a9l HE3W
2020 4 3H

WHEERMBISIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.49, No.3
March 2020

AR T Z 3 A [E2HZE LB A Ti6321 & &tRitzALR

5 4% 5E BY 2 Mo

mpEA L, =R, x@Er !, REE, M

w ok A, EHE i, oA K

(1. TEMHAE TAHERAR S IS, e &0 471039)
2. WBHX RSB R AR, R #%FH 471039)

B OE: &A1 st OM. SEM 23T, WIFSE T AN AR AU R AN B b FEL T 200F Ti6321 A & 41405 TERERI5Z
Wi o 45 REW]: AEBIRK AR FLHIR R AGUS M REIR S R A B3 5w, MR T 2565, S SURETE

BRSHLA,, BIRH GBI TG A DA o (o) AL LR RRAEHT, A5 SURR B & B R . BT FY
i IR R AT A 2 PR AT T 2 U 2 UM R o e RO o I o F SRR S AR A R i D A B s BN RGN AR

R THI W B R B & SWMAE at+p PIAHIX L BEREFE, W25 o ARG 0 REORR M g 1 S (s e 1) A e vk o Bt
WEETE R, FIE o HE RSB TR, MmRERR o HE RSN, Ti6321 A ERMEE NG T Z R (940~980

‘C)/(2~3) he
KR Ti6321 54 WIRAL,
REEHSES: TG146.23

AL, i)
XERERIREE: A

XE4S: 1002-185X(2020)03-1002-07

Ti6321 Bk & <, H A4 XA ¥ s> 4 Ti-6Al-
3Nb-2Zr-0.8Mo, & — Pl SEam I a K5 4.
FAr G T E B AT 785 MPa % i il ] 45 45 44
a4, e AN RIS s fe . B m b
PITERWT e, LR R T 2VERE, 7R A s
H 4 AR A 2 7 T AT ) B N UL A K
A I RAL IR EE 5 0%, H 52 B RE S 10 B 28RN Bk I e s
UREIR . W VR ROREE AT 25 1 b e 8, R, O fR
WE Ti6321 &AM 5EE, SCILILomEE . B PEFI
dr R AR IT e, R AR TR 2
Ti6321 & A REAT AL EE . 8K A S AR %L HR H )
W, — ot 2 KIRERIE Y, RIGENLI TR
J8, RO AR R 0 2R T A R 4 S S FL I AROR 1
AR5 kR A <mAL Mg, Har R i, H
W22 B A S HAE BE X Ti6321 & &gl MERe
W) 9, B A7 3

ARG IR 2 TP ZUEE T Ti6321 & ekt
AT HIN TAUAS R T2 B AR B], BIFFEAN [ 4 2R 28 B R AR
IREL I R LA 20 5 P R AR I AR, 2 AT B s AR A A
UYL I TR 21 23 55 1 RE 1) s e A, DA

F= HEA: 2019-03-15
ELWHE: Mk &MukIt4e (61400040402

MEIERAFRAM R FRRE, H Tie321 &&iit
VAR 8 K FL2H U fi 4 B AL m) 5 1) BE AR A A o

1 % I

WG H Ti6321 A4 R 3 IR B2 H FEHL Y 445
TG Tk 4 AH V2 0 A5 B 6 85 B2 1) (o B)/B ARAR 1k
990~1000 C. H&HEESZ KU T/EEK 2
AN THFD 24, THFD 2480 1) 4 AH 21 2393 ) 52 55
AILVFIBLICALZY, W 1 B 20 B TR 288 PR ik
AT T EAH R B PN R IR EL I, 5 26445 % 20 mm J5 R AR
o B AS TR 24 B B G W& 1 iR o 2 Ja X AR
43 53E4T 900, 920, 940, 960. 980 Al 1020 C,
PR IS ] 350 2% 80 min FRIFAALER, YA #1757 b % .

A4 MHIMARAE DSM-TIT-104 {545 X 4 A1 5 s
F1 ZEISS Observer Z1.m 44 & 5085 L 34T, 43 5903k
BB YN 1) (LY RIS [0 (T) 2 AN 77 1) FRD & il P 4 2 B R
itEfe, =il h MR £ SINTECH20/G A4 RHR K HL
EREAT, $ATARME S GB/T 228.1-2010. =3 V AUk
FIpp R 5 AE ZBC2302-B #4481 b i i 5 L AT,
AT FRUE N GB/T 229-2007 .

fEZ BN : BIA, Y3, 1986 425, 14, Wy LR, th EA AR T LA A W S5-E = P, e ¥ EH 471039, RLGE: 0379-67256994,

E-mail: bravictors@126.com



5531

BMEMSE : AEEE T2 AR ZIR TR Ti6321 & AR AL 215 L REI 52

* 1003

[E3 0 I 787 N o AT Y
Fig.1 Metallographic structure of slab: (a) 1# and (b) 2#
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Fig.2 OM images of slabs with different microstructures after

the first hot rolling: (a) 1#-1 and (b) 2#-1
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Fig.3 OM images of slabs with different microstructures after

second hot rolling: (a) 1#-2 and (b) 2#-2
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Fig.4 Effect of annealing temperature on the tensile properties and impact toughness of 1#-2 and 2#-2 sheets: (a) longitudinal tensile

properties; (b) transverse tensile properties; (c¢) impact toughness
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Fig.5 OM images of 1#-2 (a, c, e, g) and 2#-2 (b, d, f, h) sheets after annealing for 80 min at different temperatures: (a, b) 900 C,

(c,d) 940 C, (e, ) 980 C, and (g, h) 1020 C

BN R T (ot B)/B AR S, 421020 C #R
MBS, 1#-2 A a0 2#-2 B G35 A O RO I BRI 1A
ML, R Bk a WA KNS 7 ) )78 40 56
S 30 A B R ) ok D 8 A, Al bk D A
Rt NN A R FR I R I Bl 7 4 N NN 4
M o A AR e A 48~52 T 2 1), Wil 4c FioR.
2.3 #HAeIEATE] B9 20

K 6 ML BIE 940 C, AR I TE 6 1#-2
242 FLARIASORA G )« A 1) 7 Ao 1 R o o B 1P )
W, f1& 6a. 6b AT LAE H, WA, B Hub B LR

PRI IA] I ZE K, 1#-2 R0 2#-2 4 G BRE 10 it IR SR 2 L T
Prag s GRS, DL Rk D38 oK H B A B i A
1, 2#-2 B A B ] 1 e IR e S AN ey 5
By T 12 A4 W7 I s, JEi R AR 142
B AR G R b D T 2#-2 A 4 TR T )
i Ty, il 6c s

B 7 o0 1#-2 Fl2#-2 G428 940 CHUG AN [A] {1
W TR A AL U . wTLUEH, SRR 120
min fEK 240 min, BBl ORI R ZEK, W& 4
M o FEREZEEIEIN, B A S RN E D . R



* 1006 * Hidy & Jmpop 5 T 5 49 %
1000 35 1000 35 70
iR a o N 242-R, b = 65 c
] e —— . ) o0 waR 2R 130 g 6 e
) i 2 B | — SRR < 5 60
& ‘;ER‘" T€ ST2-Rp, 5 1 I
= - ——— i R R=Re | 7 125 § :ﬁ) 55+ 1 20T
§D .—-\\I#ZE ED 'gb gﬂ gb ‘—v”‘?ﬁ"i
§700- "“_2()5J 15700_ _20§£ 50 /ﬁ
«n 1#-2-4 7] /1#_2_A m é 451 * ‘\2#‘2_L *
T b Canf F— e L B
2#-2-4
AT ' ' ' T : : ' : - 35l - - . .
120 180 240 300 120 180 240 10 120 18(? 240
Time/min Time/min Time/min

Kl 6 HALPRIEEE 940 CARIEAN [F) IS TGS 1#-2 2#-2 AR $or A B R0 3o o 10 2 ) % i

Fig.6 Effect of annealing holding time on tensile properties and impact toughness of 1#-2 and 2#-2 sheets heat treatment at 940 C for

different time: (a) longitudinal tensile properties; (b) transverse tensile properties; (c) impact toughness
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Fig.7 OM images of 1#-2 and 2#-2 sheets heat treatment at 940 °C different annealing holding time: (a, ¢, €) 1#-2 and (b, d, f) 2#-2;
(a, b) 120 min; (c, d) 180 min; (e, f) 240 min
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Fig.8 OM images of impact fracture cracks of 1#-2 and 2#-2 alloy treated at 980 °C for 80 min: (a, b) 1#-2; (c, d) 2#-2;

(a, c) longitudinal; (b, d) transverse
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Effect of Heat Treatment on Microstructure and Properties of Ti6321 Alloy Slab with
Different Microstructures

Yang Shengli ', Sun Erju', Liu Xianggian', Song Dejun ', Tao Huan ', Zhang Nan ', Li Bobo* , Yu Yan'
(1. Luoyang Ship Material Research Institute, Luoyang 471039, China)
(2. Luoyang Sunrui Titanium Precision Casting Co., Ltd, Luoyang 471039, China)

Abstract: The effects of slab microstructure type and heat treatment on microstructure and properties of Ti6321 alloy were studied by
mechanical properties test, OM and SEM. The results show that slab microstructure type of Ti6321 alloy has a significant effect on the
microstructure and properties of the rolling sheet. By the same rolling process (the first fire: 980 °C start rolling, finish rolling temperature
800 °C, e=70%, and the second fire: 995 °C start rolling, finish rolling temperature 800 °C, €=50%), equiaxed slabs form bimodal slabs,
and Westernized slabs form equiaxed slabs. After annealing below (a+f)/f phase transformation point, the longitudinal and transverse
yield strength and tensile strength of the plate made of equiaxed slab are higher than those of the corresponding direction of the plate made
of Widmanstatten slab, while the elongation and impact energy are opposite. With the increase of annealing temperature, the yield strength
and tensile strength of the sheets prepared with different slab structures decrease slightly, while the impact energy increases sharply. When
annealed above (a+f)/f transformation point, the tensile properties and impact work of the two alloys decrease significantly. During the
annealing process in the a+f two-phase zone, the sensitivity of the initial o phase to temperature is higher than that to the holding time of
annealing. With the increase of temperature, the content of primary a phase decreases sharply, while the content of secondary flake a phase
increases obviously. The suitable annealing process range of Ti6321 alloy is (940~980) °C/(2~3 h).

Key words: Ti6321 alloy; slab microstructure; heat treatment; impact energy
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