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Preparation and Tensile Recovery Properties of Polylactic Acid Heat Shrinkable Film

FANG Geng-xin, WAN Tong, WANG Biao, WANG Shao-yu

(College of Chemical Engineering and Materials, Tianjin University of Science and Technology, Tianjin 300459, China)

ABSTRACT: The work aims to study the plasticizing effect of two environment-friendly modifiers of propylene carbo-
nate (PC) and polypropylene carbonate glycol (PPC) on polylactic acid (PLA) and the thermal shrinkage, crystallinity and
oxygen permeability of PLA/PC and PLA/PPC heat shrinkable films during tensile recovery. PC and PPC were blended
with PLA by twin screw extruder. Differential scanning calorimeter (DSC), Fourier transform attenuated total reflection infra-
red spectroscopy (ATR-FTIR), X-ray diffractometer (XRD), electronic universal testing machine and differential pressure gas
permeability instrument were used to study the modification effect of PC and PPC on PLA and the thermal shrinkage, crystallin-
ity and oxygen permeability of PLA/PC and PLA/PPC heat shrinkable films during tensile recovery. The tensile strength of the
heat shrinkable film modified by PC decreased to 16.8 MPa, the elongation at break increased to 26.6%, the oxygen transmis-
sion rate (7,) could reach 1 020.4 cm*/(m?-d-Pa), and the recovery rate (R,) was only 27.5%. The tensile strength of the heat
shrinkable film modified by PPC decreased to 23.6 MPa, the elongation at break increased to 12.5%, and the R, of
PLA/PPC heat shrinkable film could reach 83.3%. After stretching, the T, was only 915.8 cm®/(m*-d-Pa), showing good
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oxygen resistance. The flexibility of PLA/PC heat shrinkable film has been improved, but stress relaxation is prone to

weaken the recovery stress of molecular chains, resulting in poor heat shrinkable properties, reduced difficulty in oxygen

penetration, and increased T,. PLA/PPC heat shrinkable film has good flexibility. After stretching, the crystallinity in-

creases, the molecular chain can be well oriented, and the heat shrinkable property is good. The regularity of molecular

chain increases, oxygen penetration difficulty increases, 7, decreases and oxygen resistance improves.

KEY WORDS: polylactic acid; thermal shrinkage; stretching; crystallinity
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B SRR . G MERR LS . BUlAE R R . RERUR
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Fig.1 Flow chart for preparation of heat shrinkable film
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MR A b PERE , B P A 5 mm/min,
FEHL 5 R S IR HCE 4
2.7 BEMERENL

ARBER (T,) ERER 25 °C, HXRE R
50%A A TR . BRALIR 3 AN FATRE, BUHSE
EE MR AR, ARBERE (P,) L (5)
i g <AL
T, xd
Ap Q)

o d AR RE s Ap R N AR
%, Ap=101.7 kPa,
2.8 EXERREEML

ARB R MEEIERE R 25 °C. HXHRE N
50%A A TR . BRALIM 5 ASFEATRE, BULE
(B et .

P =

o

3 #R5HE

3.1 BMESH

T B PC . PPC il PLA IR, iR (6)
TR A A B S0,

5:/)2_F (6)
MO

K. 0 WIERESE p W, F HERT
TR (WL 1) 5 My M F i

PC.PPC Il PLA W 43510 1.2.1.14 1.25 g/mL,
= (6) fig 13843 PC. PPC Ml PLA FUVEfiE
S RIH 16.2. 16.0, 19.4 (J-em )2, FILLA 15 i
JES KM PC 5 PLA. PPC 5 PLA ELAIRIENE,

#£ 1 PLA. PC#1 PPC WEE/RS| HEH
Tab.1 Molar gravitational constants of PLA, PC and PPC

B il F/[(J-cm)"2-mol ']

CH;— 303.4
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Ns

>l 65.5
—CH,— 269.0

—0— 235.3
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—OH 462.0
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PLA/PCi FUIE RS REELE 7.2%, PPC RS RasE L
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Fig.2 Mobility of PLA/PC and PLA/PPC
heat shrinkable films
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Fig.3 Schematic diagram of thermal
shrinkage process

& 2 PLA. PLA/PC #1 PLA/PPC #Ui 45 & B4
U R e
Tab.2 Thermal shrinkage properties of
PLA, PLA/PC and PLA/PPC

i L,/mm Ly/mm Ri/% R./%
PLA 39.64 11.43 99.1 87.5
PLA/PC 39.28 36.32 98.2 27.5
PLA/PPC 39.44 12.00 98.6 83.3

T Ly WBERE; LR R KE.

nE 4 Z{f FH FTIR 434 PLA .PLA/PC .PLA/PPC
3 AR AR R E R A [ A R BRI B 4G
FRAEARIE DL o LTAMRHR G R, A O B SR
i PSR S R AR B T a1 P4 T, SR PR i 2 E
AR EE , 2 Hoi a5 S IR S A
AR T IR L, B BRI LR SR A o) i 4 1]
I, LM R EIEATAE RO B AR, 1083 cm!
X C—O RRFRIBGERshIE, 1185 cm™ X1 C—O—C
fR4EIREN %, 1 355 cm ™' F1 1 452 cm ' % CHy—

PREMLIIE, 1747 em ' X C=0 PRBhM g, Xt
HB S PLA [ S BVERAF 6 RS, PLAren JPLA/PCiren
1 PLA/PPCrep, 1 AFAE I W UL 38 B2 B 40 15 T PLA g
PLA/PCyig Fl PLA/PPC i, X UESE T HAHT] LUSE 57 53
FHERTEC BE, (0 BE A HES AR T

PLA/PPC,,

PLA/PPC,,;,

1
I y |
| , |
l ! |
LA | ' PLA/PC,,|
[N !
: \ [ X PLA/P Cstrch
1
1 1 !
| !
h 1
T
1
1

p— PLA_

W/r——m
Tl | v

1083 118513531452 1747 FL A,
1 1

500 1000 1500 2000 2500
Wed/em™

#l 4 PLA. PLA/PC I PLA/PPC #ulk

5 FTIR &
Fig.4 FTIR diagram of PLA, PLA/PC and
PLA/PPC heat shrinkable films
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%} PLA. PLA/PC Fl PLA/PPC Ui v R 7E 47
il 52 3 AR R EEPERR AT AN 18] Sa . R 3 A
PLA .PLA/PC HI PLA/PPC HRir 4 1 75 7 fe [ 52 5
B HCREES 8, F 5a 5, PLA. PLA/PPC Y
PR ALEL AR (t,) RIETHE GRS, 1%
M () MR BURRRUG THE 5P, R 3 R,
PLA. PLA/PPC B4 (X)) BTt R Rk, KA
TERLAR G, S5EhEERN, EEMg L, TRty
PP 1], AT RIVE R 3%, T LA PLAGwen
PLA/PPCyqep, I 1, FHE 25 i HLHF 2, Thi, BEHIZ
PR ) AR T TR B AT B 5, 0 e T i AR S
JE B i R o P, PO E Y R AR, R
R SRR RN, dimEEN 2, S E 6 BRI

& 5b Wos, PifE, PLAgew. PLA/PCgpen .
PLA/PPCyyen FOAT 5 W58 BE 76 45 F 1944 R v J2 ot
B, £ 3 1 X, /8 PLAgweh . PLA/PCgpep -
PLA/PPCyyen, FIZE &1 BE 53500 AT LAIA 2 33.8% . 37.8%.
38.3%, ULHIFERIM)S, Z5ahEEE K, 3 FEE R EA)
FETER, TR P R S

& 5a 1 b B7~, PLA/PCsuen 5 PLA/PC,y B DSC
M4 fl XRD Mg SiA—5, INFE 3 hrfLIFEH,
PLA/PCyyen, F1 PLA/PC,y 1 X, 53518 37.8% . 38.4%.
K4 PC /N, AT T HE A FREZ (A, 385+
BEMEEEhRE ), A TRENRES B, PifE2E S A B
45, SEGEfE 172, BT PLA/PC 1E I &R fa e
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I 5a /R, PLA/PC F1 PLA/PPC 1 ¢, KT PLA,
H PLA/PC,ig. PLA/PPC, g HBIALE ShIG , X ikt
7 PC. PPC RENSHRE PLA /> FHENIIZBIREE ST, MBS
PE, X PLA $uliZaf AR, PC 5
PPC L, PC Y 4, . AL, BLHH PC AY3EEMERT 4T,
PLA/PC [ RANA 27.5%, 1fii PLA/PPC (1) R, 7] LLik
# 83.3%, i, PPC HIEA Y PLA,

3.5 NEMeESHT

PLA. PLA/PC F PLA/PPC Hulstaferehr il & it
TR S RE AR R DL ULE] 6. MK 6a Al b I
), PLA orig FURTHBREE A 47.3 MPa, BRI R A 9.6%,
AR PC PPC J& , 43 FEWEF 19855 , PLA/PCorig

PLA/PPC i ISR EE SRR 2 16.8. 23.6 MPa, T
SURR R B & 26.6% . 12.5%. FERIH)E T4 T
BEHLE], AT VEF 13855, PLAGw PLA/PCypen
PLA/PPCyep 712458 B 53 1L 51 51 89.8 .64.7 .29.6 MPa,
WU KR K] 15.9% , 128.8%. 19.9%., W&,
PLA,.,. PLA/PC,y. PLA/PPC,., 5T IRIE 185 ,
RIARTR R/ HIARZ 61.1, 23.9. 142 MPa, 7EHifii[Al%E
J&, PC. PPC Feorilt Aoy [0, fisr-FhEnizshhe
Tyt Hag, Wi OR A BRI KR 21.0% .
182.7%. 41.6%.

MR PC. PPC FTLAREAIK PLA JBEAHIAHGREE
P H R s ] ARSI THERER , SRt
fHIiR BRI 243, PR SRR (R SR AE T T
PLA/PC. PLA/PPC PR ELA UL 1 e

PLA/PPC,, —
o PLA/PPC,
“\ok—/&ﬁ‘/— PLA/PPC,,
46.9 °C PLA/PPC,,, 8.4°0 | L
43.9°C 106.9 °C PLA/PPC
1 149.8 °C ,PLA/PC,,
E 129°CT ~_ |/ PLAPC,,
: 41.0°C stre ~N
B Tmac Dbt PLARC.] PLA/PC,,
47.7°C : 1432 °C PLA,, PLA/RC,.
W PLAPC,,
63.7°C 0 PLA,, “SPLA,
— 47.5°C Wy e _____’__A_ PLA,.,
| 4.9 °IC L L L |149.8 < I | L L | ~PLAuois
25 50 75 100 125 150 175 5 10 15 20 25 30 35
R C 20/°)
a DSCHiiZt b XRDHiZ%
K5 PLA. PLA/PC HI PLA/PPC 4511 DSC il ZE K Al XRD i £
Fig.5 DSC curves and XRD curves of PLA, PLA/PC and PLA/PPC heat shrinkable films
%= 3 PLA. PLA/PC #1 PLA/PPC # 4RI 4FAE S )
Tab.3 Thermal characteristic parameters of PLA, PLA/PC and PLA/PPC heat shrinkable films
FE i RS t,/°C t./°C t/°C AH/(J-g ") AH/(J-g) X%
orig 54.9 — 149.8 — 0.8 0.9
PLA strch 63.7 — 147.5 — 31.5 33.8
rcy 54.8 92.3 149.5 5.8 27.2 23.0
orig 47.7 98.4 143.2 7.4 24.1 19.9
PLA/PC strch 43.2 — 138.4 — 31.7 37.8
rcy 42.9 — 141.0 — 32.2 38.4
orig 43.9 106.9 149.8 17.8 29.9 14.4
PLA/PPC strch 46.9 — 148.4 — 32.1 38.3
rcy 44.6 86.9 152.8 11.6 28.9 20.6
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PLA. PLA/PC Fl PLA/PPC iX 3 Fhtulsdis te i
M R B A RE T IR 4. F 4 iR, PLA,
PLA/PC. PLA/PPC 3 FlHISARIREA E B3 (T, ) Al
ARGEL R (P,) HEI RSS2 e
KATERLAR G , PSR U R AR, 25
. S FEEHPNTINE S, ARBEEER R, BT
DIRTAR SRR T, HER i A el & o AR

PLA,i 1 T, 4 1 887.8 cm’/(m*-d-Pa), il A PC .
PPC MM )5, PLA/PCorug. PLA/PPC,y 43 ) 3 K 5|
2 071.1 cm*/(m*d-Pa). 1 830.9 cm®/(m*d-Pa), Mtk
| PC. PPC BYINA , BEAR T S B XMEE - P,

fi) 774.6 cm®/(m*d-Pa)ii . K} PLA/PC e, PR
Gy RN IIRS, 43 FRERURRRREREAIC, BB X
JIN, B Ty 88K . PLA/PPC g 4 T, o4 915.8 cm®/(m?-d-Pa),
KA HEAE PLA/PPCyren F 5T HERIEAE ], AR BE 4555
ARBEMER A, L T, 8%, PP, b
&, S FHEEHU BEREAR, ShEaAE R, RS IEMEE
F&AG, NI, PLA.y. PLA/PC.y. PLA/PPC, I T, 4}
BIATLIGAF) 19119, 2442.4. 2936.3 cm®/(m*d-Pa).
PC Fl PPC MUY PLA # S5 [, S8R5 1B MEE
Wb, ARGE R, B s, PLA/PC Hlic4 i
Gy T4 Sy BRI A, R AR EERRAIL, R E R
HK 5 PLA/PPC #SZ5 I ) 43 -4 BE RS B 47 1) 52 1]

PLA/PCyyen 1 T, 9 1 020.4 cm’/(m>-d-Pa), H PLAen  PRRERER M, S/ UE REIE, BHAMRERR .
100 200
89.8
175
80 r 150
< X
E 60 - -b?}- 125
% % 100
E 40 75
& =
50
20 +
25
0 0
orig strch rcy orig strch rcy orig strch rcy orig strch rcy orig strch rcy orig strch rcy
PLA PLA/PC PLA/PPC PLA PLA/PC PLA/PPC
a PR b B

K16 PLA. PLA/PC Fl PLA/PPC HRIUS 45 i JIR Fr-4ir o 5i JoE TR 2 et 4 3¢
Fig.6 Tensile strength and elongation at break of PLA, PLA/PC and
PLA/PPC heat shrinkable films

% 4 PLA. PLA/PC #l PLA/PPC # I G HENESETHH
Tab.4 Oxygen permeability analysis of PLA, PLA/PC and PLA/PPC heat shrinkable films

A WA WIEEE dmm

HGE R T/(cm®m2d ' Pa!)

ARBIL R P/(x10" em’cmm 2s-Pa")

orig 0.50+0.02 1 887.8+12.3 9.3+0.04

PLA strch 0.24+0.04 774.6+7.5 1.8+0.07
rcy 0.42+0.02 1911.9+13.6 7.9£0.02

orig 0.50+0.02 2071.1£9.3 10.2+0.03

PLA/PC  strch 0.19+0.03 1020.4+6.2 1.9+0.04
rcy 0.26+0.02 2 442.4+16.5 6.2+0.06

orig 0.50+0.02 1 830.9+£8.3 9.1+0.04

PLA/PPC  strch 0.21+0.03 915.8+4.8 1.94+0.03
rcy 0.39+0.02 2 936.3£11.5 11.340.02
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3.7 BREREELSH

% PLA. PLA/PC. PLA/PPC fEHifi[a] & it F v
BB KEEFEE IR 5. 8 5 BIR, PLAy.
PLA/PCyig Fll PLA/PPC iy HIIZECHRARFFTE 91% /545 o
PLA . PLA/PC F1 PLA/PPC 7EFi {H [a] 42 1t 75 v (1) 335 W]
PELLER UL 7. N 7 B il St e i, vl g
W b 2 N I A SO 4 fS RS, T A TS
PLAgych PLA/PCyyen s PLA/PPCyren 37 VE 2R 53 1 AR
% 89.6%.89.1%.88.2%, & 43 HITHE & 5.7%.6.1%.
9.1%. 80 CIlal4J5, PLA,y. PLA/PC,y. PLA/PPC,,
B 18] 52 Ry R 87.5% . 27.5% . 83.3%, IMiiECHRIG
SARFFAE 90% A2 A7 o U IH I B 4 st e 1 ir 4 1] 42
NSN3 WA PR AR

orig

(25°C)

strch
(70 °C)

rcy

(80°C)

#& 5 PLA. PLA/PC # PLA/PPC # i 45 P& Y
EXEMERSN
Tab.5 Analysis of light transmittance and fog rate of PLA,
PLA/PC and PLA/PPC heat shrinkable films

Sample R BEICHIY% %%

orig 91.32 4.49

PLA strch 89.6 5.7
rcy 90.42 5.13
orig 91.28 5.74

PLA/PC strch 89.1 6.1
rey 90.01 5.89

orig 90.89 8.69

PLA/PPC strch 88.2 9.1
rcy 89.54 8.88

it

¢ PLA/PPC

17 PLA. PLA/PC #ll PLA/PPC #4535 W 1 43 A7
Fig.7 Analysis of transparency of PLA, PLA/PC and PLA/PPC heat shrinkable films
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HfBFE PC. PPC BUPER) PLA P4 v T
A, MR PLA/PC /Y 1, 25K 43 °C, Fifish i T
% 16.8 MPa, Wi R & 2 26.6%, ESE PC Al
DI PLA 4y FHEMIZ 3N TE J1 . 4 PLA i i
ZE M. PLA/PC AR Ehi b 5, 255 kA T)
Pasth, S FREARRREBOE M, I, RAUH 27.5%, T,
FHE % 1 020.4 cm’/(m*d-Pa),

PLA/PPC #USARIENY 1, PRIFFE 46 °CAEAT, Hifh
i AN A 23.6 MPa, T 23 a4 5 & 12.5%, PPC
ATLAHRE T PLA B oIrE . PifE, 450
K, A FREBAR LAY RE [, L R, AT RAGAE] 83.3%.
PLA/PPCgyen [ T, 2 915.8 cm®/(m*-d-Pa), ZERLH 5
ForFaEEm, QBB AR, I PLA/PPCyen
) T, 84K, PHAERESE R .

zi ERrik, PLA/PPC HRc 4 K 1 ] 42 o
FHAA P E S 4, PPC kb PC B3 & I Tl PLA 4
WA RS o Ry ) Ak RE A A ) PLA AL 406 55 LA B2 #k
3 PLA e B AY T 74k i AR 48 T B 4 A #Lis
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