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Thermodynamic Properties of Liquid Fe-Ti Alloys by

Mass-Spectrometry

Synopsis:

Takeshi FURUKAWA and Eiichi KaTo

The activities and partial molar heats of mixing have been determined in the Fe-Ti system at
1600°C. The experimental teghnique is the same as described in the paper on the Fe-V and Fe-V-

Cr systems, which has been reported previously.

The selection of oxide crucible material for the alloy and the effect of a small amount of added
substance for the purpose of lowering the oxygen partial pressure in the cell have been discussed. The
system exhibits a negative deviation from the ideal behaviour. The results can be partially represented

by the equation

log 7pe=—0.89 N3,—0.48 (Npo=<0.10)
log yri=—2.29 N$,+0.53 (N1;<0.10).
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FEECHMAEL Ll 73, =0.05 X 0 153D H 5{ET
b5 EBRTWE. FTE-pF-FE-#)19 13 H,-H,O
A H A PRI & 0 BREEFEEBRETT 5\, 0.001<
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Table 1. Chemical composition of materials (ppm).

Al Fe | Ag Cu| Ca | Mg | Mn

C Na S Si Sn O

Iron 40 — — — — — —

50 — 40 70 — 26 | Fe>99.97%

Titanium | — | 100 0.1 0.1| 0.2| 0.1] 0.2

— 0.5 — 10 50 — | Ti>99.9%
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;1;(;&0. l Typlcgl mass spectrum of the Fe-Ti

system.
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~5
AlLO,, .0
Tionoo!

log au

Fig. 1. Relation between log @y and log po,
for refractory oxides at 1600°C.
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& O ; Measurements by increasing temperuture in sequence

4 ®; Measurements by decreasing temperature in sequence
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Fig. 2. Experimental values of the ion current
ratio for the Fe-Ti system,

EERSIUELHCWEBOREE BN, LL
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L5 Y — T HREIEL Ttz E85E»D Hh
7o RO MRS XUE AR UTO VWb S volume
diffusion I oD LEZILNS.

EERDIEZC X HHIEE~DEET Fe-V RYOR
EFRRICSEIOBIET 4 Ul ZORBOREL N
=0.098¢ DORBCTHELRE»HLD Ti ITX B4 4 8E
i Ti QflsE4 * 3B DK 10% Thor. i Nni
=0.901 D TIIIHGERD 5D Fe @4 * 2 313 Fe
DHFEA F BE DK 10% Thoi. zhbiconT
DEFIEREDOHRED TH W TR FEC X OTHFED
7o. 78 Ti OA F EEETDOWT O FEROEIER Ny
=0.0984¢ DRFIDBIEHEIC DVT DHFTIEV, Fe ot
NIZDOWTH Npi=0.901 OEDBRIEED G5k >
7=,

Table 2 iz 1600°C & XU 1500°C w435 log

Table 2. Experimental values of ion current
ratios for Fe-Ti alloys.

1¥i +

dlog( : ) 108( It )

- “g(&‘) 1 600°C 1550°C
0.098 —5080 —2.676 —2.750
0.201 —3910 —~1.925 —1.982
0.271 —3340 —1.543 —1.592
0.333 —3770 —1.213 —1.268
0.401 —3500 —0.856 ~0.907
0.494 —3710 —0.397 —0.451
0.603 —~4020 +0.105 +0.046
0.694 —1120 +0.612 +0.598
0.795 — 670 +1.121 +1.111
0.901 + 270 +1.738 +1.742

(b) 7

0 1
-20 0 20 ~20 -i.0 0 [Xe]
log (I /T2) tog (In/ 1) = log (Ni/Ng,)

Fig. 3. (a):Ion current ratios and (b ) integra-
tion curve for the Fe-Ti system at
1600°C.
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% L7-. Fig.31zix 1600°C ek B4 F o 38EH(a)
LERL kDL ORARS MR (b)) 2R LA &k
Fig. 3 (b) izl3¥ WaGNER, St. PiErre? ¢ 1545°C
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I DI DEWEELDTWS. WAGNER LITAMA
ERBRIC M) 7OV ERWTRIEEZTR 2TV 525
W oVE EDE T Fe-Ti 3El L v anih a4 L,
HlEd BEl 2 Y —THRRCIS2T AV 74 A% 8
DT RVHCHTL BEASH D, DDA A EE
EARBANT B L Cwvw < OH»ED Hhic i< Tv 5.
FLTZD2 ) — TRECTTHHEL LTELREAY
T4 ZAREAELLTEBICI S A 7 RDFEED &
< e bz, ErDELH 42— 2oOfic Moo
= FEEAR, AV T4 ALY ) —FTHEZELD
THTE25EEY 20 Mo s — )L FHRICIRIR & BB
BEBVEERRTWS. LiLsdd, Z0X5kh
HETEZ Y —FPRRCISTH Y 7 « 205N K758
OFERYFLECIHIET S 2 L3 L <, HIERICER
FEERELDIELENFEILND.

AR TIE Fe-V S 2V TOBIER R R L U%E
k7 B 2iEM B X CEE ORI ORI RICDOWTD
BitasH e LT, Fe-Ti §&OREICI VT MY 7
oevERAy, XbicEO Th i U CBlE 2Tk

1.0 7
N\ /
N 0,‘ —/
N /
N (Solid reference) ,7
08} N R
AN pay
AN Y /
N 2/
N ldeal —u.," /
06} Q,, — A 7/ / Qri .
. (Liquid \\\ .7 4 (Liquid :
o reference) X reference
> // \\
s 04 % >
2 d TN
s
N
0.2 Wagner ét al. / N
//(l SQy .
s ~/%%.20043 N
0 -~ —f:;:jjghﬁ60|7 ;3-___ N
0 02 0.4 0.6 0.8 1.O
NTI
Fig. 4. Activities for the Fe-Ti system at
1 600°C.

D7 &5 WAGNER LRBRNTW5H X SRR EFRE
5%, BIEMEOBBEME DD T2k,

B ED CEpb ki i~ Ti 0B T 5
Th OEEINIVWIDEEFEL LS.

Fig. 3 (b) ofiic >WwT (4)RXTRIN5EHE
ER{TE, Bohi Fe XU Ti @ 1600°C ik
JEEER Fig. 4 tRLAE. FMRCI>TELNR

Table 3. Comparison of 7%, of the Fe-Ti alloys
determined from this and previous works.

Investigator 7T Temaeraturc
CHIPMAN® 0.011 1627
CHiNO, NAKAMURAS®)

TsSUNETOMI, SEGAWA 0.033 1600
AVERINT 0.007 1 600
FRUEHANS) 0.038 1 600
Suzuki, SANBONGI® 0.016 1 600
WAGNER, StT. PIERRED 0.068%* 1 545

. 0.017*

This work (0.018) 1 600

* Liquid Reference

Table 4. Activities and activity coefficients for
Fe-Ti alloys at 1600°C

N ari 7Ti ape 7Fe
0.00 0.000 0.017 1.000 1.000
(+0.002)
0.10 0.005 0.047 0.856 0.951
0.20 0.021 0.103 0.668 0.835
(+0.002) (+0.010)
0.30 0.051 0.172 0.493 0.704
0.40 0.117 0.292 0.318 0.531
0.50 0.217 0.433 0.191 0.383
(+0.004) (0. 004)
0.60 0.348 0.580 0.108 0.270
0.70 0.544 0.777 0.047 0.156
0.80 0.723 0.904 0.020 0.100
(+0.002) (+0.004)
0.90 0.881 0.979 0.006 0.063
1.00 1.000 1.000 0.000 0.043
(+0.002)
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Fe X' Ti o3 WTnLikEE#E DETch 5.
1600°C 123175 Fe-Ti £403 Ti iBEHNE 96 wid
PLECENEIRFMEE D, £9 98 wt% LLETEMER
510, REBRTIE ZOMMRTOEIER, ik~ k >
L RIRDIBHIC XY Fe D4 F+ BEDOREEZEEE
BRELALDDTT DT, 2ERKERChvilke
NE L Cidgzskd. o Ti oFhfigst (3700
cal- mol-1) X UELE (1940°K)1® 2Fwvt Ti ©
ey EWERE R L TRhi S8 TTRLE. FX
WacenNER & ST. PIERRE D% R0 /- [z R L
72 BBFEMEC L >TELIL 15,=0.017 Gk
HE) mEFEECERT S L 15,=0.018 L5, g
DD INODEHRGHERDE L & bic Table 3 xR
U7, IR HEZHE, =4k Ti Bk
DI LT EFHAMEH EHEE LT Fe-Ti-O Fo FHEK
XD kDIfE 75:=0.016 L LW —FERLTWSH,
WAGNER LD 79,=0.0682 13 kX EiLDTW5.

Table 4 TAERIC X >TELN 1600°C i3s3
% Fe BXU Ti OFELEEREY, TOMEEL LY
R L7z, 820k Fig. 3(b) wRLAHBBICY>WTOD
RBHEG TR VT, BIEED £30¢ OFFHTHE LD
ZE Tk,

Fig. 3 2t N1i<0.3 ofico Ti oFss, 7
R— Felr v -BESITEC X 2 TE S5 7 WAGNER,
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