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BEO G EE N LR AT EE W e, B S A BE
JEPERE S IR AR R RE . RS RS E AT R A VA #in T
PERE, TEMUTEALR . FEFUUE, BT B8 IR E ST
BE Tz MR M, pah, B ARR BT
IR AT RELR R R B, BUN R ER R E S MR 2 G X
— AW IR SRR AP, R
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RE B K 3 B A5 2 52 G M B PR 1) 4%, I LA
TEMRIBE, Toi e, X% BORARSAE . RS ELR A
FSP J7 ikl 4 7 CNTS/Al SR & ARl S8 T k4K
HHEARZ M RIS, Bl & 05 S MR
SORRE, BRAKE X B A ] s ER, 2 CNTs
PRRL S HON T%0F, FLHidr 3% 14 $) 201 MPa. Liu 25
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SYEREAT THEFE. UL BTl kl, HArf & FSP
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W42 5~10 nm, KN 10~30 um, 465 KT 98%.
B 1 P58 MWCNTS (1445 fL 7 B s HE A

1 AZ80 B H E) A7 B 1 — 5 HE A1 R0 8] B 4L H AL
FLIR 3.5 mm, I8 ik 1 R L I AR A R BT AS IO ) B 4 oK
EH&E. B4 100 CLRIE 30 min B+ 5 1 8% 4%
MWCNTs 3 78 B BE R - EL &5 4 5 LN, S8 R 52,
T 2 B O AR A MWCNTSs HOBERR LLE FLIE M A
P TT A BN — e )G, R ER MWCNTS £ 5 7E B AR
i, DA7 ik FSP SRR R #E MWCNTs i . B&6 4
EHE FSP N L L Z2ZH0h: fiidkk 5 3. B 7 WA
FE N 39 gL BE Ay 375 rimin, B HE Sk EhE N 23.5
mm/min. & PR AR T B Sk VR A T AR
MWCNTs 5 fLEH G277 mEAT 5 18 AR i T,
BASEMREEWE 2 fic. ZIEIR FSP A {H4E 8
MWCNTs 5 AZ80 & &M A MR ES . 2 Hilikil
BRI KA 5 Bl Ovol%. 6vol%. 8.5vol% A1 10.6vol%
fl1 MWCNTs/AZ80 & &4k .

X il % B 2R R4 50 MWCNTS/IAZ80 E & i1 kkisk
AT [ s + B b 3 . KB RTSR A NETZSCH STA
409C MY 7x Z 1 i & # 4 ( Differential Scanning
Calorimeter, DSC) 73 #r il 5& 52 & 4 Kk 1 [ 25 i3 5 A B
RO E o 1 S A N A R I E A A R [ I
JFE, %V 20~525 'C, THEF B #GE R N
5 °C/min; P8 B 5 BRI e [ IS 2 A A RHR
FEFRTIN S80I B2, 308 58 IR FE Y8 FE R 20~250 °C, TR B
In#GE 29 5 °C/min.

R1 AZB HEEHUERS
Chemical composition of AZ80 magnesium alloy
(/%)

Table 1

Al Zn  Mn Fe Si Cu Ni Mg

8.92 0.62 0.18 0.0034 0.015 0.0016 0.00051 Bal.

1 44 MWCNTSs 6l 7 2 Rse i
Fig.1 SEM image of Ni-coated MWCNTSs

o FAAb B HT IS A A RHRRE AT B A SO 5%
YA TE o F A%ZEER VN N /b B 1) A IR R Tl AT 4
AARRENE i, F AXB-TV U E e BB W e &
DX R I O 4H 2 R H BRUKERXS-D8 %Y X §f 2k
AT S SRS o T 25 0 [ + I 2K S A A R HEAT ) AH 43
T o 0T R BT S 1S G A BT R s BRI, VR E
A DX BN 1) O BIURE , ) 26 0000 T B T A A T
ke, WFERSF W 3 for, JEEN 4 mm. FIH
WDS-100 Z¢ Hi 7 5 BRI HLZEAT = iR P fdikas, Hifh
B2 1.5 mm/min, &R E A DO T 5 7 A HL 3
AMRFEREAT R, 3 AMRFR IR B 1 (A ik a6 45
o KH FEIQUANTA200 137 & Hi 4714 458 Xof iz e Wy
FIEAT TS5

2 HER5e

2.1 MWCNTS/AZ80 8 &M R LHLR

Bl 4 Finh AZBO BE G 4 I % R R 53 4 MWCNTS/
AZ80 BEEE EMEIHIMM AL . BAE AZB0 B:H6 4
WFE P AR R E I FOIR B-Mgar Al #H50 A T a-Mg JE44
W da fros, X ORE T APRF R R SRS, H
FRAC T ARG EEYE . B 4b TR A RS INRR 99 K% (1)
FSP InT. AZ80 #A & FF&MAN, MEH I

Holes filled
with MWNTSs

Axial force

direction

FSPed composite

2 MWCNTS/AZ80 & & RHiE# BE # N Lon 5
Fig.2 Diagrammatic sketch for the FSP of MWCNTs/AZ80

composite
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Fig.3 Diagrammatic sketch for the tensile test samples
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XNETNEE: PALBEST MWCNTS/AZS0 B3k & & R U J1 2 PE RE AR I + 991 ¢

FSP il FF fh b RT BUR K& AZ80 & & il FEA Pk
N, B 5 IE IR FSP N TG dicki SR B K. 7
WINT YK f5, FSP J5 MWCNTS/AZ80 SR &
PRI RE ) b 2 2B 2 A Ak, R R ST 78 0 B 7R 1)
SARE R R T4y, 0 4c F de fion. AR, SR
NIRRT 1) FSP ARAE LA AT AN, BRANKE B
BREANE] T FSP I R A R RS IR, X Uk B FSP
FEARAE SCIUBR AN K A R4 SO [, ] DL S I it b 4
b, 192140 A .
2.2 MWCNTS/AZ80 £ & # R B BB Rt 18

o Bk 40 K AR AR 43 B0A 10.6vol% ) B A 4 BHARE
HEAT DSC 2r#r, #iE & MBI B IR . B 5a 2
T4 MWCNTs10.6/AZ80 & & 1k DSC 4 #rsh
B AIHLE 340 C#E 431.7 Clu), f74E 1 PNUHIE,
KR ZIREEE PN, Hk AZ80 BEE& & b
MIRAER M. B 4317 CHF, 4k AZ80 H4&
SITIR IR . Ny, G AR [ VA A B R
JE N %R BEAE 340 C & 431 "CZIA), [F) I [ vA I
PR IRAR I [ 3 R e 22, [l T P R 0 v M 2 5 1
Bk AL KR, Rk, S54H M AZ80 Bia 4
AR E SR, W DL 420 CHENE AR E
WAL ERIR T, [EE R A1 E A 4 ho

XF 22 420 C[E AL 4 h J5 7K MWCNTS/AZ80
B A MRIEEAT DSC # T, B B A MR Rk
WRE, MRZE Rl 5b frac. TLAEH, 7E 152.6 C
£ 192.7 CHRFEEVEH WAFLE LA, 15 B 7E LI
JEH N B-Mgir Al 7 LLEEE AR R T o % 8 30 &
I R BE AT RE X IE R B-Mgar Al A EACOR, ATk %
160 ‘CAE A MBI ZERE, R TRES 12 h.
2.3 HALIEHIFF MWCNTS/AZ80 &M K aY4HE 24

6 Z5HH TIB KA AZBO B A & AU FA R /3 1
MWCNTS/AZ80 & &M KL X FHLATH T diH . M
Edmrsn, JBkA AZ80 BES & A KE p-Mgi/Aly,
FAEAE, T H & FSP G MR RIS B-Mgy7AlL, #H

b

10 pm

& 4 AZ80

. FBKER AZ80 A& —EHEN
B-MgAl, . XEE B-Mgi Al FE & 51 iR
X EERE T — BRI ER, (H2846 4 FSP 2
o AR AN 4 77 R AR B-Mgar Al AR I
PRIEE T a-Mg ZEH, B p-Mg Al M T 7
B R — 5 IR P R R IR I R 44, T AE FSP Rk fE
WEHURMR, FRERRE, &R A-MgrAlp MR K7
Tt A X SZRAT RS R DUE RN T
MWCNTSs J& & & A kL — 58 & 1) ALNip FH2E B
H & B2 5, AlNip (RN, X35 N
KERMAERZSEETM Al TTRRE T R, 4
T &8 Eik &k AlsNiy. [FIES, MWCNTS/AZ80
B 5 G MR RE AR I R4 B S 7 R R B K &
S-Mg7Al, H, X VBT 160 CARIE 12 h 1 Bob B R
RESZHL B-Mg7 Al K E AT H .

L XRD 3 #rai Rmr s, AR 508 10.6 %I
MWCNTS/AZ80 B3 5 &M LR ALNi 1 &9 AE
i AI-Ni oA E AT &1 AL 5 Ni AT FE R AINi. A13Nis
Al3Niy. Al3Nis #1 ALNiy 3£ 5 F & & 454 . AlsNis
TR, FREAERGEIRE (1000 CRLED) | fRIBIR
K 1) A T R R MRAE A A, AR 4
FhAS AR AL AW B bR v A2 1 75 A i B BE AG® SRR
FRWE 7 Pratt, LR, 4 MBS SN AG®
BI/NFZE, N, £ MWCNTs 58564k Fi Bl it
A . EMIFERET, B AG M/NMULEY, ik
AR B 2R B ALNI [ AG® /), HIL7E MWCNTS
SRR B ALNI, B EM. FEEEMEHTY FSP
filg i fE v, ik AZ80 BEA & YBML, B-MgrAly, HITE
WAL FEER R, HEA Mg AL R iR R
TR . MWCNTSs RS s, BT Ni 5 AR
B AR A FUH N, B FSP HIRET, SR N %
WA, (EE MBI EAE K ALNiy. 115 gk #k
HEAIERE AN TR # EE ALNip AHTE K,
IR I AL B TS ALN, ()& B .

B G MASTAMR TR 43 B MWCNTS/AZ80 3L 52 & A1 RHRRE 10 o0 241 2 16 Fr

Fig.4 Microstructures of AZ80 matrix and MWCNTs/AZ80 composites with different additions of MWCNTs: (a) annealed AZ80,
(b) FSPed AZ80, (c) MWCNTs/AZ80 with 6vol% CNTs, (d) MWCNTs/AZ80 with 8.5vol% CNTs, and () MWCNTSs/AZ80 with

10.6vol% CNTs
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K5 MWCNTs10.6/AZ80 £k & & 14k} DSC 4 i 45 5%
Fig.5 DSC analysis of MWCNTs10.6/AZ80 composites:
(a) as-FSPed sample and (b) after heat treated at 420 C

for 4 h followed by water quenching

o-Mg %-Mgi7Al1p  «-Al3Nip

1 Annealed AZ80 substrate
2 As-FSPed AZ80 sample

S . 3 FSPed AZ80 sample-T6
Koy 4 MWCNTSs/10.6AZ80 sample
> 5 MWCNTSs/10.6AZ80 sample-T6
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S
M A o JJ Nt 5
A ) oo 4
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5 6 B AKFE AZBO HEE & AL IEHT I MWCNTS/AZ80 B4k
HEMEHE XRD K%
Fig.6 XRD patterns of annealed AZ80 alloy magnesium and
MWCNTs/AZ80 composites before and after heat

treatment

2.4 MWCNTS/AZ80 E &M hF A

Bl 8 Jyin T 25 A [ ¥+ 52 O Bk & A R
Prhim Rt . WP AT LA, B MWCNTs
AR B g, SRS S MR R R E R BT
fath, HZ R+ B0, SR MWCNTS/

544G
0
—a— AINi
-40F ——AgNi
—— AlNig
o 80F —eaunp,
=] -
£-120+
g 5 5
“O -160 +
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-200
40}
R e ——e
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Fig.7 Relationship between standard Gibbs free energy and

temperature for Al-Ni compounds

AZ80 & M KL P by o E A R E R . R W
MWCNTSs £ FSP J& ] AZ80 £ & & Ji i FE 1 I 3 B
fem 1 545 MPa, &mEEZAN 28.8%. 7 10.6vol%
MWCNTSs 1) & & 8 BHAFE b o B i RIE 2] 7 310
MPa, PiHiom A bR A B A = T 43.1 MPa, §#
mEEN 16.1%, HAHXFAREM MWCNTs & FSP
1) AZ80 &4, HPthismZ & 7 63.9%. 4id
6 oG T AL E T S 5 A MR AR S BT ET A, AE [
T+ R E R FE R, BT MWCNTs g fase, e
SARRERN, H p-Mgy Al AL T B, IHHE
JE4E1) 160 C LRI 12 h (I sk b 28 rp FOE AT o T AR
ARSI XRD WAH 43 it 45 J S R i ROAL 3 A
FE A 35 T8 B 2 1 S-Mgi-Al, AT, B AR AR S A
B-Mg17 Al AR BB 58 BE 5 8 /N o H A,
BT AlsNi, #17E MWCNTs S8R A Lk, 4%
m RIS A R, TS T A SRR .

320

310

—&— As-FSPed samples 296.4
300} —e—Heattreated samples

280}
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220}
200 450,

180L— : - - - -
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Volume Fraction of MWCNTSs/%

266.9

2498
2436

Tensile Strength/MPa

K8 MWCNTs R 73 oo 8 G A0 RL e 5 B2 1R 52 1
Fig.8 \Variations of tensile strengths with the volume fraction of

MWCNTs
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9 NARFR 2> $ N 10.6v0l%[] MWCNTS/AZ80
BTG M R AAE AT SRR R T D RS, A 9a
R DLE H, RGBT O R R, I R
() FLIRI R B AATE, 52 2 UG 1t W SRR AIE T 8 0 [ v
+I A B S W O B ST K,/ & B LR R
RN, BN R, BRASREAEM
TR, 520 v W R AE, I 9b Fion. Bl 9c
B od 4354 7 SRR i 7 RE I O 42U
e

LSS R Y N RN TR AR 7 T = =
B W LML R BT 2o 3 Bl FRTHIBEARS LA Ak
AL 81 R0 08 i A b LA T B ANK A I ) T
R, ARG, MiH MWCNTs ALk a4 K1
FRHSS G, BT DA 40 K 1 5 19 52 G A4 Rk 1) i At iy 24
FER L MWCNTSs 5 344 2 [ 1) F 1T Aok R 32 4 4
HAFE. B 10 AIKE R 735 10.6vol% )
MWCNTS/AZ80 & & kR Fi kb BB Fir A BT 1 1) vy
5 SEM FE o o W 11 sl DXOWE 5 5 I AT Bk 99 oK A8 4 )
PR, BRAUKE —um R, 5 — o U 7 BE AR Y
i, ULE MWCNTs 7EE & MR i 2 7 3 1
F FCAE SRR T 2 Hp 5 B B A 2 [ e AR 5 T RS o
Hid R TR RN ER TR A MEE
TR, SETHIRIZ ), AALEIE 3 BBk 9 K &
B, T MWCNTs (s, A 2% BEe Il
Hil7E MWCNTSs 1) BT A S 38, IX A7 45 IR 7E b
TR A7 AR R AN I 7E MWCNTs 58635k 2 [a]
(S A TR AR, MO IR RSN KT 7R

B9 MWCNTs10.6/AZ80 #E 3k & & 14 ki A i 1 5
Fig.9 Fracture morphologies of MWCNTs10.6/AZ80 composite

samples with (a, ¢) and without (b, d) heat treatment

10 RIALFE MWCNTS/AZSB0 BEIE 5T & bR KR Fr i 17 11
1 MWCNTSs it H 81 %

Fig.10 Interfacial debonding of MWCNTs and AZ80 matrix in
MWCNTs/AZ80 sample without heat treatment

TSR PERS, FLish Mok, %Sl AL, 3k AL
TR GAELAE SN s B I E I AR KR, R4S
. MWCNTs S8R BRS . B mT LU,
521 MWCNTS/AZ80 & 4 4 k) g 5 1t RE 1 3= B[R R 2
oK 5 B Ak 2 T ) S T 45 A 1 O

3 & it

1) SR FH 496 4 B8 5 T 07 v ) 2% R AR A H i
MWCNTS/AZ80 E &1k, MEIH B, 1EHHEE
BEE A0 X MWCNTS 345740 i .

2) 420 “CIlH ¥ b3S F2 75 MWCNTs 5 B4 (1)

FHIE A R AlsNip @ R &9, Fr I 4515 2 2L
e

= o

3) [EVE+I R AL HE S I B A R B R 5 A BT
RE, U MWCNTS/AZ80 E &M R 1 fe i) £ 5
K252 B 9 oK 5 B 38 AR 2 B 1 S TH 45 B 1 .
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Effect of Heat Treatment on Microstructure and Mechanical Property of
MWCNTs/AZ80 Composite

Liu Fencheng ™%, He Lihua', Ke Liming"?, Jian Xiaoguang *, Liu Qiang®
(1. National Defence Key Discipline Laboratory of Light Alloy Processing Science and Technology,
Nanchang Hangkong University, Nanchang 330063, China)
(2. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: AZ80 magnesium based composites strengthened by multi-walled carbon nanotubes (MWCNTS) of different volume fractions
were fabricated by friction stir processing (FSP) and the effect of heat treatment on microstructure and mechanical property of
MWCNTs/AZ80 were investigated. The results show that the Mg-based composites are dense with fine grains, in which MWCNTSs
distribute uniformly. A1;Ni, intermetallic compounds are formed on the interface between the MWCNTs and the magnesium matrix,
leading to a sound bonding condition. The tensile strength of the composites increases with the increase of volume fraction of the
MWCNTSs, and it is also improved by the post heat treatment of solid solution and aging. The major factor affecting the mechanical
property of the MWCNTs/AZ80 is the interface structure between the MWCNTSs and the magnesium matrix.

Key words: friction stir processing; carbon nanotubes; composite; heat treatment
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