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Fig.1 Macrostructure of the FSW welded joint
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Fig.3 TEM microstructure of the FSW welded joint

TR B L I R — X 38, B,C MURL I i) s P2 i
K, ORI S AL . B BE 5 T PR d
(d<11 pm) (380, B8 R AR E Bk /s o 7 WZ Ab () 1
EEK, &l TIREENFEEEIEM RS, Bk
FEER o B,C R AR ZU RS, JR B4 DR P v, A
SRR B BRI, AH B (A= AR B UIE L, A
FRIERAE K A LR B AR T, (R IFPE B, C A 5 R
MPER R, Al k%57 B,C MR REER, F4b,
B,C MUKL AT LABH 1L Al R B AE K, FSW SR8 T
B AHAR B, SRR NN . N, FERAZ AL SR Al

o BLTS B 4010, 3 BUR AR BEfE i K. TTE HAZ
DX AR P A A A T F FSW /R it fEd, HAZ X H
ZRIPIEAMAER, WA REBYWEY . ERIEHT
ERT, 55 SHEH T Al R ALK K, BT
HAZ FIEFEE. Rk, HAZ XN T8k
S . SRR WZ. TMAZ. HAZ 1 BM A A X
I URL 5 A I SR T AL, FEAE 40 A 13.389,
10.860, 6.005 F1 8.053 GPa, HJJ 747 4% () A X 35k
B,C BRI AT 6061 Al J: A4 1) Fi 1H 45 & AH X B 4T £ WZ,
TMAZ. HAZ f1 BM H, fifi B (35 4K U 14.191,
12.118, 11.139 fil 11.197 GPa.

I 4 B EAE - 2R, R HE (1) F0(2)
o A [R] DX 338 149 N T () RSB 8 T (w) 3R AT T

hITI
m:L Fdh )

()

A hn NI K EANEREL, hy NEEE R AR
MR (L) A Q2) TR g R itk = (3) % e A Th ik
E%(ﬂw)iﬁ‘ﬁ TiHE,

M = % 100%

W, = jh“ Fdh

®3)

a
50} b
4
<
P
* <
a0t .-4 i &
ﬁ* I
£ : f‘ 7 &
£ 30} .
S ..‘. , —m—Particles
- —a—Particles | | o8 s —e— Interfaces
—e— Interfaces 20+ F <o ?‘ “w2um
—*— 2 um - :f !‘ & —e—5um
—e—5um * phad
8 um 10F ,:'* Py < . o* 8um
——11pm B?_f"f’ . —«—11um
1 1 O 1 1 1 1 1
1600 2000 0 400 800 1200 1600 2000 2400
¢l 5ol d
R
40 b $ S5 4‘4
¥ ¥ &
Fifi
E 30| ff 2] ﬁ“
*
g —=— Particles g ; —=— Particles
e Interfaces 20F 7 —e— Interfaces
—x— 2 um d o+ 2um
W & —e—5pum
—e—5um ok < §
8um 1 P 8 um
i < 11um J 44 —<—11pum
0 cad” ) 1 1 1 1 1 [0 S ! ! ! ! !
0 400 800 1200 1600 2000 2400 0 400 800 1200 1600 2000 2400

Displacement into Surface/nm

Displacement into Surface/nm

B4 FSW 12 S AS [l X g X HA) A7 - 00 7 26

Fig.4

Load-displacement curves at different zones of FSW welded joint: (a) WZ, (b) TMAZ, (c) HAZ, and (d) BM
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Fig.5 Load-displacement curves at different zones of FSW
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SEM micrographs of nanoindentation in BM: (a) B4C
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Nanoindentation and Tensile Properties of FSW Joints of B,C/6061Al Neutron
Absorbers

Chen Hongsheng, Wang Wenxian, Nie Huihui, Li Yuli, Zhang Peng, Wu Qiaochu
(Key Laboratory of Interface Science and Engineering in Advanced Materials, Ministry of Education,

Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: B4C/6061Al neutron absorbers of 30% B4C (volume fraction) were fabricated by powder metallurgy. The neutron absorber
plates of 4 mm thickness were prepared and successfully butt joined using friction stir welding (FSW). The weld displays the smooth
appearance. The micro-mechanical properties in welded joints of FSW weld nugget (WZ), thermo-mechanically affected zone (TMAZ),
heat affected zone (HAZ) and base metal (BM) were investigated by a nanoindentation method, and the tensile tests were carried out.
Furthermore, the microstructure of indentation and fracture surface were characterized by scanning electron microscope. The results show
that in the same region, with the distance (d<<11 um) of the interface between particle and matrix increasing, the hardness and elastic
modulus of the micro-area decrease overall. After the micro-area equalization, hardness and elastic modulus of different regions from high
to low are WZ, TMAZ, BM and HAZ. The pressure into the power recovery rate in WZ, TMAZ, HAZ and BM are 28.10%, 25.14%,
31.76% and 29.30%, respectively. The performance difference in the welding joint of different areas is caused by the different degrees of
plastic deformation and the thermal cycle in different areas. A joint efficiency of 85.7% is realized under the experimental conditions, and
the welded joint fails at HAZ.

Key words: powder metallurgy; B,C/6061Al neutron absorbers; friction stir welding; nanoindentation
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