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Knudsen Cell Mass Spectrometric Study of the Thermodynamic

Properties of Fe- W Alloys

Yoshiyuki UESHIMA, Hisashi YAMANA, Toyoko SUGIYAMA, and Eiji ICHISE

Synopsis:

High temperature thermodynamic properties of Fe-W alloys were studied by the use of Knudsen cell
mass spectrometer. As this alloy system has only single volatile component, the internal standard method

was utilized to obtain activities in alloys.
Fe was used as the standard material.

surface in the cell on the ion intensity was taken into consideration.

By taking advantage of high melting point of Fe-W alloys,
In applying this technique, the effect of the height of sample

Samples were melted and solid-

ified preliminarily in a Knudsen cell before each run and then iron foil was placed on the sample
surface so that the change in the height of sample surface in the cell on melting during the measurement

was minimized.

Activities and free energy and enthalpy of mixing were derived at 1873 and 1773 K. The follow-

ing values were obtained.

1% () =7.6(£1.1),  e5——2.2(+0.8),

at 1873 K

Values for the activities of Fe-Mo alloys were revised on the basis of the present knowledge about
the influence of the height of sample surface on the ion intensity. The following values were obtained.
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KAUFMAN 54

—0.14(+0.18),

at 1823 K
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aFe=IFe(alloy)/I;‘e ( 1 )
e¥, EFMEYi-oTix In(I-T) 3t 1/T BFEO
EREEFIHL W5,

ARUEC BT, BEAE, BrBRERLELED L
DORKEEA L TREOEE, BRI ELTS.
—77, e rRARAREAE X, BREA & vEEcEEY
g3, chikEE LT, REERERE BN cRER
bR LB EEL BRS. Lz oT (1)Ko I,
RHRMEO SRR ER—DXKARIEE T M Fen
LD A A VIBECTRiIThiE b, RBloBMER
o1 x viBEOE LRI L, coBbr T BT
PELL, OBEELXILLT, BEHLOA 4 vBE
Ifo T—BOWEEMZ 5 LR IDTHEOEWEER
ENELh5 X OBRFELXRF LY. LR,

(1) e rHORKBEELE Y —EC T 5 D0k HE
Bx 0.25cm3 —gre 351 L Lbe, IHEAEERD
e —E e AN CHERIT 5.

(2) BEX0.2mm,8.5mmg¢ Difi Fe {4 NIRE#E
AELTHVS., chx FRoRBERCHEE I T
B, ABKEFOLI 90% UEE2ES. coXsrel
T, b, RSO XARIOEB Y T BT/
35,

(3) i d— B BIO THAENO REE
4t® (= EIRE—THRE) % W RHHERE
it s 30°C it 5.

ThHDEGETTC()RCAGDEA X Ireo & Ifo &
DR KRDOEBRR %G .

Iyoo=1If o -exp{—4.920x 102/ T +0.255}
: for T<1811K
=1If.-0.983 T>1811 Koo (2)

A 4 VEREERIEE, LTt 1623~1773K T,
H4&5HT 1673~1943K CHERZEE Lok,
HZREMOBERMREIL 20~30K <, ZRECHEEET
A+ VEEE A 10min —FE /s b D EFFOTHIE L 7.

e BER OB O\ TIL T IR G L7129,

2.2 MATILEESROAE

7 x—¥verHND Fe DHPE Pre 1L Ire-T 12h
B3 % D C#oye VKRB dHr, BIRAC RT L5
In(Ipe-T) 3 1/T BAROAE LB BIS.

In(Ipe:T) =—A4HT,/RT +const. +eeeseeeeeee (3)
X bz, Wy rBaEs HY. 134l Fe 0&RS dHj.

12 pre=7.8781g/cm?, pw=19.25¢ (g/cm®), EI2 paroy=(Cwt%
Fel pre+[wWt% W] pw)/100g/cm?® CEHELI:.

TRHOWTKRARTE2 bhb.
HY = AH Fgo— AH g -eveevesvesssevennneneiennen (4)

23 ZREE

FHL? 2 — € v VEESHE (A2 RM6K) %
T FE Y -2 VO T TRBED L.
7272 LER ik 6/30Pt-Rh BB Shic B 2 CRIEHEISR
TORBHORE R W/W-26Re BB 5 H L 7.
2.4 =¥

FH LM Fe BRI T CrRRED L. MWIiLE
FRIOEERIR (2mm) CEOMEL W>99.98wty T
B5b.

ko Fe 35 XOWRFIEHBICEA L (10~15g),
T3 FBDIFRANRTEGR Ar [t CERFE 2 AV
T, 30at%W LI TFo&4ix 1873K ©, 30at%W Ll E
OESIKHEOBE RS 19383K T 1h &L, oh
% Ar 7 — 7 ERE e, 10 B0 ETEB L CHE

RUTe. Zo & ZoEFHERENLEEK 10min ThH%.
7e7i L, 20at%W KD & TLT — 7Y B L

oo Efz, 0atBW G837 — 7 BBERTEL T BE
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SO 0.25cmd 7 x— v e it EALSHEZET
T Lh B L, BEWEBRELURY A 27070 L5k
e L fe.

HEHBIT 20atBW RGO F IO TR S
Lo TEHBHERK & Lz, BRPOER X 5HEKEL
BERATELBETH K. 20atBW Ll LEoge&ireo
WTRWORFRESIIO X b HREZRE L.
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3.1 BRHRSKHE
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SRR LD A F VEEYRIE L. ARTHRENTH
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BREEKAETHDHDT, Y v v BRI DVREI A
EEANTRETH H. WEOHR, Fe Dbz EEER
B G T 2EERCET A1 4 VBB Y + v X —%)
R EAERDOLRT, ERWED AR AKEZ
Fe OZ ThHotz. 2D b, B E w1 MK
Az DT Wit EE L TEFT 2 .
3.2 FERAE

BlEERO—fI% Fig. 1, 2 @i, KX B bk
X5 In(Ipe+ T) % 1/T DOBRIZAMBFIR CEAFLL
TE5. BPERERECRELEERRLS 1873 5 XV
1773K kT (1), 2 RExHWTHRELR Gre &
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Fig. 1. Procedure of the determination of the ac-
tivity of Fe and ion intensities for pure iron and
an alloy.
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Fig. 2. Ion intensities for pure iron and an alloy.
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Fig. 3. Activities of Fe-W alloys at 1873 K.
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Fig. 4. ‘Activities of Fe-W alloys at 1773 K.
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Table 1. Experimental values for activities or activity coefficients.
Phase Tw Activity or activity coeff. of Fe Activity or activity coeff. of W
1773 K
a 0-0.12 Znrpe(s)=—0.3162% (1) anwgsg= —0.316 x£, +2. 126 (1)
ate 0. 12-0. 385 are(s)=0. 87620. 006 (1) a4 (s)=0. 787+0.013 (W)
¢ 0. 385-0. 400 Qpe(s)=T. 867 zp, — 3. 962 (V) aw(s)=13. 131, —4. 269 (M)
£ +(W) 0. 400-0. 983 apo(s)=0. 758+0. 004 (1) aw(s)=0. 984+0. 007 (m)
W) 0. 983-1 Zn7 ge(s)=3. 90623 (R) Zn7w(s)=3. 906 25, (X)
1873 K
L 0-0. 152 Znrre(1)=1.106z% (1) ZnTw(s)=1. 106 28, +0. 919 0. ))
+es 0. 152-0. 385 ape(1)=0. 870+ 0. 007 () aw(s)=0.844+0.014 (V)
€ 0. 385-0. 400 Ape(1)=5. 33 x5, —2. 408 (x) aw(s)=9. 07 r,—2.648 (1)
e+ (W) 0. 400-0. 978 @ pe(1)=0. 790 0. 008 (nI) aw(s)=0. 9801 0. 007 (WI) !
(W) 0.978-1 ZnYpe(1)=3. 69723 +0.031 () Zn74(s)=3.697 zp, (XX)
6 fo. FRREL, i+ TAREERTIL, COfERGAOBEFERY
. ¥o.
4 .
HY3 D= H¥D + RT2(9 In @Y}/0xpe) (dxpe/dT) i/5
Ng 2 /I/ .--..............(6)
£, 1 ZZCRMAE () WHEERL, VjRjHEFETS L
E 0 ﬂo T
. I ¥ee=1106 X5 HOMERBRLTHADZ L 2B R TS,
-2 ° %%% %@ﬁ%& L i‘(e(l) g Flg 6 L7
Yo i, (H)RHE ST KHEETD dHie OELL
-4 :
3 3 Te ORIEE i * 0.3~
0 T oo TERINDH, dHi, OWEBEIFEERZEe T 0.3

Fig. 5. Relationship between In 7g, and x¥ at
1873 K.

iz.
(3) eMHERE: COFERTIRBEET>TUN VD
T, AHERIIIL 200 MHER COFERELER
AT, Tedk e HOMEBERERER W2 BFARI>7.

(4) (WYHER : c 0B THHEEZITO>T W nwn
DT, WHcCEMBEEETv2HHEL, KOX5L
TRELeA VE—F =2 VO=FZAF - QFHCTUERE
FBEERDI=. Tiobb, ¢ HYHERE 1921 K ki)
%5 L+ (W) HIRD Grey DFHMH 0.839 & (W) #H
» Fe ¥R 2.6at%W B L0 1921K wkir s Fe
DOFEfEDO Bl = k¥ — AGY, (= —204 cal/g-atom)1?
ERRRCRALTR2%RD 7.

In7pe(s) =In (@po(ny/*re) + 4G5/ RT
= (Q/RT) (1—xpe)?

Q=13 760cal /g-atom (5)
fexs 1773 B X8 1873 K 2k 5 (W) Mo MRS,
ZEEE BT 5 W) Ho EEMEE e+ (W) ZMHFEK
DIEBEAEBOREN BIRE Lic. Gre TITFRZERIH &
LT ERREE, i Gy X Gre O BEEX HIZLT
Gibbs-Duhem X7s 53R 7o 258 % 130 L 7.

3.3 BRAOTrailE
ZHcwT B In(Ipe-T) 3 1/T BYREOHE L H(3)
(4)Rie &HS\C Fe o {1V BER HY. % XKD

1.2kcal, 33 0.6kcal ThHbh, H¥, DEEIL o TE
LT 1~2kecal ¢7c%. MXbB LM X5 CBESERK
TO H¥. ODRZFIFZTOWUEBRELABRED S\ LL
RUTThY coRFETcoREIRETHS. L2 TH
WMOBEHE IO W) BB AR LT e nEhIE GG Y
FHELI. A VE—F = v AF -3 hTho
SR Tre(Table 1 o (xi), (xix)5K) 2 bHRDI. ¢
HedTaMaErc vz Aex, e HomAlOMEER
BAOEERETHS & LT, (6)ReHESWTHAZM
iR D HY. ZFEATET LA EZ DR DM, 205

L e S ew W
e e R
. - 05% orifice
M . 07¢
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K] Fe |
£
>
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B i
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Fig. 6. Partial molar enthalpies of mixing rela-
tive to liquid Fe and solid W.
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Table 2. Partial molar quantities of Fe-W alloys at 1873 K.

Phases

Fe (1)=Fe (in alloy)

W (s)=W (in alloy)

Are Tre G¥, cal/g-atom (-2 Tw GY cal/g-atom
i} 1 1 0 0 7.6 —o0
(£1.1)
0.1 L 0. 910 1.011 —351 0.614 6.14 —1820
0. 152 0.870 1.026 —519 0.844 5.55 —630
(0. 007) +31 (£0.014) (+60)
(5 |
0. 385 . 0. 870 1. 415 —519 0.844 2.19 —630
0.4 0. 790 1.317 —878 0. 980 2.45 —75
0. 987 ] 0. 790) 36 —878 0. 980) 1.00 —75
+0. 008 +38 (£0.007 +26
W) (—37) (*11)
1 0 42 - 1 1 0
e¥=—2.2(£0.8) e¥=10x10"%(+0.7x10%)
Table 3. Partial molar quantities of Fe-W alloys at 1 773 K.
Fe (s)=Fe (in alloy) W (s)=W (in alloy)
ZTw Phases
Qre Tre G¥, cal/g-atom Qw Tw G% cal/g-atom
0 1 1 0 0 6.1 —
(+1.2)
0.1 P 0. 897 0. 997 —304 0.649 6. 49 —1570
0.12 0. 876 0. 995 — 480 0. 787 6. 56 —870
(£0. 006) (40.013)
0. 385 0. 876 1. 424 — 480 0.787 2.04 —870
0-4 ¢ 0.758 1.263 1000 0. 984 2. 46 —60
0. 983 0. 758 15 —1000 0. 984 1.00 —60
+0. 004) (+0. 007
W ( )
1 0 50 - 1 1 0
BN COIERBEDOHE & e Gibbs-Duhem o b
BRI EBRBREOHA B TR S hicl kB0 T, en=—2.21(+0.8) at 1873 K.eoveees (7)

T TIRED L.
3-4 Fe-W gROMNFEEH

BAEOHA=AA¥ K IV0=vi 1k Fig. 7 it

~L7c.

ARDOWER, BERESIOCE>x ESHEI= 3L
¥ —% Table 2 L3 R L.
BHPoOWOHEEAREEL Table 1 o (xii) 5 X

Ly g een O
2
T T 7
- H"; Present study.
g 1 /—H":iUhrenius et al.
3 H" i Iguchi et al (1863K)
(%3
Z 0 ; ! |
= | 7 “G":Present study.
o - — 1
< N *:G".Present study.
T L, i G".Kirchner et al. }(1773K) __
a; GM. Uhrenius et al.
relative to Fe(s) and W(s)
-3 ! ] 1 I
0 0.2 0.4 06 08 1.0
Fe Xw w

Fig. 7. Integral free energy and enthalpy of mix-
ing relative to liquid Fe and solid W at 1873 K.

3.5 Fe-Mo 3SNDER
%E 013 Fe-Mo 5&DFEEY 7 X — ¥ Ve VEES
Vet VW CHIE LT Clefi Lic®. Lol
PIETEERE Y CIT, 1B Mo BE TIk 7 X — ¥ v AHK

I L L'O’IUI U'(Mo)l (Mo) I

l L] T T T
Qwo .
08t o /-/ y
0s QA
> or * Fe n
s E//°
3 N
< 04} . / \ 1
o2t / / N\
% AN
0 0 '0?2 0:4 0?6 OTB 1
Fe - Xuo Mo
Fig. 8. Activities of Fe-Mo alloys at 1823 K.
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Table 4. Partial molar quantities of Fe-Mo alloys at 1823 K.

Fe (1)=Fe (in alloy)

Mo (s)=Mo (in alloy)

o Phases

Ape TFe G¥, cal/g-atom HY, cal/g-atom a o o Gl, cal/gratom HY, cal/g-atom
0 1 1 0 0 0 2.19 - ~3490
+0.17)
—0.15

0.1 0.901  1.001 —-378 0 0.216 2.16 —5550 —3540
0.2 0.802  1.003 —799 10 0. 426 2.13 —3090 —3580

L (%0.003) (£15) +0. 020) +170

—0.015 —130
0.3 0.704  1.006 —12711 20 0.633 2.11 —~1660 —3620
0. 361 0.645  1.009 —1590 30 0.757 2.10 —1010 —3630

(0. 009) (£50) (+o. 019) +90)

—0.013 —60
0.485 0.645  1.252° —15% 3170 0.757 1.561 —1010 -9190
0.5 o 0.627 1.254 —1690 630 0. 780 1.560 —900 —6860
0. 560 0.551  1.252 —~2160 —9540 10.874 1.561 —490 2 470
0.815 0.551 2.98 —2160 3960 0. 874 1.072 —490 250

(+0.008) (£50)
0.9 (Mo) 0.402  4.02 —~3300 5040 0.919 1.021 —310 70
1 0 5.9 —oo 6 450 1 1 0 0
M3 =—0.14(+0.18) ef3=1.67x10"3(£0.19x107%)
Mk Fe % Mo o Liz3A L CHIELE & L, dlge/dT = {(4H%o/TR) =1} Ige/T -+-+-+--(10)

ZOFETERABOBMAESEOBRORERRHIOL
BT Shicy. FoBrfT o ofR Tl
Rk O CREERS SO + vERECEEYS
2%, FOTRHBROEESIOEHYRELZ &
X oOTIEENEE MEXMe . TO/RRY Fi.
8 ¥ L% Table™ w7

4. & =

4.1 FRAERE
EEAEECHEY RS TAEREER R L.
(1) #ti Fe B~oWoik#k : AREE T 0.2mm

Eoii Fe BTaL&AT B, 1623~1773K THK

2h, Ips OPIEHEFTOTWAS. ZOMD Fe H~DWD

T A SEOREY Fe-W R0 A, A5 Ire D

ET 2 LHEE L7,

ARERFETE, EEFRPCE 5 Ire DERNL
TR PR L, TEETO Ip {EX RETH EHN
<& %. Fe BHREDIC Ay HTD Ipe & DT
BTEXHD, ZOEEIWOIEBESRIILLS rre DI
TR ICFhEESL Ay KOETFO2ORRNTET
T5.

Ipe 12 xpe=1 TIX—ERE T xre HHIT 5.

Tpo=1Ige-xpp wwoevresrennserensnnannns - (8)

R4V¥@A4ﬁEETM®@mL;5%T$u&

%@”#B&ﬁf#x%h%.
dT 54/dxpe =6 000--- R E))
itheﬂﬁEEmHFe@%E%AHN%muf&

RTRENB.

WoEEIC &5 xpe DIET% dxre, Ay MO BT

% AT, Ay f5CD Ipe DIE T % dlpe T2 &
Alpe= (8Ipe/0T) - AT + (9Ipe/dxpe) - Axpo-+- (11)

4 Fe o A, % 1667K, 4H§,=93.07 kcal £35%

ERAREES.
AIFe/[;ea_;ggAxFe.................................(12)

Fe #&HIES A, S TO Ire 137 14% BEOET
2RL, (I12RXVWoLELix 0.1~0.15atHFW &
EBE G Ealbnot. ERBERIED Ire B AR
EAELTCLAMMTH S Enbiifiiaaibic X
% Gpe DPEBEIERLES.

(2) REXEEEDET : AR TEW O EKEN
Fe OFhoi 1078 £ ChH 52 knb, & EMER
B EEREDETAEEORE L BS. Lol
TRO/BRESBET, —HER TOBE~DPEIEN
TCEHLDEE L. a) Ire DWEINRE, FiCH
LCRHRCh D%, b) WHANFET S LABADR
ERE BRI s, e+ (W) HIRER S L+
(W) HRER T Ire 2VEMAERE (1921K) TXW—
HERLTW5. (Fig. 2 28)

EEEOENKZ VIR b BT, BRI cXm
BEETH»OFEIhAEENRR OOV
R CIEEHEEE T X 5 RS0 ZEE»HO
BEHOELCHE S h—EDHERN R h 5 b &%
% bhs. ARE CIREMERARL T T HFEREO
e L.

(3) 7x—¥vert) 74 ABEE
AV 7 4 A 0.5 BXO0.7mm Ok X

: Fig. 3, 4 i©
% Qre
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AR LIS EREIZFRD bhi.
X5 e EEOTFITER T 5.
4.2 FETERG

AEBRTII—ERERFE Ire 7 10min —ETHh
B E LT e R Liehd, FOREBICET B 7DD
PFrEReEIE VR & BB X > CRE S Bixof.

HEEN I BA L, ERAFE Ire HEDRL—EL
oh. —HREFCASREE L+ (W)—e, L+esa A
R AHEI HEIZCRHHEYELL. flz 49.9
at%W oRE% 1921K wklFs L+ W)—e RiG%
T 1878K ffgFH35 &, RIGBHAEK 3h T Ipe 1Z
—ELTeh, e+ (W) OFREEIETS. T Ir H°
B, JEPEEEIC LSS Fe BEORMER IV e
HofFEr XD tELZBRSE., Ltema RIGE B
B LB FEREC KKK 45min (29atHZW D3
G) HELER, WEREDET & &S HTERHE L ERE
Lic.
+3 IR

NESMEYANOV 507 2 — ¥ vikic X b 7-Fe-W &
S OEIFERREIT, 1500K w3~ T 0.345 at%W
T Ape=0.865 LHEHEBE»HOLOELVARBEHREL
Tw5b. FFRGERIIYE ¢ s X0%EgkdT ﬂﬁ%
L RIERE 2R T.

Lupis HWOREALEERC X 5 L RSEhOHE R
B el & Tiay, FOBIILKRRI BT 5.

5i=Z(1"T:(1)2/7‘) (13)
L Z RRAEETHY, BESETIX 10 LRiT5.
¥ - IE R TRk OBER AL T 5.
s;=-—21n Tm) . ...(14)

%Rl Fe-W & 1t Fe-Mo W& & o\T EoBE
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5. x & B
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FORER, 1873 X0 1773K kit 5 4@I2
B3 HRERCh TR L. RADHERERIBSES
IO (W) licEhZhEnREEERL, 1873K, #ik

13 AERS5) i (fec) ZEHERIBE UZRUG (15) @ 4G°, Xk 14),
15) Z2hFh W X Fe @ (bee)-(fec) OERBD 4G° %
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WY TiL,

Tow=7.6(+1.1), e¥=-2.2(4+0.8) at 1873K
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AP EMEB&ELREsz ERRLE.

TTIEE L7 Fe-Mo A& DBEDHER, AWRERT
BohRARERAS I OEBHES 1 + vEEOEkic
BT AR ESSHELXML 7cERR LA, EKRD
ExE 7.

Taow=2.19(£0.17), e¥e=—0.14(40.18)

at 1823 K
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