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15 Ti-6A1-6V-2Sn & & [l ¥ I R AR #E (1 A0AL 1224 (880 °C, 1 h, WQ)+(580 C, 4 h, AC).
KiEiF: Ti-6Al-6V-2Sn; [FElAACHL; IR, BRAL,; Jierkbe

XEHRS: 1004-0609(2018)-04-0677-08

FESES: TG146.2

XHkFRERS: A

Ti-6Al-6V-2Sn( % X 1% 4> Ti-6Al-6V-2Sn-0.5Fe-
0.5Cu) (RE4rE1E Ti-6A1-4V Kafilh b ook if 4 ity —
Fla g AR E G R P moik & 41 th F LR
F12PERE S T HWPERE(400 C LA R il KIAAEHD) . AU 11
POAE A ANl Pk S5 A, PRI iz N T RLL
G KBRS A% SN HETB A DL AT R % 5
A O A A HAT RPN TrERE, wiE R
Vs B0 FLIHIEEROIN TR R . R R
B 2GR, T RHLR R gk ik <
TR R B R BRI AR R A AT MR
Mz 2, NHESEAER T .

HT&EhmnT pAtEE s, NimnT g
EYE, AIESER R 38.1~50.4 mm!Y, fd O
[ ZLEIR AT oA R B, SR T Ti-6Al1-4V ¥
PRIk L HAT B AL BESRAICR .

AR SCAE o F S ] L R RR I Ak B X
Ti-6Al-6V-2Sn Fk& AL #VERe % md, 434 T
BONPAG BB I 2L T2, B RERNZA S A = F
N R ENEZE

HEEMEB: TH ARRHIEE % EIH(NZ14264)
ks BHA: 2017-02-21; f&iTHHE: 2017-07-22

1 S£I§

S DL — it 4R ER RS 0.83~12.7 mm).
Al-37%Sn & (RESE) Al-55%V &4, fHlE. 5
T BRET A RO, HAREGA RS (MIL-T-9047G £k
KA A G W (L) s BB 3 ) FVAB R ) s v 28 3R ) 3 L
ATBCRISE, RS 51 5 HEAT R AR e R0 R 2L
KA 3t B {AE IRt 3 IR LI, 5% 4%
BEIURS M d 600 mm () 3 t RN W 1), FEHHE

(GB/T 23605-2009 Ek& 45 AR B WETTE) 5
e, SRAEST R SARENRRILAR AR 18 (935+5) C.
PHEEAE AR fLL B B AIIX(T+100~200 C)HEAT FFER A
B, AR EIAT] 80%AL A FEN atp AHIX (T, =30~

F1 WBAERLER
Table 1 Chemical composition of Ti-6Al-6V-2Sn alloy (mass

fraction , %)

Al A% Sn Cu Fe Ti

5.68 5.58 1.96 0.72 0.67 Bal.

BIEEE: YR, #¥Z, Mt Hif: 029-88494298; E-mail: zengwd@nwpu.edu.cn
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Dmax2200PC (12 ity X S AT BGR(K,, 26, 40
kV, 30 mA, 1 0.02), AN 100~90°, H4
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Table 2 Experiment of heat treatment of alloy

Sample No. Solution treatment ~ Age treatment
540 'C,4h, AC
860 'C,1h, WC 580 °C,4h,AC
620 'C,4h, AC
540 'C, 4 h, AC
880 C,1h,WC 580 C,4h AC

C
C
C
C
C,4h,AC
C
C
C

620
,4h,AC

540
900 ‘C, 1h, WC 580 'C,4h, AC
,4h,AC

O 0 N[ n AW N =

620 °

2 HRER

2.1 HEASIRMHRER R R

Kl 1 izl Ti-6Al-6V-2Sn & 4 it A A% A%
L FNRIMAZ. NE 1 ] LUE RS 4L 2L e
BRI A B b, i HISA— 20 WA BRI
1B A BB AIE T AR kL, 2 (GIB 2218-2008 i H
BRSER A e M AR S ) Ay AL GV v v
CAIVER 1 (Hh, 1~4 Gtk H45E WAL o
KE, WA Ti-6A1-6V-2Sn & 4 WA 4k A )
o+ WIS o MH+B AR IEAR), HIA: a
TR 60%, SaRL R A /N AR 10 pm), 4
AU 5], B (GIB 22182008 i 4 AR LAk &
SRRV 1) B A SR ARE T AVE R 2
P, 1~5 Gty kT LU %A S A

5], BAE R . AN, WAL T R I
A5 o FIHKIR o A1, XA B2 P B0 I
AR PTG DEE )R o AR

Bl 1 HMEESHAN
Fig.1  Structure of forged rods for macrostructure(a) and

microstructure(b)
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ARG, %A SRS RE AL S, 1A% 1080
MPa ity XIEKIN A AL Ti-6A1-4V 5L HIg
T vV oITER SR, PR T AR, i
H#M TR R Ze, FNXS o AHRT B AHHEAT 5
th, I B T Ti-6A1-6V-2Sn & 475 ot
FES O, %A S BS IBE R LRE, K
BAE 14% /4, Wil a4 41%~44%2 7). {H
FHAHALATRE, FLETHEL Db, N
G 1) RS i (R AR PR REXT LU R, DM LA PERE i
IHPEROL TR P RE, i IR R R K e 22 e LU A

R3 OGEBEMBEKR TR
Table 3 Tensile properties of alloy for forged rods

Sample  Sample R,/ R/ o o
No. direction MPa MPa A% 2%
1 T 1062 1023 132 414
2 L 1089 1051 146 442
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P AL FE S R AR, B 3 s A AN [P [
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WA o, AHREE ARSI B AR FARTFIE T AN i, B KA
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ERFEE R T HIINIE a fe THIE o AHTES . B
S KA alp FHIRE BUR) ¢ R AN TG 1 /0 A
ﬁ%[lz—w]c

WHSMER, YIE o MRITESULE [ R v i
AR ] DL IA A SRR o AHS AR TE ORHERCIR B AR o AH
MG o FHERILAM A, TERTREL Al/MOFEIR o 41,
TEERA ) [ A REE KAL) o AHBURLAE B AR RAT
FTER Y a—op HARW, B AHLE S A LGB E
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FAWAE IR, T REERIRERGAR o A1 BESE B AHIT
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AR WAL o TP EIM o/f FIF7AE Burgers
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Fig. 2 Microstructure of rods for forged and solution treatment in different temperatures: (a) Forged rod; (b) 860 ‘C; (c) 880 C;

(d) 900 C
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Fig. 3 XRD pattern of rods for solution treatment at different

temperatures: (a) 860 ‘C, 1 h, WQ; (b) 880 C, 1 h, WQ;

(¢)900 C, 1 h, WQ
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Fig. 4 Tensile properties of Ti-662 alloy rods of forged and

as-solution treated
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2.3 BIRCRE ITLELATA4RERY 2D

Bl 5 P o T A TR EAN RIS I 2805 11 it
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P ERGIATI . WK S Pl LLEH, &

Bl 5 AR R A St AL
Fig. 5 Microstructures of Ti alloy rods aged in different
temperatures: (a) 540 C; (b) 580 C; (¢) 620 'C
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o MFTHIAER 4/, WEEISA]s B SO) 1 o FHAT
HAPTKKR, HWRBRS: Kl 5P o AHN
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FEE AR 200 it BRI o VAR S 2370 I 2550 11 4 it
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VIR BTN ) o MRy TWARZS B AR, 2
T+ Ti-6Al-6V-2Sn FESGEZN g RREMETHE, 7
fET BT A Z L otp, BE— LBk 1 0,

B B RS R e WL 4, Bl 6 Bl
IRFER AR 540 CH) 620 Cr=EPMPER
4o A 6 thalLIEH, EE A 860 T, it
o s FEE N Jer IR i 4 it N 28R R 1 T v i B R
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Table 4 Tensile properties of aged rods

B, BT RARN B 2 BT, (HAR KR E RS L
TR X N R MIEEREE ) 880 CHY, ¥t
860 CHEAAHIUT . MMEEE A 900 CHY, ST
W& IS0 FE R T B B, i HL R BT B
T T SO A AP S S AR N Rt 2. BT, SRS I b
BN . AN 6 ok LT UE H, 2 ] S AH AT
Bt I O P R T, S SCR RS, SR (W e
HYVH R IIIE N ARG AR A, Rl [
WEEITE G, ARG N, [ YB A B R A
B UL, T B R 1) ] A A B A, Al A
AR s I AL B A R, [ R Ay,
SRR IR S o IO B AR, KR o M S 5R
BRI EIRAT H T ELAR /Ny RIBURER, DR i A a8 R 1
b, R R S, ERIR o AROKIIKS) i
RS R AT, A RO R R a 41, MNIfTi
% C TN N

Ti-6Al-6V-2Sn &< B A R AFIRAGENE, B
JERE— %k 38.1~50.8 mm. JEFEANEELL 38.1 mm ()44
Rl 5, Hhih g A/N T 1173 MPa; 2%
h 38.1~76.2 mm (KA EHRAAAE B S, HATTH 2R A
/T 1104 MPa, 10 )8 BEAE 76.2~101.6 mm Z [A] K]
MERA AN E S, TR REEA/N 1035 MPal'l, A
SR T AL AR Ol d 90 mm,  1EH TR 3R 7K
P RAZNT 1035 MPa, {HHFHRARBMCE SRS, $i
PR LI N PR HIE 2K 2 85 MPa, XSt A EHT)
PR PRER TR SR

XF Ti-6Al-6V-2Sn &, —MAEREM) %
Qb PG S O (885+4) “C o {H S L [F] 45 Ak P 2 5 AR
Pt T e S A, B R /N 3.175 mm
[AIFHEAR ] LAAE 830~871°C vt [l P [ 5 4b 2 (5~15 min);
FEbt S BRI il i T 7 843~899 °C s il P [l Ak

Sample No. Solution treatment Age treatment R.,/MPa Ry02/MPa As/% Z1%
1-1 540 'C, 4 h, AC 1183 1128 12.2 42
1-2 860 C, 1 h, WQ 580 C,4h,AC 1119 1063 14.0 47
1-3 620 C,4h,AC 1078 1014 14.5 53
2-1 540 'C, 4 h, AC 1225 1163 11.0 41
2-2 880 C, 1 h, WQ 580 C,4h,AC 1 166 1104 14.0 45
2-3 620 'C,4 h, AC 1114 1054 14.6 51
3-1 540 'C,4h, AC 1262 1205 9.2 36
3-2 900 ‘C,1h, WQ 580 'C, 4 h, AC 1226 1169 10.5 39
3-3 620 'C, 4 h, AC 1161 1102 12.0 42

Agreement requirements =1120 =1 050 =10 =25
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(a) ®=— Ultimate tensile strength 00195
1250 - * — Yield strength
* — Elongation 185
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& 1150 SEE
2 I
i) 1305 165 ¢
51050 - @ 2
= 9] Qo
2 m 155 §
950 |- 120 ~
145
*/i——’_*
850 ! 1 1 1 | 1 10 A 35
520 540 560 580 600 620 640
Solution treatment temperature/C
(b) ®— Ultimate tensile strength 4 9
1300 - * — Yield strength {40
* — Elongation 185
4 — Reduction of area 35 §
& 1200 | X475 @
b, s 165 =]
guw- {25 8 <
7 m {552
120 3
1000 &~
/ | 15 1 45
900 ' : ; L : —I10 435
520 540 560 580 600 620 640
Solution treatment temperature/C
190
1400 (¢) =— Ultimate tensile strength 40
* — Yield strength
1300 * — Elongation 135 180 R
4 — Reduction of area %
o 1302470 8
S 12007 g <
= 1252 |,
= s 160 g
g 1100 g £
0] B i 2 Q
& 20 150 2
~
L 115
1000 / 140
——— o
900 : - 30

520 540 560 580 600 620 640
Solution treatment temperature/C

6 I 2GR AN [ il Uk S Ak PR A P FE 1) 5% )
Fig. 6 Effect of aged temperature on tensile properties of
sample solution-treated at different temperatures: (a) 860 C;

(b) 880 C; (c) 900 C

HL60 min)o 525 Bl AR K BN T i
885 CAHIRIE AU I BRI L o AEIZIRSE T [
DAL P EL 30%MHIE o Hoah p oA,
SCHR[211R W], SFRVA L I o & RAERT 20%
I, BT IS A AR A ORRFAE 40% A, W s R,
Esti-EoALIEE0d SRS SHIP S TTTEVEGE S L e S P WNIE'
e, BEI B e s m ] PR RE N KA . A, Gl id g

iy [ VA 2 5 R AR AL AR ) A S AR IE 20%~30%
TN A, BN G4 g AT K %, v AT
HEEZ A o A, DA mR R . BT lL, [
VAU 6B 880 C LA

I 200l P A MR A S () 5 B KPR B R 1) o 3l
Wy SR TR PR IS 2000 (482~538“C) 15 B¢ 1oy 1) 5 8 AT
EAR TS 5 o R B R B (538~649 °C) A3 BB 11
SRS B . — MG HL T, T Ti-6A1-6V-2Sn
B A B FTHERE R I A B A 2 (538~621 °C, 4~
8 h, AC)!s S THHIKAE o HTHHAN /N R, S it
IR S SRR, 25 S B I I A DU S, 1B
PP AR R TR I AR P LA B i TR, I 2830 R
580 C LL#Uf o

Zra L Bgrtr, WTELACKH Ti-6Al-6V-2Sn & 4: 1)
[ % e R AR B A T2 (880 °C, 1 h, WQ)+
(580 °C, 4 h, AC).

3 it

1) R BRI, KBTS 1) 5 FAR LA 7
o' Mm%, BA—ENPAIEN, 8BS NA T
B, WrSCAE R A T . AR S, A
LU A o BRI, pARECR R 39,
KA AR LN TS o/ AN 3, ARE R 2%
SRR Tt

2) GENGHIHLIWIE o FIFD B FHAZH LR,
I BAE o ARA LR ARREE RN o A I 2%
WREEARES, o AHNTHARR 41/, i35, g
I RGRE T, BT A o B, AR, SRRk
TR o 0T B 1D [ 5 Ak B A SR, i Akl
BRI s >4 I 25 FEE AT [T BT, [T il R B v
R ERVE SETERTR

3) AT HIESIBVEM AL, LA TR,
ARSI Ti-6A1-6V-2Sn B4 I [ 1 IR R p A #E R 1
16T 2 4(880 °C, 1 h, WQ)+(580 C, 4 h, AC).
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Influences of solution and aging treatment process on
microstructure and mechanical properties of
Ti-6Al-6V-2Sn titanium alloy rods

ZHU Bao-hui"?, ZENG Wei-dong?, CHEN Lin', HU Xiao-chen'

(1. Titanium Product Plant, Ningxia Orient Tantalum Industry Co., Ltd., Shizuishan 753000, China;
2. School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The influences of solution and aging treatment process on microstructure and properties of Ti-6Al-6V-2Sn
alloy rods were investigated by using optical microscope (OM), XRD, scanning electron microscopy (SEM) and
mechanical properties test. The results show that the as-forged microstructures of Ti-6Al-6V-2Sn alloy rods are fine
isothermal primary o and transition f phases. After solution treatment, the microstructure is mainly composed of
isothermal primary a,, martensite o/, a" and metastable § phases. The strength decreases, but the reduction of area
increases, which indicates that the solution treatment has a softening effect. With the rise of solution temperature, the
strength increases subsequently, and the plasticity decreases. And fine dispersion secondary o, phase precipitates from the
metastable structures after aging treatment process, the alloy can be strengthened significantly with slightly reduced
plasticity. And with the aging temperature increases, the strengthening effect is reduced, and the plasticity increases.
Through comprehensive comparison, considering the best match of the strength and plasticity, it can determined that the
optimization solution and aging treatment process of Ti-6Al-6V-2Sn alloy in this experiment is (880 ‘C, 1 h, WQ)+
(580 C, 4 h, AC).

Key words: Ti-6Al-6V-2Sn; solution treatment; aging treatment; microstructure; mechanical property
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