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Measurement of Dislocation Density Change during Tensile Deformation
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in Coarse-Grained Aluminum by In-Situ XRD Technique
with Tester Oscillation®

Hiroki Adachi **, Hiroshi Mizowaki ***, Masahiro Hirata ™™™ *

Daisuke Okai ** and Hidetaka Nakanishi *****

By conducting In-situ XRD measurement during tensile deformation while oscillating the tensile tester,
it was possible to measure the change in dislocation density of a pure aluminum alloy having coarse
grains with the grain size of 20 um. In the coarse-grained material, the dislocation density during
tensile deformation changed through four regions, as in the case of the fine-grained material. Since the
dislocation multiplication start stress was very low at 22 MPa, the elastic deformation region was very
short. Thereafter, the dislocations multiplied rapidly, but when the stress and dislocation density reached
33MPa and 1.57%10"m> respectively, the dislocation multiplication rate was greatly reduced. This
is considered to be due to the low dislocation density required to progress the deformation by plastic
deformation in coarse-grained aluminum.
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Table 1 Chemical composition of the sample (mass%).

Si Fe Ti Cu, Mg, Mn, Cr, Zn Al

0.05 0.86 0.02 <0.01 99.04

Table 2 Sample name and annealing conditions.

Sample name Annealing condition

CR Cold-rolled

CRA523 CR + 448K, 05h + 523K, 05h
CRA573 CR + 448K, 05h + 623K, 05h
CRA673 CR + 673K, 05h

CRA723 CR + 723K, 05h

CRAT773 CR + 773K, 05 h

CRAT773L CR + 773K, 3h

ARB CR + ARB 6 cycles

ARB373 ARB + 373K, 05h

ARB423 ARB + 423K, 05h

ARB448 ARB + 448 K, 05h

ARB498 ARB373 + 498 K, 05 h

ARB523 ARB373 + 523K, 05h

ARB573 ARB373 + 573K, 05 h

ARB623 ARB373 + 623K, 05h
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Fig. 2 Schematic diagram of XRD measurements.
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Fig. 3 Schematic diagram of In-situ XRD measurements

during tensile test with oscillation.
Figs 4, 512779, RD-NDHIZB1F % ND Ja1D Kk
P IR REd L ER T B L, d=505nm TH
> 720 BESLILIE & I ] D BN AF v REE 3 e Y 12 Y
U, ARB623# Tld d=354 um F THRAL L 720 BESE
WX DG o7k % Table 31379 PlLbEA o, Fifk
500 nm~20 um F TOWEL WK AEEH T 5 1200 & 4208
#ohiz,

Fig. 6 (ICRE R MM HKTH - 72
CRITSLMIZHT %, FE) 21T > TV R VIO “RITH
e X 2 XRDMEM R 2R 2d, BICRERIE
58 Th b MiliAA ST DG ERIT I & AT T
H Y, WO EHA (111) HA> 5 O ET, S5 (200)
A5 DNTTH 5. CRITILM O & 9 ZAL KK I
BOWTIEARY MROREDEE SN, —7F, Fig. 6
(DYIZIRT & ) ISR RRLAR S I TdH - 72 ARBH T

4

UACJ Technical Reports, Vol.9 (1) (2022)



BB AR I X B HLKRRL 7V 3 =9 A 2B B IR T T O s % BE AL In-situ XRD il 5&

5

001 101

Fig. 4 TD inverse pole figure map of ND-RD plane
obtained by EBSD measurement of ARB
specimen.
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Fig. 5 TD inverse pole figure map of ND-RD plane
obtained by EBSD measurement of CR773L
specimen.

Table 3 Average grain diameter of annealed samples.

Annealing condition Sample name ‘gizzgtgeer %ﬁg;
As-ARBed ARB 0.505
373K 05h ARB373 0.566
423K 05h ARB423 0.635
448K 05 h ARB448 0.711
373K 05h + 498K 05h ARB498 0.977
373K 05h + 523K 05h ARB523 1.26
373K 05h + 573K 05h ARB573 3.02
373K 05h + 623K 05h ARB623 3.54
448K 05h + 523K 05h CR523 1.83
448K 05h + 623K 05h CR623 10.1
673K 05h CR673 10.1
723K 05h CR723 175
773K 05h CR773 15.6
773K 30 h CR773L 20.2

CR773LMIC B 22 BYIEIC X % T B O LA %
Fig. 81" ¥, #UKER A —E ThH > T IEHIRO
I XD EFHBARy MRAH Y v ZRICEDL 2 &
Moo tze F7z, (111) T T EE 0 J5 (i f J5 24k
R ETRRENIR O % Fig. 912”7 CR7T7T3LMTH
> T HRRBIEOBIN X O W75 EE O J5 67 A 2L A
1L L, Fig. 73R 3 MAMIK % A3 % ARBH O JE 54
WD Wz B E — RO K 2520 um O 3. 5 K
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Fig. 6 (111) and (200) diffractions of (a) CR773L and Fig. 7 Change in (111) diffraction intensity along
(b)ARB sample measured by two-dimensional the azimuth direction in ARB and CR773L
detector. samples.

Fig. 8 Change in Debye rings with change in oscillation width in CR773L.
(a) 1 mm, (b) 2 mm, (c) 3 mm, (d) 4 mm.
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Fig. 9 Change in (111) diffraction intensity along the azimuth direction in ARB and CR773L samples
and its changes due to the oscillation width.
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Fig. 10 Change in stress and dislocation density
by stroke change in ARB sample.
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Fig. 11 (a) Change in stress and dislocation density by

stroke change in CR773L sample, (b) Enlarged
view in the low stroke area of Fig. 11(a).
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Fig. 12 Change in p; with grain size.
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