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Preparation and Properties of Graphene and Polylactic Acid Composites

XIE Yuan—zhong , XU Shu—yan, ZHANG Wei—li, MENG Ling—xin
(Northeast Forestry University, Harbin 150040, China)

ABSTRACT: This work was aimed to obtain polylactic acid films with good barrier properties and thermal stability.
Graphene was added into polylactic acid to modity it. Graphene oxide was prepared using the flaky graphite by the improved
Hummers method. Graphene oxide was reduced to graphene by thermal stripping method. Grapheme/ polylactic acid films
were prepared with tape casting method, using polylactic acid as the substrate and graphene as the reinforcement. The
structure, thermal stability and barrier properties of films were tested. Infra—red spectrogram showed that graphite
intercalation compound with COOH, C = O, C—O—C and C—OH functional groups was formed when graphite was
oxidized by the strong oxidizer, and graphene stripped sufficiently by reduction. The thermal stability performance and
barrier properties of graphene and lactic acid composite films increased with the increasing graphene content. Within the
scope of the test parameters, the thermal stability and barrier performance of the graphene/PLA composite films were better
than those of polylactic acid film.
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A3 SN A S 40 mL ) CH.CL, #7531 1 h, 15 3114
SIA I vGO W, SR 5 N A 2 ¢ PLA JURL , 16 ) 1
FEh BoE VM BT IR A VBB S 10 min
PLZBRAH, SR 5 I A8 AR, 2 0 R CE 24 b, REVE
¥ K524 5, BNAE 5] PLARGO &4 Ml , 2 B /e
PLA/tGO 0.15, PLAAGO 0.2, PLA/tGO 0.25, [7] B il £
SR FLRR TR LAE XTI

2 MREMIX 5 EHRAE

1) R MLIAMERE 38T . R FH 26 [ Perkin Elmer
N #Y Spectrum400 FUE B 2T AN EIEA (FT-IR) , 38
it KBr 54 100: 1 e @IEF TRIFES |, SR )5 A il R
FH T B2 450~4000 em™ , FHIRBCH 41K

2) BHAMEREIIR . SRAHTE R =2EA F] VAC-VBS
JE 2 3 SRS 14X, #2 B GB/T 1038—2000 it 17
7

3) iEMPEREMNR . SRR 22 6 A R TSY-TIH
VPR TR, MR 375 W AR VA i 2, 4% R GB
1037—1988 C Y8 Ak JH B A 1 4 425 7K 28 S PR 50 ik
PR DI, 03 B oy 38 °C, AHX I B R 90%
W EAR R ¢ 74 mm. HFIREE & AR AR, 52
B G 53 IR K 28 ds 1o it K 28 i i R B0t
VL ) S MR A T AR,

4) BINFEEE . R B CAAESA
PR A ) WGT=S #4335 O 38/ 55 5 I 7 A 2k 47 328 Ol
J& /55

5) Bt B, SR 36 [ TA X882 F Q600
SDT #AH 43 BT, 76 R AT R R A #AS i 1k
I, TF R E R 20 °C/min, P4 I EE A 30~
600 C.,

6) F3H L T A4 (SEM) 2R ] 26 [ FEI 2 &) Y
Quanta 200/EDAX Y414 F1 7 B 338 .



371 oW

TCAPAE A7 S/ RFLIRE SRR s S PERENT ST 9

3 #R5iTie

3.1 GOFrGO LISt E

FRE R L AN WL 1, A 88 RO 20 Ao
2R -0, B RE A R AE WA 55 5 L E 3432 em™!
B AT AR AE I X R FH T B8 ) W, TR AT e 2 P
TSR ORI IR S A 1", GO K%
Ui B E R TR TV 2 & 5, 76 1733 em™ B
IR FRHIEIE R GO )2 R 3k FRIEP iy C=0 fif
YR BN, 7E 1400, 1247, 1054 em™ BRI H 50 (74 0 i 16
I3 ZEoR GO HER LR OH 25 fhR 3h R IL Y C—O il
iR s C—OH MR YRSN , 1630 em™ IA45 AR FHE GO
KA OH B IR 3N, A GO A GO FFHE A
TR AL, A B AR 19 vGO 7E 1733, 1400, 1054 em™ kb
PR AIE W A e B S A5 /0N, 156 BH AR B 08 GO 1B g AT
A3t H R WIS FE X U RT A 2t R B IR
JUE A A R 2 B R A 5B T A S — Ry (B
o AU E REAT AR B

- r{i_!l A
| T __.--\.-|I
L3
ol il .I e
Iy |
L
2 '."1_-!-:-" : T
w FEg. .
W AE00 SN0 TS0 2000 15 F000 - Si0
;,'E‘_ﬁlll'lll 1

Bl 18 GO RIGO LI
Fig.1 FT-IR spectra of graphite, GO, and rGO

3.2 F|HAFBHRINABHBBRAFH

GO, GO TR I A ULIE 2, NI 2 7T LA
GORMGOMIEEZER . FIZIRGOMEBIE &, 2
RO, )2 MR TE] A /IN 5 T vGO T8 A FE 4%, B miAn
JZ E) R B 4K, B AT GO Hh iy & U E e T & R
G, KT O R

3.3 HERMELH

AN E A PIER e UL IR 3. AT LA HH A
T E R A TE 240 ~ 380 CYEEIN, ik R —4 45
A, URBH TR RE S B T — 25 R 1, PLA
BRI S 240 °C, B TR RO THES , 4 =
PR e KRR FE IR EE S 330 °C, 75 360 °C A2 AT g

li. paLd

u LAl

K2 GOAIGO [y SEM
Fig.2 SEM images of GO and 1GO

e A A B G, PLAGO & & IR 1R 1 77 i
TREERKF] 300 CLEAT, B A EHER G #offf 1R E 2
LR T 2960 °C, YA B0 T 50N 0.29%0810.25%
Asf, e K2k EE IR 4301 R 350 A1 360 °C, 28 1120
JE 4514 370 1380 °Co F LRI UL, 5 40 5 LR vl
FEL , vGO I A (2 35 b 5 T PLA &2 45 W 1 448
FEVE, AR T PLA BN T . X Fp g kK%
B R )2 MR SRS W S AR 3R S R A Pk
Fa g Ve R R AT I 252G O (1) 1 IR G5 2 7R R 3L
R - AR R FL R o b AR IR Y ok
Peimat B R EGE L, TS B R R g —
APHL, BN T O B AR, AT RESE T
Rt i s GRS IS B v GO T A B g
(—OH FI—COOH) , iX L& & FEL A 5 R 2R 4y T2
[ 7= T o FIRIVE R 1, RALER 4 B, S 2L Ui A
IR A S A Z R 04T AR, BT R
a8

[ S——
-H'H.

il f}
% o A N PLAR D2
Z \ ’fﬁ.ﬁ:ﬂ:rwcl_zﬁ
= \
= A !

il %

T T T R T 1
I

ANY 24

BI3 AR Y TG 2k
Fig.3 TG curves of different samples

3.4 HESSMKZRSETHE

AR A B KR s AR 1. R
R A8 St il 6640.964 cm’(m?+24 h+0.1 MPa),
IKZE R i N 248.88 of (m?+ 24 h) , g A% BHL b 78
B, B vGO it B 3E N, 524 AR S A
S FIIK 28 g ek A0 S ol A R A 10 S B % L o



10 4 e

# 20164F-5 J

A Ho GO Bt 0 N 0.2% MR/ 28 i
i 0.25% /N 33 phy T RE IR BE A7 A 22 575 |k
(1, ks S B I R R A B R B(OP) UK 7%
oI B UK A8 g RE(WVP) SRR AL
AR RELRR L , LA SRR H JBE B 5 R A 2 S

®1 E6HBENESETENKESELE
Tab.1 Oxygen transmissibility and water vapor permeability

of composite films

A1 B AAREN Y KRR
8%  (em’>m™-(24h)7+ (0.1 MPa)™) (g-m™-(24h)™")
0 6640.964 248.88
0.15 4034.500 202.08
0.2 2509.436 178.68
0.25 1458.128 182.94

BN A RE S RBAUKZEE L R B
& 4 i 5, H b gl R LR IR Y SR RGBS R
285.56 cm’+em/(m*+24 h+0.1 MPa) , /K28535 i R 4L
A10.70 g+ em/(em’-s-Pa) . B ZE rGO Ji 5 43 B0H) 42
T, TR ) U RB R BGEETE 1GO T B
0.15%,0.20% ,0.25%H , 8Tz 1 B e 2 R 3.
iR AL i 1ok BRI 56.51% ,36.029% 1 19.91% , BH
ATEREWI AR & . K ZERIE T REHE xGO 13 e
/NG TR E , 1GO i 5 43 Bk 0.15% , 0.20%
0.25%I} , 7K 7% 385 b 72 85053 30l Sy 2 5 L 1 vkt B 1)
74.39% , 68.45% 1 69.22% , 7l W4 vGO Jii 243 $0H i3
0.2% K}, 4k ZE 38 i vGO I 18 70 BOF AN B Pk — 2P 42
e A X K ZE S BHRR PR BE . BELPR 1 RE A 42
FEREH T GO F A RILR T, 8 A6 24
¥, IR 37 ) 45 25 S SRR o3 F- B T SO 4t 7 45
A3 TE , /N L UTE A s 0 SR BBl 1, ASRE B
T E R, P RN TS A A BT R
7L T TR v 114 o B AR G T, DT R R TR A X
AR ZE S B PER

114

k.| k.
= oagy T,
T e H"‘\-\.
=3
A Mg
1 -
—
el b A
sz I .
] "
e z
1 1 .
= o
A= iy *
Y I T S [ R T

1 ARt 5 s

K4 SZa i S UE R R
Fig.4 OP of the composite films

r Fal
-
L2

¥
rl

S~ -
§
.-

.
T

e

R R

=

e
-

A 0 13 N s
£ Tt s

K5 ARSI R
Fig.5 WVP of the composite films

3.5 HIRENXEMEE

52 G R I3 6 2 RN 55 B Bl v GO JoT it 3 B AR 4L
15O ULIE 6 T 7, HUARBEE vGO [T 43 B 3G
PLA/GO 524 TR 175 Y0 56020 [, 25 B Tk
B4 rGO Ji &0 8% T 0.20% 0, &4 W A5G %
I5AE 90% L b, 25 FETE 2% LA, AT WLAE I3 Fl N GO
RTINS T 1) 28 I R RN 25 B S AR /N . A SR IE TR
PR 0.20% 0, B G A B CR SRR, %
JE 2T

Iy
. T T ——
¥ b
. b
2 R
Wl
4' L L L i
?!- nas imlo 45 X nas

{0 A M

K6 EAMIRNELR

Fig.6 Transmittance of the composite films

LAl

Hl

s

o

=t

]
_—d

- ——— - R P A

TR A TR R R
i b s
E7 EAHIRN S

Fig.7 Haze of the composite films

4 £5iE

K FH 2R 2E ) Hummers 285 R R 8 F bR A 25 1) 5
A B (GO) |, SR IF SR A B 1340 i ) £ A B M
(rGO) , T ZH rGO I PLA YA il 45 Z A48, % H
S5 B AR AT T FSE

1) 1 8B40 ER15H GO B &8 T RE LA, #1



371 oW

TP A A7 S RFLRE SRR s S PERENT ST 11

FIEE 1 GO B AR RAF, BB 7857 .

2) B rGO i - B3, 52 A R Y IR
PEFE T BN vGO Jo B (4 AL 46 o3 L L Sl SR FLIR
TR 1A 60 °C, 20 b5 Al T L 2l SR ZLIR T4
10 °C.,

3) 1GO BIMAA BT T 2 G B A BH R 14 RE
A G VR B Ay OEL A R L A L 2 R L e v A 53 i) o
LT 1455/ 2.78 4% .

4) rGO Jit it A BRI 0.20% 5, vGO I A KT
82 I 155 G RN 25 B R MAAR /N

SE -

[1] MIKKONEN K S, TENKANEN M. Sustainable Food-packag—
ing Materials Based on Future Biorefinery Products: Xylans
and Mannans[J]. Trends in Food Science & Technology, 2012,
28(2):90—102.

[2] ZHU Guo—quan, WANG Fa—gang, TAN Hong—sheng, et al.
Properties Study of Poly (L-lactic acid)/Polyurethane—Blend
Film[J]. Polymer—Plastics Technology and Engineering, 2012,
51(15):1562—1566.

[3] BISHAI M, DE S, ADHIKARI B, et al. A Comprehensive
Study on Enhanced Characteristics of Modified Polylactic Ac—
id Based Versatile Biopolymer[J]. European Polymer Journal,
2014,54:52—61.

(4] Tl A=W SRR FLIR (PLA) A BIF T SR £ 3 sk
(9P fL2% T2 ,2010,31(3) : 119—123.

MA Liang. Research and Application of Polylactic Acid(PLA)
Biodegradable Plastics in Packaging Field[J]. Packaging Engi—
neering,2010,31(3):119—123.

(5] REEH0, RKTE. REVEAKRE SRS & Tk
HAHERBITIR)). AR AL, 2009,25(6) :40—42.

WU Jie, YANG Nan, WU Da-qing. Review of Preparation
Method and Performance of Polymer—based Nanocom posites
[J]. Forest Engineering,2009,25(6) : 40—42.

[6] AR RILRGAT—PIEE AU K] 5 S HOKZR KB B

FTNEIBTFED]. )N AR R TR, 2014,
TALI Jing-lei. The Preparation of Polylactic Acid Coating—Hot
Pressing Composite Paper and Its Water Vapor Permeability
Behavior Research|D]. Guangzhou: South China University of
Technology,2014.

[7] DE-YIW,UWE G,NIAN-JUN K, et al. Method for Simulta—
neously Improving the Thermal Stability and Mechanical
Properties of Poly (Lactic Acid) : Effect of High—energy Elec—
trons on the Morphological , Mechanical , and Thermal Proper—
ties of PLA/MMT Nanocomposites[J]. Langmuir the Acs Jour—
nal of Surfaces & Colloids,2012,28(34) : 12601—12608.

(8] ke, Torsr, e, 55 B (L-FLIR) WA R TS

—

—

—

—

HERE()]. A% T2 ,2013,34(23) : 121—126.

ZHANG Xiao—yan, WANG Li-li, YUN Xue-yan, et al.
Research Progress on Packaging Characteristics of Poly
(L-lactic Acid) [J]. Packaging Engineering, 2013, 34 (23) :
121—126.

B35, AOCHT AR, K A7 89 S S AR 4 X
WIFEHEREN]. AR, 2014,31(2) :263—272.

REN Fang, ZHU Guang-ming, REN Peng—gang. The Latest
Advances in Preparation and Application of Nano Grapheme
Composites[J]. Acta Materiae Compositae Sinica, 2014, 31
(2):263—272.

XA, 2R A, XU, 4. A0 SRR AR A A R
il 5 BN i ). A ~72%4k ,2014,72(2) : 185—200.
ZHAO Dong—mei, LI Zhen-wei, LIU Ling-di, et al. Progress
of Preparation and Application of Graphene/Carbon Nanotube
Composite Materials[J]. Acta Chimica Sinica, 2014, 72 (2) :
185—200.

BERG SRR, XU R VY. A1 SR 005 B W) 5B BRI AT 5T i
1. &M EAH,2013,30(1) : 14—21.

FAN Wei, ZHANG Chao, LIU Tian—xi. Recent Progress in
Grapheme/Polymer Composites[]J]. Acta Materiae Compositae
Sinica,2013,30(1) : 14—21.

Y, XD, AR HE 2T, 45 Hummers 3 il # S8 A1 BB AHEY
M AR EE A T R WEFEN. 536, 2005(4) : 10—14.

FU Ling, LIU Hong-bo, ZOU Yan—hong, et al. Technology
Research on Oxidative Degree of Graphite Oxide Prepared By
Hummers Method[J]. Carbon,2005(4) : 10—14.

WU Zhong—shuai, REN Wen-cai, GAO Li-bo, et al. Synthe—
sis of High—quality Graphene with a Pre—determined Number
of Layers[J]. Carbon, 2009 ,47(2):493—499.

X2 AR, LT T 28 1 A WA P D e e T
LRI A2 TR, 2011,32(9): 115—118.

LIU Xiao—feng, WANG Ren—huang. Research Status of Film
Permeability Test Device Based on Differential Pressure
Method[J]. Packaging Engineering,2011,32(9):115—118.
B AR AN E S BRI RE G R ARSI, AT
#,2007,28(2) :37—38.

LU Jian—dong. Research on the Relation between Packaging
Film Thickness and Moisture Barrier Performance[]].Packag—
ing Engineering,2007,28(2) :37—38.

IR, R TR PRI IR K A8 U R M i A A BE A
ST AL TR, 2012,33(3) : 146—148.

FAN Jun. Analysis of Water Vapor Permeability Test Equip—
ment Gravimetric Method of Test Performance[]]. Packaging
Engineering,2012,33(3) : 146—148.

BN, INCLAE A% B . SR A SR TG~ R AE L2 o ()], T
B 4,2011,27(9) : 1721—1726.

HUANG Qiao, SUN Hong—juan, YANG Yong-hui. Spectros

(F3%207)



20

201645 A

9]

[10]

[11]

[13]

gen—free Flame Retarded and Antistatic Polypropylene Com—
posites[J]. Functional Materials,2015(S1) : 30—33.

T L RS T, A SRR AR R R N AR AL
BRI G ORI BELAR S 12 PR REESE . e T2l
2014(10):1350—1355.

GAO Wan-li, CHEN Bao—shu, SHEN Jia=bin, et al. Flame—
retarding and Mechanical Properties of Alternating Multilay—
ered Composites Consisting of PP and Flame Retardant Filled
PP Layers[J]. Journal of High Polymer, 2014 (10) : 1350—
1355.

5, AR, EITAN, AR ROV = IR — AR IR R BE AR
H0 BELR SR DN A B LA LB (). & 20 7 A BB 2 5 TR
2014(5) : 72—76.

LI Gui—xun, CAO Shao—kui, WANG Wan—jie, et al. Flame—
Retardant Mechanism of Reactive Intumescent Flame Retar—
dant in PP[J]. Journal of High Polymer,2014(5) :72—76.
ZEIRAL, TRHUR  VFSCA, G5 AR MR ROUL A5 48 15 7]
SRS A2 TR, 2013,34(7) : 1—6.

LI Dong-li, ZHANG Jing—yong, XU Wen—cai, et al. Research
on Microstructure and Solvent Residue of Flexible Packaging
Material[J]. Packaging Engineering,2013,34(7) : 1—®6.
AR R, &R, B RS GURPPE ALO, SRR R V4%
[J]. f2% T2 ,2010,31(13) :39—41.

CAI You—xing, JIN Yu-jie, WANG Zhang—ping. Filling Na—
no—ALO; for Modifying Polypropylene[J]. Packaging Engi—
neering,2010,31 (13):39—41.

WL, SRS, PR SO, A5 G OR B A e P 58 D 14 1
i MILEAPEREDT )], 2 T, 2011,32(19) :38—42.
SHANG Wei, LI Dong-li, XU Wen—cai, et al. Preparation of

Polypropylene/Vermiculite Nano composites and Study of Its

[14]

[15

[16

[17]

[18]

—_

[}

Oxygen Permeability Property|J]. Packaging Engineering,
2011,32(19):38—42.

COCKBURN A, BRADFORD R, BUCK N, et al. Approaches
to the Safety Assessment of Engineered Nanomaterials
(ENM) in Food[J]. Food and Chemical Toxicology, 2012, 50
(6),2224—2242.

FERNANDEZ A, PICOUET P, LLORET E. Reduction of the
Spoilage—related Micro—flora in Absorbent Pads by Silver
Nanotechnology Turing MAP Packaging of Beef Meat[J]. Jour—
nal of Food Protection, 2010,73(12) :2263—2269.
PICOUET P A,FERNANDEZ A, REALINI C E, et al. Influ-
ence of PA6 Nanocomposite Films on the Stability of Vacu—
um—aged Beef Loins During Storage Inmodified Atmospheres
[J]. Meat Science, 2014,96(1) :574—580.

P R R AL, 4. 495K Si0,%F MPP/PEPA FHA
PPYERERYSEIRLI]. SRR, 2009,37(4) : 67—70.

FENG Cai—min, ZENG Zhi-hui, YE Jun—wei, et al. Effect of
Nano-Si0; on Properties of Flame Retarded PP by MPP/PEPA
[J]. Plastics Science and Technology,2009, 37(4) :67—70.
FORRNI, 5 ERIGEAE. — PG4 RIS AR R0 Ak 7
“E). RO TRPERA S TR, 2010(11) :39—43.

LU Lin-gang, ZHANG Qing, XU Xiao—nan, et al. The Kinet—
ics of Thermal Degradation of A Halogen—Free Flame—Re—
tarded Polypropylene[J]. Polymer Materials Science & Engi—
neering,2010(11) :39—43.

[19] RIS, J5 I, X0 10] , 5. POE/ZAK — S Ak fk et SR

it 0% CPP BT[], 0% TA%,2014,35(9) : 1—5.

LIN Yuan—zhi, SU Yu-hang, LIU Xiang, et al. Development
of CPP Film Blended with POE and Nano-SiO, for MAP[J].
Packaging Engineering,2014,35(9) : 1—35.

(EEF11R)

[18]

[19]

[20]

[21]

copy Characterization and Analysis of Graphite Oxide[J]. Chi—
nese Journal of Inorganic Chemistry, 2011, 27 (9) : 1721—
1726.

SZABO T, TOMBACZ E, ILLES E, et al. Enhanced Acidity
and PH-dependent Surface Charge Characterization of
Successively Oxidized Graphite Oxides[J]. Carbon, 2004, 44
(3):537—545.

SZABO T, BERKESI O, FORGO P, et al. Evolution of Surface
Functional Groups in a Series of Progressively Oxidized
Graphite Oxides[J]. Chemistry of Materials, 2006, 18 (18) :
2740—2749.

JIN Z, UHL F M, MORGAN A B, et al. Studies on the
Mechanism by Which the Formation of Nanocomposites
Enhances Thermal Stability[J]. Chemistry of Materials.2001,
13(12) : 4649—4654.

H[F] L, A, PNCT5 2. 2RI G R A B
B A 2 PR RE ). W o> T AR R 5 TR, 2015(8)

[22

—

177—181.

DONG Tungalag, WANG Shuang-shuang, SUN Wen—xiu, et
al. Multilayer Barrier Properties and Mechanical Properties of
Polylactic Acid Film[J]. Polymer Materials Science & Engi—
neering,2015(8):177—181.

TR, BT K ZERE AR B i B R R
[J]. ¥RHRHE , 2008,36(5) : 70—72.

WANG Wei-shan, ZHAO Jiang. Application of Water Vapor
Transmission Rate, Water Vapor Permeance, and Water
Vapor Permeability[J]. Plastics Science and Technology,
2008,36(5) : 70—72.

T T SRR R REA R B I SR S W S B AR
Pl S RATEREDTIE (D). S IE : th ERFAROR R, 2014,
HONG Ning-ning. Functionalization of Graphene and Study
on Thermal Decomposition and Flame Retardant Properties of
Typical Polymer Composites|D]. Hefei: University of Science
and Technology of China,2014.



