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Preparation and Properties of Polyurethane Adhesive for
High-Barrier Retort-Resistant Composite Packaging

YANG Jian', LIMengqi', QIU Jie', CHEN Runyu', LIU Xianggui’, YU Jiayu’, LIU Yuejun'
(1. College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. Guangdong Huatong New Material Technology Co., LTD., Dongguan Guangdong 523591, China )

Abstract: Based on the reaction of oligomer polyester polyols with isocyanates, a polyurethane adhesive is
synthesized with strong adhesion and cooking resistance, which can be used for high barrier composite packaging films,
followed by an exploration into the effects of different reaction conditions on the properties of polyurethane adhesives
and composite films. Research has found that the initial viscosity of the main agent is positively correlated with the
reaction temperature. The higher the R value (the ratio of the amount of isocyanate groups to hydroxyl groups), the
higher the initial viscosity and average peeling force of the composite film will be. However, when the R value is too
high or the proportion of trialcohol to total alcohol is too large, the synthetic polyurethane adhesive tends to gelation.
The composite membrane prepared under optimal conditions is characterzied with a water permeability of 1.05 g/(m™d),
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an oxygen permeability of 0.62 cm’/(m’-d), and an improved high-temperature retort resistance performance.

Keywords: polyurethane adhesive; composite packaging; high barrier property; retort-resistance

0 5§

ARk, BEE AT A Al H 45 540,
NATX S AL AR SR BOR B T2 4 | 4 fh
A, B, BB BAEOR B — &
B 12ER B, TRl R SR HAT BH R R RE R AF . T
TPERRIL S . CREFDTIE . A20H | RIS b RS
ZEERE U REFRR R RS 2 R
M (—NHCOO—) , & HIRZWMALEENR], 731
WPERGR , T S5VF 2402 PR s TR A BT A 7 S
HAMRR MR B Mk, REATRRE AT
LS8R, &8 . dR5KEE & 15 Ik S S8 it A
RN, AR E AR, B RREN
R, R —HpE, K HAE NGB R
AT DAL 25 I A RO SRR, 45 s P RE
ZI)Re e U

2R, Tz R AR E T A T R
EURES A PrE 1T, 40 Wang X, 45 U ] s SR S
O RA WA IR R S R A B T — ) LA e T AR

i BhESTERRIL S . M KPR RE LT 0 B I R A R
HE 7. A. Nacas 55 U F AL I FLA AR S5 F 1
Rk, B AR BRI AR, s IR
JBE R A BELRR R BE . IS A BRI A AR B 2R 2
JEEERIK R B BERLTE T 50%, FhairEredem
T 37%. FME LA FEBE " H5% TARERZ
JUEE R R DL R T R R I A R R TR A
AR, s = BN BEAE IR TR 5 | A 221 5g ik
R, RERERI T ZEENERE, BA 5T Re
SR ZE BRI G IEEKR

SR AR I R0 500 I ] T 1 ot T 28 A B e A 5 1Y)
PS5 % =0 1y (17818 N 1) 1 I S =
[IERIRCIAELEE £ & Pl = I = DTS e
YERT Sk A K i, B0 BE BR AR b A 48 ™ A
B I 7 A FTE [k 5 A S 66 390 &7 77 A T 4 45 Bl o
PR 3t v BEL I i 22 28 2 6 26 T 3R i IS 550 9 T
HAWARM TR P Wik, EHEREY
Mo Fa et B SoRERE, S8 T ERE R,
T Ak 27 1 S Tt AR BE 4 B AR 0 i SR A PR TR —
( polycarbonate diol 2000, PCDL2000) %k B, 45
— B IR BR Z JCBEAH G, BT PCDL2000 43+ N &%

AR BRIRTREE, PIIRABELR, IR 2R
FBR IR AR R AT AARIERE T B 2 it 4
ferehe N W, W HAA L Z BT, BEE
AFIBONREE « RAE (SRR 5 i My i
ZI) | TR = EER ALY LRSI T
F IR S SR T R, IR B IE S
JOL AT SR I 2800 T o 2 52 5 VA P BEL PR P RE
WAL TSR AT LR | B R
1, el e BEL PR i 2 38 0 5 e T SR i
JEH 79 o

1 SEI§

L1 E#¥RiRE

1) =R RikBE B (PCDL2000) ,
T, RINTHRERIEATBRA Rl R 53R
Pt (TDISO) . —ZRFEATbE — 5 MRl (MDIS0) ,
B Tl g, 77t T N =EE, Tk g, T
M AL TABRA R LR THE (butyl acetate,
BAC) , kg, VLIRS TARA A [k
A CYH110) , Tk, Jbatm B psbeA R w .

2) FEAURS . WAEE, OSP-10 AL, [ HAHIH
MEHE R Hl ;- GBL-L #9HL F-H7 5L, ZM-100
B4 B R SR ZE A, T INRPR L %
A PR F]; MOCON AQUATRAN® MODEL3/38H
WK 78 S8 3 % KL . MOCON OX-TRAN2/22H
TSR R, 56 MOCON A d]; $4iliH
¥ % 1% #% (scanning electron microscope, SEM ) ,
TESCAN MIRA LMS #, #5i TESCAN MIRA A 7;
{dE 57 78 4 21 A0 56 3% 42 ( Fourier transform infrared
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Fig. 1 Synthesis reaction mechanism of PCDL-P prepolymer

R LREFESFHMEE
Table 1 Corresponding table of experiment

numbering conditions

i oo R R R, AT
BRlg  BFE] /min IR /°C iz
T-70 PCDL2000 TDI 180 70 08 L1
T-80 PCDL2000 TDI 180 8 08 11
T-90 PCDL2000 TDI 180 90 08 Il
T-100 PCDL2000 TDI 180 100 08 Il
T-110 PCDL2000 TDI 180 1o 08 11
R-0.6 PCDL2000 TDI 180 80 06 11
R-0.7 PCDL2000 TDI 180 8 07 11
R-08 PCDL2000 TDI 180 8 08 11
R-09 PCDL2000 TDI 180 8 09 11
CM2-1 PCDL2000 MDI 150 8 08 11
CM2-2 PCDL2000 MDI 150 8 08 21
CM2-3 PCDL2000 MDI 150 80 08 31
CM2-4 PCDL2000 MDI 150 80 08 41
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Fig. 2 Infrared spectra of the polyurethane adhesive
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Fig. 3 SEM images of polyurethane adhesive composite films and base films
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Fig. 4 Relationship curve between reaction

temperature and viscosity
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Fig. 5 Relationship curve between the average peeling force
and reaction temperature of BOPP/CPP films
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Fig. 6 Relationship curve between the change rate of average
peeling force and temperature of BOPP/CPP films after cooking
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Table 3  Test results of composite film barrier performance
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2.6 PERRMERES T
WATIRTE T2 JEURHAC ) SR R S M RE 1Y)
S, KPEC Y R-0.9. CM2-2 BRRET & AL A

- IKFER B/ ARIEL R
;é ﬂIJ 2 -1 3 2 -1
(g:(m™d)") (cm™(m™d)")
BOPP JL i 4.58 1344
BOPP 45 4.46 1185
BOPP/CPP % & Jn 2.65 757
PET $ 4 b AR SL 5 1.97 1.34
PET ¥ LRI IS 1.68 0.92
PET/CPP # ki E & /5 1.05 0.62

XT L BOPP J: U A i AR A 5 I BEK . BH AR
EHATH, B FA R E A G B —2n
FHPRPERE, B KM REEBH A MERE B 4T 1Mt BOPP
5 CPP & UM R A BRI R R A )5, FEBH K FIRH
AMEREERS B T i . FE U R R R
T840 PET/CPP B &1, 15HIE A EFES Y
REZK FHBH AU BE Y KR FE s, iR 3 s BH R i 25 2 A
BER A 2R .

3 ZHig

ARSI R GATRIEFE ) 1 A BUIEA A%
TEAIR R Y £ 0l S SRR R S A5 3 T 52 R
B, W T HA s RR E SR, Ha
HEZEE . KEE, EEEMIIEERLS . IF
PRIET 120, JRURHAC H G SR AR R R M R Y s
BN TN FELE

1) FTIR F SEM Z5 R W], &R T WS
REABERR N, FREGEA RATFIEREBOR

2) BEE SO BE T, A SR R G )
WREE R, T BOPP/CPP & & WG, HF 153
B 1R R SN

3)DRIEBK, 525 W IR FE B RT3 32 TR,
RZE T RAEN 0.9 BF, ZA B 12 # MR .

4) PET/CPP #EMME GG, GHMRABRL
H MY K ZERET N 1.05 g/(m*d), HAELE
40.62 em’/(m*d), i At = BEL BRI BE I 78 8 42 A 2
JEEREER

ARG ) R T 2% 2 v BEL IR 2 5 .25 FH 2R 2R
FHI I A H S AR, iR AR R S
FEh £ R RE R B SR AL T BRI IR A A S 5645



90

WoW T k¥ ¥R

2024 4

Sk

(1]

[4]

[10]

EHRT, #h o, o B SR E SRR B
KIEFEH (1] ARG BN, 2009, 27(1): 5-6.
WANG Hongjiang, SUN Cheng, QU Ying. Current
Status and Development Trends of Compound Food-
Packaging Materials[J]. Packaging and Food Machinery,
2009, 27(1): 5-6.

HAN J W, RUIZ-GARCIA L, QIAN J P, et al. Food
Packaging: A Comprehensive Review and Future
Trends[J]. Comprehensive Reviews in Food Science and
Food Safety, 2018, 17(4): 860-877.
fI5e%, £ Bl A S BT
A SR PLM, 2018, 36(1): 51-56.

FU Luying, WANG Rui, ZHANG Youlin. Advance
in Food Packing Materials[J]. Packaging and Food
Machinery, 2018, 36(1): 51-56.

AKINDOYO J O, BEG M D H, GHAZALI S, et
al. Polyurethane Types, Synthesis and Applications: A
Review[J]. RSC Advances, 2016, 6(115): 114453
114482.

Bt i | TS A AR A T R AR R0 A ] w5
[D]. M/RER s PR/REE Tl K%, 2021

DUAN Jianqging. Study on Preparation of Polyurethane

JEJEE 1.

Adhesive for Cooking-Resistant Aluminum-Plastic
Composite[D]. Harbin: Harbin Institute of Technology,
2021.
CRETE SN & Bk Su |
2018(3): 25-33.

XU Haixiang. Review of Polyurethane Adhesives[J].
Rubber & Plastics Resources Utilization, 2018(3): 25—
33.

DUNN D. What Are the Best Adhesives and Sealants to
Use for Home Repairs and Craft Projects?[J]. Adhesives
and Sealants Industry, 2019, 26(8): 129-132.

e T AW?%%@UEATLM%mm%H@
HAME [J]. Gi8RHERRSE, 2009, 203): 16-25.
GAO Chengx1an. High Barrier and High Performance

J]. BB IR,

Composites Were Prepared by Dry Solvent-Free
Composite Process[J]. Textile Science Research, 2009,
20(3): 16-25.

NACAS A, ANTONINO L, CHINELLATO A,
et al. Nano Boron Nitride/Polyurethane Adhesives in
Flexible Laminated Food Packaging: Peeling Resistance
and Permeability Properties[J]. International Journal of
Adhesion and Adhesives, 2019, 93: 102326.

IVEY A, TALBERT J, EVANGELISTA R,

et al. Influence of a Hydrocarbon Side Chain on the
Performance of Physaria Fendleri-Castor Oil Polyurethane
Packaging Adhesives[J]. Cleaner Engineering and
Technology, 2021, 4: 100216.

[11] WANG X, ZHU J, LIU X, et al. Novel Gelatin-Based

[12]

[13]

[14] it

Eco-Friendly Adhesive with a Hyperbranched Cross-
Linked Structure[J]. Industrial & Engineering Chemistry
Research, 2020, 59(13): 5500-5511.

2 Wk, wa, FUR . AN A N RAMR S
FR R 5 (9], AL T, 2019, 48(7): 1767
1769.

LI Yi, DONG Yunzhe, LI Mingsen. Preparation and
Test of Bicomponent Polyurethane Adhesive Resistant to
Cooking[J]. Applied Chemical Industry, 2019, 48(7):
1767-1769.

TIAN S. Recent Advances in Functional Polyurethane and
Its Application in Leather Manufacture: A Review[J].
Polymers, 2020, 12(9): 1-16.

Jochn . 3R IR A R A A 38 VI v B4 S 3], T 2R
EIRI, 2020(6): 53-57.

HONG Xinru. Application of Polyurethane Adhesive in
Packaging Printing[J]. Guangdong Printing, 2020(6):
53-57.

[15] QIAO Y, JIANG J, LI H, et al. Polyurethane

[16]

[17] SUN L, ZHANG W, XUE W,

(18] &

Adhesives Used in Food Packaging Materials[J]. Advance
Journal of Food Science and Technology, 2016,
12(12): 705-708.

WRIEAS, JHRIAT, 5k i . M8 B R A AL
ZhFI RG] [J]. L5854, 2009, 31(2): 67-70.
CHEN Xiaodong, ZHOU Nangiao, ZHANG Hai.
Preparation of Polyurethane Adhesives Used for Retort
Pouches[J]. Chemistry and Adhesion, 2009, 31(2):
67-70.

et al. Study on
Preparation and Performance of Reactive Polyurethane
Hot Melt Adhesives Based on a Polycarbonate Diol and a
Polyester Diol[J]. Journal of Macromolecular Science,
Part B, 2022, 61(4/5): 665-676.

FEMER, E%E XL, 5 KRR AR IS 7 2R
i 4 il 28 B PR RE (0], BAAHTAR, 2019, 33 (3EH)1) .
488-490, 494.

XUE Xiaowu, WANG Xinwen, LIU Hongbo, et al.
Preparation and Property of Waterborne Polyurethane
Obtained with Polycarbonate[J]. Materials Reports,

2019, 33(S1): 488-490, 494.

(WAL % . BAHE)



