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ARTICLE INFORMATION ABSTRACT

Original Research Paper Nanoparticles are being used nowadays to improve the mechanical and structural specification of Fiber
Received 03 December 2016 Reinforced polymers (FRPs) due to production of hybrid & Multi scale composites. Electrophoretic
Accepted 30 December 2016 deposition has been utilized to deposit a smooth layer of carbon nanoparticles on the surface of woven

Available Online 18 January 2017 glass fibers, and later in the fiber/matrix interface of composite structure. Initially, the experimental

parameters in deposition of CNTs were investigated. Suspension concentration, field strength and

ﬁ:m:,:ﬁiér shear strength process duration effects have been studied on the quality and quantity of deposition mass. Then the best
Electrophoretic deposition situation has been used to fabricate CNT reinforced glass fiber-epoxy composite to evaluate its short
Carbon nanotubes beam strength and also quasi static indentation performance subject to lateral shear loads. Results
Quasi static indentation demonstrate the salient effect of grafted CNTSs in the nanocomposites interface on their mechanical

N it - : . - .
anocomposttes behavior. The interlaminar shear strength of prepared nanocomposites has been increased by 42%

regarding control samples and 10% improvement achieved in their quasi static performance. It has been
shown that there is a range of optimum values for field and concentration due to stability of process and
also deposition mass. The stability of process will restrain the field and concentration in the process. In
best experiments the current density values were surrounded between 0.5 and 1 mA/Cm?. The effect of
field strength was around 8.5 times, but the effect of concentration was around 5.5 times. The current
density diagram was steady in stable processes and the first three minutes of each process known as the
effective deposition time.

Please cite this article using: 2w Lo 03Uu] o3 Oyl 5l e ol & glayl g1y
A. Haghbin, Gh. H. Liaghat, A.M. Arabi, M. H. Pol, Improving shear strength in nanocomposites through electrophoretic deposition of carbon nanotubes, Modares Mechanical
Engineering, Vol. 17, No. 1, pp. 462-472, 2017 (in Persian)


mailto:ghlia530@modares.ac.ir
https://dorl.net/dor/20.1001.1.10275940.1396.17.1.44.4
https://mme.modares.ac.ir/article-15-9065-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1396.17.1.44.4 ]

Ql)lSo.m’wé;wl

O SAlgIsil S5 x589 35Ul LESAY ) & (6 20t S I9a0lS 93 b ps LAl yingl 331

36 aihis ;o b Silr g e Jl .l (il ol ol 5 ons
LS sldlglal e wsm CuieS )y (Ko i Jole 50 a2 Sle
5 b Jolse bdisn CodS ogad 0 baign CueS 5 (o SLJ
Slahgy 4 Sal p3¥ 45 Aid 00 (pead (J9Sge JlSLe 3 olend
3 5 009ed b i St sladisy Sbml 4 1) ZojelS szl e e
L ol5i oo 3o gy CoaS 3590 50 0,8 o8l G 558 Cgr 50 wm 8
oz Fye slaghy, jl eoliiul (pizen 5 ()5 Sl Glre s
a2 shieplSotil 2l g esgal S 1) 5l cnl Ll (il suiSTy
2,5 oaslice ) I3l 5l eolazwl iy

#b 3 g (i SU s youky (n) 5l JSie 5y le 4 (liws
Sl wws s 353 5l edemn sla NS )L 0 (armlie Cunglie (Ul a5
odnd JSi5 slajls memo pleanz 208 (ALl wiedus (sloged 4
5 oolizal g o Lo ol o Sl ol bl @Sl plias
81955 00l el Sy ) gl Jlatul 4 e Jsliie el gla g,
5O 0dS Cuell  ewbbesiz LSl obml Glp IS b 4 s
2 Oy 50 @ S bedlgdsil (SLIL ealicasl (g reely sl jselS
Wgd g0 oolaiwl Co el gl L

ORen bolie JSi5 5 ey (il 50 ol S (39580 -1
W j9eelS Cle jo eolaul e ¢l Olyd- ey
G ol 51 oolicial 5 oaiiS sl BLII g5, 56 3 Jlasl -2
(S CajenalS Sl o

oedsl 9] Ll awgs 1991 s 00,8 clodlslgli AES 5l
o cogl lie o S Gl sSle oty dseg 6ln e
S5 50 Ll GlocellB 5l oolinal (izman 5 slge (l il sl Sy
@ Ol S8 59 ol Oles Lawgi g (uliie )3 0adlugl g (ng Slge
boaglsil adsi 9 s (Lllie jlas ohlrl cdndy ©j50 (0l5 oo
Gtwmals cale o 1) o Gl b o) 1 1994 55 s ()5
S Sl T 51 Gy w2 54 sy 4 LT 25380 (hs, 42 (s pealy
5 SR odllusl dine) il WF Cur GPLS sbSeSS L
[12-10] ol s 48,5 IS5 (6 yoely (slocyj5els il yo cblyiy

Sldslsls Jlgas jomdsn i 52008 Jlo ,o [13] o \Ken 5 08
el yo Al (b, 5l eolitul b g 00938l (Sl (05) 1) 0
Oy JUST ol 3 50 sy wedas Gl sbal b s S (a g jgrelS
3L JUEl 5 B b aims Gill culbhs gz o 1) ladgdgil B o
Sladiges slp am )3 008 Djge S he mhae )5 Aol 4 )
@ ouds adlal S slealgleil Sis 0w, 2 91 0.5 polis b ool asle
33% 5 21% 10% Joie 4 s s oY e by Pl pacly
shr Pl Ui carge Wl el gy ISk 4z STzl il
30 [14] )5 g 451, 09 0o ool (53, Godiges 4 Comnd o jguelS
@ Comd Shg 20,0 0.5 5 0.3 0.1 polie o1y )8 sloalgdel 2016
21 oS Al Sl belie 5 00,5 Blal ol a4y (Sl o
@l oS esliul fws ez Ghgyar aded SLI CojselS as
Ol cond ag sladiged (23 plSial 5 Jodo sy 5 ool Cesey
plSoinl g Jodo Jlade (onSal ;o )8 dglgil 0.1% og58l L ool
Sl welss (33 33% 5 11% (e @ o 4 ol Cujeels iiS
@ ey omrle ol A Fge JUSH ) (2L Wi oo (oleP dgute cnl &5
WSEST ol R G 5l w3l Cajeeels LSl o eSeties ey

463

dodo -1
Sroah Slacajeals ohgt Cojsals Slge glgil 5l oslial olie 2l
s e 0ad cge (5L b o eanSeagl UL
Slge ol 2L ose 4 psle Alize slooje ) Kteghy Slidos
e g oduzmn sboojle o |y Ll 5l eolatwl i) g ool glase
Pl S roeh Sy jeals axio (9,8 (oly> 4z ST wle e wiadsn
S plSinl 5l speme sl L 50 5 e3g (gl SUI oly>
wile dil (pom Home) Culied sbiwly jo oles (Jg s Jls )95
oaiS sgame Lol helse 51’ (Fasal 53 Cunglin g b el
pas whns (pl Lol Jole [1] 548 co (5 slojles sl oIS 10 slga oyl
Ol b agrlas po B ok oo S e mhaw allaie )3 (SIS plSouid
o &8lg 5o [2] sl sus aislis sole jo snl dgz g lo i 5l g5
Sroch b 5l Sl Sada (B ot plp 0 slge (ol S i
S 22l b Jlesl la)l Joou )5 oaiS sl SU pem 5 03
aS oduzn slrosle ;0 (srendy Sy emelS (6,5 5wl by Wil oo
3975 Shn LGS pyaar esle 5 1 g5 o gods Sl Ll o
liios 5yl 5 aile ole ol S ite g Cusi 5,8 s Wyl
Sz S Sreeh pmile Cusl Cuzr plap il sbnl ez )3 g
TslY o i Sl alez l lge ol (oye ) Sgatp 5 sl
5 el sbal 4 Glsise Sliios ol alar 5 el 43,5 50 Ll
WS e e ob 4 |y by 45 55 o,lal LI g5, 1 cwlis cqx
5 Ol Ul a4 50 9 (gl (G I aeils platy) e (Js
Sy ealst Jlaw 2y 1) 2l Jyame golaill 48,0 5 oad g ayje
30 oS sldlgdsl g 35 3l eolwl aiee) ol o JHse slroly 31 SO
ol 0390 j9ualS LSl

EPRRERIE IRt R TP NGERE B TS
Sl oslde (ul 98 4 pamie olsd Jds 4 (cwaige it pole )3 (0n)S
3 A eolaul Cy Wl g mn oyl S9n zge g 039 Slge
51 ooliul gladie) oy 30,5 5l (S 8-3] ol s il sla F5sg
o 5l 4 s oS e olge il s shb s S ladlylsil
o5l olsm ogdle aBly o el 0oy andly W) (SilSe ,l8, b oLl
Ll 51 olgsse elge ol 5louds (15 (Sl s aloyS ((Sle vl
25 ol (G g (e ol polie Gytie b jsebs olge plsie
Soe 0 (Sready Olge jo Sliegas iz b wbidesll OISl eolatal
Ok hol Gus a4z STad gize (n S sldlgdgll @iS I o a6sS
Jy Sl 009 Cujenals LSl 4 suaa (Susd 51 (0938l G Kaagl
SenBye ;5 3lge ol 5l e eolitul (KgSa Jod 51 (Blas ol a0
9039 (o 2590 0lged guimo Gledez bg 5l e 4 g cenlio Sl
el 0l (6 et Gl iy 4 e

Pl § o2 @ gl Cond b (59190 )5 sladlgdgil &5 Lx]
byl Cojorels ojlu o DS cnl (oged oSy it oo YU jlews
ool 5 i JES! sl xS )53l crge csi LI
sskar g (o ST S 503 (IS L eizmen 5 ot Sldsil &
50 b wwle eole [LSLe jo s Jlatl #5016 sege 4 e IS
Joztin 1) g yauas gl is Wlgh oo oole e is Wil Sgupy (ol 4

! Delamination
2 Interlaminar Shear Strength (ILSS)
® Interfacial stress concentration
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2 Chemical Vapor Deposition (CVD)
% Sizing
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! Vacuum Assisted Resin Transfer Molding (VARTM)
2 Nano-sized Reinforcement
? Silane coupling agent
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Fig. 3 Deposited glass texture prepared for indentation test
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Fig. 2 Nanocomposites under short beam shear test
Sl G oy plSol iolesT )0 e agd slacy jerelS 5l 2 S

5 boialejl creml 6264- 5o s laslinl b gllae | Soslialacs S35,
ol Sl 038 a4t SlocyjpealS il iges (85 plaxl sl "I el e
b ialey] s asly e Lo 1AXT0X70 slol b gloasio ilssl
2o ke 225k ylad b Jlesl caz Jlojpiisn (R4S olKiws Lo
Aok a8 )T 8 celie a8 50 ladiged (B JSE) 8 plnil aids
bl b sl (Bl teles 50 k8 4 lonls ralesl o5 ailes
50 Ailad 4 005jA s s o due 10 k8 &y laslgial sloassjas o

eetS Sl 0.2 4l iabesT ol

S g mls—4
T 59198590 (o2 —1-4
GlopSe Loy ath Gl oS sldiyli ot kS
4 JSis ;35000 53000 sla ploiS e b "oy 595U 5y e
Slanline g edel Cawds S,z wlol 5 sl S5 a0 03Y ol sns )|
905 ags (5L CBle b gribiangus az o 585 2SI AL T8 o 2w
5 a1, £9,0 b g dales ol en (5,0 b T (g5luoasSTs aSGT 45 0gdle
Sy e 4 bl Ll asitie ps oSy 40 05 > 4y l3gl Lo
3 el oy (gemibinsges 5 1y il mes Ll 5 005,

boes g 009 awmis B 55k b wSe o ax 51 ass ol
Slion 35 Sl 5 Ly wllaion Sl CES 4 &g
5 Sl oY cplply 0,8 cdslin j5Sde Yl o 1) sloog slaceis
Ll b 288 5 o |, e SIS o sloaldyll sy
Conlid CodS oads JpuS Iylypd o 008 el oled ol eliaegl
Cutbgn i 55m 5 B UK 55l ke sl 4o 56 S8
B USS o o)l add GLIN 4y 0,8 sladlglgl Jlasl 5 o8 > o ] 3
4,5 ol 05TUsS slagilail s (S Sladllls Cunts SIS,
0.1 slacdale 1o Canis o X Caslag a5 jghailen .ol oals sols lis

50 (S sl slaglons ol izmas 5 Ggaadling ) 05 0.25 4
ol o0lidl 3Lt e il 5 &dg 150 G

! Quasi static indentation
? ASTM D6264/D6264M-12
% Scanning Electron Microscopy

1 opleis 17 0531396 (12355 8 ()0 Sl i


https://dorl.net/dor/20.1001.1.10275940.1396.17.1.44.4
https://mme.modares.ac.ir/article-15-9065-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1396.17.1.44.4 ]

ol)&o&gw&;wl

O BAlgIsil S5 x990 35Ul iLiAY Jh9) & (6 r0sl S H9a0lS 93 b ps LAl gl 331

Current density (mA/Cm?)

3.0 1 C=0.10, F=200 C=0.10, F=100
[ C=0.10,F=20 ---- C=0.25, F=200
C=0.25,F=100 == e= C=0.25, F=20

25 F e C=0.50, F=200 C=0.50,F=100

[ . C= Concentration, gr/lit
| sssess 5 = 3
| C=0.50,F=20 F=Field strength , V/

................o........“‘........

0:00 0:28 0:57 1:26 1.55 2:24 2:52

Time (min)
Fig. 7 EPD process current density over time in CNT deposition
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Fig. 5 Macro images of CNT deposited glass textures after different
deposition conditions
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Fig. 12 Quasi static indentation test on simple and CNT deposited glass
composites
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