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Adhesives used to make bamboo/wood composite electro-thermal plywood

HUANG Chengjian, BAO Yongjie, LI Neng, XIAO Ruichong, WU Zaixing, CHEN Yuhe
(China National Bamboo Research Center, Hangzhou 310012, Zhejiang, China)

Abstract: To compare basic physical and mechanical properties and electric heating properties of bamboo/wood
composite electro-thermal plywood, four kinds of common adhesives: phenol-formaldehyde (PF), melamine-ure-
a-formaldehyde (MUF), aqueous polymer isocyanate (API), and epoxy (EP), were applied. The bamboo/wood
composite electro-thermal plywood treated by four kinds of adhesives were tested according to the China na-
tional standard and industrial standard: GB/T 18103-2013, LY/T 1700-2007. Results showed that the plywood
treated by PF did not peel after the immersion test, and its modulus of rupture (MOR) (68.25 MPa) and mod-
ulus of elasticity (MOE) (5 670.57 MPa) were highest. The damp and hot dimensional stability of PF plywood
was better than standard requirements, and the decreasing rate of resistance was maximal at 50.8%. Also, the
heating and cooling rates with PF plywood were fastest. In contrast, all plywood treated by API peeled after the
immersion test, and the MOR (36.37 MPa) and MOE (4 458.72 MPa) of MUF plywood were lowest. The damp
and hot dimensional stability with both MUF plywood and API plywood failed. The decreasing rate of resistance
for EP treated plywood reached 26.7%, which was the lowest among the four adhesives used; the rapid heating
and cooling period of bambool wood composite electro-thermal plywood was 20 min. In general, the heating rate
of PF plywood was the fastest, and the cooling rate for API plywood was the slowest. Overall, the phenolic resin
(PF) was a suitable adhesive to make bamboo/wood composite electro-thermal plywood. [Ch, 6 fig. 1 tab. 15
ref. |

Key words: wood science and technology; adhesives; bamboo/wood composite materials; electro-thermal ply-

wood; carbon fiber

Wk H A . 2016-04-27; & [l H 1. 2016-06-30

FEWUH - B MO g AT BHTE % 1T (201404505 ) 5 #7148 8L BHEE % 1 (2014NMO09) 5 #7148 17 - i A%
TN T A S 56 = B B H (2014F10047)

VEZ T S, PP 6, WS M Tk (LR BE5E . E-mail: hej5236@yeah.net, 5@ {E{E#H . Wi E M,
WrFE oL, ML, WA, MWEAREEFIPIF . E-mail: yuhec@sina.com



370 ST N S N N = 2017 24 H 20 H

NRA MR T7 N TR KB 2 BUACHY = 38 | RS A DD o A% 58 iR Wz J7 XA T 4 2 4K
XU A0 S B, 2 AL E B9 23 A1 AN BE I8 2 FRAEDIR S, 100 3l ORISR T 2 AR S Y D B, S NRLEE i R
£ EBED T, R ANBGEIRETE" MR R FAE 20 148 20 4F AU IT 4 i, 32 2R DU A 51
A I AAE BEAT AR ST, (A5 I i BB R, S HOUKE L TR RS, A9
B JE T A [ RAT B T ARBF AR RS AR, SHLIMER . BRETAEARL A PREUR AN, AT A
R TR S, B d TR 4T 215 4 2% B 52 ) R AR 7 3B 20 I T 3 I AR I, v A
R, R REOS R AT A 25 N B IR R A 2040, BA REER B, (R b T 5 Al o
TR, ST AR, WA R BN TR NN . HA, SR YD B 4T 4 5 e 4T 2 2 i AR
T B TR A 27 Ak 4R R AR RS TR FUA 0.08 mm, w3 ek 45 R AT 4E 1 R R AT R, 2
— ol B M POR B AR o BRET AR AT R R AT YR S ORAT A R W SRR, A T SRR S, [
IS T 27 28 20K 30 FRL PR TR ORIk B 97 %L b, LEBROICR T REMY, RERS AR O AT 45 SR By IR R o i
LLANR . NI, B ET 2 207 H AR I U R AT AR R B BRI R 57, (AR SEE TSRS B AN 2 g B AT
ARG R IEAT RGBT . ABETER A 4 Bl AR R B RE R, il 1T 4 MARMIT AR &
P AR A A, 3 e X AR F ) B S R R R IR REEAT A DN A0 A, RS RIS R R A ORI
A 3 A

1 R AR

WU, JEEEN 2 mm, WE FULEAT AN A RA R MRS, B 13 mm, W& T
TR

P 4EAR (PAN 58 ), JERES 0.02 mm, 5@ fiifE 40 gom™, J7FH 210 Q-m?, W ALt 5 Rhb RN F .

13 A i BC 6 %) (PF) KB Ry 77.5 mPa-s, [ 54 56.01%, W T R/RIKE A () AR)AERAFR,; =
REMG S ENREER s (MUF), #pbkE A, BRI B2 a2 00 E AR, pH 1.5~3.5, T RK/RIEES
FNCEEE)ARA A AR5 5 SR BRI R (APL), E5 873 AWk, pH 6.0~8.0, ZiEH
8 000~25 000 mPa-s(25 C), [EfLHF N5 HMREG Y, WA WA, pH 6.0~8.0, FiJE N 150~250
mPa-s, W FIARARETERERR TERARAE; AW IR E R (EP), BS54 E-44, H4HE Y 5N
210~250 greq™, WF Rl R RA BB BRA R ALK D BN (Sl EAR), AR EBmIA, FE
(KOH) >}y 450~550 mg-g™, W4T Ry A2 A B B R H]

2 R F &

21 MAREGEAMEHE
) 17) BE AR 5 M AR R R B B RLAR 9 400 mm x 150 mm x 15 mm B3RKE, 78 MR bF 9 G L AR
7 mm (AL, TR VR R IR PN R RE S OK R T% )5 A, W AT 4 R BT B TR0 380 mm x 140
mm FHREE S o WP 1R . AR & AR 3 SR T2 AT, IO RS AE , R Sk
T ZEA AT TR R A5
O RIRZIER e o B R TR R S P N ]

F LR 575 o PF S IR B3 50Ch 15% 1) 30k} =x {EEE
(), WRAEWAERR, KA 150 g-m?, L i AR S b

Jite 5 J5 BRI 15~20 min, BLHZFATHAE ., H

fii & 9709 1.1 MPa, | F JEARILE N (13525) C, Bl #ARLSLHIRENTER

PRI 2% 1 minemme, Figure 1 Schematic of bamboo/wood composite electro-thermal plywood

MUF Je it A7 B Be i), 4 B Hs (4638) , Blet: 7l (5930) FIZK #E4T iV , m (4638 JiEHy ) :m (5930 #
F):m (7K )=100 : 25 : 46, THIE W 5 A7) e VR i B Re v, T EG B m (TR YR ) sme ([ 4K 751 ) =100
12, FCil 76 B i, i i &4 200 g-m™, i i J5 JF R 20~30 min, B4R Sk 1.1 MPa, | F &
M EE R (110£5) °C, FAHEFESY 1 min-mm™,

APL 4% B8 m (F270) ) :m ([E 4k 77])=100 = 5 fy Lo ] 98 1 35 50 BB RIS TR, 1t Iig 2k 200 g-m™,  #4ite Ji



B34 EE 2 BRSBTS A A A R AR 371

J& IF R 15~20 min, B T8 1.1 MPa, | F AR A (110£5) C, #AJEE A 1 min-mm™,
EP % B m (50 im (B B ) :m (E L) )=100 = 50 = 30 BEATIAME, WA EHR, i & K150
g-m?, i 5 T R 20~30 min, B0y JE 3k 1.1 MPa, bR JEMREEE M (38+2) °C, #JERFE K 1
min-mm™; #1455 IR BCE 48 h DL EAs .
2.2 PIARE G BRI
22,1 B Fakse PIRE G IR IR BUR B R (MOR) s 52 i (MOE ) 4 R I i
TR ) A A 3K 2 2% [ G bR i GB/T 18103-2013 (52 AR A5 M AR ) v 1Y S8R 7 3647« AT RS 45 v #
RV L AR e e DA o A A 3 2 25 ROl ATl A 1 LY/T 1700-2007 b 2R 182 FH A Joi b Al )
W S B s R AT .
222w DR AT A0 9 F B Ro A A5 B 4 BB S FIAT R B A L SRR 1 L RH R,
FEFOREH 2 0.01 kQ, 15 4 FR AR R T AR L R R, R THAXE, KR 0.01%:
AR=[(R\=R¢)/Ry]x100, HHr. AR FHIBHTFER, %; Ry N4, kQ; R ARE A H
PR AR A HL B, ko X AN ) e 285 700 ) B 1) A7 A 52 A Wl S HI A HE A T R, RI B 20 min 04RO B 2R T
B, AT AT RS G A AR R IR R AL 5 IS AR S o R R, (R BE 20 min AR M 2R DR EE A
B A AR A2 A5 v BRI AR 1) G TR AR AE

3 EREAMN

31 WAL

0 e B TSR AT 4 R O A PERE . 2 1 SR AP iR 46 0 st S IR
F B B B R A i, B T BRI TF LN UL . PF R MUF 5 45 A5bA BB 01 2 B 11 5
R HBIHGUL, PE F1 MUF BEREAT, S0YE S B0 07, 5 BT AR 000 e £ 07— 6 DR Tt
BRI LA 2 B TAF . EP A4 0 B0 B B B AP R B G L BEIMEAR 2
R ZEB AR A, KA 2 BT AR AR N TRET A8 I BURURA I, (515 AP RRBF (3 5 B HE A

Vel 2 G2 4 FORHE A RO RN % RERBAMAE S RAMENEEN LRGSR
MOR 1 MOE X} Fe I . LA Hi: PF BB Table 1 Results of glue bond tests for bamboo/wood composite electro-

ik At MOR F1 MOE # &, 23 %~ 68.25 MPa thermal plywood made of different adhesives

15 670.57 MPa. APL il EP il B0 i BE  BBAME Bam ot | KMk sl
MOR 1 MOE £ % B2 JE . MUF il f 0 ik b PF 10000 API 0

MOR H1 MOE # £, 4> %k 36.37 MPa 1 MUF 100.00 EP 85.71

4 458.72 MPa,
MR EZESR , SR & MR PR AR A R AR E(E o 0.30% , 58 FEARME(E Ty 0.40%, Tt i R
SRR FEEARUEME S 0.20% , FEFEEARUE(E S 0.30% ., &l 3 th iR i A R84k, KB D7 1) [ MUF

100 7 7500 0.5 r

o B i T o 5 L A _ Ok W%
S 80 v 16000 S 0.4
2 N N = =
60 ;.3% - 4500 2 203 ¢
) s <
= 40 §§§ = -300015 §0.2-
2 20 g%g -1500% o}
o N N 0
PF  MUF API EP PF  MUF API EP
i i ) of 2K B2 b 751 Aol 2
B2 FRBRBHNARLSGGHRRGFHEZE B3 REKREANF KL SRR HER
A AR T TART M
Figure 2 MOR and MOE of bamboo/wood composite electro- Figure 3 Heat-resistant dimensional stability of bamboo/
thermal plywood made of different adhesives wood composite electro-thermal plywood made of

different adhesives



372 TN 3 N = o= R 2017 44 H 20 H

Mo AR bE AR AL, TR E 0.32%, At 3 Fh AR A AL LRI G A%, Hodh AP HuAR M AR AL R R AR, A
0.18%, HILATLATE . = SR otk MR e B i 7 P R b I 3 S0 L B P 47 i — 2P itk o 1
i BT ] b 4 R 09 A8 AR RF S AR UE, PF AR b B AR AR, S 0.24%, EP MR AR 1L Ry
0.34% % 1 T HA 3 PR A o fEF 4 B R AT T 2843 b, APL b pf AL R0 0.25%,
bR HEZOR, oAl 3 FhARb A8 A R AT S AR EZER , AP TR MR BE B, SR T M AR At 3 b i 45
55, R T Gyl e LT AR AR N AT 4B BB N, S EUR R RE R . 4 Fhtiobt 98 B AR AR
PTG bR 2GR (E 0.30%
3.2 mAHFE

X 4 i 00 o 2 ) R B ASORT R Y H BEL TR RS AN T R AR R S A B IR R X A A i A A B
B L AP R — 5 B o 7R o A R AR R Z . B AT 4EAR A HLBH Y O 0.76 kQ, (HJE 280 TR
BRI, JER B B TR A B G . AN S P . PE TR B e OB RFBELE T Bk, 250.77%,
MUF ik Z, Jy 46.85%, i EP [ il 49 B AR At BELR B/, IK 3 1 26.66% o AR 32 2 2 4 B
FE, TR T AR R AR HARRE I, AR I A B 2T 4R AR5 B2 U8/, B RERE R, DA a2 A 250 N TR ) B 21
PEREL S, TR, FHEERERTE, I 4E4R00 & i Rl BER. PF REL, %
TAVELE , W5 RERS AR G R M BUARAT 4 v, (AR BRET AE4RAE PR i B BB 5 R AT A Sl AT 8™, Bk
UL HERE, N SRRTEES,

0.3

o]
(e}
1

S

I O J 5 )
=
£0.2 1 0T
g |_L ;‘%40 — H
0.1} ==
mandl =00
0 0
PF MUF API EP PF MUF API EP
Jig 3l 31 o 2K Jieg % 571 b 2
A4 REEREF AR E A R AR AR R BS REIREFNAARKE A B #H IR L
T T &

Figure 4 Humidity-resistant dimensional stability of bamboo/ Figure 5 Decrease rate of resistance for bamboo/wood
wood composite electro-thermal plywood made of composite electro-thermal plywood made of
different adhesives different adhesives
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Figure 6  Curve of heating/cooling for bamboo/wood composite
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