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Thermodynamic Properties of the Fe-V, Fe-V-Cr Alloys
at 1600°C by Mass-Spectrometry

Takeshi FUORURAWA and Eiichi KaTo

Synopsis:

The activities and partial molar heats of mixing in the Fe-V system and the activities of Fe and V
in the Fe-V-Cr system at 1600°C have been determined. The analysis of Knudsen cell effusates with
a mass spectrometer was applied as the experimental technique. The ion current ratio for the alloy
components was measured through the whole range of composition for the Fe-V system and in the range

of composition, Ny=0.3 N¢,.=<0.2, for the Fe-V-Cr system, and the thermodynamic values were

calculated by the modified Gises-DunHEM equation.

The Fe-V binary system exhibits negative deviation

from ideal behaviour. The results for the Fe-V binary system can be partially represented by the

equations

log yy=—1.02 N3,+0.24 (0=<Ny=0.20)
log rpe=—0.11 ¥{—0.31 (0<Np=0.02)

The results for the Fe-V-Cr ternary system can be represented by the equations
log yrv=—0.42+0.70 Ng; (Ny=0.2, 0N <0.2)

log 7pe=—0.04—0.18 N, (

log yv=—0.28+0.48 N¢; (Ny=0.3, 0=N,=0.2)

lOg TFe= —0.08—-0.20 th_- (
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Fig. 1. Knudsen cell assembly.
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Fig. 2. Susceptor,
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Table 1. Chemical composition of materials (9).

Al IS Cu | Fe S Si H 0 N

Tron 0.004 | 0.005]| — — | 0.004| 0.007]| — |0.0026| — | Fe>99.97
Vanadium —~ | 0.0 — | 0.0 — | 0.07 0.%5;0.% | 0.0¢ | v>99.7
Chromium Pb<5 ppm Mg<1 ppm Cr>99.9999,
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Photo. 1. Typical mass spectrum of the Fe-V-Cr
system,
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Fig. 3. Comparison of phase boundaries of the
Fe-V system determined from this and
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Table 2. Experimental values of ion current

ratios for Fe-V alloys,

41 1% It

0g _E“_e log( +v )
NV ——I— Fe
d(?) 1 600°C
0.093 10690 _2.641
0.143 — 6460 —2.340
0.201 — 6850 —2.018
0.245 — 5970 1847
0.330 6520 —1.518
0.450 — 5370 —1.128
0.632 — 4540 —0.561
0.796 ~ 4300 —0.105
0.900 — 4680 +0.270
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> 0a | phase is vO -~ T

. Fig. 7. Comparison of activity of vanadium for
the Fe-V system determined from this
and previous works.
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Fig. 7 it Ny<0.4 T V OFER2ERBRE %
WTBE U7z FRUEHANI® 35 X of Kavy®) S500{EE & 3
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EREFLERT T2 L, FTEMERE BV /2HlE
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VO TH5 & LIROVDEELY KD THI-. BEHE
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log @y=n-F(Ey—E)/2.303RT -+ seveeee (5)
T ay:V OFEE, n: VIEFYYOREE, F:
Faraday E¥(, E, : E#EREN, £ QlERENTH 5.
Vo0, M EHEEELETH 5FD FrRUEHAN D FEEETOD
BUSIIRRNCRENS.

V45 CrOy(8) = 4 V;04(8) +Cr(S)
ZZT n=3 TH%. Fruenan 11 (6) ROEHELAH =
F o F—Z{LE UTHESRIRE Sh T Vv B {E2 2 5 1600°
C itHxnwT 4G°=—15045cal- mol-* B2 L, E %
—0.217V L LTw%. —%, FEEBER{LDE® VO O3
ARG CRENS.

V +4Cr0y(8) == VO(8)+2Cr(8)(7)
2T n=2Th5%5. (7)RD4G°¢ LT FRUEHAN L
M < Fruorrt o R(EM % fFVv5 & 46°=—10985

cal- mol-1, (1600°C) Y, ZO{EME E,=—0.238
V &5, ZoOfED»S FRUEHAN OfE LTS ED(HE
HAVTEEECIENS VO THEELEEBD av O
fE2EHLC Fig. 7 It &8 TR L. ki FRUuEHANIO
& Kay SWDEDERICOWCE XD E, ELD 2
THi~7- X SWHEIEHRIXEIERUCTH Y, THBESHh
TWAHERENEDEBITEALESE L. LU av
BALYVDERZRLTEY, i () XAV ayv
2T 5RCHAV5 E OEOERFEREBEHS. =
LT E, ZRDLBEICHAVE 4C° DEDEZED ay 1T
BRIZTEEESDWTHE LS L, vk 4G°ic 6(4G°)
DIREDDHDHE, TORKEDO V OFEER a'v X L, &
EEREERVEEOLREY Ay L T5L, Zh b0
FRImRTRENS.
log (@'v/@v) =6(4G°) /2.303-RT --eoevene (8)

B)REAVTHETH L, o2 213 1600°C T(6)5
DAG® ¥y —15000cal- mol-1 & L, Zffic+10%

MRENRDDES T 6(4G°) =+1500cal- mol-1
OFD a'v #EET 5L, +1500cal- mol-! DR @'y
=1.50ay t7th, —1500cal- mol-! OOFFIX Q'v=
0.67ay L7t%. ZoZErHEBHAIEET 46° ©
B B E R F W e i B VWEEIIIE, FoEo
BMEOEROHEC K LIETEELHHIEE LR TRIE
bz v —F, FFFETHWBRIERER LR~ E
HEE AR BT 5B R X O 46° iz >V C DR
BiEe<BEEHR L.

MIRFE BT HEEREE LT 17=0.16 %, 13
=0.38; 2 1600°C wxTifh. HUEESLRTWVS

1.0 T T

08} {solid)
{Solid+Liquid) —___ - _ —

06 |
{Liquid )

z
0.4 g
02} -
-35 -30 -25 -20 -15
M
R __d(ln lé )] {Kcal-molé '}
d(1/7)

Fig. 8. Integration curve for the heats of solu-
tion in the Fe-V system.
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the Fe-V system. 2 05
0.5
et 005 x 005
v OEDVTIR 2 TRREY THS. 52 53 54 65552 53 654 55
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— . g p
ble. 2 iTRL7z. FHRXNRES 2174 Scdofhig% ratio for the Fe-V-Cr system.
Fig. 8 Rl RICROND X 5D ARtiENS Table 3 Exoeri L values of :
. t on current ratios
Y EHKEC, C@f:«‘fbl?]‘ﬁf*%bi +o DT ane fo’;p;r;_";fflci :l;l::;llﬁogog
Dfz. Bbhic HY, HY. 5 XOIREH (HM) % Fig. "
— 1%, 1%,
9 iR Lf:-;ﬁ[ﬂﬁ%%k%w’cH = —4.5kcal- mol -1, Ny | Nee | Ne 10g< = ) 1og(1+>
H¥=—8.6kcal- mol~! %{87. HY OBREIEERE - -
THy 2kcal- mol THH, HM R kfEE LT —1.9& 0.9 8:;(5) 8(1)(5) 8%3? %(7);2
0.4 kcal- 1-1(Ny=0.44 B, . 0.65 015 0.788 2.178
cal- mol "} (v ) R ) 0.60 | 0.20 | 0.964 2.269
log v & N2 LOBfRE LTRREER.
— _1.02N2 24 (0<No<0.20) - (9 0.75 | 0.05 0.356 1.455
log rv 1.02N%.4+0.24(0<Ny=<0.20) ---(9) 0.3 0.70 0.10 0.699 1.781
log ype=—0.11N%—0.31 (0=<Npe=<0.20) --- (10) ‘ 0.65 | 0.15 0.927 1.933
4.3 Fe-V-Cr 22D 1600°C [=55(33 Fe #5k08 0.60 | 0.20 1.108 2.023
VOER . N
o [ F
Fig. 10 iR log (15./15) 5 X0 log(lt./ (108 F; —tog )
) & /T L OBHRT Ny, Nor /85 2 =4 —1T Nee— o | 1%, | Nee
DT L. BUBENRR X b BiR~EMEACiRE & “JNg—0 CF < T %8 Ny )v:
TLX 7 RORIEE TH D, AMEZOETHSD. 5 (11)
5N 7z 1600°C iz i3 5 4 # 38R D% Table 3z log ype=log 7%. — Ny
7_1:\‘Lf:- j:iSﬁvC@@Uﬁ*ﬂfﬁbi NV=02 35«.1:‘0: NVZ |:1 1+ —1 NV }NcerCr
O Oog —/——
0.3 Thb. Z0f®d V 5LV Fe OFERFNE(3) .~ % N Nc,=0 Ny =const
R HoRDS-DICHHERE 3TLHRT Ny D—EDHM Ner=Nor Ner
— N d| log I* logN
kb s BIEHENTEEOHKTO VLU Fe Ner=0 Fe /Ny=const
DFEEFRBR(3)X»bRDOE S5, - (12)

NCr
log yv=log r% —f Npe-d
Ng.=0

° BIU ¥ BE & Fe-V 2584&D Ny i
1 iz (1)
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0.2 OIGE, KOMKEIHLRA.

log(Ite/I%) — log (Npe/Ny) =0.88Nc.+1.00

d [log (1¢./1%.) — log(Ncr/Nre)1/dNe:=0.18
Z 7 Fe-V 25544 Fe, V OFERGEEITIROLS S
Xy, Ny=0.20 K r5.=0.914, 75°=0.380 T 5
DT, (13), (12)XxH, KORH»ELRA.

log yy— —0.42+40.70Nc,—0.09N2,

log ype=—0.04—0.18N, —0.09N¢,
7272 L, Ny=0.20, 0<N¢,=<0.20 © = ¢ kR Ne.
DIED log v W T HHFHI/NEVDOTEETDH L,

log yv=—0.4240.70Ng,

— log

(Ny=0.2, 0N, =0.2) -ovovveneneeee (14)
log yre=—0.04—-0.18N¢,
(Ny=0.2, 0N, =<0.2) --ovovemeneeennen (15)

Ny=0.3 OELFRIC LT KAPBELN .
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Integration curve for the Fe-V-Cr system at 1600°C.
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Fig. 12. Activities for the Fe-V-Cr system at
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2) MRS DOERIXEHMKERIC bR > TAIRE L
fo. Fie rv=0.16 (EAKHLE), 7%.=0.39RIAEYE) =
5. :
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log yy=—0.424+0.70Ng, (Ny=0.2, 0=N,<0.2)

log 7re=—0.04—0.18Ne, (Ny=0.2, 0=N<0.2)
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