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A 160°C., #AERIE A 109s, REE N A | MPa i, /33693503 5 K& L RMAA S 0 mm, WS HRIEEE A 3] 382
MPa, [## ] AAFRH & T 32§ K-PEAL ééﬁ”%ﬁ K% B W BB, HakiEik 3 T GB/T 17657 —
2022 AR BAN B AEMIZAL M AL R I T ik )P T K2 # B el X B R, THLEas NESABRMER, LEH
%@&ﬁ?ﬁ%ﬁm%m&%ﬂ,mmlﬁ%%ﬁmoE8ﬁ3ﬁﬂ

KA B, THEMER; vp@E; ZRdEKE; MARBERE

FESAES: S781 YRR : A XERE: 2095-0756(2024)00-0001-09

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 Forestry New Technology, 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

peeling length gradually decreased with the increase of hot-pressing temperature and hot-pressing time. Hot-

Wk H A 2024-05-14; &I HH#H: 2024-09-18

HEGINH : EZRANT AR BT BRI (TIAWBI2023-04)

YE& S . XUZHEE (ORCID: 0009-0009-3400-2120), MFZJEBLIS THMIE . E-mail: liugiongyao@njfu.edu.cn, i
fifE# . J7 & (ORCID: 0000-0003-1331-7966), @& 4%, 11, MA@ KEHM BT . E-mail:
fanglu@njfu.edu.cn


mailto:liuqiongyao@njfu.edu.cn
mailto:fanglu@njfu.edu.cn
https://doi.org/10.11833/j.issn.2095-0756.20240345
https://doi.org/10.11833/j.issn.2095-0756.20240345
https://doi.org/10.11833/j.issn.2095-0756.20240345

2 RN/ NI NI e 14 20244 X A 20 H

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 I 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

PLE P AR g 1= 35 4K 0 R 28 )2 BB (high-pressure decorative laminates made from thermosetting resins
impregnated sheets, HPL) /2 f1 AN [RIB IR 1R 10T 9 38 248 . M40 2 2 4 i 402 B 76 & T 345 1 s 1)
— PR idr R HPL 2R & 45T L i . W | Wik SR mbERe, 407 HPL ) {2 L
T s BRI &R, (HE il T = REUe R (MF) Mg ARG . fooe k22 e i,
fiif5 HPL MBI 25 . 78 HPL it 2 A G K 21 A sl fift Ik 27 25 5] el VIR i s mT A &%k HPL (4 gt
(R R, [A]EHIR T HPL ALBRSREE . /KR ok . W PR SE DI RE ), J1 481 LUAR 2 4048 HPL 1Y JIE )2
B, TE 2 JZ4 AR AN A C Y5 BE TR 4T 4E R (CA) K eF 43, $#2£F+ HPL p9s bk, HImA 5 )2
CA YKL ESAN], HPL RYMTRMHK ANy 27.9%, Ja ISR E N 40.8 MPa, 435l L5l HPL 48 %5 1 4.4 Fl
5.9 1%, AH A FH 25 22 00 £ CA DK EF HEA7AEFE BT KR RS 25 45 n) AT,

HPL (Y457 % 32 Bl R R A AR, IEAFER, RS FT BN R [R] 20 % 8ehe AR AT LAl HPL 2 81
[ Ec . BZFEET, BT EZ AR BT BHREAT I 1F SR SCHURT S R sk i 2 2 1 R A2 AR P A3
HE AR PR — R AL RE , ANEA AR ARM B SCER AN TR, i ELE AR I 2 ™, DL E 2 254 R
RHEEARRIT, % HPL )2 R G454, AR H & —FPEae it R AR B & Rt bf, TERLE 2
. BN AU ESEEA )T R TR

WEFE R R R AR FEAR M B E G rh R YRR EZAE, bR TIRUERSA BTiEslh, IRTERE . BIER0R
FAE P2 BEFE I Tl SR AR RO R E . AR, B OH (PE) MR LUH IR A 4r . RAFRI W)
PE . TKPERIIN TSR OL A, BUMESER “ =B KRB A MRARCE 0, T Z T ARBA R
PR3, PE WA 2 AL . AN B REETY TR B AR R A R A AR SR T Al R AL
T . BE MR HEL R SR T AR, R PIBYER IR Ko FAEARM Z AL A5
7 S X R A e i R AE RN, GRS T IR AR 5 & BHRHIE K% ) 2756 B AT 7K 4 rg ol
H T RO . MERROU R R AR, B AR A PE RO H 2 R A AR R AT RS DA A AR -
PE & & 2 P2 MM (wooden decorative laminates-sheets made from polyethylene film, WDL)., i 1< i )i/ 1] /7
AT IR BE . PRI A] | B R T 0T 2 U i s 95t ) 8 P BB U S B hr 5 BE ) RE e, ARCABLOE Ak
WDL W AR & 450, e R S R0
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1.1 ##
HAHBEMHAR . BARE A, W TFAEERSERARLT, A& N 200 mmx200 mm, JEE N 0.2
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B, il 5 ZE5H 0 AR -PE & & 2 BUR i A
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H PE 3 5 W4 7 A N L g, RO A R IR X
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Figure 1 Preparation process of WDL
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Table 1 Level of experimental factors

KF
PIRRIEA)YC  BIEMEB)s  HIEETI(C)MPa
-1 130 30 0.50
0 155 90 125
+1 180 150 2.00

() WDL #4732 5 R B 1 B AU S o fr ok 8 i3, 6 O3k ity B -5 g 1 T R 26 4 1 0L 4 % L
PUASSE Hn 5 . ASHF5T F)H Design Expert 13 $#E1 T80 0 M A AR, F) A Origin 2021 24,

1.3 MR 53R

BB PERE . MR E FFRE GB/T 17657—2022 (385 A K i 1 A3 M Bk ME RE IR 56 07 e )b T 2%
R B YERE MR B R, BUX SR 75 mmx75 mm AR, OB HORAE (63+3) °C HUK TR 3 h, RIETK
BT (6313) C WEIR TIRM P T4 3 he MEFMERAGENRESDHENKE, SREHE 1

mm, PHREERN 6 MR- 1E.

ST B . ARG FE FARME GB/T 1040.2—2022 (CHR) Rk RE I 2 55 2 3550 . M0 FnBF v ¥
BRI A AE ) IR AR SH AT R RE 87 fiE 1223 AL L X AR WDL 3R 084 T 28 47 -5 A% Aok i
AR, IR EEE N | mmemin ', RS R 6 AMAERFEI(E
PE MEEHLHSREE . AR FARME GB/T 1040.3—2006 RN i HERE I 2 45 3 FB4% . WEEFIHE A
IR G 25 8 ) b 5 BRRE IR R A RSE AT I AE , 6 T 88 D124 AL B E A7 0k, K0 o ol S

mm-min~', MREE R A 6 MR REEE .

WA IS R 45 R ST 7 mmx3 mmx 1 mm (LxWxT) (OREBR , FEURE e 545 ) 285 B 4
Aot BEATEE A AR, fd IR S B T WSS (FEI Quanta 200) WSS 41 B AHI PE AR 4 it 422

R,
2 #HRE M
21 MEERR T E

DA R B B RISy hr i B e b, 1 FH e 1 T 7% Box-Behnken A8 AR 5 ZE AR IR EE . U
B[R] R4 77 %5 WDL PERE BRI o i 17 T 156y 58 B 25 SR L4 2,

DA 2 Y 45 S 1 A7 i 1o T [R] SRS 1Y) O 25 40 A, A5 AR LR 3. R R B K A LA B AL A D 2
(P<<0.000 1), #HCFREL (R)=98.45%, KLIEVIE REL (Rag)=96.45%, 5 R Hi, VWl 7 1 43 H1 75 12
XT 5 ¥t ) e B VT AL R A ALY o S ht bR B R LA R A B 2 (P<<0.05), H RN B
(P>0.05). 0 Hra i R=88.98%>85%, UiHHIZAAIXT WDL (IS T 5m B Fi 25 Rl {5 o R A tF
FEETT T 1R SR R A b S B R R L PR ] L AR S WDL IR B K Z R
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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 44.2
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
Jr BRI E)/mm ISR Y, )/ MPa
iR TR 7 F P IR ¥y F P

FhiR 1934.44 214.94 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 0.8176 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

Bez: 30.50 436 21.52 3.07

AL 16.50 5.50 1.57 0.328 1 3.87 1.29 0.29 0.829 9

gl 14.00 3.50 17.65 4.41

M 1964.94 195.28

R 0.984 5 0.889 8

Rag’ 0.964 5 0.748 1

B o B E(P<0.01); *. BE(P<0.05). R AIKRREG Ry, MIERE R

2.2 #EETFIT WDL HEERI R0

221 #ERT WDL Zo# B edFea ARYEE 3 0l AR IR B IS [ X WDL #4355t 3
B ERE R M 3 (PA<<0.000 1, Pg<<0.000 1), /S[F]HAHE IR B AR I (8] T WDL (1492 35 3 3 < 5 Il
B2, YPREEE G, ThE SRR T S A R BRI B K, RETHE ] 180 C B, i FE
T 2R 00 B A (63 C AKEANEE) WL WA B2 T2 G: . — 7 i th 1= IR o] 4 il PE 2
A5 IE RN HARMHAR T, TERET S5 5 D) — 7 TR RTE SR S N 3T 1T A AL 3, SR
PEILPARRAL, 3 FUmAH A M08 . YRR AR, R P i a] [RI R mT LA 2 1 i R ot 1 B
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
%, TEFT A A R AL R R IR B B . K SA FTRUE S, AR TR A s [R] Y
3D W7 i T B R R MR, ANE R R, U A TR HAR B (PAp=0.001 5), HHAESE
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 BT, WDL iR 9= 157 40 2 B2 B P 7 (3 n 2 58 T e LT g,
L e 7 T 5 R A R Y, R 8 22 BSC BAE RN B3 (Poc>>0.05). X2t F 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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M, PEIREEFE 180 °C B, A1 450 FikFm O a [ 130s 090 s [ 150 s
B K R T 0 mm, T L TE 7Rk
PE {1956 1 5 T MR G FL e R 6 1 22— AT B4 b 1 2 30 %b
PR . AR R BT B S JE IR} PE B e =
ORI o SR s AR TRLBE LS T I, SR % 2
VE &30S, BOR IR BE W/ PE bl B BE (1 B ¢
AT IR 7 (B 0t .

P 3C AT AR B i) B ) 52 T A ﬁ
e T 2 L R, 9 ) A B A 0 e fie e
] 2 90~120 s, #4JEJE J7 4 0.6~1.2 MPa Bif # T 0 130 &Eg;w 180

mm. FE I RAE ST RO R TR PE 0 s s o 5 B (P<0.05). BRI
BB, WA WDL ik, R 3JER 125 MPa.

] AP R 7 %F WDL iR pl s e e A2 AR B2 RRIAREREAHUERE T WDL #9% it
H (Ppc<<0.01), F| & AR

Figure 2 Impregnation peeling performance of WDL under different

hot-pressing temperature and time
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Figure 3 Response surface plots of the effects of hot-pressing temperature, time and pressure on impregnation peeling performance

222 HAJEE T WDL RS 4 3k & o) %o MG SCHTHL 58 B 7 22 70 B 45 R Al 0, T U B )

WDL HNRSCAAL 58 AT 535 R (PA<<0.05), HL#X O 2 8 g

S 148 e ] e HNR S0 473 1 A7 550 A sl am b

i (Pap<<0.05)c MK 4 TTLAFR AR TR BRI ] 2% g 30 * e
fFF . BRI H 155 °C i WDL HIRECHT 3 g

Sk EORPR 130 C R4 H0 WDL K 444 4 o

AR A PE W 2 FlbPRHI SR R4, B = 10

SRS R T7E 180 °C I, i TAAJE IR 0

BERGTHERIR B E A, 98 A T (04 il PE it e

HAR, SRR Kﬁfb%?ﬁﬁ%ﬁﬁ&iﬁl‘é%%ﬁ% (P<0.05). #JEJESTA

M SA T LA . PEZ AR MM A 125MPa,
K, HALAREEEE K 10 MPa (8] 6), WALEMIMAN B4 REHAERET WDL RS H428E
J][Djé/ﬁ(j:ﬁ j:jﬁﬁ_{j ﬁg [H]éj% ﬁn 5B, /ﬂ\:ﬂfﬁ—%,ﬁg ﬁ %iﬁ Figure 4 Tensile strength along the grain of WDL under different hot-
/J\ , iUﬁ%j(,'ﬁ Hﬁ@*fi@ﬂ%jﬁ%ﬁj}}éﬁﬁz%% pressing temperatures
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Figure 5 Load-displacement curves for tensile strength along the grain of different materials
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24 KEZEREBEAFIES
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BBEREEFHE . K 8AL, TEMUEERZMT (130 C) #EE &), JLF-4A)Z PE S B4 %1
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IS, M T EH LB T RIFMREERES, BA TG RL PE 35 2 # A 348 80fL B BUE MR E
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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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