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Abstract: Based on the research achievements of tensile creep at elevated temperature, tensile creep and compression
creep at room temperature, this article reviews the behavior and mechanism of compression creep of titanium alloys. The
differences between creep at room temperature and elevated temperature are also introduced. Based on the observation and
analysis on microstructure after creep, the main mechanism involved in the diffusion-controlled creep process, such as dislo-
cation movement, saturated creep and so on, are compared. lt is pointed out that there is a stress threshold in the room tem-
perature creep of titanium alloys. And the high stress induced compression creep mechanism of titanium alloys at room tem-
perature is also analyzed. Meanwhile, the main problems and difficulties on the compression creep of deep-sea equipment
titanium alloys are overviewed and analyzed.

Key words: titanium alloys; diffusion-controlled creep; high stress induced compression creep; compression creep;
creep mechanism
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Fig. 1  Typical creep curve of metal

EHLAE BT T TALS Sk G 41 773 ~823 K i 15
TAEASAT R, KB TALS A2 i A AEAE IR Y 3 ANl
JEE R 1A B B, Y T B R AR SN T N, I AR
IR, BEARGE B, M B RN
RZ, MR T e B e, 58 T B, AR
e by 55 25 45 — By Bt U 2045 = B Bro Nie 477 & BH
Ti-5A1-5Mo-5V-1Fe-1Cr £k & 4: 75 623 F1673 K i}, AR
AP —FI5E B, YRR 3 723 F1 773 K A,
IEAS AR IR T A =By, Gu 281 B I Ti-6. 3A1-1. 6Zr-
3. 4Mo-0. 3Si £k 5 4 IR AR AR T IR B A i s ok, A
TRFIUAAE 723 ~T773 K B, 855 A48 A5 T8 i it B T s 34 K 2%
5 16773 ~823 K i, SRS T bifh i B T e 2 I3 K
2.2 SRRHIETHIE

e kB A L A T AR ML) 2 A R A BN ) A
IR RS A AR 7 | B A i e
WG AR AR T ML 4 AN i) 5 8 A2 0 A 3L B R0 B 3 A B
PR RS LS A T AR N ) M & E, Mok 4
PEARTE B A BT R, (RAE S R 5 75 5 2 i,
ARG /INEL R AR 205 e T AT LA 38 B R
I B M T W R 1 S B, AT A7 A A5 LA 3
sz A B A MLRDE & TR . B
WM, FERAMBAMT, TRz Ok A R
BEIERN . EINERT, R RS aEA R 2%
AR AR R E Y, R E T AN R
Prfl, AT TN S ARG, N A A, A
SIEAS FEL R AR SR AR T, TR R IR R R T2
Y, ZIE 5 e A, RIG AR, R
Hn S SR R RS, TR R R 5 N AR T A AR A T



1076

Hh bR

&, wmMGERa

A e ST T TCO Bk 4w IR M AR 1T 0
K TC6 KA 4 7E 673 K/460 MPa U578 25 11 T 14 i A2 ¥k
TGRS 92.7 kI/mol, BEASHLHNE AL H 12 2 A4 i 42 4L
FAHLH; 723 ~773 K RIS HLEDE - BOG A NLH, B A
FUHE SRR AR A —E IV G S AR L B 1823 ~
923 K 1150 ~300 MPa 454 F, Ti-600 £k 44 1 /&5 V. b
AASTE AL LA B 2R Ry F2 . 45 1 FE M Hfi. Barboza
SN TE 773 ~873 K &R, TCA gk 4 4 G A8 A5
FEIL A FEEERS FE . Ponsonnet %7 % BLLE 648 I
743 K B}, Ti-5A1-2Sn-4Zr-4Mo-2Cr-1Fe 4k & 4 ) I A5 A5
B EZLZ 0 o A L4532 S AR o R I A T T
Bdl, Nie 25 % Bl Ti-5A1-5Mo-5V-1Fe-1Cr £k 43 42
B AR B 2 BE TR AR AR AT AR, TR A 623 Tt #
723 K B, WEAEHLE AL B A M P As %, K2
Ti-5A1-5Mo-5V-1Fe-1Cr & 4 B & 75 A 7] 5L B % 745 5 1
TEM JEA, AT HR B A 623 K i, i Hfe 3 4
Jrin iR #6673 K, W2 HEFE o MR 18
723 K if, fEEACHE I BT aA % #6773 Kif, K
SR R AEBERSIT I T AR B S AR R
3 EREE
3.1 ERRIMIET

Wit 5K s A S 1 A e AR 5 4 7 TRV 2 25 U T
s, BRG S SRR AT S 3 TRk B2 i O
£SO T L R S N T N [ I O U M R
TP GRS R RIE R E L. FERIRE, (4568
NS LS A YO R A R AR IRE, BT
AR, Vel A, M B 4S ek 8%, W
1P T A ol 2 — M LA AR 1T PR A B B T A i e A
WrBt, JFHAEE B BRI A HORIK, A TE
EREE B Y X TR Y, FEEP
TR PRI . KRR ™, A SEERT
Zond — B R AR IS, IR B T ARES, ZEAR
ST B AR AR AR ;AR R R R 2 R U AR
il E 2 U A8 H e A7 AR U5 A8 I g B . Miller 45 75
BF5E Ti-6 Al-2Nb-1Ta-0. 8Mo £k-&4: 2 1R PP g A8 it % B
2407 KPR T IR o R e, A il £ 2 i PR AR 1 A
PG, THRRAREE S alik TA2 [ 5 L o7 o e AR ek 0 4 7
W58, KB TA2 MRHEE R FAAEU B IIEAR B S, HAT
AN BE, KT 0 1 BIE Y TA2 #HRER 2 KA
SFURIGAS , RIS R ST BI{E N 267. 25 MPa, 32614
8T AR TA2 (i E PG AS i 2, KIS TA2 1=

200 nm

Kl 2  Ti-5A1-5Mo-5V-1Fe-1Cr &4k M 7E A [ B IH AR 5 1 TEM HR
KB, (a, b)623 K, (¢)673 K, (d)723 K, (e, £)7713 K
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Fig. 5 TEM images of Ti-6Al-3Nb-2Zr-1Mo titanium alloy before and after room temperature compression creep

(b) 610 MPa, (c, d) 780 MPa
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Table 1 Summary of steady-state creep rate equations and creep mechanisms for titanium and titanium alloys
Alloy Temperature/K Steady-state creep rate equation Creep mechanism Ref.
623 ¢, =Bo'? Dislocation slip
Ti-5Al-5Mo-5V-1Fe-1Cr* 673 &, =Bo"? Dislocation slip [5]
723 &, =Bo! Dislocation climb
723 &, = Bo™*® Diffusion creep
Ti-6.3Al-1. 6Zr-3. 4Mo-0.3Si * 773 &, =Bo*? Dislocation climb [16]
823 &, =Bo™® Dislocation climb
298 &, =Bo™>° —
473 &, =Bo>° —
CP-Ti * 573 &, = Bo®? — [31]
623 &, =Bo®® —
673 é, =Bo®? —
873 &, =Bo*? Dislocation climb
Ti-6Al-4V * [32]
973 &, = Bo*® Dislocation climb
773 &, =B(o—217.81)** Dislocation climb
Ti-6Al-4V * [28]
873 £, =B(o—34.47)%! Dislocation climb
TA2* 298 &, =B(0—267.5)%% — [21]
CP-Ti * 298 &, =Bo’ — [33]
Ti-6Al-3Nb-2Zr-1 Mo ** 298 &, =B(5-656)>? Dislocation slip [15]

Notes: B :Aexp(—Rf:r) , * indicates tensile creep, #* indicates compression creep
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