W47 % 57
2018 4 7H

BREERMBS IR

RARE METAL MATERIALS AND ENGINEERING

~
’

EEeMIFErBMEaE T G =RETTA

mER, Wbk, ¥ &, Mgk, RKLE
(F AR SURHE R B4R & TREEERBFIC D, B 7% 710055)

B OE: RH TRk TA1 45452 il 42 /2 (Equal channel angular pressing, ECAP)+¥4 #L(Cold Rolling, CR)+Jig##
(Swaging) {1 /7 VEHIAR SRR ST 29 20 120 nm B4 & Tl aligk, iad fibh s A2 se s E 9 v B (TEMD . H
i F BB (SEMD 2575k, TRIUEIR T & Lol alBG AR AR TEAT A KL . S5 TR N O,
G iy T 2R AE TR B 0 R A I B BN AN ) 1R 5 (640~760 MPa), AR B3 I, AR A UG AL A 4K (2.8 X
107~1.5X 10 s7); ZEA [R5 AZ B F7 7K (0.80) T, B4 i 1Tl 4l Bk B A& il A0 5 R (2.8 X 107 s7 IR T-HLfh Tk 214K (8.6 X
10°s™"), HUiGAPE B TRLG T gligk: RrAR s B LB 30 E S AR AR T LB, i AR I 4L D 0 e I e

KRR A DalEk, G, NOUIREG AR
FEED XS TG146.23 XERFRIRES: A

Vol.47, No.7
July 2018

XEHS: 1002-185X(2018)07-2126-06

AP A TN ph PR ar . JoRETE . PR R R AR
WIAR 2 S A, 2 B AN ) B ARR R4 8k
AR BRI SR SRR T e 2 N . Tk, &
5 B2 HE A1 AV AR ERAE ) AR A 0T g i 2D
Jig JFB, 254575 W 38 i 48 J¥ (Equal Channel Angular
Pressing, ECAP) 2 — Pl ik i) 54 958 11 2% JE 1] £ 168 41 &
PERE, TR Ry 2 P BE I L&, (B2 ECAP
T AR THAFER R, Hon TS AR L A 5
WAL, X ECAP A2 T8 5 A RHBEAT ¥ 0 1 mT LAk
MR EERET . V. V. Stolyarov Z5B17E 723 K R LA Be
77 AL IR 1Y) 12 18 IR ECAP & JE, bl 5 #4742 JE &
A 3% FLARTE , SRAFRARE R 58 B R PR 35 46 P
P27 o AT SCA RPN T 4Bk EAT = i ECAP FLIE YK+
A EE G, KILILPUH 8 A2 )\ 534 MPa $271 % 805
MPa. &[5 22 20O B0 Uik, A 418385
HRBERE 93 W &4,

NARFENDKINAE S A EE N iRA, 2k
AT R WP A2 vk se Fs 57 Th g, R0l 2 A8 A 4%
FEN IR ASAT R, WRoE T NARKE AT A A7 1
I, BT A & Tk Al R = I G A P e Sk — P T
RAFH G EERE X AR LR — e
FE, N GEAR T e AR AR B /E T, Bl [ 3
K= A g WV LS . AR IS T Tk
AIEK TA2 il U A2 28 — B B Re 1k, AR AR IR R
TG S S G AR AN 25 R A2 . WL R. Kiessel 21

i HER: 2017-07-12

XA LA JE Tk 4l Bk S R G AT A T £ 0, %
FLARTE 5 1 Sl Ak A a8 R 398 it L ek AR 4 ) 43
FIMGERRN . HAT, A S AN i Tk 4k
EEAR AT HFSL IR D> . W, Blum 2535 T #4105 Tl
ekt (723 KO AT R, NN ALAR B B 2 dL 3
URARHLEL . O T RE— P TF R RUR PR AN Tk SR
MR PERE, AWFSRH] ECAP+HA FL+HEtR S 548 T T
Pt E 3 et I BN 2 K S 2 1 ST 2 Kt e B D 41K 7 N
AT Ny K HLER

1 % &I

ARSI BT AR Tk 28K (TA 1), JEAb 24 Bl gt
1R,

¥ Tk 4lisk 4 ECAP+CR+EH E &4 K 5 vl 3k
AN 2L, REL S RN £ TR 4 Tk Al B 1 & IR
J12ERE IR 2 iR

ML R AT LLE Y, 20k ECAP+CR+IEH A A ,
A i TP 2EER FoR R SFRR 2R 0,12 pm,  Prhy s E A
403 MPa #2714 870 MPa, 1 116%, J il 55 % M 254
MPa 34 115 800 MPa, 31E 215%, JF HARLREER K M)
WA,

¥ Tk gidk TA1 i TH @25 mmx150 mm [
ECAP {Ff, JRONPIEE A 135°, ShE M 20001
H, DL C 7= E FET 4 B ECAP &, L
JRFEL 0160 mmx170 mm FRELHLIHEAT ¥ FLAZ

EE&WMEB: ERARFEIEET LIUE (51474170) 5 BG4 HARBHAIEERIFIUE SE A A T H (2016JQ5026) 5 B 2 H T 8 5T 5L I

H (1575058)
EERT: s, U,

1971 4F4, 14, #%, WA R G & TR, Bevd V542 710055, E-mail: lazy yxr@qq.com



557 W

B oas: SN o B AR ol SR E R 22T N 2127 -

F1 TSR F RS
Table 1 Chemical composition of the CP Ti (w/%)

O H N C Fe Ti

<0.18 <0.015 <0.03 <0.08 <0.2 Balance

F2 HRREBHE TR hFHaE

Table 2 Mechanical properties of coarse-grained and
ultrafine grained CP Ti
Material Grain size/um o/MPa  o,/MPa /%
Coarse-grained CP-Ti 25 254 403 48
Ultrafine-grained CP-Ti 0.12 800 870 15
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Fig.1 Creep curves of the ultra-fine grained CP Ti with different

stress at room temperature
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Table 3 Creep properties of the ultra-fine grained CP Ti with

different stress at room temperature

Stress, 6/MPa Strain rate, & /s Total strain/% Total time/h
640 2.8x107 1.09 170
680 1.7x10° 1.77 170
720 1.8x10° 8.09 110
760 1.5%x10™ 6.50 6
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Table 4 Creep rate of ultra-fine grained and coarse-grained

CP Ti at room temperature

Material Ocreep/Os Creep rate/s”!
Coarse-grained CP-Ti""” 0.8 8.6x107
Ultra-fine grained CP-Ti 0.8 2.8x107
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Fig.3 TEM images of the ultra-fine grained CP Ti: (a) before creep; (b) 720 MPa; (c, d) 680 MPa; (e, f) 640 MPa
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Fig.4 Creep fracture morphologies of the ultra-fine grained CP Ti at room temperature: (a, b) 720 MPa and (c, d) 760 MPa
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Creep Behavior of Ultra-fine Grained CP Ti Processed by Combined Deformation
at Room Temperature

Yang Xirong, Chen Xiaolong, Luo Lei, Liu Xiaoyan, Cai Wenhua
(Shaanxi Engineering Research Center of Metallurgy, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: Ultra-fine grained commercially pure (CP) Ti with an average grain size of 120 nm was fabricated by equal channel angular
pressing (ECAP) followed by cold rolling (CR) and swaging at room temperature. Uniaxial tensile creep tests, transmission electron
microscope and scanning electron microscope were applied to investigate the creep behavior and mechanism of ultra-fine grained CP Ti.
The results show that a significant creep deformation at room temperature occurs in the ultra-fine grained CP Ti. The steady creep rate
increases (2.8x107 ~1.5x10*s™") as the creep stress increases (640~760 MPa). Ultra-fine grained CP Ti has a lower steady creep rate than
the coarse-grained CP Ti at the same stress level, which indicates that ultra-fine grained CP Ti has higher creep resistance. The creep
mechanism of ultra-fine grained CP Ti is dislocation movement, and the creep fracture morphology of ultra-fine grained CP Ti exhibits
ductile fracture with dimples.

Key words: ultra-fine grained; commercially pure Ti; creep; stress exponent; dislocation slip
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