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1900 °C #ALFEJF Y 1% MWNT/ALO; ¥ K

Fig. 1. SEM of spherical powder prepared by sol-spray:
(a) Hydrated aluminum hydroxide after spray drying at 300°C;
(b) Al,O4 after heat treatment at 900 °C; (¢) and (d) 1%
MWNT/ALO4 composites powder after spray drying at 300°C;
(e) and (f) 1% MWNT/AL,O4 composites powder after heat
treatment at 900 °C in argon.
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Fig. 2. SEM of fracture surface of pure alumina and
MWNT/AL,O; composites (a) pure alumina; (b) (d) 0.5%
MWNT/ALO; composites; (¢) 1% MWNT/AL,O3 compos-
ites.
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Fig. 3. XRD patterns of MWNT/AlL,O; composites with dif-

ferent mass fractions.

14 MWNT/ALO,; & & M BB 4s S8
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# 1  MWNT/ALO; & & hHEHAEREI 54
Table 1.  Properties of MWNT/Al,O4 composite.

G REG 2 PR M Be s S8 MR /% AEICREE /HY 5%/ (Sem ™)
14# 0.0%WMNTs(3 min x 1450 °C x 40 MPa) 100 1436.7 10713

24 0.1%WMNTs(3 min x 1450 °C x 40 MPa) 99.1 1523.7 —

3# 0.5%WMNTs(3 min x 1450 °C x 40 MPa) 98.7 1901.4 0.649

4# 1.0%WMNTSs(3 min x 1450 C x 40 MPa) 98.5 1733.6 0.838

54 2.0%WMNTs(3 min x 1450 °C x 40 MPa) 98.0 1698.6 0.983

64 4.0%WMNTs(3 min x 1450 C x 40 MPa) 97.3 1233.2 1.144

WU B SR P RE R

T# 1.0%WMNTSs(6 min x 1450 C x 40 MPa) 98.5 1703.1 0.789

8# 1.0%WMNTs(9 min x 1450 C x 40 MPa) 98.7 1687.5 0.917

9# 1.0%WMNTSs(3 min x 1450 C x 50 MPa) 98.8 1747.8 0.923

10# 1.0%WMNTs(3 min x 1500 C x 40 MPa) 98.6 1673.1 0.768

MWNTs Tl 4050 0.5% i, 2 &M RIF G5 S om=0ilfe=fu) " fu<fo ()

HLPE, oA 3k 0.649 S/cm, AHXS T4l i & AR
LS (~10 8 S/em) #5112 M. BEA
MWNTs [ 2 535 15 R 52 A AR R 3
Hhn. 1, MBS R 1500 C B, 24k
) FEL 3R AR /N | 3R PR R 8 1R AR 0 1 B 2 o
T MWNTs 45, (1152 & MR S5 T .
R, FEdfil B MWNTs 358 5 G AR, SRR A]
RERCAR AL 2E 1R B A TR MWNTs 2544 58 4%
P, ITiHE = 2 AR M RE.

RG24 G AR S AR R AR S R
TSR, AR A AR b T A T S A
Z /b H S E AL S0 0T LU HL 37 &0 f TR
TR AR LS [ A R 12728, AT e A3 A
SRR 2 ] ) TR B K, A B 22 )X DA LR
ik T T2 A P 266, SRR AR L L R R R AT T R
R LT R S B P T I T S 5 1 S L
>4 5 U AH 9 J0T St o SRk S N, R 22 ) Y [
PRI IN, AETE— DG TR fo, 24 S AR T
ST o> S, S HLUIBURE 2 18] S0 B 5 4G 2% ik
A H DR 283 [, KB A A MR L R s R AR A
HENINEREBN SRR 33X S HEU A 0 1 A5 i 2 4
fRVABRBIE, 75 fo 2 b, EA MR SR
ARSI, 2R TR 2T, EAMEE
Y ARPERT. WK, ARG KA LN CNTs B
GHAEFEPR A 1 T H Do 4% 30 1, HB U (A b i
BN, ARSI & A AR L SR AT LA
AL a3 29-31;

Om :Uc(fwt_fc)ta fwt > feo (1)

Kf, o AEAMEHNER B TR, oMo 55
h RN G AR B S5 fa L5 00 R
MWNTs {5 s 40RB i BE, ¢, s ki G548
BB 4k (1) R (2) SURIER 1 14644
il FEL S R SR P AR £k M /N TR I UL 5 4
TSR SR EHBTRRIEN fo ~ 0.32% + 0.02%.
B BE R R AR R R 4 S k- AR AR A I S,
2 5 AR SR A S AR A, A E— A EE B
T fo. BIL, XHFRR A6 & ke 2024
R R HAA A 2 A9 12 TR B fo AN R A
). (HAULA fo MBI, AT RAAR S 2 e S i A 2 B
PR PP A3 B DL, e (LB /N 2 30 B V8 T 1
{8, Uil S AR HOMY 5], 8] 4 LA EE R EDIE T
SR RV Wi 55 A 2 A ARk MWNTs 76 A
HAT R FAY .

1.2+

1.0 +
—a— Electrical conductivity

0.8 —— Nonlinear curve fitting

0.6 | Equation o= 0e(f— fo)!
Reduced Chi-Sqr | 3.62617x 107
0.4l 2 Adj. R-square 0.99918
A Value  Standard error
‘ g ) 0.80808  0.00817
0.2 - P C(ilgﬁtc’t‘fﬁl‘y 0.32396  0.02459
- ¢ 0.18473 | 0.00789

Electrical conductivity/(S-cm~1)

0 es--

0 05 1.0 1.5 2.0 25 3.0 35 4.0 4.5 5.0
Mass fraction of MWNTs/%

Bl 4 MWNT/ALO; Z A MK (1#—64) LR M2k
Fig. 4. Fitting curve of the conductivity of MWNT/A1,O4
composite’s(1#-6#).
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Kl 54 1# 645 MWNT/ALO, & & # K
PP WAL MWNTs i /802 [0 1 56 R k.
SRR, W MWNTs iR 8 K, 2464
B BIOR B R R T 2 e 5 BRI
. X4 MWNTs BT 53800 0.5% B, AS [F
MREE T 2 A MBI B R B . 85 AR
P 20 B s A TR B, 76 R IR AT IR
A NETINS S, X T4l ALO, MIZARHH S WL
7 THRSN, A MWNTs J5 H L s
J s TR A T s A R B/ 5
2 A MWNTs 9 it & 43 208 0.1% B (/N T
0.32%), MWNTs 1t [0 - A KA b i e i+
YRR T P HGE R, TR AR EM LS IR Bh
g FESPHLH, AHRTAE AL O, P B R B A
K; 24 MWNTs [s3-800 0.5% B (& 0.32%),
A MR MWNTs 5% 1 2 8] K st 2l i 41
HL - ARG K, RS S AL R P 4 Sl A L A

10 b —— 50 °C
= 100 °C
~ 97 —— 200 C
Losl —»— 300 °C
Né L3 + 400 °C
7L N a 500 °C
g
N 6l ¥ ‘,'_..\'——__________
= o5f ————
2 4l Y~ \“
E 3 ',.’.--"""-:_"‘r--. R
r - - e—
PN S e —
2+ - — — -

—0.5 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
Mass fraction of MWNTs/%

Bl 5 MWNT/ALO; E& MK (14-6#) 453 5 MWNTs
Bt o> oG AR £

Fig. 5. Curves between the thermal conductivity of compos-
ite materials(1#-6#) and the mass fraction of MWNTs.

# 2 5% MWNT/ALO, &AM R A4l Al,O,4 #4

I &S
Table 2.  Thermal diffusivity of 0.5% MWNT/AL,04
composite and pure Al,Os.

EWER ST, TS AR BOR BOK IR 3 = Y
MWNTs Jii et 73 B4k SL 1S K, AE fb S Ab 32 7 s 30
MWNTs HEFRIEG (&1 2(c)), sX3Gm T2 G4k
28 B, B T B 2 A0, iR
HPPRHAY TR ECE WAL, BLAh, SR b T
TR BE G T = A MR A BUR B 2 T
. % 2 M4l ALO, F10.5% MWNT/ALO, & &
RS [T RE T A A R BB k. AEX T 46
AlLOs, 0.5% MWNT/ALO; & & ¥ RHAD 1 2 5k
S-S5 B v R R R 27.2%, 3X A & MWNTs
TGRSR

4 % i

K - %5 8 il 4 T MWNT/ALO, BkIE
RAMHAR, SO s A Kt E B oK. SPS Kk
PREUGEEE A, AR TRAIE CNTs 4544 56 8 k. 43
By 0 42 45 SR 26 W MWNTs 78 5& 44 b 2 B B 4
gAY 52 B 2 MWNTs 1Y i 5 70 300 0.5% B,
MWNTs fEFAR A5, A TR IS &
A BURHR A ARG BEAR X R, AR X 2 1 v
ik 98.7%; AHXT Ll SRR, B2 A AR A R 5 48
T 32.6%, AYER BT B4R =R Y 27.2%.
HRPE S T A A 15 B L0 0 25 & A 4 RHY
BIRBIEN fo ~ 0.32% + 0.02% , X HUEH MWNTs
FE IR A3 80 R A, AR SR IV G- 5 vk il 46 T
MWNT/ALO; & A # R, X HAH Py PR Al K 3
SEMLEHI AT TRFTEA0AT, (EEX T2 A HERHR RO
SR D RS TAEW LR T
CNTs 55 L0410 A 45 A B8 7 T, s st )2
SiO, 8 ZrO #4558 CNTs 5 R4k iy S i 45 A 50
AN, AR R E CNTs 76 Mg B 5Lk bl 73738k
B R I A5V AL A JE — AN AT R I BIF 5 O )
z—.

NS 4l Al, O 0.5% MWNT %
gt ZUAROsR 057 VN P BRI
e JEREC JALOMTI g o
J(mm2s7)  FRE/(mm?s?) é/j%j{ﬁﬁ
o0 785 971 2.7 [1] Tijima, Sumio 1991 Nature 354 56
100 6.15 .77 26.2 [2] Ke C, Jia C C,Li W S 2013 Appl. Phys. A 110 269
200 4.35 5.56 278 [3] Chan K F, Zaid M, Mamat M S, Liza S, Yaakob Y 2021
Crystals 11 457
300 3.38 4.34 284 [4] Park S S, Moorthy M S, Ha C S 2014 Korean J. Chem. Eng.
400 2.81 3.59 28.0 31 1707
500 2.40 3.10 29.3 [5] Hassan R U, Shahzad F, Abbas N, Hussain, S 2019 J. Mater.
” Sci-Mater EI. 30 6304
S 27.2
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Preparation and properties of multi-walled carbon nanotube
reinforced alumina composites by sol- spray method”
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Abstract

The spherical composite powders of multi-walled carbon nanotubes reinforced alumina are prepared by sol-

spray. The results show that the multi-walled carbon nanotubes are well dispersed in the composites. The

analyses of the composite properties show that most of the multi-walled carbon nanotubes are distributed in a

network at the grain boundaries, and a small number of them are distributed in the grains. When the mass

fraction of multi-walled carbon nanotubes accounts for 0.5%, the Vickers hardness of the composite increases by

32.6% relative to pure alumina; the thermal diffusion coefficient increased averagely by 27.2% with respect to

pure alumina at different temperatures. The composites are conductive at 0.5% of multi-walled carbon

nanotubes, and the percolation threshold of the composites prepared by this method is 0.32wt.% based on the

fitting of the percolation conductivity theory, indicating that the multi-walled carbon nanotubes are well

dispersed in the alumina matrix.
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