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Table 1 Orthogonal experimental parameter settings for
key process factors
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Table 2 Bubble formation under different gluing amounts
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Table 3 Bubble formation under different winding tension
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Table 4 Bubble formation under different glue ratios
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Table 5 Bubble formation under different composite temperatures

R Jit gy M

s ah s mm i g ZATSERERA S BT, BUCEISN, WNEEOS, LT G R
- PONEIE, R RIZ PR, 5 FECE UATE R
Ny UIBIA RS SRR ROKRIE), RO LRI, ISR, BB
CIRIIEAE ) BPRFRTIEIRE, W02 A, AT
i 124 g TR T RS TAEBUOR R | S TP, b
A ) PEB LSRN, 5B LI . DR R

3.2 MM ENABERR

T CE LR P AP RS, AR
e W IR I | 0 e B S 1 G S Ry i
SIVRES, Wb TR R LG R, BB
MEABZSEZ FR R E 2], BOKAERS HiF
WA, SECTERUINRIET,  DAITE G 1 DR T SR R AR
AR BB B ™ . ZRE, BB
TR TS B Ax=0.25L, i L WARS1EE G

AR E, AR H =52 mm, Ax=13 mm,

FEVUTUCHE T 2280 ( Bighr . Mgk . ok
BCte . AW REF—BU RN, X T
i S GG WA T X RGBS S
WEE, 253 6 R, SRITESOIICENIM, 6
B2 5 2 Z R ARGz 0 B %, Bk AR RRAR T
93.7%, FIESREEHEE T 29 20.0%, FoAruE TS
WAL 1A 35k o

- 64 -



DE KERK, %=
TEHRMUTRTEESRHMBIMETE

Fo FRAKEARTRARBENEERE
Table 6 Bubble formation and peel strength under
different winding methods
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Study on Inhibition of Bubble Defects in Solvent-Free Lamination via Synergistic

Process Optimization

ZHANG Xuecheng ', WU Yong', HU Lixin', ZHONG Yunfei’

(1. Hunan Xuetian Packaging Co., Ltd., Changsha 410699, China;
2. School of Packaging Engineering, HunanUniversity of Technology, Zhuzhou Hunan 412007, China )

Abstract: Products containing labels are prone to bubble defects due to the protrusion of labels during the
solvent-free lamination process, which seriously affects production efficiency and packaging quality. The mechanism
and influence of the embedded label in the solvent-free lamination process were systematically analyzed, with a
focus on introducing the triple mechanism of bubble formation: interfacial rheological instability, winding stress
concentration and the escape of curing gas. To suppress the bubble defects in the solvent-free lamination process, the
L9(3%) orthogonal test was adopted to optimize the process parameters, and the misaligned winding mechanism was
innovatively designed. This collaborative strategy effectively reduced the interlayer gap and the bubble defect rate.

Keywords: solvent-free lamination; bubble defect; interfacial rheology; stress concentration; process

optimization
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