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ABSTRACT GH3625 alloy is a typical polycrystalline materials, the mechanical properties of a
crystal within the alloy is dependent on its single crystal properties, its lattice orientation and the
orientations of neighboring crystals. However, accurate determination of single crystal properties
is important in developing a quantitative understanding of the micromechanical behavior of the
alloy. In this work, the effect of deformation rate on the elasto-plastic deformation behavior of
GH3625 alloy were investigated using in situ neutron diffraction room-temperature compression
experiments, EBSD and TEM. The results show that the microscopic stress-strain curve includes
elastic deformation (applied stress 6<300 MPa), elasto-plastic transition (300 MPa<o<350 MPa)
and plastic deformation (0>350 MPa) stages, which is consistent to the mesoscopic lattice strain
behavior. Meanwhile, the deformation rate is closely related to the crystal elastic and plastic
anisotropy. The research results of the lattice strain, peak width and intensity reflected by the
specific hkl show that the deformation rate has little effect on elastic anisotropy of the crystal, but
has a greater effect on plastic anisotropy of the crystal. With the increase of deformation rate, the
high angle grain boundaries (HAGBs) gradually changes to the low angle grain boundaries
(LAGBs), and the proportion of twin boundaries (TBs) gradually reduces, as well as the grains
transform from uniform deformation to non-uniform deformation. With the increase of deformation
rate, the total dislocation density (p) of the alloy decreases first and then increases, while the
geometrically necessary dislocation (GND) density (o®"P) increases monotonically, and the
statistically stored dislocation (SSD) density (0SSP) decreases monotonically. Meanwhile, the
abnormal work hardening behavior of sample at deformation rate of 0.2 mm/min is mainly related
to the SSD generated by uniform deformation. In addition, contribution of dislocation strengthening
and TEM observation confirmed that the dominant deformation of the alloy is dislocation slip, and
its work hardening mechanism is dislocation strengthening.

KEY WORDS GH3625 alloy, deformation rate, in situ neutron diffraction, lattice strain, elastic and
plastic anisotropy
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(a) Kl ERSRAAARA A B8 ?
Bl 1 GH3625 5 e AEAN [FIAR TR 3 (r) T (0 R 45 3-8 A2 i 2 RN TR A = i 2
Fig.1 The compression stress-strain curve (a~b) and work hardening rate curve (c~d) of GH3625 alloy at different deformation
rates(7). (Inset in Fig.1 ¢ show the work hardening rate curve of alloy elastic deformation stage at different deformation rates, A, B,
and C respectively represent the width of the alloy elasto-plastic transition stage at different deformation rates in Fig.1 b and d, while

a, b, and c are the elasto-plastic transition points at different deformation rates, respectively.)

2.2 FITE
22.1 BIEET

Kl 2 5 GH3625 G & EA R EE N -FATS ERE . i Bn 5, AR IR T &8R-
PEAR T Ak R o 25 AR A 2] B 2 R AT S B, R B GH3625 A & EA RIS T Z R 48 e s ok
KA RN, FEANFIR AR T RN G T S Uo7 5 I 2 It o I g s 2 488 ) 485 5 1 1 & T 1) 2
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Kl 2 AR AT GH3625 &< 4 AT i A v i vh -7 RS 1A
Fig.2 Evolution of neutron diffraction patterns of GH3625 alloy during compression deformation at different deformation
rates(r). (d—interplanar spacing)

(a) =0.2 mm/min (b) ¥=0.5 mm/min (c) =1.0 mm/min

£ 1 =02 mm/min I RE N F1/NAE . ARE (B A TE_E GH3625 &4 1 fb T B FE(d) « T SIG 5 5 (DA 2206 4= 55 (FWHM)
Table 1 Interplanar spacing(d), diffraction peak intensity (/) and full width at half maximum (FWHM) of GH3625 alloy at different

stress/strain and different (%4/) crystal planes under » = 0.2 mm/min

(111) (200) (220) 311
Stress/strain d, FWHM, 1, d, FWHM, 1, d, FWHM, I, d, FWHM, I,
nm nm a.u. nm nm a.u. nm nm a.u. nm nm a.u.

5 MPa 0.20830 0.00084 1.17358  0.18040 0.00068 0.69436  0.12758 0.00048  0.50383  0.10878 0.00039  0.65635
100 MPa 0.20822 0.00084  1.17337  0.18031 0.00070  0.68317  0.12752 0.00046  0.49603 0.10874 0.00040  0.66543
150 MPa 0.20818 0.00083  1.16570  0.18026 0.00070  0.69087  0.12750 0.00046  0.49845 0.10871 0.00041 0.67213
200 MPa 0.20814 0.00083  1.18192 0.18019 0.00067 0.68782  0.12746 0.00045 0.52944  0.10868 0.00042  0.64227
250 MPa 0.20811 0.00085 1.18135 0.18013 0.00068 0.69815  0.12744 0.00048  0.51071  0.10865 0.00040  0.6587
300 MPa 0.20805 0.00085  1.24163  0.18003 0.00070  0.69999  0.12741 0.00047  0.52655 0.10863 0.00040  0.67256
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350 MPa 0.20803 0.00091 1.28964 0.17994 0.00075 0.70985 0.12741 0.00047 0.51637  0.10860 0.00044  0.60751
-1.4% 0.20802 0.00091  1.27327 0.17994 0.00076 ~ 0.67652  0.12741 0.00048 0.54683  0.10860 0.00045 0.62113
-2.8% 0.20799 0.00094 1.17662 0.17989 0.00086  0.60878  0.12740 0.00051 0.52139  0.10857 0.00049  0.57157
-4.4 % 0.20799 0.00100 1.08604 0.17987 0.00088  0.53975 0.12738 0.00055 0.51639  0.10856 0.00052  0.50773
-5.8 % 0.20796 0.00101  0.97778  0.17982 0.00096  0.48265 0.12737 0.00057 0.52286  0.10854 0.00057  0.45533
-7.6 % 0.20793 0.00106  0.87945 0.17978 0.00103  0.44869  0.12735 0.00061  0.52813  0.10852 0.00057  0.45751
-9.0 % 0.20790 0.00107  0.83019 0.17975 0.00115  0.39349  0.12733 0.00063  0.53534  0.10850 0.00059  0.44199
-10.6 % 0.20787 0.00111  0.78369  0.17970 0.00113  0.42311  0.12730 0.00068  0.53257  0.10849 0.00066  0.42624

£ 2 r=0.5 mm/min B ARE R )/RAS . AN (hkd) T - GH3625 4421 dv 1 FWHM
Table 2 d, I and FWHM of GH3625 alloy at different stress/strain and different (/4/) crystal planes under » = 0.5 mm/min
(111) (200) (220) (311)
Stress/strain d, FWHM, I, d, FWHM, I, d, FWHM, I, d, FWHM, I,
nm nm a.u. nm nm a.u. nm nm a.u. nm nm nm
5 MPa 0.20834 0.00083  1.11934  0.18043 0.00061  0.39388  0.12761 0.00048 0.58243  0.10882 0.00041  0.58707
100 MPa 0.20827 0.00083  1.10925 0.18033 0.00065 0.40134  0.12755 0.00048 0.61018 0.10876 0.00041  0.60243
150 MPa 0.20824 0.00085  1.09792  0.18028 0.00061  0.42557  0.12752 0.00047 0.61532  0.10873 0.00040  0.60224
200 MPa 0.20819 0.00085  1.12129 0.18021 0.00062  0.40632  0.12750 0.00047 0.60832 0.10871 0.00041  0.59379
250 MPa 0.20815 0.00085 1.13248 0.18015 0.00063  0.42301  0.12747 0.00048 0.61803  0.10868 0.00041  0.58574
300 MPa 0.20811 0.00085 1.23182  0.18006 0.00062  0.44808  0.12745 0.00049 0.61165 0.10866 0.00041 0.5974
350 MPa 0.20808 0.00091  1.31223  0.17998 0.00068  0.46537  0.12744 0.00051 0.64062  0.10864 0.00046  0.55437

-1.9 % 0.20808 0.00094  1.29399  0.17998 0.00073  0.44567  0.12745 0.00051  0.66333  0.10862 0.00045  0.54972

-3.4 % 0.20806 0.00098  1.19256  0.17993 0.00076  0.40879  0.12744 0.00054 0.64845 0.10862 0.00049  0.53572

-5.4% 0.20804 0.00100  1.10616  0.17990 0.00084 0.35767  0.12742 0.00057 0.65766  0.10860 0.00052  0.49431

-1.4 % 0.20801 0.00103  1.04847 0.17989 0.00092  0.33364 0.12740 0.00060 0.67182  0.10858 0.00055  0.46532

-10.0 % 0.20800 0.00107  0.95993  0.17986 0.00099 0.3131 0.12739 0.00064 0.67001  0.10857 0.00056  0.49341

-12.2 % 0.20799 0.00110  0.88218 0.17982 0.00106  0.33193  0.12738 0.00067 0.66901  0.10855 0.00062  0.44359

-14.8 % 0.20797 0.00115 0.82822 0.17979 0.00110  0.35773  0.12735 0.00071  0.65468  0.10854 0.00068  0.47036

-18.3 % 0.20793 0.00125 0.80048 0.17977 0.00132  0.46561  0.12730 0.00074 0.57609  0.10852 0.00071  0.51191

F 3 r=1.0 mm/min B AF R F1/NAS . ARE(hkD T _E GH3625 & 411 dv 1 F FWHM
Table 3 d, I and FWHM of GH3625 alloy at different stress/strain and different (/4/) crystal planes under » = 1.0 mm/min
(111) (200) (220) (311)
Stress/strain d, FWHM, I, d, FWHM, I, d, FWHM, 1, d, FWHM, 1,
nm nm a.u. nm nm a.u. nm nm a.u. nm nm au.

5 MPa 0.20834 0.00084  1.08875 0.18043 0.00061  0.45629  0.12761 0.00048 0.57052  0.10880 0.00041  0.58913
100 MPa 0.20826 0.00083 1.0842 0.18033 0.00062 0.47041  0.12755 0.00049 0.56411 0.10877 0.00042  0.58839
150 MPa 0.20821 0.00084 1.1059 0.18029 0.00066  0.44241  0.12752 0.00048 0.59492  0.10873 0.00040  0.60091
200 MPa 0.20818 0.00084  1.12707 0.18023 0.00068  0.43653  0.12750 0.00049 0.57389  0.10871 0.00043  0.56066
250 MPa 0.20813 0.00084 1.07278 0.18016 0.00062  0.46351  0.12747 0.00048 0.57312  0.10869 0.00042  0.58799
300 MPa 0.20809 0.00084  1.20557 0.18006 0.00066  0.48847  0.12744 0.00046  0.60983  0.10866 0.00041  0.60782
350 MPa 0.20807 0.00091  1.27927 0.17998 0.00071  0.49084  0.12744 0.00051 0.62514  0.10862 0.00045 0.57167
-1.70 % 0.20808 0.00092  1.27499 0.17998 0.00075 0.48262 0.12744 0.00051 0.63146 0.10862 0.00046  0.54988
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-3.10 % 0.20805 0.00094  1.23329 0.17995 0.00081 0.42648  0.12744 0.00056  0.60900 0.10862 0.00049
-4.80 % 0.20803 0.00101  1.12762 0.17990 0.00087  0.37979  0.12742 0.00056  0.64910 0.10861 0.00054
-6.30 % 0.20801 0.00102  1.06178 0.17989 0.00092  0.35076  0.12742 0.00060  0.65044  0.10859 0.00055
-8.20 % 0.20800 0.00107  0.97567 0.17984 0.00101  0.35728  0.12739 0.00063  0.64631  0.10856 0.00060
-10.00 % 0.20797 0.00112  0.93614 0.17982 0.00105  0.3607  0.12738 0.00069 0.63884  0.10854 0.00061
-11.30 % 0.20794 0.00121  0.86971 0.17982 0.00116  0.38822  0.12734 0.00071  0.65572  0.10852 0.00067
-12.30 % 0.20840 0.00116  0.85174 0.18045 0.00110  0.45890  0.12767 0.00066  0.65823  0.10885 0.00066

0.52269
0.49041
0.47232
0.44765
0.47602
0.47575
0.52180
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Fig.3 RRASIHEA . AS[F] (hkd) §h T L GH3625 A 4 ik N 28 5 IS i 5% &
Fig.3 Lattice strain as a function of applied stress for GH3625 alloy at different deformation rates and different (/) crystal planes
(a) (111) crystal plane (b) (200) crystal plane (c) (220) crystal plane (d) (311) crystal plane

R 4 AFRRIZEAET GH3625 & <3 AR (Ew) 1 Young’s F58 % 7] 7 1 (re)
Table 1 Elastic modulus (Ex«) and Young’s Modulus anisotropy (r£) of GH3625 alloy under different deformation rates

7, mm/min Ein, GPa E>2, GPa Esi, GPa E200, GPa rE
0.2 255.411+6.93 224.68+640 193.631+4.82 146.0718.44 1.75
0.5 261.16+7.17 243.10+6.16  199.51+421 14523+7.17 1.80
1.0 252.9945.09 236294592 201.09+8.99 145.1+11.42 1.74
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Bl 4 REAR T AR ANIF)(hkd) b _F GH3625 £ 4 e 4548 T 1 R v ) 7 S Ui P v A
Fig.4 Evolution of diffraction peak intensity of GH3625 alloy during compression deformation at different deformation rates
and different (hkl) crystal planes
(a) (111) crystal plane  (b) (200) crystal plane (c) (220) crystal plane (d) (311) crystal plane
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Fig.5 Evolution of diffraction peak width of GH3625 alloy during compression deformation at different deformation rates and
different (hkl) crystal planes
(a) (111) crystal plane  (b) (200) crystal plane (c) (220) crystal plane (d) (311) crystal plane
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Fig.6 Evolution of microstructure and strain distribution characteristics in GH3625 alloy under different states (TD—transverse

direction, LD—longitudinal direction, LAGBs—low angle grain boundaries (gray lines), HAGBs—high angle grain boundaries,

TBs—twin boundaries, Insets in Fig.6a, b, c and d show the KAM images)
(a) Solution state  (b) » =0.2 mm/min (c) » =0.5 mm/min (d) » =1.0 mm/min
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Fig.7 Evolution of misorientation angle distribution of GH3625 alloy under different states. (fLacss—fraction of LAGBs, fiacs—

fraction of HAGBs, fres—fraction of TBs)
(a) Solution state  (b) =0.2 mm/min (c) »=0.5 mm/min (d) »=1.0 mm/min
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Fig.8 TEM images showing the microstructure of GH3625 alloy after compression deformation at »=0.5 mm/min

(a) TEM image of dislocation network morphologies (b) TEM image of dislocation tangle morphologies (c) TEM image of
grain morphologies (Inset in Fig.8c show the SAED pattern of deformation band )
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Fig.9 Geometrically necessary dislocation density p®” distribution (a) and average p®*” (b) of GH3625 alloy under different states
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Fig.10 Variation of total dislocation density p with strain for GH3625 alloy at different deformation rates (a) and contribution of
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Table 5 p, p®P and statistically stored dislocation density (p%°) of GH3625 alloy after compression deformation under different

rates
¥, mm/min p, x10Mm? P x10™ m?2 P52 %10 m?
0.2 18.48 +1.81 11.33 7.15+£1.81
0.5 18.62 +81.49 13.17 5.45 +1.49
1.0 15.83+1.19 14.28 1.55+1.19

2.5 AMPET

11 FRIEL IR 5347 B 2 (ODF) A e It T AR RAR T FE T GH3625 A e T F rh SR A2 A
At I 1la A%, A SIAFEE o BUR 26 - H I Rotated-Goss £14 {110}<110>F1 Brass 414 {110}<112>,
7EyELA 26 B B Brass-R U {111}<110>A1{111}<112>, EH/NERHEZRG=02 mm/min) F, HTAHE
FIN, SRR TR S, BRI B AN 59388 72 £ [ Rotated-Cube 2344 {001}<110>; [AliNf, H
A Twinned-Copper 24 {552} <115> 1) di i 22 IR (AL A5 F UL IR) Goss 234 {1103<001>11, 4 & 11b .
FERATEF(r=0.5 mm/min) T, BT AR EREK, SRR AYS], SEHERGARRE R il 7
I IT) Rotated-Cube 41 {001}<110>; [AHf, HTBIUIA T H B Rotated-Copper 414 {112}<110>; 14k,
2581 R UG ) Brass-R 24K {111}<110>F1 Rotated-Goss £ {1103<110>(J& 11c F1 d). 45 S ATHHIERR 235
FES AT el 0, BEE AL TR 2R AN, {001} T b 1y &b KL K A % ) i ERT B B B Rotated-Cube 2R 44
{001}<110>, T {110} [ b A8 3 debd i 7 5 4% Jo T AR TR Goss 24 {1103<001>; [FI, {110}
o SRR B Rotated-Goss 24 {1103<110>; ith4h, {111} 10 dfkbi kK B 5 J5 Brass-R 24 {111}<112>
T, AVAREH Brass-R ZiFg{111}<110>.

4
Max=4.42 Max=3.75

T p=45° ®=90°

B 11 AFEPRZES T GH3625 54 (K] dtoREHU I 73477 B% #(ODF) 48 i 14
Fig.11 The orientation distribution function (ODF) sections of GH3625 alloy under different states
(a) Solution state  (b) ¥=0.2 mm/min (c) ¥=0.5 mm/min (d) »=1.0 mm/min

3 &g

(1) GH3625 &4 Z LN 7 - A M 26 B0 46 3 AR T i Bt (6<300 MPa), 3#L-28 1t %22 [ Bt (300 MPa<6<350
MPa) FIEEYEAS T B Bt (6>350 MPa), X 5400 Ads SARAT A —3: RN, SE4FE hkl bSO &A% N
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AR U R FEE PR 5 3 3 B A T Tl S0 it A R 5 T S PR RO MR SE /N, TSN o A R M % [ e M R R AR

(2) BEAZTEIEZRIIIG N, KA L af SR 1) /N A B AR A 7R, 20t SR I BB se ) , - ik p 451 2038
IADES RS2 %R

(3) BEARTZIEZMI3E N, {001} 1 1350 43 dthi &k 2B 3% B fm BT HU A1 JE B Rotated-Cube 2R {001} <110>,
T {110} THI =358 0 i Wi b 67 48508 7% 5 5557 BRI A Goss 2344 {1103<001>; [RIEF, {110} [ L3505 dicki R B8
Rotated-Goss R4 {110}<110>; 164k, {111} E#8 7 dn kiR AE 75 5 Brass-R 2304 {111} <112>H2%, U
B Brass-R 2 {111}<110>.

(4) BEAR TR IR ZERIE N, & &AL H 5 L () Se ik NE 30, T GND % FE(pCMP) i id iy, SSD % BE
(PSSPY R IEIR  [FIRY, 7=0.2 mm/min BHRFER I & I TAREAAT N, XIAET R8I =L 1 SSD
X0 TS T RS DTk A, ACETTRATTERA TEM MEZUESE T GH3625 A 4 BT ML LA
s RS RN, Hon TRE AL 2 O 455 o
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