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Effect of Temperature on the Barrier and Mechanical Properties of Composite Films
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ABSTRACT: The work aims to explore the effect of temperature change on the barrier and mechanical properties of sev-
eral packaging composite films. Four kinds of different composite films were used as the research object. By adjusting the
temperature, the tensile strength, elongation at break, puncture strength, right-angle tearing force, oxygen permeability
and water vapor permeability of composite films were tested respectively. With the increase of temperature, the tensile
strength, puncture strength and right-angle tearing force of composite films decreased gradually, the elongation at break
increased firstly and then decreased, and the oxygen permeability and water vapor permeability increased gradually. When
the temperature increased from 15 °C to 55 °C, the mechanical properties and barrier properties of BOPP/EVOH compo-
site film were less affected by temperature, with tensile strength decreasing by 5.2 MPa, elongation at break increasing by
10 %, puncture strength decreasing by 4.4 N, right-angle tearing force decreasing by 5.0 N, water vapor permeability in-
creasing by 2.34 g/(m2~d), and oxygen permeability increasing by 12.5 cm3/(m2'd-0.1 MPa). According to the experimen-
tal research, the temperature is an important factor affecting the properties of packaging composite film and the research
results provide guidance for the application of composite films in packaging field. The comprehensive properties of
BOPP/EVOH composite film is least affected by temperature change.
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FZF R BOPA/PE BRI, AFRIERE A 80 um,

Tobg, HSEEaARARRAR; PET/PE E6H5, A
FRIEEE A 80 um, Tolk%k, ¥ 5B RA A ;
BOPP/VMCPP E &, AFERE 80 pm, T4,
IR R/ F]; BOPP/EVOH B A, AFRIE
JE 80 um, TolVgK, T SR RA A,

FEE % CH-1-ST T4r& A mE, &
WEANZES T ABRA T s VAC-V2 FEEERIAKRBIE
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1) hrffsmBE . W2 Sk, K38 GB/T
1040.3—2006 (¥R PERER I E 25 3 oy
FES RN R 0 25 ) EA TR A s BE | W A4 R
iR BFHEZR R 150 mmx 15 mm 1Y 2 BURE, 7 i
J£ 4 200 mm/min, A 5 N AFE

2) ZEREREMER . KPS GB/T 10004—2008 { fu%E
H¥RE AL, 48 THEESR . FHhESR ) 17208
JEMR KR R A2 100 mm A H, A9EHETT
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3) BRI KA QB/T 1130—1991 (¥4
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REE BRI A RS S MR ik R ) MER
B, RS IEE N 15, 25, 35, 45, 55°C,
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Tab.1 Composition and thickness of different composite films

5 B JEE/um  ANZJEEE (BOPA 5{ PET 5{ BOPP) /um  HJZJEE ( PE B VMCPP 5{ EVOH ) /um
BOPA/PE 80 15 65
PET/PE 80 15 65

BOPP/VMCPP 80 15 65

BOPP/EVOH 80 15 65

2 #R5HE
i E T A E R E G R 58 E

sEA

4 BRI A B AP s B R R B AR AL WL 2.
F2NTLIEH, 4 FPbA A 52 A RS Ao B 4 Hh 2
FEARR RS, B2 RN EMERE TS, Tz
R, S FREE VER 18N, ZA PR,
WS, TEEEM 15 °CTFE 55 °C, BOPA/PE B G
FIFLARSERE H 42.9 MPa B HTF#(INZ 36.8 MPa, Jil/N T
6.1 MPa; PET/PE & &AM HI R H 41.3 MPa iZ T
MMk 2 35.6 MPa, /N1 5.7 MPa; BOPP/VMCPP
A TR RARSR I 55.4 MPa B4 K ZE 46.9 MPa,
W/NT 8.5 MPa; BOPP/EVOH & 4 HE Ay H7 o8 35 iy
81.5 MPa [%{% % 76.3 MPa, /b T 5.2 MPa, A LIFH
R TR, hifdhsEEEAS /N, BOPP/EVOH & 45 i
P AR B A7 R FE S A /)y, 1 BOPP/VMCPP #4 5t )
A MWEZEER WK, KRR TEABEMN 2 24505
Xif A2 A A L A i BE BTk A4S —BE, ¥ BOPA/PE |
PET/PE 2 42 & e b i Ao o 88 5 5 24 F 1) 2 oh
JZ BOPA #l PET, 7E BOPP/VMCPP. BOPP/EVOH
X 2 FhEEBR TR EEEHZHNZE VMCPP
EVOH., JHETIR, VMCPP #4)2ME 11 R, i
W58 B R Bk, T EVOH 43 a1 F B die/)y,
EUA LY 5 A

22 BETUNAEHMEEGEERMEK
£t oAl
4 Pkt B 5 BB A Ao 2 R R AR A LR 3

HFE3IALEL, JBEEM 15 °CHE 55°C, 4 Fib A
A BRI T 2 K RS BT SR AR A a3, B AR

2.1

AT RAE 45 oClek, EEIRFERETE, 4
TR EAER 78N, 2 FHEM F ARSI, R
PEREIN, SZAMIVERET, NARREREREN ARt AR,
Wi SR8 N, MR T 45 °Ci, BRI TafE
H1E— DR, #ELG M. M 15 °CFHZE 45 °C, 4
A J5 2 A5 A T A KSR AR AR K, BOPA/PE &
BRI MR R 124%T 15 & 138%, PET/PE 4
TP T 2L K 1 84% TR & 95%, BOPP/VMCPP &
A TR ZU KR ) 78% T % 85%, BOPP/EVOH &
AW KR 86% TR E 96%, A HITHE T
14%. 11%. 7%. 10%. ZeGt, W, A0
(A W S SR S T S AR, BOPP/VMCPP 4 5 1) e
SR R Z R AL /N, 1 BOPA/PE & A X
S H R o 3K T8 B R A IR B X LA AR 5 IR A 43 [
VB FH 5% m g BE A — R 30

23 BETZUNAREMREAETREE
=2

4 FIORE T 52 A R 2 o 5 B o L AR e 4 L
4, HEAFLAES, WM 15 °CF-Z 55 °C, 4 Fh
M O 1 A2 5 B 2 ) 6 T 4 T U /) & 3k S FR T 2
JE S AR O, IR T, o T IVE R 10N,
PRSI AR 2%, MRz RSN S ahii sk, o F4E 22 )
TR E . M 15 °CTHE 55 °C, BOPA/PE &4
A 2RISR BE 8.7 N F{IX % 3.8 N, PET/PE B A EK
RIS E 6.9 N F&{K=E 3.2 N, BOPP/VMCPP &
R ZE ISR S 11.4 N F£{K% 6.9 N, BOPP/EVOH
A ZE R SRE 125 N FRARE 8.1 N, 2R3 JiF
IrRIREART 4.9, 3.7, 45, 44 N, A[LIEH, RE
THE, EAMZERSRELS /N, PET/PE B4 B2 H%
JE 2 AR A W i/, Tl BOPA/PE &2 & 58 28 il
JE 32 R AR A K

R2 RETHNESERMEENIIT
Tab.2 Effect of temperature change on tensile strength of different composite films
TR oC BOPA/PE PET/PE BOPP/VMCPP BOPP/EVOH
PLAREEE/MPa FRifEiR2E  FUAPEREE/MPa ARUEERZE  HIMPSRIE/MPa  bRUEDRZE  DLAHSEEE/MPa  BRifEIR2E
15 42.9 0.56 41.3 0.62 55.4 0.41 81.5 0.54
25 41.8 0.44 40.0 0.58 53.4 0.50 79.2 0.58
35 40.0 0.50 36.9 0.60 52.3 0.48 78.5 0.49
45 38.6 0.43 35.9 0.49 49.8 0.61 77.6 0.50
55 36.8 0.40 35.6 0.51 46.9 0.54 76.3 0.52
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Tab.3 Effect of temperature change on elongation at break of different composite films
o BOPA/PE PET/PE BOPP/VMCPP BOPP/EVOH
e WP R /%  pRifEbRZE WP/ % ARiEIRZE WP/ % pRiEIR2E TR R /% PR 2
15 124 1.47 84 1.70 78 0.89 86 1.24
25 126 1.54 88 1.61 80 0.90 92 1.38
35 131 1.50 91 1.49 82 0.91 93 1.41
45 138 1.61 95 1.45 85 1.01 96 1.34
55 135 1.48 92 1.62 83 0.89 90 1.42
®4 BETUNESRFREENZIN
Tab.4 Effect of temperature change on puncture strength of different composite films
o BOPA/PE PET/PE BOPP/VMCPP BOPP/EVOH
e RN BRMEERZE FRIBRE/N PRERZE O FOREREE/N O ARMERZE FRIBREE/N PR
15 8.7 0.27 6.9 0.32 11.4 0.32 12.5 0.24
25 7.6 0.24 6.4 0.28 10.8 0.21 11.0 0.29
35 6.5 0.29 6.2 0.27 9.6 0.28 9.9 0.24
45 5.2 0.24 4.5 0.29 7.4 0.27 8.5 0.23
55 3.8 0.19 3.2 0.26 6.9 0.26 8.1 0.20
24 BETUMARHEESEEAEY )\ HIEST N, BOPPIVMCPP ki ik

ALkl

4 FlobA ot A B AR 0 2 T I I R AR Ak DL
5. MRS ATLIAEH, MiRE 15 °CTHZ 55 °CHY, 4
FlORE 5T 1) 52 65 FE B A 4 24 S I T N e
XERNE AR EANH N ER S 5 FRIERT
KAOAFE5MA %, WETHE, s FRYER A8/, N
NEREGEPAMRS, RIVEMWHT T N
15 °CF}+% 55 °C, BOPA/PE & & E AW Sk
10.2 N F&{% % 4.3 N, PET/PE & & B0y B A% /1 i

2477 8.2 N f#{ik & 2.8 N, BOPP/EVOH & & 1K B
AL 13.4 N MR 2 8.4 N, R AMZL 143 1%
KT 5.9. 6.0, 5.4, 5.0 N, fitkal IFEL, RET
. BN E A SN, PET/PE BRI E
T2 IR E TR K, 1 BOPP/EVOH & &
F B A0 2 2 R TR R R /DN . MR A RS2 B A
J1¥— g BEEPLAET, B2 5 BRI atE s, Rtk
oy FEAE 32 B THE T K219 PET/PE & A )
ELF 5L 2 B2 i K, T BOPP/EVOH & & i
B AT Z RN

*5 BETAMNESEEAHRNINZIE
Tab.5 Effect of temperature change on right-angle tearing force of different composite films
o BOPA/PE PET/PE BOPP/VMCPP BOPP/EVOH
e HAMWZ/N bRz EAEMERIIN fRfERZE HEAEERIIN frfERE EAIRIIN fRifEiRzE
15 10.2 0.18 9.7 0.22 8.2 0.21 13.4 0.24
25 9.6 0.22 8.4 0.18 7.4 0.20 12.2 0.21
35 8.1 0.19 6.6 0.20 5.8 0.18 10.3 0.20
45 6.4 0.22 53 0.19 4.8 0.21 9.4 0.21
55 43 0.19 3.7 0.21 2.8 0.20 8.4 0.19
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ERE M

4 kA I A A SR o B R AR A AN 1A 1
Fizme 1 ATRDIVEREHE H, 4 FhRANNE A
AURE L PR B A AR AR — B, X TRl —FF
ai, IR EETH R, EURE T B AR R, 7 15~ 35 °C
W, ARE RIS 1E 35 ~ 55 °CAE [
W, AAE E RO I W DR B R
Thr, AR FrE g, Eahaeim, FeE 4
PR s FHEZmtk, A mAEBEm, S0 H5S
AR TR, AT RIS S A e
B, BT LU AGE T G ST 0 IR S 15 °C
FE %] 55 °Chy, BOPA/PE &M A <%t &
41.5 cm*/(m*d-0.1 MPay#¥ K % 125.4 cm®/(m*-d-0.1 MPa),
PET/PE & & HEAYE/SEd R 70.6 cm’/(m’-d-0.1 MPa)
MK % 178.5 cm®/(m*-d-0.1 MPa), BOPP/VMCPP & &
PERE &S Rm 9.4 cm®/(m®d-0.1 MPa)i¥ k&
30.8 cm*/(m*-d-0.1 MPa), BOPP/EVOH &S EHA i HE
1 3.3 ecm®/(m*d-0.1 MPa)¥ K % 15.8 cm’/(m?-d-0.1 MPa),
ARBELESNE KT 83.9. 107.9. 21.4,
12.5 cm?/(m*-d-0.1 MPa), mittalIE L, RET
H, 4 FEABRESRELEAER, HEHEAEZE,
PET/PE & & A S i 32 AR b s i K, 1
BOPP/EVOH & & 4 3% i 1t 37 Ik B A8 Ak 52 )
/No XSEHH PET/PE & G B AU AR BH IR AR FH ) 3=
Y& PET J2, PET /r FH & A RIRENIERA, &
BE Tt @ X PET 43 F 85 09 22 01k 52 W g5 K,
BOPP/EVOH & £ Jié v & BH F& 4/ F % EVOH 43+ 22 it

VA2 R AL Fe /N

_ 180 - —s— BOPA/PE

I —e—PET/PE
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E
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Fig.1 Effect of temperature change on oxygen
permeability of different composite films

26 BRETUNABMREEGERKESMHE
B M /Y 2 i

2 6 BdE MR EEXT 4 P A A K 2R R A L
IR, Al LG A R, A RE N TR, 4
Tt 82 A A K 78 SB i i B WiAE K i JE R AR
JETHR , KRS TS S, B 5 W R
BRI, Vi LG RO 8 33 b WERSE 5 (W] IR T
SrFEEESmE, AR, FEE GBUKES
B PERERS . MU BE 15 °CTHEF] 55 °CHY,
BOPA/PE & & /K 28 i3 ik 1 2.73 g/(m* d)3g K
% 7.22 g/(m*-d), PET/PE & & MIKHESED R
2.22 g/(m*-d) K= 6.56 g/(m*-d), BOPP/VMCPP & &
MR K283 Rl 1.1 g/(m*>d)HE K ZE 3.11 g/(m*d),
BOPP/EVOH & AEA/KZE BT EM 122 g/(m’-d)i
KE 356 g(m™d), KHES BT RS E 5N
449, 434, 2.00, 2.34 g/(m*-d), HMLATLIE L, i
JET R, KZERE SRR, KBS EAE2ZE, &
B B K 28535 ik A2 I R R DK B0 /N L Ay
BOPA/PE. PET/PE. BOPP/EVOH. BOPP/VMCPP,
BOPA/PE & & R /K Z8 K 1o 1t 57 1 B2 A8 b 52 il fi
K, i BOPP/VMCPP & & /K 78 K i 52 1
AL B/

*6 BRETAMNEGEREKERETENEMN

Tab.6 Effect of temperature change on water vapor
permeability of different composite films

IKZES Bt/ (gm2-d ™

HE/C BOPA/PE PET/PE BOPP/VMCPP BOPP/EVOH
15 2.73 2.22 1.11 1.23
25 3.07 2.89 1.25 1.56
35 3.53 3.18 1.38 1.78
45 5.36 4.45 2.02 2.34
55 7.22 6.56 3.11 3.56
3 4k

RSl e T A N N IR Wil =R A O A
R pE . WP oR | ZERIBRE . EAMIR . K
A EE, AREL RS ENEWARE, YR
M 15 °CTFE 55 °CHT, FuAMnmE | 28 5 2 A B A
475880 N, Wi SRS KRN, KZERGE
TR OB B S K o 25 B i B 52 i B
S Ak 5 N K F /N B9 I i BOPP/VMCPP |
BOPA/PE. PET/PE. BOPP/EVOH; & & EWiZL fi
BB R 2R AR i K BN/INIUY 24 BOPA/PE |
PET/PE. BOPP/EVOH . BOPP/VMCPP; & & 5 hY 25 il
5 B 5 M A7 Ui R DR 3R AR AR 52 e DA K BN B Y Sy
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BOPA/PE, BOPP/VMCPP, BOPP/EVOH, PET/PE; &
N 9 LA B0 2R T 32 B T R AE AR R A E /S I
J¥>} PET/PE . BOPA/PE . BOPP/VMCPP , BOPP/EVOH;
A2 R SR B B A2 IS DN AR A i K S NI
J¥>4 PET/PE . BOPA/PE . BOPP/VMCPP . BOPP/EVOH;
ST I K 7% Rz ad A2 52 A B R M K 2/ N Iy g
BOPA/PE, PET/PE, BOPP/EVOH, BOPP/VMCPP, %
& 43HT, BOPP/EVOH & & JHy -~k FBH B P fES2
R EE RN/ | 5 AER AR TR 5 I F AR
BOPP/EVOH & £ i —Flrl (e i BAR (2 bk

S 3k
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