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Study on Thermal Conductivity of Magnesium Matrix
Composites Reinforced by Carbon Nano-Tubes

DU Wenbo, HOU Jiangtao, MENG Fanjing, LI Shubo
(College of Materials Science and Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: Currently, magnesium (Mg) and its alloys are the lightest structural metallic materials. Although the mechani-
cal properties of Mg alloys can be improved by adding alloy elements, it causes a significant reduction of thermal property.
Therefore, the application of Mg alloys is limited. Carbon nano-tubes ( CNTs) are one of the most ideal reinforcements due to
their excellent mechanical and thermal properties. They can be used to improve the mechanical and thermal properties of Mg
alloys. Using pure Mg, Mg-9Al and Mg-6Zn as matrixes, the magnesium matrix composites with various CNTs contents were
fabricated via the powder metallurgy method. The microstructures , interfaces between CNTs and matrix as well as precipita-
ted phases of composites were characterized by OM, SEM and TEM. Moreover, the mechanical and thermal properties of
composites were measured. Results indicate that the thermal conductivities of CNTs/Mg composites are enhanced with CNTs
content less than 1. Owt% , while their mechanical properties only have a slight decrease. As CNTs are added into Mg-9Al al-
loy, a few nano-sized B-Mg;Al,, phases precipitates around CNTs. It has reduced the solid solubility of Al atom in Mg ma-
trix, so that the thermal conductivity of CNTs/Mg-9Al composite increases. In CNTs/Mg-6Zn composites, there is an area
where C and Mg atoms have embedded in each other at the interface. On the one hand, the embedding area coud improve the
mechanical properties of CNTs/Mg-6Zn composite. On the other hand, it could make CNTs as a “bridge” to accelerate the
movement of electrons, accordingly increasing the thermal conductivity of composites. When the CNTs content is 0. 6wt% , CNTs/
Mg-6Zn composite has relatively excellent thermal and mechanical properties. Tts thermal conductivity is 127.0 W/ (m - K) , and
its ultimate tensile strength is 303. 0 MPa, tensile yield strength is 204. 0 MPa and elongation is 5. 0%.
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i, LUsm AN LL WL @, T ELW R PR RE . H R M fE
PAKSFARAERE RLAF, IR 2 B AR A2l s i, s
LR . (5B (3C) SR80, AR, 4l Mg 3
Bl B (AR 156 W/ (m - K)), HIEL S #MEE
(DLHLSREEZ ) 80 MPa) 2L 8 A BE I 12 52 B i H B 25K
NI TR ) 25 3 1 % b4 P BB Y SR g 1 R
AR R Mg T PERER — AT B, (AE &

A TCZE TC I 2 19 B B8 FE R P9 3 2 e R A AR #D
LGHEEA S PR AR TR, BN, 46 Mg ffimA
Wt EE, e IFRE R R R, HEMSE
5ali Mg M A BRI BEAR, X2 50 W/ (m - K)M
PRI, RHIEEE & R B 5 10 ) 2 b Bl S ELAT 5
R TR  UH RBEA A N A R S,

£ 1 FAETEHEDENH SRR SR MEREHE R
Table 1 Thermal and mechanical properties requirements for materials used in product-parts for various applications!*~'3)
Avolicati Material Density Thermal conductivity Specific heat capacity Tensile strength
ication aterial
PP /(g/em®) /(W/(m-K)) /(kl/ (kg - C)) /MPa
Al 2.7 155~226 0.90 200~470
Aerospace parts ZM, MB Mg alloy 1.7 100~130 1.1 260~350
Ti 4.5 7~15 0.6 343~1030
Mg-Al-Ca 1.7 59~70 1.1 250
Car radiator
Al products 2.7 120~226 0.9 200~470
14~18
Metal parts for ships Steel, Al, Mg or Cu alloys — — 200~520
58~113
Bearing Zn-27Al alloy 5 125 — 380~440
Copper 8.9 ~393 0.39 —
CPU radiator
Al(6061) 2.7 150~ 180 0.9 —
Common electrical radiator Brass 8.8 >70 0.38 200
Gray cast iron 6.6~7.4 ~48 0.50
Heating radiator >400
Steel 7.9 ~45 0.46
Cellphone shell Al alloy 5052, Mg 2.7 ~138 0.90 173 ~244

EIHT, S8 A s A ) 2 6 R 52 G PR 4 e B
GaIFERRA T RNARREZ — W T &85
HAMEHR G RAR E A L4t B 474k, BRI 4k
Al,0, M. 1S SiC 20 AR 49 K 4 ((carbon nano-
tubes, CNTs) %5, 3R 2§ i} T X Se 4 (R i) £ 2 PERE S
B E AT H T AR HY CNTs HLAT 15 1 s |
Pihis® FE (ultimate tensile strength, UTS) FI# TR JE—
T[] i 4 s 4 i A b ) g 2 M R AP i 1 3
HUESRIK, SR, CNTs HAT BRI AR LIS 1 ek
MRE, W5 B, ORIk H S 28R 2 A0 47 A 8K
G/ G

CNTs iR S AR Il 28 7 i EEA B R IG 4
LN B R TR B UL R AL A
WA, o, BRI AR A& ONTs BEREERE A
MR T, BRI RRAHR CNTs FIEES SRRk
—E WG BRESFIBEZ 55 . HAT, FHXT CNTs #5mEE

®2 FRGEESAMEHERENMRINEE eSS
Table 2 Property parameters of materials commonly used for rein-

forcing magnesium matrix composites! >’

. Tensile Young Thermal
. Density ..
Materials 3 strength modulus conductivity
/(g/em)
/GPa /GPa  /(W/(m-K))
C fiber 1.5~2.0 1.0~7.0  230~830 8.5~640
B fiber 2.2~2.6 3.2~5.2  350~400 ~20
SizNy 3.2~3.35 — 330 0.017~0.04
Al, O whisker 3.9 1.4~21.0 426 20~29
Graphite 2.0 20.0 700 150~ 1500
SiC whisker 2.3~3.0 24~4.4 118~421 ~10
CNTs ~1.65 ~100 ~1000 2000~ 6000

FHEAMEL, B EANE SRR R H ) 2APERE, Shimizu
SETR FHER B IR By + 3BT 3L 45 T CNTs &8 1. 0%
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(3%, FIR) 9 CNTs/AZ9ID B4k, 2 T6 hb3E
JiH UTS i5%1] 388 MPa, 4 F3AKE 42 (315 MPa) 340
T 23%., WETE > R A G 236 % T CNTs 1
BESLEARRL, S5 HFW] ONTs 1A G LA Py S RS
i, SEMREAH RERN, AT RE CNTs &1
BEINTRT B AT, Kondoh %1207 2% SR Y « i vy 45 B e 45 +
PEFE L4 T CNTs 3R BE 3 G AR, H 141k G
IR B e PR A W i i, (EARRR A i MR, 43 HTiA
RS A ETE I ETE MO J& 38U A MM K R T [
M ER N, Han 5577 SR FHM A 1R 4 05 1 46 10 AL R 5k
YORAF TR AL Mg L2 A MBHY UTS FUE RS (tensile
yield strength, TYS) 4335 %] T 306. 5 1 279.2 MPa, 43
SRR B T 77. 7% 1 101. 6% 5 WAk, AlA T3 R
PERGTE BRI 4519 CNTs/AZ31 A M RMMOW 4L 4L 04T T 43
B, A CNTSs T 1 4y 57t JBOF 42 4 i 3384 Mg 9 (1120)
FEFS (1012) HERTEAZ S KO, 1EEERE SR R 5] 55
oD HIPEF, ARk ik, 52 & 8RR 2 Sk R
SFH 1370 /A 32,0 wm, FEAK T 76. 6%, 7 2SSk
Kb 3.3 3/ME 1.5 wm, FRIET 54.5%.,

HAET, EPNIMET CNTs BRI G A kT I fE
PR ARIE D, A SR OB AR 16 4 40 il il 45 A Tm)
& CNTs B3040 Mg, Mg-9Al, Mg-6Zn B4R, it xt
BAEMEORA L TR A AT, F S W] CNTs &,
A 55 3 R ST KT HE R X B G bR S R B R ) 2
REMYSZ M RLAE

2 £ Iy

A SCR ) CNTs H L BR 27 B AR A BIL Ak 24 4 FR
SNERAE, HE N 20~30 nm, KJEN 0.5~2.0 wm,
WIS 1R, mE la \TRAIF Y, 1% CNTs 4 £ BE
AR, TERSAIAIEN NI A R, & 1b BF
TN ZA A BN B 8 & B BGD -1 B 43150 4b BLE Y
CNTs, ATLATEM A L SEA ST T o0l SR 431 i
FH4l Mg, Mg-9Al &4 Al Mg-6Zn & 4, ol & 3Lk BF
FHE Mg ¥ Fl AL K A28 20~ 45 pm, Zn ) HEH
2~6 wm, A4 JE R Y G % SR R R F
Pt

KHAMAR SN T 3 Fl ONTs $E5R I E A4
BE, HRFMEE. O % CNTs W NE] & BGD-1 48
RYJE/AK Z B, AL CNTs BT E R 0.3 mg/ml AY &
TR @ B4l Mg Wi sl 56 5 A b B Al 4 i 2 19 e
BIMABEIF W, IR A5 5 BCE 20T i B s 7%
TR E P AT T, RER T ERIEA WA SK -
G08123K-2-610 B4 pH, £ 500 °C Flm AR

TG, IO CNTs B Mg ZAkK; @ ]
YTW32E-100 BUE ML A ¥ AR AE 300 °C N #4705
JE, BIEH K 16, HIM CNTs/Mg Z4 B @ ¥4l Mg
Ko 54l ALY RS Zn By 4% SEAAR A 4 Ay H i A 3
BIRWT, TERIERE F B B ) 2
HEATIAL B (B gl AL By B A i $A 4k B B Ry 500 C, A
ALFREFEA 2 hy 4l Zn By HRRG A 400 C, 1.5 h),
T J 4% BE B 3R K H 4 R il B CNTs/Mg-9A1 I CNTs/
Mg-6Zn E 51K,

1 SCBeH] ONTs IEBORIE 5. (a) 5 BCHT SEM BER (f7 1 firdh
g HAR CNTs 19 TEM J8)5) , (b) 20 BlUG TEM [ )5
Fig. 1 The morphologies of used CNTs: (a) SEM image before disper-
sion (The inserted image in the top right corner is TEM image of
a single CNTs), (b) TEM image after dispersion

FIFH Axio imager A2m Y27 A% (OM) | Hitachi S—
3400N FU 4t B 7 W 0 B% (SEM ) &2 JEOL JEM-2100 %4
B OB (TEM) X &2 G bR TO0 41 20 36 47 0
&, Hop, ik SEM AL A 1 BB IS 4 M A (EDS) Xt &
BRI T A AT R AR, Hil 4 TEM FE 5B, )
FH Gatan 691 88—yl A HEA TR B, 25 ORI A
ST 100,

FIFH DXF-500 I f0KT 5 448 R HAO0 52 5 B RERE i
(@12.7 mmx3 mm) Y BOREL o HEATIE , FESIY L
¢ R p 43R DSC—LFA4ST 1 25 345 B SR B
FKAE (Archimedes ) HEK LM E . EAMB MG R A
W A =apC I15E,

K H UTM-4304 AU fig s o iR gepLini & & 41 8}
PP fpEERE, AEMIUAREE LN 25 mm, EHA&EN 5 mm, &%
FERLEE N 0.75 mm/min, 3R EL RHEA (1)
A

()

EL =

x100% (D

0

Forb LS A PR I i 0 bR BE R
3 HREE

3.1 CNTs/Mg E&##}
PIal Mg MR, i€ T ARTR] CNTs 24t (0. 6% ~5%)
) CNTs/Mg &4 # k., CNTs Fr 43 51K 0.6% . 1.0% .
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2.0% . 4.0%H] CNTs/Mg & & 5K IO 4T OM 18 A
mE 2 iR, ATRVE H, 4 CNTs AR T 1. 0%}, H
TESEAR R Ao 5], WNTE 2a F1 2b; 24 CNTs & 4%
Fi(=2.0%) 0, SRR IHBLT CNTs BUR R, A
BEFCA LR, IR ABORNZ BT A, A 2e A
2d iR,

E 2 AIE CNTs & CNTs/Mg 5 &M RHOULZH LU OM 1R -,
(a)0.6%, (b)1.0%, (c)2.0% F1(d)4. 0%

Fig.2 OM images of the microstructures to CNTs/Mg composites with
different CNTs contents; (a) 0.6wt%, (b) 1.0wt%, (c)
2. 0wt% and (d) 4. 0wt%

% 3 N CNTs & CNTs/ Mg &2 PR S0
R 2EMERE, ATLAE R, K& CNTs &itiiem, 246
MR RT3 B N 5 BRAR A 3, 24 CNTs & &
1. 0% B}, EEMEATREH R K(E 187.7 W/ (m - K),
Py B R BGA B B (97.43 mm’/s) . 4l Mg A I,
1. 0%CNTs/Mg & &M B T 3RS B R E05 042 &
T 43.2%M129.3%, A, SEEEEMEL, 1.0%CNTs/Mg
BAMEBURIR B AP I T ARk, e R
WEA TR, 24 CNTs BN 2. 0% 0, (KR TR
JERIR 49. 4%, X T CNTs A by 389 58 1R 75 I 21) 2% 4k
o, BEELE RN, ERERDEZE NI, X
Je o T3 CNTs/ Mg A MBI 2-HEREIN T RE

54 2 BRI CNTs/ Mg B A5 AR 4 4143 ¥t
24 CNTs & &/NTF 1. 0%HF, CNTs fESRh oAmds sy, I
R PERES DA A AT 52 65 b ) iR i e o6
Fifi CNTs & &2 09 38 i imi 384 hns {54 CNTs & &2 35 hn 5
2. 0%}, HAEFLAR 3T R BR 1 T 5 AR CNTs
mERERR R, REE AMENR TR TR, JUH
JE:2Y4 CNTs S8 K F] 3. 0% L R}, CNTs AR,
BEMEHA R TR,

L5 LA, SRR CNTs 7T LAE B CNTs/
Mg AR ICT R BB NEANEEDS 1.0%, &

U] CNTs FESEAA T B4 AN 1 50 23 A1 AT SR8 5 35002 45 1R
TR R E TRE,

%3 AE CNTs &2/ CNTs/Mg E &M R E SR 7 2158
Table 3 Thermal and mechanical properties of the CNTs/Mg

composites with various CNTs contents

CNTs Thermal Thermal

content conductivity diffusivity /[i/[TPS TYS EOL

% /(W (m-K))  /(mmi/s) a  /MPa /%
0.0 131.1 75.38 193.0 133.0 8.7
0.6 149.2 75.55 — — —
0.8 174.6 85.61 — — —
1.0 187.7 97.43 188.0 121.0 8.4
2.0 166.4 81.49 166.0 118.0 4.4
3.0 141.9 85.48 — — —
5.0 142.1 84.71 — — —

3.2 CNTs/Mg-9Al £ &##}

1.0%CNTs/Mg B &M ¥ BAR RGBS TE, |
H A MR (UTS, TYS 43547 188. 0 fil 121. 0 MPa) {&F
aff Mg, [F o, FRATE ] Mg9Al & 4 1F 514 il &
CNTs/Mg-9Al E& MK, HTF 3.1 MRS R, ¥ CNTs
WhnEEHALE 1.0% LI, AA CNTs % 5 1) CNTs/Mg-
9Al 5 G AP RHY T BE B ) AR IR 4 o, VTR
i, Mg-9Al 548 AT A (47.3 W/ (m - K) ) A% T4
Mg B (1311 W/ (m - K)), R Al TR BIE N
SRKFEAR Mg BT, BN CNTs J&5, B4R CNTs/
Mg-9A1 B G MRS G e n, (HA5 SR Iw Ak, HL B
CNTs SN, 26 PPRHA SRR W] i, JEA
HEREAE 50.0~52.1 W/ (m - K), #Rili, 5 CNTs/Mg B &
P LL, CNTs/Mg-9Al E AP RHR J1 2= BE I B 42 5 .
24 CNTs ¥ 8~ 0. 4%, H UTS 2~ 355.0 MPa, TYS &
248.0 MPa, {3 K 15.0%, 435I 1.0%CNTs/Mg &
EAEHETE T 88.8% . 105. 0% F1 78. 6%,
%4 7AFE CNTs @28 CNTs/Mg-9Al EAM BN SHIEEER hE

£33

Table 4 Thermal and mechanical properties of CNTs/Mg-9Al

composites with various CNTs contents

CNTs Thermal Thermal
content conductivity diffusivity /[i/[T; TYS EL
Jwi%  /(W/(m-K)) /(mm/s) a /MPa /%
0.0 473 24.1 3010 2350 6.0
0.2 50.0 25.1 3460 2420  14.0
0.4 51.1 25.5 3550 2480  15.0
0.6 52.1 26.2 329.0 2300 13.0
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[ 3 AN[E] CNTs 7 & () CNTs/Mg-9A1 & & # kY
OM f -, ATLAA Y, AREHN CNTs 1Y Mg-9A1 4 4 1 °F
BRI R ST 298 12,8 um;y BRI CNTs J&, BARIERG 4
134 SR RSH A /)y, {ALBE CNTs 2 9 184 i A8 1k
AR, FEALTE11.0~11. 8 pm ZJA], Mk, AL
WEL B I M BHE B 245 1 B vPOR B0 5 A0 B-Mg,, Al
(3 rp (i sk Ards ) Bl CNTs 500 i 38 it Jc B 2

&3 ANJF CNTs 7 59 CNTs/Mg-9Al & & b1 BH A H i) OM 1R
. (a) 0.0%, (b) 0.2%, (c) 0.4%%1(d) 0.6%
Fig. 3 OM images of the longitudinal section of CNT/Mg-9Al composites
with various CNTs contents: (a) 0.0wt%, (b) 0.2wt%, (c)
0. 4wt% and (d) 0. 6wt%

& 4 4 0. 4% CNTs/Mg-9A1 & & 41 BHE) SEM B A &
JCEAENEN ., ATLLEH, Mg, Al A C JCEAERM 2y
fits), FWIXY CNTs S5 0. 4%, HAEFAR T2
A1A3EREY . 0. 4%CNTs/Mg-9Al 52 4 WHRHMOWL2H 21 1Y) 25
S ST T MBS (HRTEM) BE R (1] 5a) AT LA IR M
R, AP RAA W25 CNTs; 4, iE
KIAE CNTs JE B EAEZ 90K, K38 B Sb iR i
HRTEM 8 7 FE D HL 7 5 (SAED ) 5 43 B4 2R, A
AKX SE KA K B-Mg,, AL, AH, XK CNTs/Mg-9A1 Z &
MEHE b2 ot B b, BR T 8 S0 h AT 88 K R SE Y
B-Mg Al SN E 3) , 7E CNTs J& FlE AT T 40K ]
B-Mg,, Al #H, FLIXFR KA B BE CNTs & & 19 38 n
XN, XJEm TrERLs R d, CNTs 1 7 RE 2t
JRARHE T B-Mg,, AL, MR [RIEE, 95753451 CNTs Xf
B-Mg,, Al A KA 1] 7 BHAFVE R, (8 R s 7E b
KRN, X — EZERIT CNTs 76 AZ31 454 5 i A2 v
SRS REIIERAER, A 40 R R KRR

B CNTs £ 5 B30 CNTs/Mg-9A1 & & B G R
B/ INBR B 1S 55 33 b A oK RUBE B BT s AH B AT — 8 B
M T ALTE Mg PR BE RS, H Mg Bl AL ()R F-2E 4%
ZEFER, BN AL R PR3 Mg s 1 AE I,

‘
Al c

K4 0.4%CNTs/Mg-9Al &AM A WAL, (a) SEM B A,
(b)Mg JLRIMi, (c) Al TLRIMATFI() C TR

Fig.4  The microstructure of 0.4wt%CNTs/Mg-9Al composite: (a)

SEM image, (b) Mg element distribution, (c) Al element dis-

tribution and (d) C element distribution

R o= <o By

&5 0.4%CNTs/Mg-9A1 & & bR &5 43 Bk % 5t # F B 3U8% (HR-
TEM) B A (a) M Sa H A XIRAYHKE (IR R Sa A3
X B FA745 (SAED) Bl (b)

Fig. 5 HRTEM image of 0. 4wt%CNTs/Mg-9Al composite (a) , the en-
larged figure of the region A in Fig. 5a ( The inserted image is
the corresponded SAED pattern of Fig. 5a) (b)

Mg-9A1 & 4 (9T KA ol Mg A 5 K FEAC, 30
CNTs J&, H1F30 ALJE T RAGK B-Mg,, Al M 92 2 b
T ALEFAE Mg A, IS A AR 34
SR, SR, T CNTs ZRANEE/N, CNTs/Mg-9A1
BEMRA R INA R, Flan, 4 CNTs (&
0.6%I, &M BT R E Mg9Al & 4 Higw T
10%, BL4h, 5 CNTs/Mg & & # B AR[E, CNTs/Mg-9Al
BAME MR EE R REENIEA, XFEEER NS
CNTs Jl 30T th B 99 K AH 5516 T Mg-9A1 & 4 1) 355 1H 21
F9'2, L CNTs Rl 78 & A b Rk 2 5 i vl i 0 495 i 4
I, ML R, A R T AR R A
3.3 CNTs/Mg-6Zn £ & #1#}

t T Zn 7E Mg 1% [F 7 BE ARG A AIC (Rt 3.3%,
RIS R 0. 1% (JFF50A 730480 ), Ritk, FATEL Mg-6Zn
B4 FEAITIE T ARl CNTs &Y CNTs/Mg-6Zn &4 HF
BH R K2R ERE, S5IRINER S iR, 5 AL,
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Zn WINAT Mg BIISREEAERHA T4 8, Mg-6Zn
LGN 120.7 W/ (m - K), FHI4lE Mg R T
27.9%, XFESEHT—I7 Zn 75 Mg 5 0 A BERRAIR,
F—J7I Zn BJRT2EAR L Mg B9/, XF Mg fik 3 i i ey
AR, KFHER 4 N S AT LRI, Mg-6Zn & 4 AT
R Mg-9A1 B4 51N T 24 155. 2%, >4 CNTs (VRN H
0. 6%}, CNTs/Mg-6Zn S HPEH T4 11 CNTs/Mg-9Al
MbEm 1 143.8%, HBAEm M7 ERE, H UTS i
303.0 MPa, TYS Jy 204.0 MPa, K% 5. 0%,

x5 A[E CNTs &2 CNTs/Mg-6Zn EE MR SHMERER 1%

533

Table 5 Thermal and mechanical properties of CNTs/Mg-6Zn

composites with various CNTs contents

CNTs Thermal Thermal

content conductivity diffusivity /lliflfa /111\7[{53 E‘;

/wt% /(W/(m - K)) /(mm?/s)
0.0 120.7 59.3 284.0 1820 7.0
0.2 124.4 60.5 313.0  197.0 9.0
0.4 125.2 60.6 323.0 2060 7.0
0.6 127.0 61.4 303.0 2040 5.0

6 4 0. 4%CNTs/Mg-6Zn B & # Ko CNTs ) HR-
TEM M, MIE 6a Al LATE BT b 2], PIALAHAR CNTs
Fo N TR RE ARG ET, LA M e EMI B, 5
CNTs/Mg-9A1 & # BHH L, CNTs/Mg-6Zn & & #4 K
{9 CNTs J& FERAT oK ROBE A58 —ARMT . X2 Zn
AL, F UL 8 AR TR, A,
CNTs 5 Mg I EAT RAFRFRIDCR, AT W WA BB
XFiZ St — O (K 6b) AT LR, FER AL C JRF
Mg JEFAIE A, JE— A X, H T CNTs 7E i
Fid R A RE AR 2 AR B , BB TGS A B IR
DHAFEBE 4 1 f v Mg J5 7 45 50 DNk [ 07 B 9 3
CNTs REP], MIMTEREA X, —, 4@ RS
REBHE TGRS PG R4, 75
CNTs/Mg-6Zn ZGM #hrf, X Fiise A B A I Mg SE 1A
Hiz Bl HLF AT DL ELREE AR CNTs o, 0] AAE
PR sh, KKW/N T Mg RS CNTs $Hi i
FH ., tikiiii, CNTs 7E5 ARk R 2 hn ek i 15 )
H“#F" BIMERT, i FHas R s, TR & 2 & AR
SERE,

X FIR SR AT LAE Y, 4 CNTs Bt hy 0. 6%
F, CNTs/Mg & BFRHA T AT Mg B4 1942 & i
FENE = T CNTs/Mg-9A1 4 A1 EHHT CNTs/Mg-6Zn 2 5 #4
BHEXT T HA AR R S R IR, X R, B
CNTs PR IS5 SAUCRARIBT L, S0 T JEUAR Y Ak 1y

Mg matrix

6 0.4%CNTs/Mg-6Zn A FH R CNTs (14755 53 325 51 HLF 6
BE(HRTEM) J8 - (a), &l 6a 1 A KIBCKIE (b)
Fig. 6 HRTEM image of CNTs in 0. 4wt% CNTs/Mg-6Zn composite
(a), The enlarged figure of the region A in Fig. 6a (b)

As BRI BN T 9K A S B AR R A, R AR
ik, G A IK R B2 B T EE R F AEAE I
AR I Al B Zn JETAE Mg P BRI T Mg JEAR
55 CNTs Z I Ik REEE, SECHERTIERE 211
DA, s R AR RHABR IS K, P, 4Rt
CNTs s eI A RIS RN ML T 3 R
&, © $Em CNTs EE SRR icE; @ g E A
PR E, O ®HFS Mg B TR T RIEN G
SAbTTE, DA Mk AR,

4 & %

(1) CNTs f7 ey DASR B 342 5 M OBH S PR RE
BHBINE R 1.0%, 750 5 768 344 b 4y A A
¥y R, AR AR R

(2) 24 CNTs TRINE N 1.0% M, CNTs/Mg B 44k
SRR AAE 187.7 W/ (m - K) 5 24 CNTs N 0. 6%
F, CNTs/Mg-9A1 & & 4 BHA T %8 51.2 W/ (m - K),
CNTs/Mg-6Zn EAMEYIT A 127.0 W/ (m - K), 5
CNTs/Mg & & M K47 HL, CNTs/Mg-9Al Fil CNTs/Mg-6Zn
APE S e RE A KR =, PE MY UTS 468 i
300 MPa, fHKZ¥KT 5%,

(3)1E Mg-9Al &4 TP ¥R CNTs J&, ] DLE HE98 K
U B-Mg,, Al #i7E CNTs JHEHTH, FE Al JTTRAE Mg
FEUR T B RS BE BRAIR, $5 08 T CNTs/Mg-9A1 & A MR
PR

(4)fE CNTs/Mg-6Zn 5 & b BFHA AL A7 7E— A~ C i
T5 Mg JEFHIE AR AR X, 3 Fl i AR CNTSs
EENEE AR PR AT WER, AT E A MRS
R,
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