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Abstract Friction stir processing (FSP) was applied to fabricate AZ31/CNT (Carbon Nano Tube) surface com-
posite for improvement of surface hardness of AZ31 Mg-based alloy. The effects of traverse speed of rotating tool
and volume fraction of CNT (i.e., groove depth of 3 mm and 4 mm) on the soundness and hardness of the com-
posite layer were investigated. Multi-walled CNTs were fully filled in a machined groove and stirring tool was
rotated at the speed of 1400 rpm. Only under the tool traverse speed of 25 mm/min for the specimen with a
groove depth of 3 mm, surface composite layer with no defect was successfully produced. Increased hardness of
about 35% was observed in the composite layer.
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Fig. 1. Photo of the FSPed AZ31 specimen with
traverse speed of stirring tool : (a) 25 mm/min, (b) 50
mm/min, (¢) 70 mm/min and (d) X-ray radiographic
image of (a).
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Fig. 2. Cross-sectional macro image of the FSPed AZ31
with traverse speed of stirring tool : (a) 25 mm/min, (b)
50 mm/min and (c) 70 mm/min.
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Fig. 3. Optical microstructure of the stir zone with traverse speed of stirring tool : (a) as-received, (b) 25 mm/min, (c)

50 mm/min and (d) 70 mm/min.
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Fig. 4. Microhardness distribution in the stir zone of the
FSPed AZ31 with traverse speed of stirring tool.
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Fig. 5. Macro photo and corresponding radiographic test (RT) image of the AZ31/CNT composites fabricated by FSP :

(a) 25 mm/min, (b) 50 mm/min and (c) 75 mm/min.
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Fig. 6. Cross sectional microstructure of the AZ31/CNT
composite of a groove depth of 3 mm : (a) macro-image
of the cross section consisting of area A and B, (b)
optical micrograph of area A, (c) SEM image of area A,
(d) SEM image of area B showing CNT clusters, and (e)
SEM image of area B showing singly dispersed CNT.

I ANHoE #ds FAB I #HE & >
ASATE. Fig. 6 (o= AYHS 27 sgskan] 4=
FARAER H o2 g Aot A GYGoA =
CNTe] E&r} &1 v Fio] W= ez (37
Ao F) A (Fig. 6 (b)), 9 nm =L
719] CNT Z&2el7} A= AH(Fig. 6 (0). B3
3 glo] sdxA 0T vEwEAE Al 2
Y 2719.8 pmETt o mAIGE ¢F 3 ume] 2H
Ho| A=A ol A= Fsld 714 AW
o] & AAAe] AAYA sitez 23R [6], F
sl o3t ¥ axE AFYH o] oA I
7] WjEo]t}5]. Fig. 6(dey= myHte] BYYS F
ARIAL drjF oz st ARloltt, o] o=
CNT7| E82H Fe2 EAlsls J93(Fig. 6(d),
CNT/} 7oz 7 Bakwojzl o] (Fig. 6(e))
SARIAE £ A7ellx A= 34 270 W9l
+ CNTY| #4te] T3 o]Foix|A] %koH,
°]% CNTY] #d3F E4ks 93k FANA A7}
st 7o 7 HOT}

3.3 AZ31/CNT EHSEE M=A| Zshat
=R

Belde) el ks RIS, & Aols
4mmZ © ZA & AJEE & Zo] 3mm AlAT
A FA ZF71(1400 rpm, 25 mm/min)O 2 A=
3lod vlwaledt). Fig. 7(a)2] @Ayt vjAlzz] AR
ol Yepd wvle} o], wHEe] Retreating Side
X AAZ Aglo] A =HAUTE Fg. 7= nHk
Fo] FURN ARG S AR o= g A
FloZ, CNT/} #4H G5 34| 718y 22t
B G o3 23 (Fig. b4 B
B I HlEE HEEE AAFig 7(0), B T
o] CNT7} 71l 78 ez Fik=r] Ko &
Y2 FHZ HoRle AS 3l & 4 Stk
F9o] Zlo|7} A= AL WA Fsde] o)
8o e Yujoln, AsPds AUX|A wol H
71 7S 71K 549 S aRbo] o] wiiE
of Ago] FAE 7FsAde] EoH13) wetA £ ¥
A Z7(1400 rpm, 25 mm/min)A= &2 ZolE
3mm oJ3lZ 3loF Zgle] §l= AZ31/CNT E3A)
B Ax7} Vs Ao s Helh



320 2 -

Fig. 7. Cross sectional microstructure of the AZ31/CNT
composite of a groove depth of 4 mm : (a) macro-image
of the cross section consisting of composite area A and
macro defect, (b) SEM image of composite area A, and
(c) magnified image of area B in (b) showing CNT
clusters.
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Fig. 8. Cross sectional micro-hardness distribution with
distance at the stir zone for different groove depth.
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