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Mechanism of grain refinement for TA17 near a Ti alloy by
high energy shot peening

HAN Jing, SHENG Guang-min, HU Guo-xiong

(College of Materials Science and Engineering, Chongqing University, Chongqing 400044, China)

Abstract: In order to research the mechanism of grain refinement in TA17 near a Ti alloy, the cross section surface of
TA17 near a Ti alloy bars were treated by high energy shot peening(HESP). The microstructures feature in plastic
deformation layer were characterized and researched by optical microscopy(OM), scanning electron microscopy(SEM),
transmission electron microscopy(TEM) and X-ray diffraction(XRD). The grain refinement mechanism was researched
according to different depth microstructures feature in the deformation layer. The results show that the equiaxed
nanograins with about 35 nm are synthesized on the peening surface. In the twin forming layer, the twin lamellas are

generated in coarse grains. In the transition layer, twin lamellars are transformed into with small angle by dislocation slip.

And in the nanometer crystalline grain layer, subgrain are transformed into randomly oriented equiaxed nanograins.
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Table 1  Chemical composition of TA17 alloy (mass

fraction, %)

Al A\ Fe C Si N H o Ti

4.500 2.200 0.069 0.010 0.040 0.023 0.003 0.050 Bal
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Fig.1 Microstructures of longitudinal section of samples after HESP for different times: (a) Untreated; (b) 1 min; (c) 5 min; (d) 13 min
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Fig.2 XRD patterns of surface layers of samples after HESP

for different times

AR o AT U () 5 BEAE S EKT¥ JCPDS R v B bRE(E
Xf LRI, 28 i BB ALAR BT 5 7E L2 b IR = AR 2R

FIH MDI Jade5.0 ¥4 XRD HididiA7 b vt
B, A3 B LA RS R R 5 (0734 b ELAR AN
MR 2)0 HIER 2 WA, AR LA [A) s T 5 AL Ak
U, MR AL EIZ (354 5) nm.

2.3 SEM W%
13 B AL ) 13 min BRI AT 2o
ARFIRIER) SEM 1. 30 B 3R 4 e 2 )

2 ANIFIIE IR 6 PR AR LA R g A
Table 2 Mean grain size and mean lattice strain of samples

after HESP for different times

Time/min ~ Mean grain size/nm  Mean lattice strain/%
1 38.4 0.93
5 333 0.87
13 29.9 0.94
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Fig.3 SEM images at different depths of sample after HESP for 13 min: (a) Total deformation layer; (b) About 230 pm depth; (c)

About 150 um depth; (d) About 80 um depth
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Fig.4 TEM images of layer about 50 um away from topmost
treated surface of sample after HESP for 13 min: (a) Subgrains
in twin by dislocation slip; (b) Nanograins in twin lamellar by

dislocation walls
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