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Table 1 Chemical composition of different positions of TC18

alloy large-scale forging rods (/%)

Position Al Mo \4 Cr Fe Ti

Head 5.01 5.10 5.05 1.05 1.10 Bal.

Middle 5.03 5.12 5.03 1.03 1.11 Bal.

Tail 5.02 5.11 5.05 1.04 1.11 Bal.
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Fig.1  Schematic illustration of cutting impact samples from

TC18 alloy large-scale forging rods
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Fig.3 OM (a) and SEM (b) images of TCI18 alloy large-scale

forging rods; EBSD image showing the inverse pole figure

(IPF) of B phase (c) and « phase (d)
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Table 2 Impact toughness of TC18 alloy large-scale forging

rods (J-cm'z)

Position C-L samples C-R samples
Head 38.5 32.8
Middle 46.8 34.4
Tail 435 323
Average value 42.9 332
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Fig.4 Instrumented Charpy impact curves: (a) fracture energy-
time curves of the C-L and C-R samples; (b) load-
displacement and absorbed energy-displacement curves
of the C-L sample; (c) load-displacement and absorbed

energy-displacement curves of the C-R sample
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Fig.5 Stereomicroscope (a, b) and SEM (c, d) fracture
morphologies of the C-L (a, ¢) and the C-R (b, d)

samples after impact testing
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Fig.9 Schematic illustrations of crack initiation in TC18 alloy

C-L (a) and C-R (b) samples

4 £ i

1) TC18 & KM C-L AR bbbk i T

C-R BlhE. 2 FlRE 280 A D KT R8T e,

DRI, HRHTR GO 2R IR fiE 7 2 PRE 15 oo 0 P ) O

E, C-L ulFrR iR st £ RE T = T C-R Bk

2) RE VLR Ty ik, 2RI T 5210

FEG L smAL A AL Clndi 5 o Do R4 C-L FEd 4

SR B TT [ AW 25 [ AT, EAN AL g A4 e 2R AR

BRI T TS, RGN AR E I 7R I ES

Jigs T C-RFE S ) A o AHRIZRE LT A 18 75 ) AH T

e e T T RNk 4 S SEN R IANN NI SE7

Jig, Wi Bk RIER T C-L k.

Sk References

[1] Guan Jie('f #), Liu Jianrong(X % %), Lei Jiafeng(F %K 1)
et al. Chinese Journal of Materials Research(#} ¥} 57 2%
[0, 2009, 23(1): 77

[2] Wang Chunyu(E##), Xi Wenjun(Ji X E). Rare Metal
Materials and Engineering(Fif5 4 J@&# kL5 LFE)[J], 2012,
41(4): 663

[3] Duan Q Q, Qu R T, Zhang P et al. Acta Materialia[l], 2018,
142: 226

[4] Liu Yingying( X = %), Zhang Junyan( 5k F} £ ), Wang
Mengting( % 1&) et al. Chinese Journal of Rare Metals(%i 5
4:J@)[7], 2019, 43(8): 891

[5] XuJ W, Zeng W D, Zhao Y W et al. Materials Science and
Engineering A[J], 2016, 676: 434

[6] Wen X, Wan M P, Huang C W et al. Materials and Design[J],
2019, 180: 107 898

[7] Sun Jifeng(#h4£4%), Ding Chen(T &), Ji Bo(it ¥%). Heat
Treatment(RALER)[T], 2016, 31(4): 36

[8] Banerjee D, Williams J C. Acta Materialia[l], 2013, 61: 844

[9] Faizan-Ur-Rab M, Zahiri S H, King P C et al. Journal of
Thermal Spray Technology[J], 2017, 26(8): 1

[10] Xie C S, Liu Z D, He X K et al Materials
Characterization[J], 2020, 161: 110 139

[11] Jia R C, Zeng W D, He S T et al. Journal of Alloys and
Compounds[J], 2019, 810: 151 899

[12] Luo H W, Wang X H, Liu Z B et al. Journal of Materials
Science and Technology[J], 2020, 51: 130

[13] Christophe B, Julitte H, Nathalie G et al. Materials Science
and Engineering A[J], 2014, 618: 546



%31 ZbuRAE: TC18 fra KT i bITE BN 1) ZZ 20 50 <917 -

Difference between Transverse and Longitudinal
Impact Toughness of TC18 Alloy Large-Scale Forging Rods

Li Shaoqiang ' Chen Wei?, Zha You 2, Cheng Meng 2 Lei Jinwen', Cui Linlin', Zhang Jinyuz, Sun Jun®
(1. Western Superconducting Technologies Co., Ltd, Xi’an 710018, China)
(2. State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The difference between the transverse and longitudinal impact toughness of TC18 alloy large-scale forging rods and its
microstructural relationships were investigated. Two types of impact samples, i.e., C-L and C-R, were machined from the head, middle and
tail positions of the forging rods for Charpy impact testing. The results show that the impact toughness of the C-L samples is always higher
than that of the C-R samples. The instrumented impact test further reveals that the ability to resist crack initiation is a key factor affecting
the impact toughness, whilst crack initiation energy of the C-L samples is significantly greater than that of the C-R samples. Meanwhile,
impact fracture observation manifests that cracks initiate in the form of micro-void coalescence, and mainly originate from the strong-hard
phase (such as grain boundary a-phase) near the notch of the samples. For the C-L samples, the elongated direction of the forging
microstructure is parallel to the fracture direction, while it is perpendicular to the propagation direction after the micro-void initiation. The
crack is thus difficult to grow to the critical size for unstable propagation, which results in the high consumed energy for crack initiation;
for the C-R siblings, however, the elongated direction of the primary a-phase including grain boundary a-phase is parallel to the direction
of crack initiation, and the cracks easily grow directly to the critical size along the strong-hard phase for unstable propagation, which
causes a lower impact toughness in the samples.

Key words: titanium alloys; microstructures; impact toughness; impact fracture
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