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Effect of Quasi-f Forging Reduction on Microstructure and Mechanical Properties of
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Abstract: Quasi-f forging with reductions of 20%, 30%, and 40% was conducted on TC18 titanium alloy bars, followed
by conventional solution and aging treatment. The effects of reduction on the microstructure and mechanical properties of
TCI18 titanium alloy were systematically investigated. The results indicate that the microstructure of the bars after quasi-f
forging exhibits a basketweave microstructure. As the forging reduction increases, the fragmentation of primary £ grains
intensifies, leading to a reduction in # grain size. Concurrently, the dispersed lamellar o phase becomes finer, which
enhances the tensile strength of the bars from 1125 MPa to 1146 MPa. The grain boundary a phase transitions from
continuous to discontinuous, thereby increasing the elongation after fracture from 10.8% to 12.3%. Meanwhile, the
reduction in a lamellar thickness causes a decrease in fracture toughness, which drops from 85.6 MPa-m'? to 76.7 MPa-m"?.
At a forging reduction of 30%, the TC18 titanium alloy bar exhibits an optimal balance of strength, ductility, and
toughness, achieving the best comprehensive mechanical properties.
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Table 1 Chemical composition of TC18 titanium alloy bar

Al Mo \'% Cr Fe

C N H O Ti

5.12 4.73 4.95 0.098 1.05

0.007 0.008 0.0018 0.122 Bal.

1 TC18 k& SR I RO AL
Fig.1 Microstructures of TC18 titanium alloy bar: (a) OM microstructure; (b) SEM microstructure; (¢, d) IPF maps;
(e) EBSD phase map
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Fig.2 Schematic diagram of quasi-f forging process
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Fig.3 Schematic diagram of heat treatment process

T FH 28 U1 8] NI AL BE J5 10 4 41 60 o0 30 A
15 mm x 15 mm x 10 mm B & AIRFE, /R AF FH 240#.

400#. 1000#. 200040 4847 BE MLk /5, RH HF
+HNO; + H,O JE MR (R 3 1 7 2 90)#E47 i ik,
FIFH Olympus GX71 Y24 & f5% f1 JTSM-IT700HR 14
L7 R OB LS LA 2 2, R F 1 O AT S
SR AR B FIAH 1

RVEN AN R HE B RGE A8 T J5 BAFE 1) 71 2 1M e, E
AR 5 RRE R R/2 AEHURE o KR GB/T 228.1—2021
Hil% EAA N 5 mm PETERARKEE, RA ZWICK/150
T3 BEM R IE AL HEAT S iR B AP ME BRI R s IKHE GB/T
4161—2007 Jn THr &M AR TN 62.5 mm x
60 mm x 25 mm), KH MTS Landmark H i il B 5 57
BRI LR AT =5 W 20 M K A 2 3 0K 3 AN
HOAR 5 T P I8 A i e 5 R

2 GFRE5HH

2.1 fMLBLR
2.1.1 oM

K 4 AAFHEAEE 2R TCI8 k& &M OM iR
Fro HE 4R, BEEZREMIGM, M EEH K
1) B dmkL R AR, I 4 IR BN 7 A s i
KRARTEWS, J54s B okl JC B B AR TR AR, & SLI5 o]
UL(E 4a); ABTE RN 20%0F, JREG B AR ECRR,
TR AR BE L/, T AR T (B 4b); AR TE &8 30%H,
JR4E BRI AR FE RN, WA T T M R .
KB 4c); ABTEEN 40%F, JRUG B &R R A RE B 3t

B4 AFEZRETF TCIS k& &M K OM I8 F
Fig.4 OM microstructures of TC18 titanium alloy bars with varying reductions: (a) 0%; (b) 20%; (c) 30%; (d) 40%
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Fig.5 SEM images of TC18 titanium alloy bars with varying reductions: (a, b) 0%; (c, d) 20%; (e, f) 30%; (g, h) 40%

BeAh, e R HTHE pBIE R RN MIEHLN o
F R BRI, R Tmaged 3005 AN [ 48 &l
) o 72 REGEAT SRR, SRR 2 PR, R 2 AT
RN, BEEBOERTE RN, TC18 Sh& &M o 12

2 TRAZHET TCRUREEEM N FEEE
Table 2 Thickness of o lamellae in TC18 titanium alloy bars

with varying reductions

No. Reduction/% Thickness of a lamellae/um
2" 20 1.35+0.23
3* 30 1.18+0.21
4* 40 0.99 + 0.24

BN 5 2RRBEA L, 4NRBE o B2 R BRI
T %1 30%.
2.1.3 EBSD 4 #F
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Fig.6 IPF maps (a, b, d, e, g, h, j, k) and phase maps (c, {, i, 1) of TC18 titanium alloy bars with varying reductions:
(a—c) 0%; (d—f) 20%; (g—1) 30%; (j-1) 40%
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Fig.7 Tensile properties of TC18 titanium alloy bars with varying reductions: (a) strength; (b) plasticity
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Fig.8 Fracture toughness of TC18 titanium alloy bars with

varying reductions
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