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(BEPYBE TR AR AL 5 TR AERE B 723000)

HE AR ARGREMY AT RKERNE L BHMAANR (GNPs)/ T =8 (PEG) A B m Az, 5 5Lk (PLA)
3 3E ACIRAFHR B AUkE Bk 3 3] & PLA /GNPs /PEG JL&-#t#t, Sl ad i ALK X AF , R R fatg b7 241 A X
SHEATHAL £ T 424 AL AR R 7 A8 A F RIS HLE M X Fe AT IR K 3 A MAT L B B A SRR
25 &9, 5 RiB K& PLA/GNPs /PEG A &M Aark 18 K s £ aMAtes 4 B EA 2425, % GNPs/PEG ifiin ¥
% 0.1%, H {2 110°Ci& X 1 h, B 25 J% & 7T i 37.31% ; % GNPs/PEG # #e A% 4 0.3% JF 42 110°Ci& X 1 h, PLA/
GNPs/PEG £ 44} 4 3% & 3% Ao 5] 73.02 MPa, A8 2k 69 R B K 49 PLA, M IR B3R 5 T 18.78% ; 5 KB K
PLA/GNPs/PEG £ &-##H4ak & KJG L A+Heh b £ iR E Y HIT T IE,

KR : 6 BIHAHR A ROCZB; RIER; B K B8 ATA h Rk
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Effects of Annealing on Properties of PLA 7 GNPs /PEG Composites
Liu Shasha, Jia Shikui, YangJin, Guo Xiang, Jin Jiagi, Qiang Hao
(School of Materials Science and Engineering, Shaanxi University of Technology ;' Hanzhong 723000, China)

Abstract : The grapheme nanoplates (GNPs) / polyethylene glycol (PEG) hybrid nucleating agent was prepared by ultrasonic
assisted vacuum device, which generates dynamic.impregnating force. “Then, PLA / GNPs / PEG composites were prepared by
twin-screw extruder via melting blending method. The standard samples for analyzing mechanical properties also were processed
by injecting process. Scanning-electron microscope, wide-angle X-ray diffraction, differential scanning calorimeter, polarizing
microscope and universal mechanical testing-machine were used to test and analyze the effects of annealing on crystallization and
mechanical properties of PLA / GNPs /-PEG composites. The results show that the crystallinity of the annealed PLA / GNPs /
PEG composite is significantly improved compared with that of the unannealed PLA / GNPs /PEG composite. When GNPs /PEG
is 0.1%, the crystallinity of the annealed PLA / GNPs / PEG composite reaches 37.31%. Meanwhile, when the composite with
the addition of 0.3% GNPs/PEG is annealed at 110 °C for 1 h, the tensile strength of PLA / GNPs/PEG composite increases to
73.02 MPa, which is 18.78% higher than that of pure PLA without annealing. Compared with the unannealed PLA / GNPs /PEG
composites, the impact strength of all these composites slightly decreases after annealing.

Keywords : graphene nanoplats ; polyethylene glycol ; poly(lactic-acid) ; anneal ; crystallization behavior ; mechanical
properity
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W e R AR P SR B SR Y 3 A
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SRR AR T BUTAE S5 R A YIE AR G
Sy B SR i ™ B s ) R A
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Ol [l i, 30 2o i 00 926 57 % B0 : PEG 1T LA 75
A A S (GO) TER G WA A ikt , i GO
TEFLAR A RS
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PEG : fk2#4li, M,,=10000, K Ht i B85 Ak 21t
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B RKF: YP1002N B, [ ik % B2 25 A
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SUZAT 3% AL SHI-20B %, B ot v JELB% %
AR

SEREIBHL: TC-150-P B, ZR5E K MA LA FR
YNGR
L 58S (SEM) : MOVANANOSEMA430

AU fif 2% FEL A
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(1) 2B RsiA% 0 i i 4

¥ GNPs it A H.25 HE4f h 60 °C T4 24 h, %
GNPs : PEG=1 : 3./ )i &t o Kf GNPs 5 PEG /¢
FH% B0 248 T e IR AL SR 5 R i A9
7 I il By L 2 50 2 T A A2 T A% ) GNPs /
PEG™ . AIRUITE . Je¥% GNPs 5 PEG #H T HZIR
A TR NI TSR 2 80°C, JF A 4
HEFTRET 535 5 min J& , ARG T B2 28, ARl
GNPs 5 PEG IR AW e sh S WEEAE I T iR &
15 min, F-A HIEESS I HOIRIF7E 40°C F T4 8 h,
S5 S (50 FH v TR R ML SO 1, DA T o 75 5 P A%
#] GNPs /PEG.,

(2) EEM B4

W PLA B AMEAR Y, 60°C T4 24 h, SR 5 H4 e
il 1 B9 1 4% 7] GNPs / PEG 5 PLA i %% 1 it 77 1R
B AT ) 1) BUSEATBF LR AL A T 0 il TR 5 o o
7 PLA/GNPs/PEG & & #1K}, £f th AL B i kL
&ALk 235124 170,175,180,180°C, #5 7 Jy 60 r
/min, 88 J5 R F 60 COKFEAT VAN, LAk Ao B8 v 21
%, 5 S5 RN UVBHILIE AL, FRRH A LR 148
12 ho SRAEIEHLE R FE S, EERE T 2T i) i
&4 170,175,180°C . Wi 4 AR SR iEA TR K Atk
PR AR K S IR EE 110°C, 1A 1 h, B E G S
1 24 0.0%,0.1%,0.5%,0.9% f¥) PLA / GNPs / PEG

%1 PLA/GNPs/PEG E&MEIHES %
SRS GNPs/PEG & PLA &
S0 0 100
s1 0.1 99.9
S2 0.3 99.7
S3 05 99.5
S4 0.7 99.3
S5 0.9 99.1
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HE R KRS 0 R SR AR AR 2% /N 15 A5 DR
K251 em 5 TEARFE, AR K e HE [ 2 7E 48040
b GRAIE IR R T 5 3 e 19 3R TAE [R]— 7K
[T =R SR UL = 7y I = T B Wi o T =1
RS 6°/ min, 4 A I Dl 5°~ 60°, 45 HL R
40 kV,EHIE 40 mA,

(4) DSC i

TR BB KR R B 45 A TEREZE L PEHK
ik 8 ~ 10 mg, 7E N, Jit#i50 mL/min T ;LA10C
/min JFE SR THEZE 220°C, ic 353 s —ik
PARIAIEE

(5) JrEMEREINA

T B #%2 GB /T 1040-1992 J 11 fiE 11273
I HLI, 3FE R S) 130 mm x 10 mm x4 mm, $if
3% 50 mm/min.

ik R i GB /T 1447-2005 FH 28 22 vh iy
R HLIE, IXFER ) 64 mmx 10 mmx 4 mm, V
RUBR T BRI 2 mm, BRI 5 ARSI BOF- 1 .
2 HER5IFE
2.1 @M

1 SEM SEEASTH] % 5 GNPs / PEG 7 PLA 3
PRHR I TS, BRI 1 TR . R Lla v &,
2445 I A% ) B Bl 0.1% IRF, A ARk Ay B T S R
ISR AR, W R AR R ; 2 I A
13 it Ay 0.5% INF, 5245 Rk TERLRE , (W] i
BT —SLiELSEN PLA £ 4, £ i e — 2 FE L nT LA
RH ISP 7K, e AR SZAR KA 28ar v 77 , i fiff
BAMEHEIESE— 25 B GE ; A 0.9% &
Fic B AZ 39 s, A G T80 0.5% 42 Bt iRz 5], 2T 2 4k
s D KRS PV , B0 WP E R 2R IE . X

FUIBR KRR B B 38 O B2 A 4 T T RELRES 2
AT R, 2 BB e P AT

a—S1 ;b—S1,;¢—S3 ;d—S3,,;6—S5 ; F—S5,
511 PLA/GNPs/PEG & &M RHYIBIIEE S SEM My
2.2 ESWEI
[l 2 PLA /GNPs /PEG & 4 #1 KL i WAXD

i

10 20 30 40 50 60
M/ C
(b)
a—iB AT b—IR K JF
512 PLA/GNPs/PEG & &) WAXD &1
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m I 2 AT RIWEL Y, S0, S1, S3, S5 H L T AL
(AT SR 0 T BT, Bt 52 T RO 300 2 S 15, g g T
A FFEG I, B A6 Ak rb il A oAE & s 38 5 1R ok
Je iR RE A AT ST AR AR IR, AT SR A ) 5 B T S 14
FERA L, R 1) B AR L R AR K R
4 R S N, IR 2 o m] LAWER R, 1B R
BRI B AR AE 16.7° FFEIT, 156 HH B K Ab B 352
A PLA BT R EBRE R o« S P TR
if, 2 AR RHE XS TE 20=16.7°,18.5°,22.5° [l H!
PR/ G5 S, BRI GNPs / PEG 318 K i 15
PLA J AR 78 43 K i di A AR5 T i oe 2, AT AH
o7 AR AT S0 R B T 1458
2.3 ZSkak oA

¥l 3 PLA/GNPs/PEG & & # B 5 — 1k
JHi DSC #hi 4. M 3 AT LI & #E, iR K J5 PLA/
GNPs/PEG & & M BHW IG il £ & & B T B
A, AT RS SN, U PLA B Bl B, & A
iR K A PLA 43 F85 5 5 e iA% 57 GNPs /
PEG Z[u]y=A: T S smZU M AH BAEF , 1Rt 5y iy
IRAR TS TN 56 2 FEBCE BUT IS R AT R s o3
Hh B T LA R KOS A Rl A A B 2, i
VE— 2 2R IR KT LA 5 PLA IS 2, i — P4
5 WAXD 43t &5 3R —2k.
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F 24 TR AHTE Y PLA/GNPs /PEG &

GBS S8, R 2 ATLUE T, B S PLA
FE TS BRI RS Rl S AT RS O, 1 BB Ak oRT DR
fm PLA BY45 AL . Y5 IE Az R i A=k 0.1%
FFIR KA HE, 52 G MR 25 B R B T B K AHL,
b 37.31%, A HLFARIR K40 PLA, 45 & B 1 5
26.8%. P, 30 A S BE U O A T 2R
K AT DI B E PLA 45 &, AT 5 248 s 3 el
AR B
&2 PLA/GNPs/PEG E&#HHHMEESH

FEd T,/ C T./C H/Q g% H.,/(Q g X/%
SO 100 167 10.37 14.89 10.51
S1 101.04 166.73 25.79 33.44 35.73
S3 102.68 166.47 26.48 31.02 33.14
S5 97.51 166.30 7.53 15.04 12.74

SO 100.93 171.06 28.63 30.85 32.96

Sl 100.08 169.42 23.87 34.92 37.31

S35 102.1 170.05 25.58 31.97 34.16

S5 105.88 170.13 27.29 30.87 32.98

2.4 ShARTIAAT

#l 4 2h PLA / GNPs/ PEG & 4541 KHK) POM P
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24 GNPs /PEG % ini 4 0.1% I, 545 PLA A L,
Am A H B B34 0, 15 B GNPs / PEG A2 3] T 5 4H
AL APEH s IR KE A% B3 2, R B I
Hafn. 4 GNPs/PEG ¥t 4 0.9% B, GNPs i}
BT A RIS, B KR R BLGR OA TR, Ul
WAR KT T PEG WY sl , 76— 72 B 1 ek 55
T GNPs g A1 5, i fifi 15 GNPs fig 8 35 5] 73 i 51
PLA A& ; [] ief B K5 BR T 2 18R B BF 1, LA
TEASARAEARFN, BLHA IR J Al PEG iz 38 e,
PEMIER T PLA BRAK AR KR, i T iR

23 (AT B, S BOR AN RE 58 2 AR I, AT R R AN 58
2
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(1) Fifsim )i
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69.55 MPa, # b4l PLA Ffi e EH#EE T 13.1%),
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