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In-situ neutron diffraction measurements during tensile-deformation test for magnesium
were carried out to investigate the correction method of line-profile analysis for hexagonal metals.
Anisotropy of elastic constants and crystallite refinement with respect to crystal orientation were
corrected in Williamson-Hall method. Elastic constant for each crystal orientation was obtained
from the Kroner model, and the breadth of the diffraction peak due to the elastic anisotropy was
corrected. Because of the small elastic anisotropy of magnesium, the effect of correction for the
elastic anisotropy was small. A spheroid model was used for refined crystallite. It was confirmed
that the crystallite diameter was large in the {0001} plane, which is the slip plane of magnesium,
and small in the normal direction of the {0001} plane. This anisotropy relaxed with an increase
in the tensile deformation. Generally, only the elastic anisotropy has been corrected in line
profile analysis for metallic materials, it was demonstrated that the correction of the anisotropy of
crystallite refinement is indispensable for hexagonal metals in the line-profile analysis.

[Key words] Williamson-Hall method, Neutron diffraction, Microstrain, Crystallite size,
Dislocation, Hexagonal metals
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Fig.1 Spheroid model of crystallite.
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Fig.2 Nominal stress-nominal strain curve of the Mg
specimen.

RY. H T R EIE 1L J-PARC OWE - A
Al B i 5% (MLF, materials and life science
experimental facility) @ BL20 GMATERIA) IZ T
f1o7z. RBEFD MLF O E— A 713 525 kW
TH5. 25Hz DNV AT, RITHEE
M O EHTHIEZTT > 7. ARTETFOE—LA
o 120 mmx20 mm & L, SIERENCH Uik
AT AU 7=, iMATERIA Tlilkl 2 pH s
LITHRHEBRL A 7T hINTWD. TR
28 O HpE - [B14T U7 T BGEL O 3 22 ] /) fi g
MEBEW. T4 >2>707 7 1 VRITICIL BT
IRORAEMER I NS 20, HHICEE L =%
HERN 555 NPT Ny — > & W=, Fig2
D 5l B P I E AR I [\ 8 Y — > & HlE
L. 600 % Z &R T —4% Z TR L 7.
EHi 8% — > DOFlE LT, BFROTH 0.063 12
BB EFISY — 2 % Fig3 IRT. FETE
P KT 9 B EFHELRF O TR0
B, XFREHT KO EREH LT 0. 13
nm ' FTIBNLEHE—7 2B EICTA( >~
Ta7y AIENET o A4 T7a T v A
IVEENT TR ER kD1 > T a7 7 )V %

X R DS 51



7T i 42 D JE LS 5 B 72 A T IOAI E 1S 6k 97 % Williamson-Hall 725 O #fi IEE R

10.1

(o)
1

10.3

00.2
20.0

[\S)
P —
10.2

Intensity / a.u.
i

e l Lll. |
6 8 10 12
K/nm’

Fig.3 Neutron diffraction pattern of the Mg specimen
at the nominal strain of 0.063.
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Fig.4 Williamson-Hall plot for the Mg specimen at
the nominal strain of 0.063.
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Fig.5 Elastic constants for hk./ reflection of Mg.
Solid line denotes the average elastic constant for
polycrystalline Mg.
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Fig.6 Williamson-Hall plot corrected with anisotropy

of elastic constant for the Mg specimen at the nominal

strain of 0.063.
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Fig.7 Orientation angles for hk.l reflections from
basal plane of Mg.
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Fig.8 Wailliamson-Hall plot corrected with
anisotropies of elastic constant and crystallite size for
the Mg specimen at the nominal strain of 0.063.

fa T -1 X O IE 2 Il A 7= Williamson-Hall ~
0w h% Fig8IZ/RT. HET «v MIRHTS
SEANE <D, RPIF088 EHEIND T
EIRERR I Nz, NARD XD IR Y1 X
RGN EC B ETFRIEIND GG, AR
ERL M T A AW EDNLETHD ZEMN
RNz,

42 SFIREEICHES> /00T H, HRFY
1 ZANZEAL

SRR HICHIE S N2 R EF RTINS —
25 (10) KICTI 7 OO0 TAZERD ZFER
%z Fig9 IZRY. 27003 HRAHOTAIC
SFUBFHBEML 7=, Fig2 O — O3 A ihig
TIIAFHOT A 0.01 205 0.02 12 CTHRENS 1
FERMEM, 0.02 0 SIRENS T D IATKE <
5%, WEIS T OZAIEM TEEICERL, —
R TRELIZ S 7 00T tp ' 35,
Fig9 DI 7 003 ADOE(LIZHEFBEMTH 0,
700G ADHRTIIIE — V0T AR D 2L
HEHTERW, XT3 T LADEMER T
RAIC KD TROERITIA, KEERNE

X R DS 51



N5 <2 N D FESE T I Tl i I LI 97 % Williamson-Hall {5 O 4 IE 15

0.0025 o
5 & °
.0

£ 0.0020 . ]
g 9/9«
8 a
5 0.0015} s° ]
p= K-l

0.0010}° ]

0.00 0.02 0.04 0.06 0.08 0.10
Nominal strain

Fig.9 Microstrain of the Mg specimen as a function
of nominal strain.
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Fig.10 Tensile-direction IPF map of the Mg specimen
at nominal strain of 0.01. (Color in digital version.)
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