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Reexamination of the High Temperature Region of
r Fe-W Binary Alloy Phase Diagram

Eiji IcHISE, Yoshiyuki UESHIMA and Shoji MIvAGAwWA

Synopsis :

High temperature region of Fe-W binary alloy phase diagram was reexamined by ion intensity thermal
analysis with a Knudsen cell-mass spectrometer combination and metallographic method. Temperature of
two invariant reactions, Fe(x) =L+ Fe;W,(¢) and Fe;W, (¢) =L+ (W) and composition of the decomposing
phases were determined through the arrest temperature and the duration of the arrest appearing on the
heating curves of the ion intensity. Identification and composition determination of the equilibrating phases
were also carried out by metallographic examination of diffusion couples and heat treated samples.

Obtained results agreed well with some phase diagrams in the literatures. FeW () phase which was
claimed to exist in a phase diagram in a literature was not detected in the experimental temperature range.
This coincides with the behavior of the activity curves of Fe-W alloys reported by the authors previously.

The results of this study prove the ion intensity thermal analysis to be useful for the study of high tem-
perature transformations including liquid phase.
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Fig. 1. Schematic diagram of change in the

temperature of sample and cell holder.
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Fig. 2. Example of Knudsen cell ion intensity
thermal analysis showing an invariant reaction
a=L+e.
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Table 1. Chemical composition of pure iron and tungsten powder.

Pure iron
Fe C Si Mn P S Cu Ni Cr Co Ti v Al O N
>99.98  0.002 <0.005 <0.001 0.005 0.005 0.005 0.004 0.003 0.013 0.003 <0.001 0.003 0.042 0.0017
Tungsten powder
w (o} (¢} S Fe Ni Mo Si Ca K, Na, Mg, Cu, Mn, As, Sn, Cr, Al
>99. 98 0. 0100 0. 0004 <0. 0001 0.002—3 0,002—3 0.003—7 0.001—2 0.0005—20 <0. 0005
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Table 2. Results of Knudsen cell ion intensity thermal analysis.

a—L+e e—L+ (w)
Heat Composition Quantity Experimental |Heating Arrest Relative Transform. | Heating  Arrest Relative- Transform.
No. temp. range |rate time heat temp. rate time heat temp.
absorbed absorbed
at% W mol K K/min min K K/min min K
201 11.1 0.0370  1838——1917 2.7 6.6 3179 1821 n. m.
193 11.6 0.0356 1705——1917 2.2 6.6 2299 1820 n. m.
207 14. 1 0.0364 1812——10914 3.0 5.0 2060 1821 n.m.
188 14,6 0. 0350 1703——1 916 2.5 6.1 2658 1821 n. m.
132 18,7 0.0354 1759——1931 3.3 4.2 1644 1819 7.6 0.4 34 1919
208 18.7 0.0370  1815——1902 3.4 3.8 1327 1819 n.m.
180 24.6 0.0363 1751——1926 3.4 4.0 1499 1819 1.9 2.5 327 1924
220 27.7 0.0388 1818——1928 3.1 4.8 1841 1820 3.4 4.2 1546 1921
174 28.8 0.0372 1751——1925 3.1 3.7 1141 1818 2.6 4.3 1292 1922
125 30.2 0.0356 1753——1937 2.8 3.5 963 1819 ! n.g.
129 46.8 0.0421 1784——1941 n. d. 2.2 6.4 2 140 n. g
219 60. 4 0.0302 1775——1930 n.d. 2.5 4.0 1325 1919
” 1921
127 63.0 0.0288 1777——1942 n. d. 3.6 3.6 1620 n. g.
182 80.6 0.0196 1775——1933 n. d. 2.6 2.6 897 1918
” 1918
213 81.0 0.0210 1772——1925 n.d. 2.5 2.1 525 1922
” 1921
n.m.; not measured, n.d.; not detected, n.g.; no good
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Fig. 3. Composition dependence of relative heat
value ¢ absorbed during invariant reactions ¢=1L
+ (W) and a=L+e.
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Table 3. Results of annealing experiments.

. Composition Annealing temp. Annealing time Phases at annealing Identified phase by X-ray
Heat No. at% W K h temp. diffraction
DC (1) 1713 12 a,¢e, (W)

DC (2) 1838 23 Ede,e, (W)

WH14 6.0 1840 2 L

WHI15 8.1 1841 2 L

WH16 10.0 1841 2 L

WH17 14.0 1841 2 L+e

WHI13 20.0 1845 2 L+e

WH3 34.9 1855 2 L+e¢ g2
WH5 7.0 1360 2 L

WH6 10.0 1 860 2 L

WH18 14.0 1863 2 L

WHI19 16.0 1867 2 L+e

WH2 19.9 1 860 2 L+e g, L (asa) V)
FW60A®> 60 1933 3 L+ (W) (W)e
FW80As> 80 1933 3 L+ (W) (W) e
FW60BY) 60 1933 3 L+ (W) (W)e?
FW80Bb> 80 1933 3 L+ (W) (W)e

a) Samples were prepared in situ from Fe chip and W powder

b) Samples prepared in A series were arc melted and then again subjected to annealing

¢) No other peaks were observed

d) Composition of liquid was determined from the lattice parameter

e) Composition of (W) was determined from the lattice parameter

Fe LW L BB LR THY, ABH(B)IEW
B bR L W) H2XEETHERTHS. WE
BREEHESRA» SEEICHEO TR 25T 4R
HoOBRTFERE» LB LLEBRS I VW—RERLIcZ &
o HORBIEERECH DI EER LT 5.
3-2-3 FEEBYLEEE
1860 K SEEECE L7 14.0 31 0° 16.0at%W o

(a) 1713K I12h,WQ RE image

(b) 1713K 12h,WQ Microscopic structure,
etching solun. A

(c) 1838K 23h,WQ RE image

(d) 1838K 23h,WQ Microscopic structure,
etching solun. B

(e) 1838K 23h,WQ Microscopic structure,
etching solun. A

Photo. 1. Microstructure of Fe-W

diffusion couples.

sk % Photo. 2 it 14.0atZW Tk M
—#, 16.0at%W it ¥+ ¢ HTH o, 1840K
FaETIE 10 oL 14atyW OFBCEER2ESH 5 &
EZxbhb. hbOfEREND 1873K ToORMRER
13 15~16at%yW fHEeh b L Ex bR 5.

FW 60A, 80A, +h bk 7 — 7 BMLICEME IV
FW .60B, 80B njfifgh% Photo. 3 Rt. WThid
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(a) l4at%W, 1853K Zh, WQ.

(b),(c) 16at%W, 1853K 2h, WQ.
Photo. 2. Microstructure of samples equilibrated
around the liquidus.
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Fig. 5. Phase diagram of Fe-W alloy.
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(a),(b) Heat treatment (A)
(c),(d) Heat treatment (A) +Arc remelt
(e),(f) Heat treatment (B)

Photo. 3. Microstructure of high
W alloys.
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