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Effect of Solution and Aging Treatments on Microstructure and Mechanical Properties of

Powder Forming TC4 Titanium Alloy
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(AVIC Manufacturing Technology Institute, Beijing 100024, China )

Abstract; Effects of solution temperature, cooling method and aging temperature on the phase composition, micro-

structure and mechanical properties of powder forming TC4 titanium alloy were studied. The change of microstructure

and precipitation strengthening mechanism during the solution and aging heat treatment were analyzed. The results

show that the content of primary o phase decreases with the increase of solution temperature in two phase region, the

primary « phase is completely dissolved after solution in 8 phase region, and the precipitated phase is lamellar. The «

+ o’ phase can be obtained by water quenching and the secondary dispersion phase formed by martensite decomposi-
tion during aging process realizes alloy strengthening. After heat treated by 950 “C/1 h/WQ +500 C/4 h/AC, the
comprehensive properties of powder forming TC4 titanium alloy match well, with tensile strength of 1231 MPa, yield

strength of 1126 MPa and elongation of 10. 75% .
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Table 1

Heat treatment processes of powder formed

TC4 titanium alloy

Process number Heat treatment processes

HT1 920 C/1 h/WQ +500 C/4 h/AC
HT2 950 C/1 h/WQ +500 C/4 h/AC
HT3 950 “C/1 h/AC +500 °C/4 h/AC
HT4 950 C/1 h/FC +500 °C/4 h/AC
HT5 980 °C/1 h/WQ +500 C/4 h/AC
HT6 1020 C/1 h/WQ +500 °C/4 h/AC
HT7 1040 C/1 h/WQ +500 C/4 h/AC
HTS8 950 C/1 h/WQ +450 C/4 h/AC
HT9 950 C/1 h/WQ +550 C/4 h/AC
HT10 950 C/1 h/WQ +600 C/4 h/AC
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Fig. 1  Microstructure of sintered TC4 titanium alloy
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Fig. 2 Microstructures of powder formed TC4 titanium alloy after solution treated at different temperatures: (a) 920 C/1 h/WQ;
(b) 950 C/1 h/WQ; (c) 980 C/1 h/WQ; (d) 1020 C/1 h/WQ; (e) 1040 °C/1 h/WQ
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Fig. 3 Volume fraction of primary a phase of powder formed TC4

titanium alloy after solution treated at different temperatures
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Fig. 4 XRD patterns of powder formed TC4 titanium alloy

after solution treated at different temperatures
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Fig. 5 Microstructures of powder formed TC4 titanium alloy after solution treated by different cooling methods

(a) 950 °C/1 b/WQ; (b) 950 C/1 h/AC; (c¢) 950 °C/1 h/FC
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Fig. 6 XRD patterns of powder formed TC4 titanium alloy

after solution treated by different cooling methods
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Fig. 7 Microstructures of powder formed TC4 titanium alloy
after solution treated by 950 C/1 h/WQ and aging at
different temperatures: (a)450 “C/4h/AC; (b) 500 °C/
4 h/AC; (¢) 550 C/4 h/AC; (d) 600 C/4 h/AC
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Fig. 8 Microhardness of powder formed TC4 titanium alloy
after solution treated at different temperatures and

aging by 500 C/4 h/AC
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Table 2 Room temperature tensile properties of powder formed
TC4 titanium alloys after solution treated at different

temperatures and aging by 500 °C/4 h/AC

R,/MPa R, ,/MPa A/%

Processing condition

Sintered state 948 831 14. 63
920 °C/1 h/WQ +500 °C/4 h/AC 1078 980 12.23
950 °C/1 h/WQ +500 C/4 h/AC 1231 1126  10.75

980 C/1 h/WQ +500 C/4 h/AC 1182 1090 6.53
1040 °C/1 h/WQ +500 C/4 h/AC 1226 1133 8.38
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Fig. 9 Microhardness of powder formed TC4 titanium alloy
after solution treated by different cooling methods

and aging by 500 C/4 h/AC
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Table 3 Room temperature tensile properties of powder formed
TC4 titanium alloy after solution treated by different
cooling methods and aging by 500 “C/4 h/AC
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Table 4 Room temperature tensile properties of powder formed
TC4 titanium alloy after solution treated by 950 °C/
1 h/WQ and aging at different temperatures

Processing condition

R,/MPa R, ,/MPa A/%

Processing condition

R,/MPa R, ./MPa A/%

950 °C/1 h/WQ +500 °C/4 h/AC 1231 1126 10.75 950 °C/1 h/WQ +500 °C/4 h/AC 1231 1126 10. 75
950 °C/1 h/AC +500 °C/4 h/AC 1042 923 15. 60 950 °C/1 h/WQ + 600 °C/4 h/AC 1028 931 11.62
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Fig. 10 Microhardness of powder formed TC4 titanium alloy

after solution treated by 950 C/1 h/WQ and aging

at different temperatures

[ AN R BRI 4 b J5 0 S A B . DAIEL 10 7T
DIE N, BROREETE 450 ~550 CYulEN, Bk g
TC4 BK A 4 # AR i 22 0 5 AN B S, 24 B bt B T
FE 600 CHY, A EEMS R R

WG AR P, o T ERAARAH & A 43 fif 5 75 o S i
B a5 B M. (RERRE, AR TS % 45
fift, TR R Z, MEEBEHEE R, A4H
AR E AR R, AR A Y
BMIEETHIFKK, « FIZMMER K, &4
BAL

T4 B ARBIE TCA R A 424 950 C/1 h/WQ
s SOR TR EE 2 4 h J5 i =R P pe. She
SESMEL, MARBUE TCA K 44 FE + iRt 3
J5, SREEUTRRTE, VRS LML, O T
B KSR S + o' 4140, kit i v 2 AR 4
FETE B AR I, (A 4o Ak . BRI B 500 °C
FHEE 600 CHE, HBURIE 5 IR0 & A —
EFRE TR BT 20% F121% ), 4iEfHR m% 15
B o B PR T R A B AR R 5 5 LR AT M A ) R
b, T A 4 1 12 R R AL

(1) ByRBUE TC4 K G EBTE o + B WAH X [H 7,
VR AIRERE o+ B AL, KBEHRE a+a'd
41 FEWIRE I E THIA o MRS 5. B HH
X [EFS R, WIE o MHATRE AR, AR R AR
Bl T, HSUh R )2 kAR,
B o M,

(2) TERRGE R, o D RRAH & 50, B A
TE o S ICARAH R DL SO A AN E AT i, A 25K
HORALAIVER ; BPBOREETE 450 ~ 550 CYERIAN, W
TR E 22 I AN W &, B 80U B2 T v & 600 C Y, B
G IR, S kit B s A R A

(3) PAAH DX [ 9%5 A BRERE, il 15195 3 B 0 e
WA BUE TC4 BG5S MS W/, FE 3855
TR FRAHIX [EE AL BT, B4R 5P ARIX 950 C
EN SN E S S R IR RS N 3 o LT Vi N1
JE TC4 Bh4 4242950 °C/1 h/WQ +500 °C/4 h/AC 4
WS, SRAMERRVCEL R4F, PLhiamE A 1231 MPa,
JE IRGERE R 1126 MPa, FEf13Hy 10. 75%

S EZ Xk  References

[ 1] Sadeghpour S, Abbasi S M, Morakabati M, et al. Correlation
between alpha phase morphology and tensile properties of a
new beta titanium alloy[ J]. Materials & Design, 2017, 121;
24 -35.

[2] Tarzimoghadam Z, Sandlsbes S, Pradeep K G, et al. Micro-
structure design and mechanical properties in a near-a
Ti4Mo alloy[J]. Acta Materialia, 2015, 97 291 —304.

[3] Terlinde G T, Duerig T W, Williams J C. Microstructure,
tensile deformation, and fracture in aged Ti-10V-2Fe-3Al
[J]. Metallurgical Transactions A, 1983, 14 (10) . 2101
-2115.

[4] LiCL, Zou LN, FuY Y, etal. Effect of heat treatments on
microstructure and property of a high strength/toughness Ti-8V-
1. 5Mo-2Fe-3Al alloy[ J]. Materials Science and Engineering



BTl Bk R

30 Titanium Industry Progress

38 &

A, 2014, 616. 207 -213.

[5] Li C, Chen J, Li W, et al. Study on the relationship
between microstructure and mechanical property in a metasta-
ble B titanium alloy[ J]. Journal of Alloys and Compounds,
2015, 627, 222 -230.

(6] 4R7E DL, TCA BRA 4 Ak B AL T2 KA B AT R W5
[D]. ZEE. #lK¥%, 2019.

(7] XUggiss, REF, otte, 55 PRALBEXS TC4 Bha & 2
LR e RE RS2 [T ], B RS 4, 2013, 27
(18): 108 —111.

(8] ffusayy, FeAl, Bk, &5 AP T ZXF TC4 k& &4
LA A ERERE IR [T]. S mAALH, 2019, 44(6) .
137 - 140.

(9] Z=ikon, kA, IS, 55 HULBIT.2Z0X TC4 (k&4 K
FUARFE A LA MERE R Z R [T ). R R, 2018, 24
(1): 22 -24.

[10] BIGERE, X, AURLL. P, IFRURBEXT TC4 Bh& 4

HAM Iy ERE R [T]. & m#AAL I, 2011, 36

&5

X

A AR A () o

e e N A I e e A N e = e e A e = U U U ) U U U U U

(5.\./

FEARERIIMESKERISFELEE X
SRASBESZRBRERIWURF BT

12 H 18 H, HEA GR350 LR — K& BRI 2 i 2 BUNA H T, h A g
JE Tk e e KRl hEA R Tkt w2 Bl KEBEN; EREMARAFEZE B, EhK
EoAs PEA SR TR B . WA S Em & S P AR P EA SR T2 5
TR, PEA QSRR b EA R Tl e AR KO S5 I 2. 2 # 78 5 |
BABAEIn £5 . 2 ESGBRA LT, R AESHA 70 REBIAERSI T L2

ke b, BHREEDTOCTREATPEA QSR TSR H 25 LRE R iR i S o
W), TRIRAEC T A 88 Tk Ph SR E a0 2 LM R 2B AU BB ), ESCEECE AR E
A O ER TR 2 TR ), A G SRR 2 A a5 b A 6 &R Tk r2s B8 45 2>
2 b AFES TGRS ) o AL EIEE, HGEE TP EA @R E Tk PSR B o 2 TARRLIN) (1 2ws
5 R I, SRR A T 38 ZEBHRH A R A G R Tl h e Bk R 2 Lm R 2

FLm—KMHE s b, BIUSERE TOCTRET FA R T 2B 2% LB 2 m st Ak
fodtta ), HGEE T OPEA @R Tk etk 28 L ME Lok Blak, MR RERIPE(FER)).
A PRSI, EOCENETPEA GG R Ttk 2B URlf ook, THA, T4%. k. 55,
KUMGR ZfhA . 2508 B, TREL, B, BOKP, oy, IREE . BRSO, SR EARRYERISK, %

PRAUIFEVRE P g, BRESERTT AL 2RI T R AU b s 2 B SO 5], AT Sl se i Um
NP hi i, IANEWIE R RIS, SR A M SR, AN W AR A 247l s B R R R A AR, O
R, 2021 ARJECFPU T PR 2 AR, b AR e 100 AR XS B AN ARG S bR . Sel bR R
REXHHEE, Br—Jm B 28 GRS B Al s BTt R e 7 S FE A BTN OB E bR L BT R, gy
LM o TAR, fifeih 4 AR ORFFENAE S, AWiT 251501, QREFRG e, AT
M55 15 QOWREEITI I 2, AW K2 W51 r; @IRFRRES 2, RBHETH 2 m

AR PEAEE
m%%%%%%%%%%%%%gw&m e A ) = ‘/_\‘_g)'

(2): 29-32.

[11] T, VEHSE, 2506, 4. 53— % - o TCA-DT
B RMEHBRI AR [T]. WA & E b RS
T, 2020, 49(3): 962 —967.

[12] Chen Y Y, Du Z X, Xiao S L, et al. Effect of aging heat
treatment on microstructure and tensile properties of a new 8
high strength titanium alloy[ J]. Journal of Alloys & Com-
pounds, 2014, 586. 588 —592.

[13] Qazi J I, Senkov O N, Rahim J, et al. Kinetics of martensite
decomposition in Ti-6A1-4V-xH alloys[ J]. Materials Science
& Engineering A, 2003, 359(1/2); 137 — 149.

[14] Li J, Wang H M. Aging response of laser melting deposited
Ti-6Al-2Zr-1Mo-1V alloy[ J]. Materials Science and Engi-
neering A, 2013, 560: 193 —199.

[15] Sauer C, Luetjering G. Thermo-mechanical processing of
high strength B-titanium alloys and effects on microstructure
and properties[ J ]. Journal of Materials Processing Tech-
nology, 2001, 117(3): 311 -317.

A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A S A A R I A NN NN

N e N e e e e e e e o e e e e N e e N e e e A A e N e e e e A N U U

BT UMAKBELYE)



