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Research progress in nanocrystalline microstructure,
mechanical properties and nanocrystallization mechanism of
titanium alloys via surface mechanical treatment

LI Hui-min, LI Miao-quan, LIU Yin-gang, LIU Hong-jie

(School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Local severe plastic deformation via mechanical treatment is the main method for surface
nanocrystallization of titanium alloys. The methods mainly include surface mechanical attrition, supersonic fine
particles bombarding, high energy shot peening and laser shock peening. Nanostructured surface layer could be
synthesized by controlling the processing parameters, and the microstructure gradually changes from nanocrystalline
structure to the coarse grains in the base alloy along depth direction. The nonstructural surface layer increases the
strength, hardness and corrosion resistance of titanium alloys evidently. The surface nanocrystallization mechanism of
titanium alloys mainly depends on the content of o and f phases. The twin intersection mechanism dominate that the
refinement in titanium alloys mainly consists of a phase, while the refinement in titanium alloys mainly consisting of
J phase was induced by dislocation intersection instead. The investigation prospects of the surface nanocrystallization
of titanium alloys via mechanical treatment were proposed on the basis of current status.
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Table 1 Comparisons of different surface nanocrystallization methods for titanium alloys

Deformation-inducing

Method  Driving mode ) Critical processing parameter Application area
medium
Vibration frequency, vibration
Vibration of Shot with diameter of Flat metal components,
SMAT amplitude, shots type, shape and
chamber 1-10 mm dimensions limited by chamber

dimension of chamber, treating time

o . o Air pressure, rigid particles type,
Rigid particles with diameter Large flat metal components
SFPB Air blast distance between shot gun and ) )
of 50 nm—200 pm ) o with complicated shape
specimen, treating time

o Air pressure, shots type, distance
Shot with diameter Large flat metal components
HESP Air blast between shot gun and specimen, ) )
of 0.5-2 mm o with complicated shape
treating time

Laser wavelength, pulse energy, Shape and dimensions of
LSp Laser shock Plasma shock wave ) ) o
pulse duration components being out of limitation




644 2015 3
10-50 pm_ Nanostructured layer R - -
1 ™7~ Strain (
tRefined structure layer s N
| ; Strain rate 2(a))
Deformed 1 ( 2(b))
coarse-grained layer ( 2(c) 1
. h
Strain-free
coarsc-gl:aincd ( 2 (d))
matrix
L Depth
1
(36] [43, 29-30, 39]
Fig. 1 Schematic illustration of microstructure characteristics
and distributions of strain and strain rate along depth in surface 10~20 um!*> #47
layer subjected to SMATE® 100 pm
50 pmi20: 303
250~300 pm
6200 OM SEM XRD TEM XRD
OM XRD
SEM
2 SMAT Scherrer-Wilson
(201 3 SFPB
2 SMAT TC4 XRD # 3
2 SMAT 1201

Fig. 2 Cross-sectional optical micrographs close to surfaces on SMATed CP-Ti": (a) Vibration amplitude: 50%, time: 10 min; (b)

Vibration amplitude: 100%, time: 16 min; (c) Vibration amplitude: 100%, time: 30 min; (d) Vibration amplitude: 100%, time: 60 min
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5 SMAT TEM [
Fig.5 TEM images of SMATed CP-Ti at different deformation stages™™”: (a) Bright field image of parallel and intersected twins in
deformation layer adjacent to substrate and corresponding SAED pattern; (b) Bright field images of interlaced lamellae and SAED
pattern showing disorientation of 6° between two adjacent lamellae; (c¢) Bright field image of fine lamellaec and blocks and
corresponding SAED pattern; (d) Dark-field image showing uniformly distributed nanograins of top surface layer and corresponding

SAED pattern”!
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