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Cavitation Erosion of Titanium Alloys

Shuji HATTORI*, Norihide MAEKAWA and Yoshihide KAWAI

* Fului University, Facully of Engineering,
9-1, Bunkyo 3-Chome, Fukui, Fukui, 910-8507 Japan

Cavitation erosion was studied for various types of titanium alloys and for Ti-6 Al-4 V with
various heat treatments. The erosion resistance is the highest for 8 type alloy and decreases in order
of @+ £ type alloy and pure titanium (e type). The resistance is macroscopically evaluated in terms
of HV?/E (HV : Vickers hardness and £ : Young’s modulus), but the erosion proceeds depending on
the microstructures. Heat treatments changes the microstructure of Ti-6 Al-4V drastically.
Therefore, annealing at high temperature produces the large second phase and results in the accerela-
tion of the erosion depth, in spite of low mass loss rate.
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Table 1 Chemical composition of the materials [mass.%]
Material Type N 0 Fe H Al C A\ Cr | Sn | Mo | Zn Ti
Pure Titamium o 001 | 013 | 006 0.01 Bal.
Ti-15V-3Cr-
3Sn-3Al B 001 | 012 | 0.15 | 0.001 35 | 0005 | 148 | 34 | 3.0 Bal.
Ti-3AI-8V-
6Cr-4Mo-4Zr B 0.17 | 0.18 0.0033 | 3.06 | 0.01 74 | 423 42 | 5.1 | Bal
Ti-6Al-4V a+fB | 001 | 0,017 | 0.14 | 0.0009 | 629 | 0.01 4.17 Bal
Table 2 Heat treatment of the materials 35 ;
Heat treatment 20k ]
Pure titanium As received —o—SUS304
Ti-15V-3Cr-38n-3Al 800°Cx0.5h WQ+ 510Tx14h AC 25 [ —e—FPure Ti(a)
- — - i —Ti-15V-3Cr (B)
[i-3A1-8V-6Cr-4Mo-4Zr | 800°Cx0.5h WQ + 510°Cx10h AC £ = Ti-3A1-8V(8)
TH-OAI4V As reccived (750°Cx2h AC) g O —5-Ti-6AI-4Y (@ +B)
o
o 15 ]
Table 3 Mechanical properties ol the materials = i
Material Density | Young’s | Tensile | Vickers Micro- E
glem? modulus | strength | Hardness | Hardness 5
GPa MPa HV Ht ]
Pure titanium 449 116 490 206 @:161 0
Ti-15V-3Cr- 4.76 113 1297 329 8276 :
38H3A] - 0 5 " 10 " 15 20
Ti-3A1-8V- 474 113 1330 334 5282 Xposure time
6Cr-dMo4Zc Fig.1 Mass loss curves
Ti-6AlI-4YV 432 116 M 270 a:187
B:82
ral T T T ]
LLOIHENSg THMELIMETH S, HEH oD s 2y Ti-3A1-B-GCr=do-dir, ]
—_— 4 , _ = Ti-15V=3Cr-38n-3A1
BARIE, MiF 5 > & Ti-6 Al4 V REE 30 mm, B & L ikl
5mm QPR TH 555, BiFEEE—L 30 mm, £ S o8l g
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=Y o}
1200 ZF THTBEE L%, N7 H BT X vk E o a VT i-6AI-aY o gggﬂg
- R = 5 305630
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Fig.2 Relation between erosion resistance and H V*/E
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Fig.4 Scanning electron photomicrographs of eroded surface (Ti-6 Al-4V)
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Table 4 Mechanical properties of the heat treated

alloy
Material Tensile | Vickers | Micro-hardness
strength | hardness
MPa HV Ht
750°C AC 971 270 a:187 B:82
850°C AC 969 256
900°C AC 328 a:270 B:140
1100°C AC 327
STA 1147 361 340
a+f:280
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Fig.5 Scanning electron photomicrographs of microstructures
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Fig. 6 Mass loss curves (Ti-6 Al-4 V)
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Fig. 7 Scanning electron photomicrographs of eroded
surface (STA)

BRED AR S N, A2 BAE LT ez
EU-2MERT A L L DBEANINES L
BEmd, 850°CH, 900°CH iE 750°CHF & [RlRR I B2
O P OBRIIAED, ROT e A X
AL TERMETT 5, sPREHBO 1100°CH & 8
D SEENEED, #HIRO atHic T MNELC TS
/AT 5,

B 7 STA MoEARERR T, MLBEICE, X
RO atie (e+ BRSNS [H(2)], &
BB 3 BRI IZ & CMHOBERATIED (at+ B)FH A
BEahx s [K(b)], 5HFMEERT S =4
BrafHiZ T D2, (e+ BN R SRV BRES
fna ki [B(c)], 6.5 FMZEICIE(atB)HH
HEE LD S [K(d) ], 9T e IS 2
bR IRIBBEISRTHHEHE VELMFRSR
Ao, EREVRNEIEIC L - THIEE R
@ix, (e+B)HPEEI LI VLR, IMLE L
AT a D 2 n T THEAS LA LB EZEZ O
5.

31 Hi & FRRICHEO O x40 ¥ — W BB,
5 Ti-6 Al-4 V §&&EELEM O HV?E L o —
Va yIEFOMFER 8 wxd, EfFOERE 318
TESNEERERLTVE, PRFo288RoR
B2HOOEHMRICHE>TWE, Ti-6 A4V &%
HEWEMOBEABBIARC Lo TRE{RLS
B, HEELH T ¥ et F ¥ B, Hie o gk
e R R OESEE HVEE CHfiT 2 2 LT
x5,

S A DAL T R ER S 2 B8
e, EEROMREETPMEM OB Ic o8I L b H
. MOE—Hle LTEEHAVEBNIOmg D & &

1.5 T T
o 750°CAC
. ® 850°CAC
S O 900°CAG
= ® 1100°CAC o
. | s s 1
2
g
(7]
‘» ®
o
2 05) 5 i
-
&
0 i Vs
0 5 10 15

HV¢/E

Fig.8 Relation between erosion resistancc and 7/ V*/E
(Ti-6 Al-4 V)
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Fig. 10 Variation in eroded surface

s

T, RARERES I 30 pm E T A BRI 750°CHF
£ 900°CH T ik 2.5 B [, 1100°CH 28 3 B S, STA
M3 6 R THBHIC Lo T RkE (B3, T50CHIE
BRENPT VAL L BEL T2 0EIR
—fRICEREND, 0CCHIREL FERS LB HE L
BrAYBEsnawER ST o, BHORE
2 10~20 pm DX E B CHEREL TWEDT, [ 5
WivE Lo, BidEERnc SRt L TR B L
HERMETT 5, 1100°CH BE S AR RO
VT 5 REEREENICER S 258, FEDHK 3/
5 DHEEBMEAIATORLI Ehs LT LS
i, BT 5 OB SREER IS D ERIZE
Moy, Ok, VCCH I b & s R
HWEP#ETT 4, STA B RO e SR S RIZ L
WiebizhE VERES W CEITLEET 24, (e +B)
FHEFNT a FHOBE S T K E RENE VO TIEIF—H
ZHREnG,

40 —— ; .
o 750°CAC ;
35 E| e g50°CAC S u -
= O 900°CAC n
30 F | m 1100°CAC E
N
S ostb L. f
3
c 20 F
=
S 15 F
:3]
E 10}
=
s 5F
_=
0 A P | 1
0 5 10 15 20

Exposure time h

Fig.11 Variation in maximum erosion depth
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Fig. 12 Relation between rate of mass loss and that of
maximum erosion depth
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