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Fig.1 Process flow chart of PM Ti6Al14V alloy

F1 HMRAEE TIAUWV SEMEBLERS
Table 1 Main chemical composition of PM Ti6Al4V (w/%)
\ Al Fe O N Ti
4.13 6.14 0.05 0.16 0.05 Bal.

2 MAKIE 4 TI6AI4V & &1 B AN
Fig.2 Microstructure of PM Ti6Al4V alloy

£2 MERIEE TiAUWV ELEBEIWRAE
Table 2 Experimental scheme of forged PM Ti6Al4V alloy

Sample Temperature/C Degree of deformation/%  Temperature/’'C ~ Degree of deformation/%  Total deformation degree/%
1 960 47 47
2 1000 59 59
3 1050 58 58
4 1100 58 58
5 1150 58 - - 58
6 1000 21 940 51 61
7 1000 21 960 52 62
8 1050 21 960 52 62
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Fig.3 Forged PM Ti6Al4V samples: (a) sample 1, (b) sample 2, (c) sample 3, (d) sample 4, (e) sample 5, (f) sample 6,

(g) sample 7, and (h) sample 8
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Table 3 Properties of forged PM Ti6Al4V alloy

Sample Density/g-cm™ Relative density/% UTS/MPa YS/MPa El/% RA/%
1 4.391+0.01 99.101+0.22 988+ 12 921+10 15.44=*1.2 41.60+2.3
2 4.4010.01 99.324+0.22 1024+17 996+ 14 1520+1.0  38.80%2.1
3 4.411+0.01 99.55+0.22 981+13 948+ 11 13.70+1.2  36.60+1.9
4 4.421+0.01 99.77+0.22 984113 954+11 14.00+1.4  31.80%+2.2
5 4.4010.01 99.324+0.22 981+11 946+ 13 1430+1.3  3440+24
6 4.421+0.01 99.77+0.22 994+ 14 971+12 17.44+1.5  40.40%2.6
7 4.411+0.01 99.55+0.22 994+ 15 960+ 12 17.20+1.4  45.83+2.5
8 4.411+0.01 99.554+0.22 997+ 14 971+11 17.24+1.6  44.64+2.6
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Fig.4 Tensile properties of forged PM Ti6Al4V alloy

RGN, 2 T 4 S SR RO, %
Pk Rl 2 A S 2 B
2.2 FREEETERBENEK TiGA4V A& AR

A

20 um

ME 2 BRI AT, B K TieAl4V & <5 ok i)
BB FLBRAR 5 A A, FLBRAE S 45 I 2 Rt doR
K BIBHASVE L o diRE AR 2 40/ 30 25 iR
1E o diRLI FAG 41N B ARRLSA A1 o A, ALZR8 5

Kl 5 i AN A L 2R 5k R Ti6Al4V 54 (1K)
AL 960 CHt s, LM /NI o Ay
JZH) o+p A, fE 1000 CHEE G, R AF4E DR
Sl o U 2 AR (P 5b), R TEE] 1050 C K LA B
JEE B IF (] Sc~5e)dH 23R il oIk, S5l o T 2K, JF
A B E RS ST &, o R, BJE, [FRER
(7 PSS, R [RD D ) a B RASES A0 A, IR LT
BIE GELE T o di SHELFEE ) B AR, IXLEHR 25 35
INPERRAG. 200 2 ABERTE I 64 7. 8 S AE M, A
B LR T, I BAMIS T ARG AR, WA U A
AR, R B IR a 0 o 1A)ZD RO 40 /N B 4L
KRG RATE A8, 53R 3 MEREL 2L

Kl 6 50 F H EBSD R4S 1 b ROS) Hdls g vt 4y
M1 )G 3R A5 0 f R R ST e ik B . & 6a AT LG H, R

Bl5 Bl AR 4 TiGAI4V & 4124 21
Fig.5 Microstructures of forged PM Ti6Al4V alloys: (a) sample 1, (b) sample 2, (c) sample 3, (d) sample 4, (e) sample 5, (f) sample 6,

(g) sample 7, and (h) sample 8
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Fig.6 Grain size of PM Ti6Al4V (a) and forged PM Ti6Al4V alloys (b~f): (b) sample 1, (c) sample 2, (d) sample 3, (e) sample 4, and (f) sample 7
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Properties and Microstructure of Forged Powder Metallurgy Ti6Al4V Alloy

Wang Haiying', Yang Fang', Guo Zhimeng', Feng Zhaohong', Zhang Ce', Lan Bo?, Wang Shuyun®, Lu Boxin'

(1. University of Science and Technology Beijing, Beijing 100083, China)

(2. AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: The powder metallurgy (PM) Ti6Al4V alloy was forged in different ways. The properties and microstructure of the alloy before

and after forging were analyzed. The results show that forging is an effective way to improve the density and mechanical properties of PM

titanium alloys. Firstly, once forging deformation at different temperatures was performed for the PM Ti6Al4V alloy. The alloy forged at

960 °C has better ductility with an elongation of 15.44%. With the increasing of forging temperature, the equiaxial a phase decreases, and

gradually changes to the basket weave structure, resulting in the plasticity decreasing. However, due to the inhibition of the original powder

particle boundary against grain growth, there is no obvious grain growth in the alloy forged at 1150 °C. The grain smaller than 20 pm amounts

to about 79%. As fine grain size is beneficial to the plasticity, the elongation still reaches to 14.30%. Therefore, the PM Ti6Al4V alloy has a

wider forging temperature window compared to the traditional cast titanium alloy. Besides, twice forging deformation at different temperatures

was performed for the PM Ti6Al4V alloy. In such case, the alloy was firstly forged at high temperature to improve the density with small

deformation, and then was forged at lower temperature to obtain the required microstructure. The Ti6Al4V alloy with twice forging

deformation has an elongation higher than 17%, tensile strength higher than 994 MPa, and yield strength higher than 960 MPa.

Key words: powder metallurgy; Ti6Al4V alloy; forging; mechanical properties; microstructure
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