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Preparation and properties of functional graphene/polyvinyl
alcohol composite films
WANG Xi, LI Ying, LIAN Hailan, CHEN Yiming, GUO Lu, WANG Qian, XU Changyan "

(College of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract; As one of biodegradable polymers, polyvinyl alcohol (PVA) has great potential applications in packaging
because of its special water solubility, film-forming property and excellent adhesion, however, this potential applica-
tion is limited by its poor mechanical strength and barrier property. In this paper, a type of graphene/polyvinyl alcohol
(rGO/PVA) film with good tensile strength and barrier performances as well as certain electrical conductivity was
fabricated by using self-made graphene oxide and vitamin C as a strengthen phase and green reducing agent, respec-
tively. The research was focused on the effects of the rGO content (1 wt%, 3 wt% , 5 wt%, and 7 wt% ) on the per-
formance of the rGO/PVA composite film. The results showed that the introducing of graphene into the PVA matrix
significantly improved the tensile strength, water resistance and oxygen resistance of the PVA based composite films.
In addition, the adding of graphene provided the composite certain electrical conductivity. However, the additive dos-
age of graphene had a threshold value. With an increase in graphene loading in the rGO/PVA film from 1wt% to 5
wt% , the tensile strength, contact angle of water and electrical conductivity increased gradually, but its water absorp-
tion rate and oxygen permeability coefficient decreased gradually. When the dosage of the graphene in the rGO/PVA
film increased from 5 wt% to 7 wt% , the previously mentioned improvement was stopped. Therefore, in this study,
the graphene loading of 5 wt% was set as the threshold value in the rGO/PVA film fabrication. At this case, the elec-
trical conductivity of the composite film, the tensile strength, contact angle of deionized water, water absorption rate,
oxygen penetration and oxygen permeability were 4.2x107 s/cm, 78.02 MPa, 84.9°, 38.9 wt%, 3.96 cm’/(m” -
24h) and 0.902x10™" cm’-cm/(cem®-s+Pa) , respectively. The experiment results can provide reference values for
the realization of the rGO-reinforced PVA film with high mechanical and barrier properties in packaging industry.
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2R PRA ) 5 s R R (A4l |, LIk e

KAk it A R A o A S (i 23 48 30% )
GUK (TR 25% ) , it B R e | A AL — il | 1
(el | s AeeE R BR A A
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1.2.1 RMABEZH(GO)#H &

KA Hummers 35 i) £ S M0 £ BB 0, #
VEA BRAESE 3 B & R A SCRE P A Fiak 0
1.2.2 B TIHBEE(PVA) G694 &

R IR (8 ¢) I AZEIE /K (100 mL) ,
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1.2.3 BEW/ R OUHELSHERGH &

il a8 i A A SRR TR B T A R R s
BEARIE 21 T (T m, R 41.88 g) , FENILA 50
mL GO ¥, JFE & 16 B it (BTt m, h 41.92
g). GOWIE p= (m,-m,)/V = (41.92 -41.88)/
50=0.8 mg/mlL,

WAL B (0.8 mg/mL) FIE 2 M
IR (80 mg/mL) #7238 1 WEC HHiHEIR &, FnA
ek R C(HHHE N GO 45 FRRER 10 £5) , HR
FHEK AR pH 7E 9~ 10 JL N 7E 95°C il
W SR T BEFE 2 h, 15 E) R R A AL R
(reduced graphene oxide,rGO) F K . )& , KFib i
A A B IRV B A SIS BE S5 L ( ELA% 90 mm,
AR YRR IR R S T R R A
SR RIS B0/ R LRI A T T A5 o o
IR 5% rGO/PVA AW, AnF 1 Fi,

*1 AEH/RIKEESHERS
Table 1 Formula of rGO/PVA composites /mL

Fe PVA ¥4 (80 mg/mL) GO (0.8 mg/mL)

1 10 10
2 10 30
3 10 50
4 10 70

El1 5% rGo/PVA E&HE
Fig. 1 5% rGo/PVA film
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Fig. 2 Mechanical test
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Fig. 3 Sample mask
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Fig. 4 Raman spectra of Graphite, GO and rGO
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B D )RR S 2 A B0 T A B
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RS E T T T S B LA ) i J2 IR 2 e
SRR Ry B8 I B J2 32 B AR A1 I V6 FH 7 24
. XEW GO 5 PVA FEMRA M4, A
PR, AR A0 SR T 40k 7% (B Sg.h)
B, 52 G TS A i T v o 0 P 8 AT 3R A SR
BRI S S R CAREEZ M 256

d

a.b:4li PVA;c.d,e f Fl g h:rGO M FTHEA3ES 00 3% ,5% 1 1% 1GO/PVA Wi

5 PVA JE#0 rGO/PVA £ A FERI L BT E 51
Fig. 5 Tensile fracture SEM images of the PVA (a,b) and rGO/PVA films

2.3 EERRRHREEE

PVA I vGO/PVA & A R 0 $7 {8 14 BE I
22, BRI SR AR ph R ULEL 6, Bl 6 Al I, 24
rGO JFU M ETE 1% ~ 5% W, Wl & A1 20 FH i 1Y 14
i, 52 A5 TR L o 5 B 30 5 HL > A AR B
B 5%, 52 A R A Fr 3R B 14 3] 78.02 MPa,
FLali R 2 M4 = T 81.82% , Al UL, [ R 2 M

BER R P g AT 820 B ST B TSR IR LR R
iR BEROFE ] IR s A B A 1
JreeERe AR R LB B AR IR AR , 1 H i A
SCYG T A B AE A R C AR A BRI IR A
RSN, 5 R IR W ] DU S
TE—iE R F TARGRAY S SR, RS AE R
5 Jiang S5 MBFFEARTT A, AT A B 24 A7 A0 T

%2 PVA E# rGO/PVA £ & FEHIHA L AL
Table 2 Mechanical Properties of PVA film and rGO / PVA composite films

[ B /mm PR B/ MPa BRI/ MPa WA %/ %
PVA 0.109(1) 828.78(42.4) 42.91(2.6) 114.53(9.3)
191GO/PVA 0.152(1) 1415.63(39.7) 52.84(2.9) 83.48(5.0)
3%1GO/PVA 0.158(2) 1699.92(45.1) 65.68(3.5) 72.40(4.1)
5%1GO/PVA 0.170(1) 1824.00(56.8) 78.02(3.2) 43.74(3.7)
7%1GO/PVA 0.175(2) 924.05(31.9) 30.16(2.3) 4.25(1.7)

T AR TR 3 YOFRIFIMH, 355 P o brififn 22 .
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Fig. 6 Stress-strain curves of tensile
test of PVA-based films
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Fig. 7 O, permeability (a) and coefficient (b) of pure PVA film and rGO/PVA films
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Fig. 8 Water absorption of pure PVA film and
rGO/PVA composite films
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Fig. 9 Contact angle test of pure PVA film and rGO/PVA composite films
%3 PVA [E7 rGO/PVA E &R
Table 3 Contact angle of PVA film and rGO/PVA composite films
FEAR B PVA 1%rGO/PVA 3%rGO/PVA 5%rGO/PVA 7% rGO/PVA
7K/ % 130.0(8.2) 100.0(3.6) 75.0(2.4) 38.9(2.6) 42.9(4.5)
Hefifas (°) 32.4(2.6) 56.3(3.3) 74.8(1.6) 84.9(0.8) 81.6(1.5)
TE GRS 3 YOTSRFCEIME, 155 N bR 22
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FEAYEON S0t A B S 3k H) 42107 S I .
o/ cm, FAA ROV 3% 17 SEHR G 5 A L ot~ | | |

T4 280%., {0, #5200 H & i ot — 201
i, B2 T S R B A B 55 A Y A AR
JEi R %I A ) S L R 8.0x 107
s/cm AN FC A TR AL 3% £1 B8 I I 2 5 T 4

PVA 1%rGO  3%rGO 5%rGO 7%rGO
/PVA /PVA /PVA /PVA

E 10 PVA % rGO/PVA S5 HENSHEIEEEE
Fig. 10 Conductive trend of pure PVA film
and rGO/PVA composite films
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