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Characterization of AI-CNT Composite Nanoparticles Synthesized by
Electrical Explosion of Wire in Acetone

A.Mosleh, H. Shahverdi* and R. Pour salehi

Nano Materials Group, Faculty of Engineering, Tarbiat Modares University, Tehran, Iran

shahverdi@modares.ac.ir : 5 S Gy SIS Jsiee *

W A0 Ol oF &Lt O Jlo ( pockige 3 as iy 3140

[ww.SID.i


http://www.sid.ir
http://www.sid.ir

Abstract: In this study, electrical wire explosion has been used to produce aluminum carbon nanotube (AI-CNT)
nanocomposite particles in acetone medium. In order to synthesize AI-CNT nanocomposites, initially, CNTs were ultrasonically
dispersed. Then, aluminum wire was exploded in this medium. Synthesized samples were characterized by Fourier Transform
Infrared (FTIR) spectroscopy and Transmission Electron Microscopy (TEM) methods. The results exhibited formation of
spherical nanoparticles in the medium. The average diameter of nanoparticles was 4 nm. Moreover, attained nanoparticles
remained stable in acetone. Results revealed a good interaction between aluminum nanoparticles and CNTsin this medium. It is
concluded that acetone is a suitable medium for synthesizing AI-CNT nanocomposite as appropriate dispersion of Al-CNT

nanoparticles can be achieved in this medium.

Keywords: Electrical wire explosion, Nanocomposite, Aluminum, CNT, Nanoparticle synthesis, Liquid media

(GRS 7S e BLE S LSSt 5508 WS
(S e il Gl ol O S Lol Gus
el s S G U bl 5o S selS A8 a 5L
Sy
g sla s 3l S Jeol s e (SO i)
Slse 53 ey ol 4 edd W g Sly3 6l Ll 5k ol )3 6l
Slagrassy 53 IVTAS S e U3 eslinals ) se (255008
SLaSU A Gl e SS bkl g 5 S SUSS
UL NES Y (PRI S PRI N PRES W IPRPIE
S350 e s 50 53 gl s 0 St [Ve-A] ol
Cose G35 5 mle glalaome 53 s sl s 4 55
So i S il sy s DY NV ] b S
gl besee 53 1 S5 658 e YL 55 5 0L~ L L
QGLAL.SJUAJJ S D3Pl e [V ] AS o i
ol SN S by S e i e S il s
A e 4 5l Ok (ST 8 laso sy 5 a5
o=l 3 s S s el S S35 e ol
36 il Ol e s ol Sl eslial b clacy e
DONYT s, S ads mapliNee o5 3L 1) g5l 5
kigs siS b kel il W 4 Ol s
53 V] el D3 50 A5 (5 ki e VU T
=300 Vi o (S 5ndl s 5l sy ol
53 CONT=p s in JT o5 50lS 56 A5 (sl s 5 dir
5 ISt w3l e Jame B 5 0l eslinad O gl Laes

&;-.w‘ Y8 Y B Q‘)J)JL (.;)“’\ib

A0 Sl oF 6l 0 Jl ¢ kige L3 b iy 3l 50

dadie —\
og Gl Shs Lol 4 s Sl 05531 55, 5L
VL w5 S0l M8 w568 055 Jod 5l ol
e ol a5 s adlas w1 sy el Cris 5 Al
S lge 5 SG lely onl 3 sl 0ls G o S
03,5 o o5 4 ) O Samis 5 O Kb s a5 e300l
sl lassy oy ol shicwl el S sy e ccul
Oy g Slge Slas ol u S ol ol sla 3N
S5 5 e i 4 o5 el Sl cpl ol w8 S
Aol Ldd o 505,

) Slat el Cotle gl olady o s
Jhas el ot sl oS 50 Lo o 5l 5k
3l s Sy sy $io ke 4 Ol e LOT o g
LI 5,5 o lal ol b xS sl s, 5 (0l ~
oo Gla hss e S, 5 5o 5ok la hs,
o L Lol s ONT=p e T (slacy 5500l W5 510
oo I L S Wb 5l eolde W ass ol s Il
107 555 00 o T Ao lS I 5 40 i 5 s o 1S
22 S Slad 50 0s S i oS ol ) e e
SLad J 50 25150 (& 53 (s Glosl LS (518 s
odd el b 53 Slaad gt S 4 (5 e 3 (S
DS S a3 Bl sl (51 Jlele 55 cnl oS AT e 0o
o S 3spelS 3 A S el [Pl 0500 a5 snlS 5
O et 9SS e e Job Al (LS Al
Oslte e 4 S sl OF gy Ollanil SEalS o

A


http://www.sid.ir
http://www.sid.ir

t_gd.i{ahu
YU 56l —

Goledil e ——

YU Wg 09,801 —1»

slndil galaio

bl oaws paled pgeai -V K2

i et 25 e 015 Slay B OIS 5
S e hes YO 55,8 o D13 VL S 5 e sls 25,
o3 e 3L 5 000 W s e e (L s s O
oS 55,8 55 e 4 S 18 e Lals 4D 55 (S
ke Vo 350 55 4l Sl S 3 e e 3 5E e
Spb e 455 4S5y eld e
Loee 53 iaelS SLISU e Jlasiy ol 5o
e ags sk a8 8 15 aalllas 55 O 52l
oS ke o/ e (0 S sls D0 sl s SIS
ot ladar sy (S 3l ¢ o 50) oo S 45 50
L seo 3 151 |5 olKs o 5 4ids Yo oo 4y 5 3L
CNT—p yin dl 2550l S350 phaasiie A Jioy
b fd e 3 Ol i i S0 o] e s
Pl e s AU Sy Sn 5 Lol (FTIR)

J:j)g °‘J"‘:’j:""‘”f)’3"'.‘."}ﬂ¢b>fbﬁfé | Jg.\.l

f

GRS g,y =Y
L 5 789/28 ot U psindl s 51 R onl 3
‘Jﬁ\sgd)}u};ubjrtﬁ)ﬂb@Wo el s
abaiss bl ppar ) SS s eslizal (Ol 4l (Ol
(W}TW\JLZQ@}SQ.MJJQLZ\)JM\
0553 3l et 353 o0 Lazaly ) 305 40085 wleles Lo 3
W s Sl 5 e 35 S o 5 AS o s see Lol )
ks i 3l lataie 0555 sy xS s S e 13N
S ) e YO ol y ez b (PET) <N 5 Ll
S0 S8 el OF L5 (O ) Mims 555) O 52l oo
(A sladds 53 05ST 0 o s 4 s (s s
LA33 Yo ke 4 e (S5 kil ) S 0l Sl
& adiizes VU (slas as lss 05enST 05T 58 L
SU s el 51 U s L, JLs 05,1 568 0L >
b (8RS s el o 3 sl 5l 50 45 ez
O ot Sl e s YO Sl 55 Sl g s alols
el 2o e YL 35 55 501 Ll ) sl
o=l AT e s YL 5 Wbl 51 SCsSTI (g5

.19_».«:_}3}5.)\_:: aﬂﬁ-:} J\)U}J&O°° Q)b- &..’Lg)) LS)”J"

A0 Ol oF &Lt O Jlo ( pockige 3 as iy 3140

[ww.SID.i


http://www.sid.ir
http://www.sid.ir

Archiveof SID

38 3N (35 Sen 35 (D) 5 O el Jaos 53 0 dd 5w p s JT D3 56 () Y S
| U"“’.' r}__.'»:ﬂ}ﬂ (\\\)WQL}.}}G ‘5)}1.: Sleio dlold YL} C}"’JL’.G}:‘J‘;U\Q USJ}U

s O35l 5 Y S a5 Ll sl esls
NUARS SCH PRI R RS N HC U P SRS S PR
s Sl 5L e b Sl 20 Y e
L s o 0L 1 o S o] )3 Jae 5 0l
L ol ol el sme y5elS S0 K2 & an g
S slaad Il 55, 48 ol 0,55 S las sl
S35 porie M D350 8,8 5,5 A la s S I8
ONT=p gie 1 5 5ol 56 sl e 28 sladd 50
St
b hdS e 3 Ossls (o b 5l 0 IS
534S s boles as e 0L [y Jsloes ol (FTIR)

Y40 QL’C..M_:U Al ZJLQ.J AN JLM ‘w-‘m—é‘ BL) 433;&-;—_[ )‘}n

e Ly A58 SIS s saalie psien ST 13 i
Sld =Y s a5 Ll Sl sl
ST U JC St O VY CH IR L W W M;wﬂ
SLaSinbml b 5 (S, S (0l glea s 45
Gl Sl ol O Y s i sdalie D3 56
Sy e odalie a5 jboles s o 0L, O3 50
a5 o/ YYYA L ol ool sy (65 5k Solmis dsls
psn sl xSe S5k Dlmis ahols 4 by o cpl o
534S el edld 5 3L pl by ol alls

ARl Lledds s O gtwl lame

O Y S 53 5 el A5 S350 o3l 5 5

Qo


http://www.sid.ir
http://www.sid.ir

1. -

3.

sl

1

£e

. Y £

A B \Y 14

(o gl) 3 o314

b_’:w'. le’f-‘)ér.ydéj&.“)\?ﬁﬁ‘ JZJJQGMPQ.JS};U j-‘;s‘,: ‘5‘4.11.0J‘:3~3—\'J$.3-

2S5 LIPS (595 p o T D3 S0 (8 IKE 5 s ¥ JSS

O JSi s artli sLads a8 s sl | Lolis L
Sl bass 53 Oyl 55y an by o a5 35l 35
Lso s by e YaP4om! T s Jle ba ol
WYA em! 5 sde 5 (C-HD O350 L oS OIS
sde il (C=0) 05uSI L 1 S G55 Lso w0 bgs e

O3S S S Ls & by e 56 ) 8T em! o

o

by S ol Bt w0 ealie O IS
AYPO o gn sde 3 ol Uylome 5> JTOLS 5 5 Dl &
by S 55 e odalin olaal YAOD cm! 5)¥Ye
o B N o e N P T
een I 31 SLS 5 Ol 3 p e dT D53 5L s
L oo T s 5 25 e S Ol Jaes

Y40 QLL._’U Al :)Lq...: A JL..,.' (‘;.»J-Léa‘ DL 4.2'.9]&:3 J‘}ﬁ

[ww.SID.i


http://www.sid.ir
http://www.sid.ir

. (\’V‘\r\f'v-
ey
YAoo /\/ AL
40 . orA
YAt 't
oA S
%
%
Ao - o' 7Y
AL
1YYA
gone yooo Yoo Yoo

em™) z g0 38

Ol 55 0dd 3w 4503 (FTIR) a8l s, 48 hs 30 3 Ugsbe v ib p geai -0 S

S s Sl 5o ile e sl 3 DL 5
3L Sl Ll ST LSS Ol las 55 el
a3 e sin sl

548 53 S St Gbl e s Il 5 5L
Aosls JSES 1 e s ONT=p e T o 5 5alS 5L
095 e slaeslasl L ol gl o S 515 L
oS ONT=p a1 5 5l 50 (o S sl it
oS slad Jal s s 5 e Ol Lo 5y A
Jome 5 1 S ol SouS 5l e 50 ol cdass o
SRR W FRGH 3PV IR US| S Sy SOV
Baoms 53 0 JoS25 ONT-p pie 1 2y 55alS 50 2ol
A0 5 oo I D3 5L 51 st S 0 g2
Se sl S

2 S sl gl o (Sus sy el
A5 oy I D3 50 S S 6301 O gl s
e S slaml ae s gl s 30l
oA ) S laad b L p s JT 350
2 S

W'QO QLZ»«.'U Al ;)Lo.:: ‘YO JL» cw-’m@.ﬂ DL wf-:-ﬁ 3‘}‘

[\V]ewl (C-0)
LSS IS s Otl 3 et A5 e T 3 50
Gbre Doy 0ds W D3 EU St s Al e o
i 5SS s e ,See Dbd 5 Aibe o Jglee o
il 3 0t A5 o e I D3 L (SO s e
Osmal 53 ol s oue an O3 ol e lVL s
Ol o il 05051 55 s e 4.l L
Ol Jsloms 0 5l O (FTIR) 4,58 LS 53
ole ;s L pstedl g 4 by e ladls el os

A edalin

S S o ¥

m,.n‘;SU:.{J()[;,_UJ”gam}:wfwjﬂo\)';)m—\
L LSS 6,8 IS 4 4

)LM;\ JLJ)M°MJ;MN<‘W}H Q\)byb o)U;‘ w{;b -y

Mol sy Camd 4 Ol s eds W5 Ol 360 Y

oy


http://www.sid.ir
http://www.sid.ir

o

. Esawi,

AM. and El-Borady, M.A., “Carbon
Nanotube-Reinforced Aluminium Strips”,
Composites Science and Technology, Vol. 68(2),
pp- 486-492, 2008.

Bakshi, S.R., Singh, V., Seal, S., and Agarwal. A.,
“Aluminum Composite Reinforced with Multiwalled
Carbon Nanotubes from Plasma Spraying of
Spraydried Powders”, Surface and Coatings
Technology, Vol 203(10), pp. 1544—1554, 2009.

He, C., Zhao, N., Shi, C., Du, X., Li, J., Li, H. and
Cui, Q., “An Approach Toobtaining Homogeneously
Dispersed Carbon Nanotubes in Al Powders for
Preparing Reinforced Al-Matrix Composites”,
Advanced Materials, Vol. 19(8), pp. 1128-1132,
2007.

Li, Q., Viereckl, A., Rottmair, C.A. and Singer, R.F.,
“Improved Processing of Carbon Nanotube/
Magnesium Alloy Composites”, Composites Science
and Technology, Vol. 69, pp. 1193-1199, 2009.
Esawi, A.M., Morsi, K., Sayed, A., Gawad, A.A. and
Borah, P., “Fabrication and Properties of Dispersed
Carbon  Nanotube—Aluminum  Composites”,
Materials Science and Engineering: A, Vol. 508(1),
pp- 167-173, 2009.

Kuzumaki, T., Miyazawa, K., Ichinose, H. and Ito,
K., “Processing of Carbon Nanotube Reinforced
Aluminum Composite,” Journal of Materials
Research, Vol. 13, pp. 2445-2449, 1998.

Kotov and Yu, A., “Electric Explosion of Wires as a
Method for Preparation of Nanopowders”, Journal of
Nanoparticle Research, Vol. 5, pp. 539-550, 2003.
Fu, W., Yang, H., Chang, L., Li, M., Bala, H., Yu, Q.
and Zou, G., “Preparation and Characteristics of
Core—Shell Structure Nickel/Silica Nanoparticles”,
Colloids and Surfaces A: Physicochemical and
Engineering Aspects, Vol. 262(1), pp. 71-75, 2005.
Kwon, Y.S., Gromov, A.A., Ilyin, A.P., Ditts, A.A.,
Kim, J.S., Park, S.H. and Hong, M.H., “Features of
Passivation, Oxidation and Combustion of Tungsten
Nanopowders by Air”, International Journal of
Refractory Metals and Hard Materials, Vol. 22(6),
pp- 235-241, 2004.

10.

12.

13.

14.

15.

16.

17.

e
Gromov, A.A., Forter-Barth, U. and Teipel, U.,
“Aluminum Nanopowders Produced by Electrical
Explosion of Wires and Passivated by Non-Inert
Coatings: Characterisation and Reactivity with Air
and water”, Powder Technology, Vol. 164(2),
pp. 111-115, 2006.

.Wan, J., Cai, S., Liu, Y., Xie, C., Xia, X. and Zeng,

D., “Reaction Characteristics of Nano-Aluminum
and Water by In-situ Investigation”, Materials
Chemistry and Physics, Vol. 136(2), pp. 466-471,
2012.

Popenko, E.M., Gromov, A.A., Pautova, Y.L,
Chaplina, E.A. and Ritzhaupt-Kleissl, H.J., “SEM-
EDX Study of the Crystal Structure of the Condensed
Combustion Products of the Aluminum Nanopowder
Burned in Air under the Different Pressures”,
Applied Surface Science, Vol. 257(8), pp. 3641-3644,
2011.

Sabourin, J.L., Risha, G.A., Yetter, R.A., Son, S.F.
and Tappan, B.C., “Combustion Characteristics of
Nanoaluminum, Liquid Water, and Hydrogen
Peroxide Mixtures”, Combustion and Flame,
Vol. 154(3), pp. 587-600, 2008.

Qing, Z., Qiaogen, Z., Jun, Z., Junping, Z.,
Baozhong, R. and Lei, P., “Effect of the Circuit and
Wire Parameters on Exploding an Al Wire in Water”,
Plasma Science and Technology, Vol. 13(6),
pp. 661, 2011.

Meziani, M.J., Bunker, C.E., Lu, F., Li, H., Wang,
W., Guliants, E.A. and Sun, Y.P., “Formation and
Properties of Stabilized Aluminum Nanoparticles”,
ACS Applied Materials and Interfaces, Vol. 1(3),
pp- 703-709, 2009.

Georg, H.C., Coutinho, K. and Canuto, S.,
“Converged Electronic Polarization of Acetone in
Liquid Water and the Role in the n—m* Transition”,
Chemical Physics Letters, Vol. 429(1), pp. 119-123,
2006.
http://sdbs.db.aist.go.jp/sdbs/cgi-bin/direct frame
top.cgi.

A0 Ol oF &Lt O Jlo ( pockige 3 as iy 3140

[ww.SID.i


http://www.sid.ir
http://www.sid.ir

