5
mass% ML, 30min Z & ICERRE 2 10 g FREL
LTKPBH LA, RICIREL R TEE s ¢7:1%, &
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FRLZABFOBEERBICE T VT ZABEIE
RETHW. BRELEMEIE Ni-Cr £ T3 27~360
ppm, Ni-Mo & Cix 6~19 ppm, Ni-W & Tix 7~12 ppm
THY, EEMEOHTEZEIEFIRE 20 ppm LT Tid
FiE R L LT £1 ppm, 100 ppm LA ETid £5 ppm LA
Thol:. HEBLU Cr, Mo, W DERIZIZ ICP %X
SR (ICAP-500) % Fv7:.

I/, RBERERWEIXBT 4+ 757 b 2A—=F—i2kD
Si0, THAHZ L ZHEA L.

DEoRgickn &R E D 1550°C, 1600°C, 1680°C
DHEBETHEL, FETEOBEHPFAICO W TIX Ni
EHEEEOMEEER L.
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Si02(5)=§+29 ....................................... (1)
KSi(Ni)zaSi'a%)/aSiOZ .............................. (2)
72720, WHE asi, o WEFLEEDBE % mass%
TRL, WEOEELHMRAEERICLD, HR asio,
XEE SiO, IIFBOHEEL LB, g0, F1 & THIL,
(2)RB3)X&e %y, BECL2BHEORER

Ksiqwy 3(4)RTREN B,
Ksioy=asi" ad=Fsi [ %Si]-f3[ %0]% -eeeveee (3)
K’Si(Ni)z[%Si].[%o]z .............................. (4)

(3), (H)REMAEDLETEHEST S L, log K'siw)

@(5)RTFRRENL.
log K'Si(Ni)ZIOg Ksiniy—log fsi—2log fo

=log Ksiviy— (e8i+2e3)[ % Si]
~(e(s’i+268)[%0]

=log Ksiviy —(e8i+2e3)[%Si]-+++(5)
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log K Signiy =108 Ksiniy—0.06 [ %.Si] cvvveeeeeeeen (6)
log Ks;niy=—15680/ T+1.83
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(=[%si]-[%0]%), FHEERES L CBRELH KR

ThE, FREHRI(8)RTERI LS.
log Ks;niy=log K’Si(Ni»i)'*'lnggH” log £ &;

+log f5i+2(log f3+1log f '+ 1og fb)
=log K sini-jyt (eSi+2e3)[ % Si]
+(e2+2eQ)[ %01+ (eki+2eh)[ %]

(8)ROHEMEHBREICH|MY OE, (ed+2e5)=
0.06 BLU eSi% —0.065 & LT eQ=eS+ Mg, /Mo
=—0.11 BX U Wriepr 5%, Tankins 5%, Bowers® &
D Ni HOBEOERMEERTH S ¢3=0 2 AAL,
KAE (eki+2eb)[ %1% A0 LTEEEZ D ERD
(9)Rizn 5.
logfh+1/2log fk;
=1/2(log Ksiniy—log K Sini-jy—0.06[ % Si]
+0.11[{%0])
AHFFED Ni-Cr, Ni-Mo B & U Ni-W &R OH:FEik
EixZznFh, 0.6-0.7mass%, 0.6~0.7mass% B &
U 0.35~0.45mass% THho7z. L7zA-T, (9)=
D [%Si] OEIEFNRZHh 0.036~0.042, 0.036 ~
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Fig. 1. Plot of log K Sini-cr) vs. chromium content
in Ni-Cr alloys.
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—0.010[ % Cr]?
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% B, log K & log Ky PRRIZ(6 )X TRER,
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Fig. 2. Relation between (logfGiny + 1/2log
f(s:f(Ni)) and chromium content in Ni-Cr alloys
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Fig. 3. Relation between log f Sini) and chromium
content in Ni-Cr alloys.
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Fig. 4. Plot of log K 5ii-mo) 5. molybdenum con-
tent in Ni-Mo alloys.
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Fig. 8. Effect of alloying elements on log K Sii
at 1600°C.
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L Eid Ni-Cr, Ni-Mo 8 X U Ni-W 0 & &5 &R ICH
THOHFLILIHBIEHEOMEHRTH 5, Hi
WD O Ni BEROBEREBET, 1600°C ICBITS
log Ksini-jy & EERE & OBFR % Fig. 8 IZ/R¥. Ni
2 Cr 2T % & Ni O log K siniy( =log Ksinpy) (<8
Xizd Cr nBBR, MOEGETEICHRTEREICKE
¢, Mo & Fe DifTizizizABETHA. £/, Ni

Table 1. Comparison of the interaction parameters, ejO(Ni) and eé)(Fe) at 1 600°C.

Author Cr ’ Mo w Fe ) Co Ni Cu
‘ °&N~)
This work -0.71 —0.025 —0.004 Y —0.025Y —0.0052 —0.015%*2
FISCHER et al.91)12) -0.711%* —0.024 —0.004 —0.025 —0.004 —0.008
SIGWORTH et al. -0.20 o —0.029 —0.006 —0.008
O(Fe)
Recommended values!® —0.055 0.005 0.0085 0.008 0.006 —0.013

* . Estimatéd by éhe present authors ' *
** e(():(.:\li)"' 1/2 esiniy



@ Ni-Cr, Ni-Mo 8 XU Ni-W 5 & 0OEEFIC X 5 FiEE T 1279

D Co & W it log Ksiniy IS5 2 BB Id/h& v,
Table 1 I AMZE L BI#HY? TH LN Ni AL
By A2HEEBEEE2RT. LB O/, Fischer
5002 ¢ EMF #EIC X Dl s 7 fE, B XUV S
wortH 67 BEROREME» S FHML7-fHERL, 256
CHESEICET 2 HEERRK® £ orE L.
4. ¥ B8
EE&TLELLTCr,Mo, W 2 2L EFNEFLHER Ni
A%@E*k;&%&¥%%1%oc#al%00f
HiE L CROBRER. '
1)Ni-Cr &R OBEOBEROERK S L UG E
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