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Improvement of High Cycle Fatigue Strength of P/M Ti—6A1-2Sn—4Zr—2Mo/TiB
Particulate Composites by the Modification of Matrix Microstructure

Masuo HAGIWARA, Sung-Joon KiM, Satoshi EMURA and Yoshikuni KAWABE

Synopsis : The present authors have previously shown that in the Ti—6A1-2Sn—4Zr-2Mo/10TiB particulate composites the fatigue fracture originated
neither from the interior of particulate nor from the particulate/matrix interface, but rather from the matrix area of the composites. This find-
ing strongly suggested that the high cycle fatigue strength is related with the matrix microstructure. Therefore, the present study aimed at im-
proving the high cycle fatigue strength by the modification of matrix microstructure.

The Ti~6AI-2Sn-4Zr-2Mo/10TiB particulate composites were produced by the blended elemental P/M method using extra low chlorine
titanium powder smaller than 45 ym in diameter. The smooth axial fatigue tests were carried out at an R ratio of 0.1 in the load-controlled
mode.

The matrix microstructure was highly dependent on the cooling rate after the sintering treatment. The faster cooling rate of 10K/sec pro-
duced the well-defined colony microstructure. The massive colony microstructure was obtained by the cooling rate slower than 0.3K/sec. The
modification of the matrix microstructure from a colony into a fine acicular o microstructure resulted in the increase in high cycle fatigue
strength. For example, fatigue strength at 107 cycles was increased from 490 MPa to 550 MPa. The three main contributions to the fatigue
strength were suggested as the contribution from the increase in Young’s modulus (18%), tensile strength (39%) and microstructural modifi-
cation (43%), respectively.

Key words : particulate composites; titanium alloy; powder metallurgy; high cycle fatigue strength; microstructure modification.
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Fig. 1. Processing steps for fabrication of blended elemen-
tal (BE) P/M Ti—6Al-2Sn-4Zr-2Mo/10TiB partic-
ulate composites.

679 I



I 650

£ & §H Vol. 84 (1998) No. 9

ZEIZEDTBMERAENT T ICHEBLTHRL, RE

BMARPIZH I X580 TH S, EMERAIZTE L
THEBIFHAKET L ZCIPYVERWE, £, HZEHE/BI
1573K T 10.8 ks [B147v Y, HIP {Z200MPa, 1203K, 10.8ks D5
a7, &k, BRF2 UK, REAESLLUHES
HRhoOBESHEEIL, ThEFR, 0.25mass%, 0.40 mass%,
0.45mass% CT& - 7z,

EBY A4 2 OLEH AR, EF3.0mm, P 16mm D
SERAUERERH A LV, BREHARAE I BRI K D
BK75Hz, W01 0.1 DT - 7=,

4. KBRER

4.1 BEHEAERUHEESHMHOBEROSEER
Ju = —MROBRRIL, pHEA 5 DmHERE IZRE

2B ENHON TS, BEREHR OB RO AR X
WiIo IR ST, BESROFik, BL BRI OB
BEIRET S, f->7T, BARRAMAE LT, #AMFH
OFBEIO T 0 = — RO TZHE & A HEEE & OBk 4 L8
LTBLZEREETHD, 20L& sHa»5, KAFEER
TRETREFOSBMMICRITTHHEEOHE LT
7zo 72751, [El—DEZEBEREIF AT i AlE g & 5l 4 2k &

5 ZEIIHEMCEMZOT, HIPABEZOBEAME %,

HE, ISBKEDEADZVIZFGRL, ZThoasc, B
WAHTEE B X OCBOHHBBORERE L, &k, Z
NS MED 1573K 5 6 83K £ TOFHHAEE L,
22 DIBA T10K/sec, FHDBE T0.03Ksec TH -7,

7, EREBEFN TOREEKO T HAEEIL,
03K/sec L RS i,

HEASH L OEAMRORLEROSEMM, &6 T
BAME A 1573K 2 5225 & 5 VI3 s L =R o @
% Fig. 21§, BEAE(Fig 20 SEMMIE, WARZ
au=—-#lfTH S, 2= —ROEEIZ100umBEET
Hb, HEMBEZEG L ZBEORETOEEMEHFig.
2b)NERII DM R o = MR TH B4, TIBOFIEIZEK
DHTPREMSIVEAEID KBNS kol &I
HLT, 2oz —KOEFEZHN20um &M TN, —
75, BSED F £ OBEAMR(Fig. 2c) & P (Fig. 2d)DIBE
ik, MV oEHRELRARL, —~REEH RO &5
IHEE LT3, HHERE BWIFAHM DS 2 ol
=y TThHB,

4.2 HELHEERL-BEEVTHOLEES

AWFZE TRV 7= R B T, WEBOSEMARO M
UL ORE I3 ABEANEIZ a-B 2N Dl °C TEREFT
ANk BELAZT LS, £ T, HIPUEREZOEAM
BAaAKpioBARE, o-B 2N O 1123K (850°C),
1203K (930°C), 1273K (1000°C)D =D D R 75 % i I R ¥+
LCEBMEABEEL A, &F, 1123K TiZ 50ks,
1203K TiE 5.4ks, 1273K Tl 3.6ksRfRFL 72, BR %
Fig. 312 & B TURY, BANZORELD o' v LTV F
A4 b (hepf) #AKKIZ, Fig. 3aD&H>THB. Kk, TD
BHLD, #AMBOF BRIEFIL, 20umBETHEZ L
MNHHBICERTX 5, AW A o B 2HBNIZREFT 5
LA RASHMKD ol B R A 5 pHE D2 MRS

Cooling rate : 0.03K/sec




KT 5RIERIP/M Ti-6A1-2Sn-4Zr-2Mo/TiB A MR OB O SBAEIEIZ & 254 1 2 L IERBREOM -

‘%?}f, 3

«.\
‘,‘%:

B

'.S_

%
% & %
IS ZE 029455

LA
rAS"gz i

A ,’j,fw,?jr %

Fig. 3. Microstructures of Ti—-6Al-2Sn—4Zr-2Mo/10TiB subjected to the post-HIP heat treatment. a: Water quenching from above
the f-transus temperature (8-WQ), b: f-WQ and annealing at 1123K for 50ks, ¢: B-WQ and annealing at 1203K for

5.4ks, d: f-WQ and annealing at 1273K for 3.6 ks.

Table 1. Mechanical properties of BE P/M Ti-6A1-2Sn—
4Zr-2Mo and BE P/M Ti-6Al-2Sn—4Zr-2Mo/

10TiB.
Processing steps UTS El E o Jic
‘MPa_ % GPa MPa kjm’

Ti-6Al-2Sn-4Zr-2Mo P&S + HIP 1059 15 119 330 92
Ti-6A1-2Sn-4Zr-2Mo P&S + B-WQ +HIP | 1109 15 119 550
Ti-6Al1-2Sn-4Zr-2Mo" P&S + HIP 980 15 412
Ti-6Al-28n-4Zr-2Mo"" P&S + B-WQ + HIP | 1088 15 647
Ti-6Al-2Sn-4Zr-2Mo/10TiB | P&S + HIP 1253 2 140 490 37
Ti-6A1-28n-4Zr-2Mo/10TiB | P&S + HIP+ §-HT | 1273 2 140 590

B-WQ : 1323K/0.9ks/Water quench
B-HT : B-WQ + (o-B) anneal (1203K/5.4ks)
HIP : 1203K/10.8ks/100MPa
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Fig. 4. High cycle fatigue curves of conventional BE P/M
Ti-6A1-2Sn—4Zr-2Mo (Curve a), conventional BE
P/M Ti—6A1-2Sn—4Zr-2Mo/10TiB (Curve b) and
BE P/M Ti-6A1-2Sn—4Zr-2Mo/10TiB subjected to
the post-HIP heat treatment (3-WQ and annealing
at 1203K) (Curve ¢).
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Fig. 5. Microstructure of Ti—-6A1-2Sn—4Zr-2Mo produced
by the new BE P/M method, in which a water
quenching step is added prior to final HIP’ing.
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Fig. 6. Comparison of high cycle fatigue curves of Ti-
6Al-2Sn-47Z-2Mo produced by the conventional
BE P/M method and the new BE P/M method (f3-
WQ-+HIP’ed). The oxygen level of each alloy was
0.40 mass%.
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4Zr-2Mo (S-WQ+HIP’ed).
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Fig. 9. Effect of oxygen content on the tensile strength of
new BE P/M Ti-6Al-2Sn—4Zr-2Mo (B-WQ+
HIP’ed).
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