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This paper investigates the curing behavior of epoxy acrylate/graphene oxide UV
curable nanocomposite. Also, the simultaneous reduction of GO nanoplates during
UV curing of nanocomposite containing type Il photoinitiator was studied. Optical
and transmission electron microscopies showed good GO nanoplate dispersion in UV
curable matrix. Rheological results illustrate the shear thinning behavior of UV-
curable nanocomposites so that in high shear rates, the viscosity of nanocomposite is
lower than that of UV-curable matrix. Real-time FTIR analysis shows that GO causes
a reduction in the curing rate and final conversion of the UV-curable system.
However, gel content results show that more UV intensity and curing time led to
perfect UV curing of the nanocomposite. An electrical resistance study on the UV-
curable nanocomposites made GO reduction during UV irradiation, evidenced by
halved electrical resistance of the nanocomposite in less than 150 seconds.
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3- Reduced graphene oxide (rGO)
4- Polyethylene Glycol Diacrylate
5- 4-(2- hydroxyethoxy)phenyl-(2-hydroxy-2-propyl)ketone
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1- Carbone nanotubes (CNTSs)
2- Sintering
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Figure 1: Interdigitated (ID) electrode used in electrical conductivity
measurements.

5- Transmission electron microscopy (TEM)
6- Parallel plates

7- Real-time FT-IR (RT-FTIR)

8- Propylene film (pp)

9- Logic analyzer

10- Interdigitated (ID) electrode
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1- Isopropylthioxanthone (ITX)

2- Tripropylene glycol diacrylate (TPGDA)
3- The modified Hummers method

4- Homogenizer
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1- Gel content

2- Gaussian function
3- Few layers GO
4- Shear thinning
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Figure 2: Microscopic images of 0.5G nanocomposite a) Optical microscopy (500X), b) TEM.
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Figure 3: Complex viscosities of EA and UV curable nanocomposites in different shear rates.
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Table 1: Final conversion of EA and UV curable nanocomposites and reduction in final conversion.

UV intensity Final conversion
(mW/cm?) of EA (%)
80 36
40 28 25
20 21 17
10 17 14

0.5G

Final Conversion *Reduction in final Final Conversion
% conversion (% %
34 5 31

1.0G

*Reduction in final
conversion (%

11 22 22
19 15 29
20 11 36

((Final conversion of EA-Final conversion of nanocomposite)/Final conversion of EA) x100 :awloe ogox™

walizee ol glacas ;o 5l iy jsmlS 6l coy (U8) adgl ey :Y Jgo

Table 2: Initial conversion rate (1/s) of UV curable nanocomposites in different UV intensities.

UV intensity
40

0.0560 0.0152 0.0008
20 0.0045 0.0013 0.0006
10 0.0013 0.0014 0.0008
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Figure 5: UV-Vis spectrum of GO, ITX and UV source.
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Table 3: Maximum conversion rate (1/s) of UV curable nanocomposites in different UV intensities.

80

0.265 0.129 0.024
40 0.090 0.048 0.022
20 0.018 0.017 0.013
10 0.015 0.012 0.011

e Gl G 15 b la sl 5 Sy Aty S 0 bt liee 1F g

Table 4: Conversion at maximum rate of conversion of UV curable nanocomposites in different UV intensities.

UV intensity (mW/cm?) EA (%) 0.5 G (%) 1.0 G (%)
80 8.31 151

17.00
40 ORE 7.09 1.48
20 3.26 1.62 1.34
10 2.34 1.87 1.02
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Table 5: Gel content of UV curable nanocomposites.

Gel content (%) 98%

7)) wilowsle 8L
it slaganse b J5 sloiome lade Glgioe & Joux o
s 0,5 ssalin |, 8,5 ST Gl jolie ol 5y b
3 =S Lomus GralS cely 81,5 0lST jgas dies o ol
Ol Sl ol @l 50 358 o0 il slaailel J5 (slyione
O8LS aST jgam oS al cowlive il ladleln ol o
G903 2l R 595 2 658 VL la b Bas o
SYL Sas o Wadiges o905l o) pleil gl el 4y az g Lo yls
oo ail B cplplo waals J18 manld ml cos i plog g
ST L.mQ—I GnJo—s,® 0 a5 Sladigel alax> 3l dadigal don
Jj sle=xe LAQT ploi g 0uls ploxil JolS™ jobo a4y o )lo 3429 315
S g5 oo a5 a0 g0 lias azl 1l asms oo plas oYL
ol o jleslewl LTy 5 ol asbels oy 31,8 aS]
G g 00,5 Sl ool o U s ol Gl Sae g SYL

Bl s LS

98% 94%

= 54_J5‘ g_A.C)_...)).v Os)r{.c aS el dilolus 69)4‘)5 s)ilé JALC
Ol e e Sl Sl S LS 5 oy e e Aty
(a2 90 ) By s S )3 oo Gliee OlFir E9290
S| i Canl 0ads ools L § Jaaz j0 a5 jghailen ol I3
Fos e LidlS o (ranl 8 ol slaas aen o (815
SLags e 53 55,505 (Rali8l sl oo aiinn Cep o
Sty e Aol o Jled sledsss I el slire 4yl
39 365 550 JoSlpn SS  es31,5 I3 b e o 4
69_.0940 yod 9 o Qsd.?:.a u.)..»d),o..\l) Lgtb rMS " ‘9 )Lw.u‘ Al>)A
Secl g oS it 1) ol 6 peudy (Sanlilos anl,8 Qilgs oo
Vo) oot allalw (ot 551 Gy S mony 4500 S 0
(YA
oy 45 1y 53,8 ST oSS e et g
331 3l Oloise GRS (1 b ey 5l g 0t iS85 2l
S aas e s bl Ky 5 slsims o5 eolizial 3 (slyione
i i 50 99250 5L ,055l 5 Lo sogise 5l (l5ee az
i 50 STy gy Lol 5l liee a2 g 00 (5 peedy a0

AR FOEPIY /K5, s o9 9 Poe (pole & i



DS ST/ My ST S g3l 33 191015930 oyl dilobw casty JUB) 9 Yolgd (w22 / YLD 9 3 335 pém Ailawns

]bLoJ 39 99y )Lla.u‘ as L;t)yo B J.’LO‘SA ‘;L wb 9 Md(io.;
A S S Canglin 5 5L plasl o 8 Lol a3 o ials oo
o OlsSee ooy (ol edy sl S oy GRelS atusy ok
2,5 o Ll Lol calire Jolie o 4815 ST 6 1l )50

L damlie 0 655 s)luly 5 5V 6550 o (815 anS]
OIS 9enST (59, p &5 (a8lys g oGSt slaog S0 ls (1S
Si-l e Glidl g ama o j0 zlagel sl cely &jls 592
(593 45 o051 laog S Shass ez o 55 o 3 2yS]
A 5318 aST sl 0ad e 5 ls 092 g 4815 ST e
o ol 055 on Loy I3 T (6ol 5 00 5o 15
5L wlowsle (BL )T (59, 2 45 (5,508 05T slaog,5 0,5
L, @Yl jo oauay cpl cdls aalgs g minn (655l 5 Loy 4
OS5 ST 2l 5 Gyl bl 5o g 0ad oo glusl 1 gl
- Uw.o.u‘)J u,\ub ﬁLil.as 5o M)LSA)EJ 4 Cowl 00 sdmliv 5%
ML’ YO wdf)‘ o9 03 .)L?u‘ ).1‘ U"‘ ),u C«J)y.nls 5JL’ &9y
5 03T S i ol (ol o3 5301 S Rl Gl ]
3o J=dS e 4 0 ad 0929 (SO ST Cglae iy ialS
ale e (8L ol Lo yar (SO Sl caglin Jlade o) ol cuddS
AAPARD)

1- Saturation effect

2.3E+06

gl gl oy (o 53 3155wt b oy o YT
OIS 2eeST Sl W9, (o) 2 Sl Lo hs, kel Sl S
OIS deeST sl ol 8 ool o (Qbls) Ol (o) 2
ay g ot Bas w8 mhaw (55, 45 )10 5ST slaog S
IRl O3S apST Ao (QUle; Glie 950 4h e 5 o
590 9l (bl (Rali8l co £9-b9e (nl &5 WS (o0 Ty
o=l 50 Jdd el 4 (YYYY) 0l slys (31,5 anST g9l
@bl Ol (G815 98T Sl (s 2 Sl G55
obes Ly il 8 (b 5o )0 1S 0T (9l o jerelS sl
Ol = 5T S gy sl izmen 285 )18 (o) 0 950
@bl Sleti Glie (b5 e 15 0 ST Lo
RS L g 4B )13 (o) 9590 ITX 900 9 b S90S gl
10 coyipels 5l oSSl Canglio ol i # IS 0 dnylie
Ol il 8 g9 Gl e 1 ITX S5LET 90 5 1 G
.AQO‘SA
OSSLEl g sadsesd 5o (Se Sl Cuaglie (alS e
Slrio 1 Ghiilyd 6550 IS 23U 4 byye ek jsboay
eSSl Eglie 05 oo oanline a5 jslilan el 31,5 apnS]
aS Conl 00,5 oy ials ao )0 00 sgu ygmwVge 3 Sy >
Bis dcl gogum L auily juanl, s by aes oo olis
S o5 5 BS sS55I 5ST sloog 5
Gl (pl WS 0 azgi Gl Jlogad ol jo aF GlaiSS gl 31T
CbdS 5l G s S o3l Gloj ples yo il 2 A 3929 L 45

2.1E+06

L9E+06 -

L7E+06 -

LSE+06

Electrical resistance ()

L3E+06

LIE+06 -

= 1.0G (without ITX)
1.0G (with ITX)

9.0E+05

7.0E+05

-20 80 180

280 380 480
Time (s)

o mMWIEM? ous b a3 il e ITX ST s 5 L10G aiged oS Sl cuaglive ol iy 3 S0

Figure 6. Real-time electrical resistance of 1.0G nanocomposites with and without ITX (UV intensity: 40mwW/cm?).
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Figure 7: Raman spectra of GO and 1.0G nanocomposite and ID/IG ratio.
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