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Preparation and properties optimization of veneer-PE
laminated decorative panels

LIU Qiongyao', QU Xi', LIU Xiaogian', FANG Lu', CHANG Liang’

( 1. College of Furnishings and Industrial Design, Nanjing Forestry University, Nanjing 210037, Jiangsu, China;
2. Research Institute of Wood Industry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [Objective] This study aims to prepare wooden decorative laminates-sheets made from
polyethylene film (WDL) based on the laminated composite structure of high-pressure decorative laminates
made from thermosetting resins impregnated sheets (HPL), which provides a theoretical basis for the
preparation of aldehyde-free composite decorative panels with excellent performance. [Method] Polyethylene
film and reconstituted decorative veneer were used as raw materials, and the five-layer structural WDL were
prepared by hot pressing in the way of smooth-grain grouping. Box-Behnken Response Surface Analysis was
used to study the impact of hot-pressing factors on the impregnation peeling performance and tensile strength of
the smooth grain and to optimize the process parameters for the preparation of decorative panels. [Result] The
impregnation peeling performance of WDL was affected greatly by hot-pressing temperature and hot-pressing

time, while hot-pressing pressure had no significant effect on the impregnation peeling performance. The
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peeling length gradually decreased with the increase of hot-pressing temperature and hot-pressing time. Hot-
pressing temperature and time, hot-pressing time and pressure also had significant interaction effects on the
impregnation peeling performance of WDL. The tensile strength along the grain of WDL was mainly
determined by the strength and thickness of the reconstituted decorative veneer, and the hot-pressing
temperature also affected the tensile strength of WDL. Low temperature could result in inadequate cementation
of the reconstituted decorative veneer and PE, and high temperature could lead to degradation of the
hemicellulose in the veneer, all of which adversely affect the tensile strength along the grain of WDL. When the
hot-pressing temperature was 160 °C, the hot-pressing time was 109 s, and the hot-pressing pressure was 1| MPa,
the impregnation peeling length of the decorative boards under these conditions reached 0 mm, and the tensile
strength of the smooth grain reached 38.2 MPa, which was close to the prediction results of the optimization
model. [Conclusion] A new type of veneer-PE laminated decorative panels is prepared, which has no
formaldehyde release, and its water resistance meets the requirements of the Type Il immersion peel test
according to GB/T 17657—2022. It can meet the needs of general interior decoration field, and there is no need
to add adhesive again in the post-finishing process, which is an upgraded product of HPL. [Ch, 8 fig. 3 tab. 27 ref.]
Key words: polyethylene film; reconstituted decorative veneer; Response Surface Methodology; impregnation

peeling length; tensile strength along the grain
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IR, B EC R A R e R AR R A B X e, DA UE T SE Mk . AHFSE FI A Design Expert 13
HATEAE S Hr AR, KT Origin 2021 22

1.3 W5 RAE

R B ERE . ARYEE SR ME GB/T 17657—2022 (N 1 M b 4 T A i b LA M eI 58 1k ) iR iR 5t
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Table 2 Design and results of response surface test

e PRI BURRR PR RUUREAEE A Th i B .- MR PUERE] PUEME S BRI WS
(A)/C (B)s (CyMPa  (Y;)/mm (Y,)/MPa (A)C (B)s (CyMPa  (Y;)/mm (Y,)/MPa
1 -1 -1 0 33 34.5 10 0 1 -1 0 43.0
2 1 -1 0 1 36.9 11 0 -1 1 8 433
3 -1 1 0 11 41.7 12 0 1 1 8 40.5
4 1 1 0 0 33.6 13 0 0 0 3 40.4
5 -1 0 -1 26 38.4 14 0 0 0 2 44.0
6 1 0 -1 0 37.7 15 0 0 0 6 442
7 -1 0 1 25 40.8 16 0 0 0 3 42.0
8 1 0 1 0 33.2 17 0 0 0 1 39.5
9 0 -1 -1 25 40.7
®3 BHEREMARIRS AR 7 £ S
Table 3 Variance analysis of impregnation peel performance and endwise tensile strength
JrE BB B BE (Y, )/mm MRS B (Y,)/ MPa
i IR ¥y F P IR gy F P

e 1 934.44 214.94 49.33 <0.000 1** 173.76 19.31 6.28 0.012 1*

A 1104.50 1104.50 253.49 <0.000 1%* 24.50 24.50 7.97 0.025 7*

B 288.00 288.00 66.10 <0.000 1** 1.45 1.45 0.47 0.5150

C 12.50 12.50 2.87 0.134 1 0.50 0.50 0.16 0.698 8

AB 110.25 110.25 25.30 0.001 5%* 27.56 27.56 8.97 0.020 1*

AC 0.25 0.25 0.06 0.817 6 11.90 11.90 3.87 0.089 8

BC 156.25 156.25 35.86 0.000 5%* 6.50 6.50 2.12 0.1892

A? 121.64 121.64 27.92 0.001 1%* 98.94 98.94 32.19 0.000 8**

B? 34.80 34.80 7.99 0.025 5* 1.04 1.04 0.40 0.5787

C? 80.59 80.59 18.50 0.003 6** 0.52 0.52 0.17 0.692 3

B2 30.50 436 21.52 3.07

RAUIT 16.50 5.50 1.57 0328 1 3.87 1.29 0.29 0.829 9

aliZz 14.00 3.50 17.65 4.41

PENCP 1 964.94 195.28

R’ 0.984 5 0.889 8

Rag’ 0.964 5 0.748 1

UL = BAEP<0.01); * WEP<005). R WERM: Ry, BRIEREREL

2.2 #EETFIT WDL HEERI R0
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A5 IE RN HARMHAR T, TERET S5 5 D) — 7 TR RTE SR S N 3T 1T A AL 3, SR
PEILPARRAS, Wi FUm AR 208 . YRR AR, R P A ][RR T LA 3 1 i s R ot 1 g
BERYH M. M7 130 C RIRBEERM T, IR IR 2 150 s B WDL U253 B KRR T 11
mm, 2 [ 825 R B RE IR ZOR (<25 mm), 2B AR AT PE A SRR, wmshhk
%, TETT A A TR AL MR R IR B B . K 3A FTRUE . S TR AR s [R] A
3D 7 TR A R MR, AR A, DB P AR S HAE ] H B3 (PAg=0.001 5), PHILTESKE
A= 7= F AT IR S PR A% e B 153 A A H ek 32 AT ) i ]

PR T DR 3#E AR 5 IR Z M A28 6, 38 Y s A B T RIS A g . A 3B
ATDVE W YRR —E i, WDL iR 9= 35 40 2 B2 B A 7 (3 n 2 58 T IS LT a3,
LR o 7 T 5 Gk R P, R 2Z (B 3C BAE RN B3 (Poc>0.05)0 X2 1y iR
KF AL PE 43 8] A AE F 0 58 A B AR 8 B35 O, AT X WDL (14922 958 o) 2 1 fi 1™ A6 ANl 52
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Figure 2 Impregnation peeling performance of WDL under different

hot-pressing temperature and time

35 3430, 2610 25 23.80
£ 30 £25] £
£39 2674 E5 2018 £20 18.72
20 19.18  #% 15 1426 15 13.64
K15 162 ¥ 10 834 ¥ 10 8.56
w10 "o "
= 06 = ° 22 5 0 3.48
= 2L -3.50 & -350 B L Yy -1.60
D0 dgﬁo N0 7 L8 RN 7

s NS 60" J @ fe YN0 0 .4%\&?) g YO0, s

gy . VIR0 AN Wl VN 06 By, YO O6 3

L2 N L2 %\@@ Mg Y W@@
A FRE T AN B ) T 4 52 7 B. A I BE A4 e 77 1) 5 C. FAJE I )RR 7 B 52

B3 #REE. AR, ARE SRR AR e 6 R L B
Figure 3 Response surface plots of the effects of hot-pressing temperature, time and pressure on impregnation peeling performance
222 #JEB T WDL RS 42 3% B0 e ARG ITSCHTHL 58 B J5 22 70 A 45 R T, 0 it B2
WDL (RS 38 A 25 (P4<<0.05), ELAR s Ji JBE RN ik (o) g MR S0 437 5 A I 2% 28 HLA
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Figure 5 Load-displacement curves for tensile strength along the grain of different materials
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Figure 7 Microscopic morphology of the side of reconstituted decorative veneer conduit
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Figure 8 Microscopic morphologies of WDL’s adhesive interface under different hot-pressing conditions
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