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Effect of heat treatment on microstructural evolution and
micro-hardness of Ti-22A1-25Nb orthorhombic alloy

WANG Wei', ZENG Wei-dong', XUE Chen', LIANG Xiao-bo?, ZHANG Jian-wei’

(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China;
2. Beijing Iron & Steel Research Institute, Beijing 100081, China)

Abstract: The forged Ti-22AI1-25NDb alloy was heat treated, and the microstructures under different solution treatments
and aging times were observed and the evolution was studied. The basic properties of the alloy were evaluated based on
the hardness. The results show that the microstructure of the alloy is mainly depended on heat treatment schedule.
Equiaxed a, grains, rim O around a,, and equiaxed O and B2 matrix could be obtained after the samples were solution
treated below 980 °C, while equiaxed a, grains and B2 matrix existed when the samples were solution treated above
980 °C. The aging temperature is very important for the size and morphology of acicular O phase. The largest precipitate
size occurred at 840 °C and the finest size was displayed at 760 °C. Experimental and statistical analysis show linear
relationship between micro-hardness and the temperature of heat treatment.
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Table 1 Chemical composition of Ti-22A1-25Nb alloy (molar
fraction, %)
Al Nb (0] N H Ti
223 257 0.00043 0.000052 0.000009 Bal.

1B J5 IR DRI 14 mmx
14 mmx12 mm [FRFE . 7E(ar+B2) P A X Fl (0, +B2+0)
= A DX 3 AN ] P 7 3 Ak BRI, FBE I 7] 3 A B 6 491
b ar/O FIEFL. S EMIGTIRN. JRE 940 °C
WAL BE 2 5 AR EEE (O+B2) I AH DX P 3 A [H] R 1)
B, BFFUR AAL BN G A AR I . AT
KA AAEHE R R 2 Fra. FHHHE i 7 B s
(SEM) B 5 15 HUR (BSD)REAT O L 40 B, KA X
SR AT (XRD)YB AR M AU A A g5, SR
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Table 2 Heat treatment procedure of Ti-22A1-25Nb alloy

Code Heat treatment

T1 920 °C, 60 min, WQ

T2 940 °C, 60 min, WQ

T3 960 °C, 60 min, WQ

T4 980 °C, 60 min, WQ

T5 1 000 °C, 60 min, WQ

T21 (940 °C, 60 min, WQ)+(760 °C, 12 h, AC)
T22 (940 °C, 60 min, WQ)+(780 °C, 12 h, AC)
T23 (940 °C, 60 min, WQ)-+(800 °C, 12 h, AC)
T24 (940 °C, 60 min, WQ)+(820 °C, 12 h, AC)
T25 (940 °C, 60 min, WQ)+(840 °C, 12 h, AC)
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Fig. 1
Ti-22A1-25Nb: (a) OM image; (b) SEM image; (c) XRD

pattern

Microstructures and XRD pattern of as-received
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Fig. 2 DTA curves of Ti-22Al-25Nb alloy
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B B AHASR N T e GIE AL T2, 15
FI AR BARA U B B A A B R . AR
6 PR FH 25 B HT VA R Ti-22A1-25Nb A5 4 FIAH AR IR
JE o RPEZERIIHTIE, 454y MURALEEDHARAN %11
H1 GOGIA 275t Ti, AIND 5 G AHIEAS ST, 7] LA
i B2/B2+a, AR BT 1 060 °Co DTA AT
975 °C A — AN, HUE 22 Sk [6] 1 AR B 2 B
A SIZLE N B2+0,+0/O+B2 FIHARIRIE . FDIZkik
732 DTA & ()28 — AR AR 1010 °C, %30
K B2+62+0/B2+a, AR E . 15 1 040~1 080 °C i1
B, Mgk Iaish, XFESAEGANMIATREE
HKo Lr EPTIR, G EMAHEASREE D Tp>1 060 °C,
1010 °C<Ty,,,,<1060°C, 1010°C <Tipy,, .0y <
975 °C, T(0+52y<975 °C.

2.3 ELRALIEXT Ti-22A1-25Nb & & BB RIS

3 FT7s N 4 AE 920, 940+ 960, 980 1 000 °C
FEE AL B 60 min J5 IO ZUES . W& 3 AT LR
H, BEE RS TS, O ARSEHT AR R A .
LEEHRE N 920 °C(K ()i, EZH O HM B2
FERTHTH , 41N O AR 5 A8 S Sl R O AH TR,

O MIMATADERLA N 46.99%. FAT—H5r an HIAE
15, B O FRIERZ AL SR O METER ap 4
JAH, KK, TR rim O AP, A4 DTA 4047
AR, AZIRE X A NAZ A O+B2 BiAHIX, ANTELE o A
% oo AR A AR R R B Y, RIS
JRRAE T ZEARIR T oo AHIOH 3N AR RAR, ARAER
AR O AH. 11 940 °C [ 5 (8] 3(b)), DE op AHE
AR B2 5% O Ao I O FHEAE S, 1F O MR
A B2 (bR, BRAC 58 BN, K5 sk N, S
() rim O AHAZ#E, O AR 00 32.14%. 4 [l
TR 960 °C(Kl 3(c) G, 2 M%) O MR
K B2 HEAA, rim O AHARTFHE, 2 B4 O AHE;
A S K e LT IR 4%, O A AR 43 Bk /s 1]
8.69%. [H¥EL Tt i 2] 980 °C(H 3(d)Lh I, A4
PTG LERBEE ) 980 °C LU FI5E A, A
SRS O RAEFES A5 T e ek . B 3(c)
FRA NS BRI R B2 A, NS a4l
BRI 0o/O FHUL S B2 FEARZL R 85
FHEIE] 1 000 °C(E 3(e))f, Brdxth oo AHIAR 4> 4L
BN 15.59%, O FHIARF > Hom 3] 2.53%.

2.4 BIRALIERT Ti-22A1-25Nb & & BRI S0
H T B MO A 1 B AR A A A,
940 °C [E]%5 )5 HIARFEAE O+B2 WiAH X AEAS i R ik
P2, H B K 4 s, HEEH, %54
T B HAEIRT 0o/O AHLL B BRZRIET O FHAL
HHEMAN AL O HRKAWMIEE: —Fi gk
KIS R O FHBR SR 5 —HP g/ NRERIR O Al
B4k, LLAE 940 °C [FMRAE AN AL A LY, BAKTE
AR BRI, FURLE B2 Hk BT T T4
NERIR O AH - 4l /NRERIR O AR % 2 B AE I kst
PN B2 BEARTAT I, B4R TERE K200 0.1 pm,
KEEANT 1 pm, SAFADEE N 10%. BT EHIR O
FHEBIATAEE 0o/ O FURLFETFIR Y O FHZ17],
HeHIZEL T MUK R O AR 45 AL AE ]
W, TR RA A 1 pm, KEH 2~4 pm. S51E
940 °C [H¥% (K 4()I4LLURSHIEL, BER 0 Mt
JOFEA B8, vl AR ROE R iRk O A K
o L 940 °C [ FIA [RIELEE IR 2B ST
H1, GERRIRI ao/O FHIRRURL ROST AN SZ IS 2800 52 1R 56
Wi, TARGSIRG O FHLA K B2 IR 2 BN BE I 2%
E TR AR AR R o I 5Lk 840 °C I, HT i
ERIR O AL, IHRGEE Ky 760 °C 1, BT H AR O
FHIR AN /N BEAE I B0R B TR, O AHBR SR I o5 FE 1
hne X4 JETH T Ti-22A1-25Nb 4 4 1 i i 2 4 4t
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Fig. 3 Microstructures of solution-treated

specimens at different solution-treatment
temperatures: (a) 920 °C; (b) 940 °C;
(c) 960 °C; (d) 980 °C; (e) 1 000 °C.
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4 940 °C [HVE AL BE 5 ANFIELEE I 2L Ti-22A1-25Nb 6 24128
Fig. 4 Microstructures of 940 °C, 1 h solution-treated Ti-22A1-25Nb alloy and then aged at different temperatures: (a) As solution
treated; (b) 760 °C; (c) 780 °C; (d) 800 °C; (e) 820 °C; (f) 840 °C
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Fig. 5  Effect of solution temperature on microhardness of Fig. 6 Effect of aging temperature on microhardness of

Ti-22Al-25Nb alloy Ti-22Al-25Nb alloy
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