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Fig.1 Processing curves of vacuum sintering (a) and HSPT (b)
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Pa=1
=2

Table 1 Interstitial element content in Ti-xFe (x=1%, 5%,

10%, 15%) alloys (w/%)

Vacuum

. HSPT-H HSPT-DH
sintering
O content  H content H content O content N content
1 0.25 0.14 0.005 0.28 0.04
5 0.23 0.17 0.009 0.24 0.03
10 0.23 0.15 0.005 0.23 0.03
15 0.24 0.17 0.008 0.24 0.03

Note: H: hydrogenation; DH: dehydrogenation
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Fig.3 XRD patterns of Ti-xFe (x=1%, 5%, 10%, 15%) alloys prepared by vacuum sintering (a), HSPT-H (b), and HSPT-DH (c)



© 1034 -

Mty e m A RS TRE

49 %

4 Ti-xFe(x=1%, 5%, 10%, 15%)%&4: ¥ BSED [ 4
Fig.4 BSED images of Ti-xFe (x=1%, 5%, 10%, 15%) alloys: (a, d, g, j) vacuum sintering; (b, e, h, k) HSPT-H; (c, f, i, 1) HSPT-DH;
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HSPT & &AM EHIALEREGRAES. I
ZUHT Ti-1Fe & 8RB 2 5 A W] 2 (B 4b), kil
LBt 2= A X 5 o AHFD B, AHAE B IR 1 X
s ] DO 21 K A AT IR 2L 2R (B 4b (53 Bl Y X k) o i
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2 10%0F, o HEFRD, FESAMLE KL,
M H o A B AR BIAE FE A0 B0 T K 0 R IR 5 A
W ACYAHIE 4™, g DB BRCIRSE A AT
FAAET BAH . 3R 2 [ RERS(EDS) 45 i /R IX 285 1
EPAH (B 4h h 5T 2 7B Fe 5508 34.47% & Fe
AH S ¥t B AR 4h A 3 A2 ED) T I Fe & 84 11.68%,
SR 10% e E#r . A G 2AfrE Fe YA
SEA R, 1E BAHN AT T — & R KL Ti-5Fe &
S WA B ZOR B FR IR o A, R L5 2
ERRIUE a FHIE 41). LA IREHT G 0 XRD(E 3b
A1 3c). BSED(/ 4h fil 4i)gh 3, HENNX L (1 AP
A BEJE TiH, F1 TiFe MVRA ) . IX 3B H X Fe (199"
B — s AEIER, B8 & H 38T Fe MEHE.
BT 1 Ti-15%Fe & 4:(F 4k WEA R o /1, T2
K 1A 1K) B AHFI R G641 B AH JR1 32 R R R B SR &
s Fe AHAL . IS (B 4D EISEAE B AR 3 11 &
FE Fe AHRA T W W5 iR, AN 50 % Fe AHA
IIRTEAS . LE R AR IR(E 41 R R Fe
S L2 8]y, ik 7 RS HES g/ i IR BT IR
MRAE o A0 [FIRTAE B AR OB (L PDFTH T R
RKIIFERIRE o M. EAJE Ti-15Fe &4:1) EDS
gEL (K 3) KW, WOE Fe A 41 4 2 A7 8
Fe &N 25.17%, B AHE 41 " 5i 3 18T Fe &
Rt g, 4 16.67%.

X Ti-xFe(x=1%, 5%, 10%, 15%)&r4H a5 besh
DL &% HSPT i &E0HT Ja AL 234 v DU H, H X Fe It
F A ARET AR R 6 FE Fe &S
(Ti-1%Fe Ml Ti-5%Fe), H IRl Fe K40l & 4,
EAETS p AR AW R, b Ti-1%Fe 1% g AH

FH L7 b 45 I IR K AR B A8 Dl J B IR, Ti-5%Fe 111 B
AH PR K AR AR e A D S5 3l o 6 T Fe S8
(Ti-10%Fe 1 Ti-15%Fe), H M| 2> fi Fe K 4E 0 i & 4R .
7t Ti-10Fe 11, Fe AMXAE B AHAN o AHF) 3 5 4L LURIURE
WA TAARE L, B p AN LLBRCR E . &
Ti-15%Fe "7, Fe W 3= BEAE B AH R A [ DURL K AR AR 2% 4R
AR VAT E, B E ARG AR L, AT Ti-xFe(x=1%,
5%, 10%, 15%) & 4 B AH A FH A B 07 ) R, T
HBi% Fe S 3gm, A ARALBI .. (HEAE N EK
ML ROV TC 3, FEIEATIR RS LA R K [ LR I, 7R
B it kL N 8 2 KA B-Tigwy—o-Tigy+d-TiH, 3L #7 #%
AR O1, i S ALK B R A A B AN N IR A o M
fiff g SR AT 2T A4k .

Ubah, HEARL AL, HSPT &4 hfHE
ZMALB, FLBR EE MRl Sk, HBE#E Fe
TENEM, LBEERD, ILREK, FLBERH
ASHENTEAR 1) BRFE 5647 (K] 4by e 4h FI 4k). 2.1 17
W43, 76 HSPT myi bk #eh, B4 B AdsE it
FMH SINREKI S ST, EARRR Ar B
Dy WA LB, M BELAS B 45 B0 4k o Hh iy T 1)
SIMT R G, KT Ti-xFe(x=1%, 5%, 10%, 15%)& 4, %4
Fe &bl 10%, H & Fe /M R EME. R
Ti-Fe #HIE, Ffi Fe & =300, Ti-Fe A 261 5 A Wi
FA%, ARV Al 1085 °C o X EMREE Fe MR ES
TR S Nt LK RO, I 2 WA
M7= e A6 1S Ar B A 2RI P LN R 2 — 2D 48,
ARG R 80 b . FLIRA K, LR R I BRI 1
e R A TR Z WA IR IE . X T Fe
TR AT 10%1 Ti-xFe &4, 5 5 FER 8% P
L, 3 20 0AH 19 A Y 12 BELA 35025 A0 T 22 I AL

#2 El4h PHEDS IR
Table 2 EDS results in Fig.4h (v/%)

Point Ti Fe
1 100.00
2 65.53 34.47
3 88.32 11.68

£ 3 [E 41 HH EDS SEIESTER
Table 3 EDS results in Fig.4l (w/%)

Point Ti Fe
1 100.00
2 74.83 25.17
3 83.39 16.61
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2.4 TixFe(x=1%, 5%, 10%, 15%)& & BIHEE

tHT HSPT &M AR Z L, MRS T
G A AT B AR PE BRI R SO K, AWF 3 2 T
G W R 445 T SRR S, 7 A Ti-xFe
Gah o MM AR BRI . T IR
Ti-1%Fe . Ti-5%Fe & 4™ B ALl K& Ti-10%Fe .
Ti-15%Fe 1 a AH TR/, BRIIEIX 4 FieR A 1 St
oKt R e 3R

M 4 ATLUEH, a FHFT B AHIE 3 BE Fe 7 &t
(3G I K. 24 Fe & & AHIRIIN, HSPT-DH 45411
B B b v T LR R A A S S . 4T Ti-1%Fe il
Ti-5%Fe & 4, FLAS K45 M HSPT-DH 1 o AH R 5 43
5% 2550, 3500 A1 4300, 5020 MPa, HSPT-DH [{] «
AR JE A LA B2 I AT KAy, 203 T 68.6%
F1 43.4%., XfT Ti-10%Fe F1 Ti-15%Fe &4, A
45 HSPT-DH (1) B AHAE 5 5353 2k 40604460 1 4620
4890 MPa, HSPT i &5 11 B AHAE JE M P R 45
P, AR e T 13.8%M1 11.9%. HSPT-DH 44>
o, o AHIVREFERE Fe 7 S MBS 0 4 vE88 0, i g AH
T 55 DU 188 I 753 LA S 22 . Bl Fe & B4, Ti-1%Fe.
Ti-5%Fe. Ti-10%Fe. Ti-15%Fe 4 # HSPT-DH 4 41
o AHAT B AR AR IR A = T 16.7% 16.7%- 17.4%
F 2.2% 25.5% 8.0%. HILZRELEAHLL, HSPT %%
SERe R R m A S MR, JF B o AH R R
R KT AR, XA RE S BT ) TiFe ARG
Ko WZHBIF WAy 5 10— AT

£ 4 Ti-xFe(x=1%, 5%, 10%, 15%)& € B HEE
Table 4 Microhardness of Ti-xFe(x=1%, 5%, 10%,
15%) alloys (MPa)

Vacuum sintering HSPT-DH
x/%
a B a B
1 2550 - 4300 3600
5 3500 - 5020 3680
10 - 4060 5860 4620
15 - 4460 6880 4990
A\
3 4% it

1) HSPT 7| % Ti-xFe(x=1%, 5%, 10%, 15%)& 41K
AR, T AT A R PR 2 AR AR R, AR
WA EL LR T, SHELEER TR
TIRE G SN,

2) M Fe M 1% INZE 15%0F, FLAKE4EE
HSPT £ 4% Ti-xFe(x=1%, 5%, 10%, 15%)& 4 140

U1 o M atp Pt KED B HALTF$
— 1) p AR AEREAS . HSPT #1411 Ti-15Fe & 4 H ik H
LT TiFe #.

3) HSPT & & il & i FErf, H X Fe L& M #0™
AT R EHEIE T . 24 Fe &R =5%IN, BEAJGLE
40 B AT R EIR BRI o A1, 1S
BN . 2 Fe &8 =>10%0, Fe LT W &1
. [ H It E S8 TixFe(x=1%, 5%, 10%, 15%)
A4 g AR LKA 7 7 ke, 1 FLBE Fe 5 5t (13
I, B AR Ak R B o

4) HSPT &4 W ali B i T B e di &4, U
L o M AR S Bt Fe 25 B (K048 g £ P4 K.
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Microstructure Evolution and Properties of Ti-xFe (x=1%, 5%, 10%, 15%) Alloys
Prepared by Vacuum Sintering and Hydrogen Induced Phase Transformation Sintering

Yan Zhigiao'*, Chen Feng'*’, Xu Rongjun'”, Liu Yong’®, Liu Bin’
(1. Guangdong Institute of Materials and Processing, Guangdong Academy of Sciences, Guangzhou 510650, China)
(2. Engineering Research Center for Powder Metallurgy of Titanium & Rare Metals, Guangzhou 510650, China)
(3. Central South University, Changsha 410083, China)

Abstract: After cold isostatic pressing formation of HDH-Ti powder and carbonyl Fe powder as raw materials, Ti-xFe alloys (x=1%, 5%, 10%,
15%, mass fraction) were prepared by vacuum sintering and hydrogen induced phase transformation sintering (HSPT). The density, phase,
microstructure evolution and microhardness of the alloys in the two sintering processes were compared. The results show that the HSPT alloy
contains more pores and the density is significantly lower than that of the vacuum sintered alloy. The content of 8 phase in the two alloys increases
with the increase of Fe content, and TiFe phase appears only in the Ti-15Fe alloy prepared by HSPT. During the preparation of HSPT alloy, H has
a significant inhibitory effect on the diffusion of Fe. When Fe content is no less than 5%, short rod-like or needle-like secondary a phase is
precipitated inside the £ phase of the alloy after dehydrogenation, which makes the f phase structure fine. When Fe content reaches 10% or higher,
significant enrichment of Fe appears. At the same time, H leads to coarseningof the § phase, and the S phase coarsening is more obvious with the
increase of Fe content. The microhardness of HSPT alloy is higher than that of the vacuum sintered alloy, especially that of a phase increases
linearly with the increase of Fe content.
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