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Fig. 1. Stress-strain curves of SHPB strain-frozen speci-
mens of GH4738 superalloy at a strain rate of 3000 s ! with
temperatures of RT, 400 “C and 500 °C.
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Fig. 2. Schematic diagrams of the relative position between neutron beam and specimen in neutron diffraction experiments:

(a) HPND experiment; (b) RSND experiment.
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Fig. 3. Compressive stress-strain curves and yield strength of GH4738 superalloy at strain rates of 1000-7500 s
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Fig. 4. Neutron diffraction patterns of GH4738 superalloy

deformed with a strain rate of 3000 s at frozen strains of
0.05, -0.10, -0.25 along with the undeformed state meas-
ured by HPND: (a) RT; (b) 400 °C; (c) 500 “C.
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Fig. 5. Lattice constants and lattice mismatch obtained via refinement of the total diffraction pattern: (a) Schematic diagram of -7’

lattice mismatch; (b) horizontal lattice constants; (c) horizontal lattice mismatch; (d) vertical lattice mismatch.

YA (0, -1190, ~1349, ~1675, 2272, ~2538) MPa,
(0, —1000, 1162, 1441, ~1914, ~2096) MPa Fll
(0, 994, ~1139, ~1407, ~1780, ~1968) MPa, 4%

s 6 firzs. 78 SHPB E4A1EHI G, {111}, {200}

(a) —— —s— —+—200 RT [(b) 311
—2500 —0e —aee —e 111 L
& e nn G mndhes 220 gy
= P A
% 720001 400 ¢
[} L gl
-
5
@ _1500 F
2
[N
Q
% —1000
e
Q
]
= —500Ft - —=— RT
—o— 400 C
ol \ | —v— 500 C
—3000 —2000 —1000 O 1000 —1000 0
Elastic lattice strain/pe
& 6 F A RSND {45411 GH4738 & 4 7€ RT—500 C

%A R {hED A T ARG S BE IR AR (a) {111}, {200} F1{220} &
;5 (b) {311}, &l pe R 100

Fig. 6. {hkl} lattice strains of GH4738 superalloy measured
by RSND at RT-500 °C: (a) {111}, {200} and {220} planes;
(b) {311} plane, note that pe represents microstrain, which
takes the value of 107°.
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Fig. 7. Averaged elastic strains in 7 and 7' phases of
GH4738 superalloy measured at RT-500 C.
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Fig. 9. Characterization of defects in GH4738 superalloy at initial and deformed states at RT-500 °C via TEM: (a) Undeformed; (b)

RT, ¢ = -0.3; (c) 400 °C, & = —0.3; (d) 500 C, £ = —0.3.
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Abstract

Nickel-based superalloys are widely used in aero-engin due to their high strength, toughness, corrosion

resistance, and creep resistance at high temperatures. Strain rate, temperature, and strain are important factors

influencing the microstructural evolution of nickel-based superalloys. In this work, a typical nickel-based

superalloy, GH4738 alloy, is selected to study the dynamic compressive deformation behavior of this material.

Split Hopkinson pressure bar (SHPB) compression test is performed on GH4738 superalloy at strain rates of
1000-7500 s ! in a temperature range from RT to 500 °C. The yield strength of GH4738 superalloy decreases

with temperature rising and increases with strain rate increasing; however, at a temperature of 500 °C and a
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strain rate of 7500 s!, it drops sharply. In order to understand the microscopic deformation behavior of GH4738
superalloy, parallel specimens are prepared with SHPB at frozen strains of —0.02, —0.05, —0.10, —0.20 and —0.25
at a strain rate of 3000 s! for the cases of RT, 400 °C and 500 C, respectively. Neutron diffraction technique is
used to characterize the evolutions of lattice constants and elastic lattice strains. We define the horizontal
lattice mismatch as the lattice misfit at the 7/7' interface perpendicular to the SHPB compressed direction, and
the vertical lattice mismatch as the lattice misfit parallel to the SHPB compression direction. As the frozen
strain increases, the horizontal lattice mismatch exhibits a positive value and an upward trend, while the
vertical lattice mismatch changes from a positive value to a negative value; the elastic lattice strain of the 7'
phase continues to increase, while the elastic lattice strain of the ¥ phase remains almost unchanged. The lattice
strains of the {111} and {220} planes are negative respectively at 400 “C and 500 °C but positive at room
temperature(RT); the lattice strain of the {200} plane alternates between positive and negative values from RT
to 500 °C, while that of the {311} plane remains negative throughout this temperature range. However, at a
frozen strain of —0.25, the lattice strain of the {311} plane exhibits a significant rebound at both RT and 500 C,
indicating the generation of significant intergranular stresses in the material. Dislocation configurations are
characterized using transmission electron microscopy (TEM) to explain the underlying mechanism. At RT,
plastic deformation is dominated by 7-7Y' co-deformation, with defects manifesting as parallel slip bands and
stacking faults. Lattice misfit is effectively relaxed due to the formation of dislocation networks at /7'
interfaces, resulting in minimal residual lattice strain at RT. At 500 °C, dislocation density increases
substantially because both ¥ and 7' phases readily undergo plastic deformation under thermal activation. Under
such conditions, dislocation networks fail to compensate for lattice distortions induced by defect multiplication,
resulting in high lattice misfit and residual lattice strain. At 400 °C, the alternating dominance of dislocation
climb and slip induces fluctuations in both lattice misfit and residual lattice strain. Due to slow dislocation
density accumulation, {hkl} lattice strains continuously increase. This contrasts with the RT and 500 C
scenarios, where rising dislocation density partially recovers elastic lattice distortion and even induces {hki}
lattice strain rebound at high strains (¢ = —0.20 — -0.25).

Keywords: nickel-based superalloy, split Hopkinson pressure bar test, neutron diffraction, residual stress
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