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Solventless Laminating Technology and Fastness Laws of Flexible Packaging
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ABSTRACT: The work aims to study the production conditions of solventless laminating film used for flexible packaging
and analyze the fastness laws by peeling strength, so as to optimize the production process and improve the product qual-
ity. By controlling the technological conditions of solventless laminating process, different types of solventless laminating
films were prepared separately (dry and light packaging BOPP/CPP combination, boiled packaging PET/PE combination
and retorted packaging BOPA/RCPP combination) and the effect of adhesive coating weight and laminating speed on the
peeling strength of films was analyzed. Under the experimental conditions, the peeling strength of solventless laminating
film samples gradually enhanced as the coating weight increased and met Chinese national standard requirements when
the coating weight was 1.0 g/m%, 1.2 g/m® or 1.6 g/m”. The effect of laminating speed was considerably less noticeable

compared to that of the coating weight. The peeling strength at a laminating speed of 450 m/min was only 20% less than
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that at 100 m/min. Regression analysis on results obtained from tests of heat resistance and high-temperature resistance indi-

cated that heating at high temperature facilitated the curing reaction of adhesive when the coating weight reached 1.19 g/m* or

1.73 g/m?, resulting in greater peeling strength compared to that before boiling or retorting. In conclusion, with respect to

the aforementioned types of laminating flexible packaging, solventless laminating products can meet the Chinese national

standards on product strength when coating weight and laminating speed are set within a specific range. Altogether with

the lower consumption of energy and less emission of pollutants, solventless laminating becomes a highly viable and

much more environmentally friendly substitute for dry laminating process.
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Tab.1 Film substrate parameter
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LV PE 60 120 22 DX AL A R R AT 38
R iz fif e T A BOPA 15 120 JE 1 I 9 Sl A B ) 48
ZE I 2R T U AR RCPP 80 120 TN T ¥ R R 2 40
K2 LHiEHE
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WA 1.5 B 100, 200, 300, 400, 450 45 24
BOPA/RCPP HEE 100 WA 12, 1.4, 1.6, 1.8, 2.0 50 48
WA 1.6 HRE 100, 200, 300, 400, 450 50 48
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Fig.1 Solventless laminating process
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Tab.4 Effect of boiling on peeling strength of
PET/PE laminating film

Whitt/(gm?)

= -1 |

B8R EE/[N-(15 mm )] T HAE/%
0.6 2.15 1.76 81.86
0.8 2.46 225 91.46
1 3.74 3.76  100.53
1.2 4.61 455 98.74
1.5 5.58 592  106.09

2023 4 8 H
110
m PET/PE

105} ——Linear fit u
N 100 |-
!
R 95+
#
o
%E 90 |-
&

85 -

u
80 -
0.6 0.8 1.0 1.2 1.4 1.6
Wi E/(gm?)
K5 PET/PE 2 & JFK 4 il J 21 i 56 2
AR LU
Fig.5 Change of peeling strength ratio of PET/PE
laminating film before and after boiling
2.3 #&EHB3% BOPA/RCPP

[ 6 J& BOPA/RCPP & & EAE AR it . A
A B A T R S s B AR . KD 6a 1T
h, BER TR AT BTG G, R B R L T R Lt
WK, BT 1.6 g/m> I, 3 R EE 24 A] 2
FEAR 4.5 N/15 mm WRREZIR , AR EEEAZE, i
FRAB MR I AR VR AT Ry, LR R &
P, YA EIAF] 2.0 g/m® i, B AR A
SRR BMEREAREFHIS ., XEH T
VAR 0 39 (R R 8 0 AR, U A AR s T B2
JEAFI TR NS, NG 2 bk g i DL e 2
PR, SiadERICE AN TG, S5, k)2
o SRR S S A E B A A B AL S 9 i R BGE B
MK 6b 1 i, BOPA/RCPP 44 I B o B fifi 5 5
B B B I REEAIG, 10 B ARG B X U A ORG E
DL SR AR 4 5T A — R B

€ 7 & BOPA/RCPP & &5 121 °C7& 7 40 min
JaF R A L, N 7 R LAY, BEE IR
MR, 882G MR B B e R T2 Z A0y, i
JEBEET R, AR 1.8 g/m? I 25 & 2 Al
MRS SREE o St K BB R FIAR L, T 28 28 A e 2 711
RENE AR 37 T 1 PV A B, ) B J 285 7] 61 4 Sz g
ANGE G N B A AE 25 B RS2 I R, AT B T B 2 79
A B 5 B e 5 F M 2 (R

X5 NZEE AT HI B, o L E AR E
J5 SR B TR B R LA B LA AR L IR
A AR bR O L, LKL 8. K1 8 SR
/N Feik 2 —on— Rk A R I A B
y=at+bx, FI1FEIHIGLEEN y=42.114 6+33.436 9x, H.
ta FUARIEIR2E 0 4.310 37, b IbRIEIR2E M 2.652 85,
B2 IRAMHIE R KL r=0.990 69, PLiE 2B R=0.975 29, 1&
ALESHIEHE N, BOPA/RCPP & 4 75 Z i J5 #



a4k IS

M, A BORATCIR R G T2 A B LA

« 37 .

S

R LA S R T A i BT BRI AR G
H A7 A G ROR BB U] 97.529% I FE A 4L
T O R AT R . AR R AT AT, Y
y=100 i}, x=1.73, UiB] BOPA/RCPP HJ ¥k fr ik 3]
1.73 g/m’ Lk B, &4 IEAE 40t 25 78 5 s i
AR, 2 o 78 2 2 H R B

7L = BEFA
—o— BB

—A— JEFFHIC
6t /

FIBSSREL/N-(15 mm™)]

3 1 1 1 1 1
1.2 1.4 1.6 1.8 2.0
WA/ (gm?)
a
7
—u— JRRHIA
—o— JBAFHIB
= 6} —A— JRFFIC
g '\0\‘\*/'
=
2
2
-B:l( 7‘\>‘—_“
b
® 4t
=
100 200 300 400 500
HAHE/(m-min™)
b
K6 rAiit 5% 4 X% BOPA/RCPP
O B 1 5 JBE ) 5 W
Fig.6 Effect of coating weight and laminating
speed on the peeling strength of
BOPA/RCPP laminating film
8
[ ] &
T 2 wEE 7
= 6r g
: — 17
n St - 7
a0 | A
=3t 7
®
e 2
l |
0
1.2 1.4 1.6 1.8 2.0
WA/ (g m?)

17 BOPA/RCPP & & BEZE Ao B i )3 A8 £k
Fig.7 Change of peeling strength of BOPA/RCPP
laminating film before and after retorting

x5 #ZEX BOPA/RCPP £ & B 558 B B4 M
Tab.5 Effect of retorting on peeling strength of
BOPA/RCPP laminating film

YA /(grm )

B BR B /[N-(15 mm) ! L1/ %
B3 B /[N )] EHTT RES 1E/%
1.2 4.29 3.45 80.42
1.4 4.7 4.27 90.85
1.6 5.31 5.11 96.23
1.8 5.85 6.02 102.56
2 6.5 7.02 108.00
HOF  a BOPA/RCPP
Linear fit "
105 -
X
=100 F
S
w 95|
b
t__jg 90 |
85 -
80 u
1.2 1.4 1.6 1.8 2.0
WA /(gm?)
18 BOPA/RCPP & £ I 25 4 Hif Ji #1 5
SR AR fl
Fig.8 Change of peeling strength ratio of
BOPA/RCPP laminating film before and
after retorting
3 4&iE

i T R A O 4 T T 51 % BOPP/CPP
A KEANE PET/PE 44 . 758403 BOPA/RCPP
HAETCHERNE A MRS, W5 A= T A e 3 771
U A R 5T R AR R S AR ) S I R RS
IS SRV PN, Tl 28 JC I 700 52 A T ) 3t B i B B R
A7 S (R BE I T 2R O, AR A RE IR A AR /N o Tt
P 55 R v U A O S A SR, IR A A H—
FEAEG , R RN RE A — 2 2 i 286 791 61 b s o 1)
HEAT, DT ) 28 8 I i Tk B s R R 2 i, OV
VI A — e FEPE L R TG A2 00 2 X 4 5 o J3E
REZLK, (H N 5 5 R A A T 2 S HO i i 15 mi B
B, RERIZ T ZHEARNZ R

S 3k :

(1] 530 2020 AF i [ 52 A B 0 f 2 A7l el o 5 e B2
[J]. EFRIEA, 2021(3): 37-40.
GAO Xue-wen. Review and Prospect of China's Lami-
nating Film Flexible Packaging Industry in 2020[J].
Printing Technology, 2021(3): 37-40.



+ 38 -

1 % T f&

2023 4 8 H

[10]

[12]

SU Yu-miao, WANG Ting, DING Yu-lin, et al. Prepara-
tion Technology of Solvent-Free Polyurethane: A
Mini-Review[J]. Chinese Journal of Structural Chemi-
stry, 2020, 39(12): 2057-2067.

MR, AP, TR, A R TCHNE G
ARWFFEIER[T]. % T, 2018, 39(9): 44-50.

GUO Peng-fei, FU Ya-bo, HE Hao-wei, et al. Research
Progress of Solvent-Free Laminating Technology of
Flexible Packagel[J]. 2018,
39(9): 44-50.

AMARANAND, GOYAT A, PANNU K. Use of Variable
Adhesive Derivatives (NCO-OH) in Solvent-Less La-
mination Techniques: A Case Study of Parle Biscuits
Pvt. Ltd., Bahadurgarh[J].
Science, Engineering and Computer Technology, 2016,
6(3): 246-247.

AT, DHFE . HaAA Tk VOCs HF R FoAR
IUREEAT[T]. HEME R, 2021, 31(5): 1-4.

ZHAO You-zhong, WEI Yan-ling. A Brief Analysis of
Flexible Packaging Industry to Reduce VOC Emission
Technology[J]. Plastics Packaging, 2021, 31(5): 1-4.
R, VESCA, EAXM, S TGN G HOR K
ORI SE I AN A A H 0], AL BT BN 7 Be 74, 2019,
27(12): 126-134.

LU Wei, XU Wen-cai, WANG Yi-ming, et al. Research
Progress
Composite Technology and Equipment[J].
Beijing Institute of Graphic Communication, 2019,
27(12): 126-134.

SREE, HE. XU AL TE R A2 A B0 3 Sk R[],
EPRIF. AR, 2016(10): 44-46.

ZHANG Jian-chang, TIAN Feng. Advantage and Devel-
opment of Duplex Solventless Compounding[J]. Printing
Technology, 2016(10): 44-46.

BRIY, Wil ), XUBEHE, 2%, JiME & PE IREEH
FECPERE /BT B I [0]. 98K, 2019, 48(3): 16-18.
ZHAO Su-fen, LIU Meng-liang, LIU Xiao-yan, et al.
Analysis the Friction Coefficient Performance and Ap-
plication of the PE Film for Solvent Free Composite[J].
Plastics, 2019, 48(3): 16-18.

PREZS. M dn 2 a0 e a3, 2008, 18(5):
27-32.

CHEN Chang-jie. Interpretation of Solvent-Free Com-
pounding[J]. Plastics Packaging, 2008, 18(5): 27-32.
Wt 2019 Hf S PERRED R & SR Al i (M. dbat: Sofk
K& AL, 2019.

CHEN Bin. Development Report of China Flexographic
Printing 2019[M]. Beijing: Cultural Development Press,
2019.

S¥, A, miE, & EWNANCIE R E A RS
PR 5 & R ], % TR, 2010, 31(17): 87-93.
LYU Ling , XU Wen-cai, GAO De, et al. Current Situa-
tion and Development Trends of Solventless Laminator
at Home and Abroad[J]. Packaging Engineering, 2010,
31(17): 87-93.

XIS ZE. A9CA0 2 WU 17 TG 18 790 R T JBORE 70 ) 5 1 5

Packaging Engineering,

International Journal of

and Development Trend of Solvent-Free
Journal of

[19]

[20]

(21]

[23]

[24]

WE5E[D]. L LA R, 2018: 8-9.

LIU Xiao-jun. Study on Synthesis of Two-Component
Solvent Free Polyurethane Adhesive for Flexible Pack-
aging[D].
2018: 8-9.
CERCIELLO A. Adhesive-Spreading Unit, in Particular
for Bonding Machines: US, 7814860[P]. 2010-10-19.
CERCIELLO A. Adhesive Spreading Unit Provided with
a Roller-Cleaning Device: US, 9597705[P]. 2017-03-21.
SCHUMACHER K. New Water-Based Adhesives for
Flexible Food Packaging Chemical Design, Performance
and Toxicological Safety[J]. Journal of Applied Pack-
aging Research, 2016(8): 38-42.

KIMURA R, OHARA S, TAKAHASHI S, et al. Sol-
ventless Laminating Adhesive, the Cured Product, La-
minate Adhesive for the Polyol Composition, and La-
minated Films: Japan, 6098914B2[P]. 2017-03-22.
NAKAGAWA J, IMAI A, ANDO K, et al. Two-part Curing
Type Solventless Laminating Adhesive and Resin Cured
Product: Japan, WO2017142008A1[P]. 2018-02-22.
Zeole . FR I TCIR R 52 5 0 R T SR 15 2 i i
[1]. #R%E, 2017, 27(2): 21-26.

ZUO Guang-shen. The Latest Application Status and
Development Trend of Solvent Free Composite in Chi-
na[J]. Plastics Packaging, 2017, 27(2): 21-26.

Zeoa . XU PR TC T R S i T A i 5N
FHAE PR IT[I]. BRI R, 2018(4): 28-34.

ZUO Guang-shen. Discussion on Several Key Process

Shanghai: Shanghai Jiaotong University,

Points and Application Adaptability of Solvent Free
Compositing of Double Coating and Fast Curing Adhe-
sive[J]. Printing Technology, 2018, 27(4): 28-34.
A, THREY. Hf e JC I R 3R A I I R R i S
W fLEREAT ST [J]. BERMELEE, 2021, 31(5): 5-9.
ZHAO You-zhong, WEI Yan-ling. Study on Post-Curing
Properties of Solvent-Free Polyurethane Adhesive for
Flexible Packaging[J]. Plastics Packaging, 2021, 31(5):
5-9.

TR, A f e P JC I R 3R T R R 1) )
& MAERERTTE[)]. BRHLE, 2020, 30(6): 25-28.

WEI Yan-ling, ZHAO You-zhong. Preparation and
Properties of Solventless Polyurethane Laminating Ad-
hesive for Flexible Packaging[J]. Plastics Packaging,
2020, 30(6): 25-28.

Wit TR S5 78 FL 28 LR 40 /Y 1 5 B9 D).
ENRIH A, 2020(7): 28-31.

CHEN Yang. Application and Research of Solvent-less
laminating in Vacuum Sprayed Aluminum Paper[J].
Printing Technology, 2020(7): 28-31.

GB/T 8808—1988, TS 5 HRHA Bk B 1557 A (S ]
GB/T 8808—1988, Test Method for Peel Force of Flex-
ible Laminated Plastics[S].

GB/T 10004—2008, fL%IMRHE G, 48 TiEE
. BHE RIS

GB/T 10004—2008, Plastic Laminated Films
Pouches for Packaging-Dry Lamination and Extrusion
Lamination[S].

and

SRS . 1R



