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ABSTRACT: The work aims to improve the unit bonding performance of reed materials and the utilization of reed re-
sources. Isocyanate/urea-formaldehyde resin composite adhesive was adopted to prepare reed particleboard. The ortho-
gonal test with three factors and three levels was used to study the effect of adhesive consumption, hot pressing time and
temperature on the static bending strength (MOR), internal bonding strength (IB) and thickness swelling (TS) of
the board. When the isocyanate accounted for 11.6% of the composite adhesive, the optimum hot pressing temperature,
hot pressing time and adhesive consumption of reed particleboard were 160 °C, 240 s, and 12%. The MOR, MOE, IB, 2 h
TS, and 24 h TS of the reed particleboard under these conditions were 33.68 MPa, 3292 MPa, 1.05 MPa, 3.64%, and
9.45%, meeting the requirements in GB/T 4897-2015 for heavy-duty particleboard (6-13 mm)in dry conditions. This study
can broaden the industrial utilization of reed resources to replace wood in the field of packaging materials.
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Fig.1 Preparation of isocyanate/urea-formaldehyde resin composite adhesive
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Fig.2 Preparation processes for reed particleboard with composite adhesive
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Tab.1 Orthogonal experiment design for reed particleboard prepared withisocyanate/urea-formaldehyde resin
composite adhesive
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Tab.2 Test results of curing time for adhesive
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Tab.3 Test results for properties of reed particleboard

SLES PURMESC JEMNE/s  JEE/% MOR/MPa MOE/MPa  IB/MPa 2h TS/% 24h TS/%
Al 140 200 8 18.12 2168 0.68 10.30 15.98
A2 140 240 10 25.12 2 637 0.96 5.17 11.17
A3 140 280 12 24.71 2677 1.06 5.19 8.22
A4 160 200 10 25.30 2 781 0.83 7.26 12.76
A5 160 240 12 33.68 3292 1.05 3.64 9.45
A6 160 280 8 26.19 2785 0.81 7.59 15.96
A7 180 200 12 26.44 2720 1.13 3.90 9.03
A8 180 240 8 26.03 2 815 0.81 9.25 14.26
A9 180 280 10 26.60 2774 0.89 4.64 11.82
K\ 4.83 — 0.32 — 6.49
iﬂig Ky 4.99 — 0.05 — 0.95
Kc 5.75 — 0.05 — 1.02
GB/T 4897—2015 T4 26 1F T AR F R @ FE AR A ¢ 2K s 5200 0.40 2.00 19.00

(JEREH 6~13mm)
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Fig.3 Effect of hot pressing process on MOR of reed
particleboard
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Fig.4 Effect of hot pressing process on IB of
reed particleboard
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Tab.4 Summary of the orthogonal experiment results
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x5 EXXRERFENN
Tab.5 Variance analysis of orthogonal experiment results
VaRIE(EL N BN i 2 - J5 A F B F It M
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IB HIRIREE C 0.04 2 0.29
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TR ] B 1.42 2 2.096
" WIRIREE C 1.92 2 2.843
TR 4.31 2
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Tab.6 Properties of reed particleboard preparedunder optimal process parameters and requirements for
particleboard in Chinese national standards

BbA G = MOR/MPa MOE/MPa IB/MPa 2h TS/% 24 h TS%
A5 33.68 3292 1.05 3.64 9.45
B 21.84 2227 0.056 12.86 24.39
1 20 3100 0.6 8.0 16
2 15 2200 0.4 8.0 19

TE: 125 GB/T 4897—2015 CEIAEAR ) rhouh T T BobR A8 6T i 22 48 @ AR AR (¥ 0 B 22 MR REZEOK 5 2 O GBI/T 4897—2015 ( fll fEAR )
FHORE T TR A T P () 7R B Q) A AR 25 U B ) 24 PR R K

3 4k

BT 50 0 S5 R T /MR e A 15 52 5 T 28 70 o 9 7

AR, 8 B E I R S, R i
T v G J e . R L 5 ) AR A 4 B 2 R RE Y
MR, X IEASIR IR A R N 22 507 2t AT e b, W E
TR AR A A P Y R TR, X AR
il g B A B AE ARV E REBEA T IR M A RIS AN T

1) FERPERZHRMT, BRIGEE N 8% 2

ARG 25 Kb Bk 19 MOE K 3% 2 200 MPa A1 2 h TS
=T 8%, HAR AT A AR A4 1 RE XA 2 GB/T
4897—2015 HOX T 550 T 7R 2 AU ) £E A F it o R
KT 15 MPa, #PERIE KT 2200 MPa, NS5 HE
KT 0.40 MPa [HE3K .

2) WM R Z PIE T 2P . PURR
JEE DL S A R B ) 52 e 2 4 2, O e b B S A R B
[ XoF AR A e 25 R 118 552 i) A e g %o G2 ] 5 Al b
FA it 7K 1 BE 5 P 45 A i 38 A2 AR T2 Pt IR
Ml A, AR A E) L A R DU i 4 /)N



B4z 23 BT, A

S TR I /R AR i A2 5 B R o) 5 oo 98 7 2 ) AR AR S AR RE AT 5T 69 -

3 ) 3 0 S R e/ R R i A A e e 751 i 5 1)
FEEE A AE AR ) B S AR RE 25 T, B g PR RIAE
M B3 L il 3 T 25 i i 12%, #URIRFE 160 °C,
RIR] 240 s, 5 MREE B B 15 268 5700 ol 7 140 2 25 ) 78
WA, TEBE T 2500 T MARR PR BEAS 21 2 4 7
iK% GB/T 4897—2015 Hixd T a4 i i) F %%
AU AT ZESR A il 5 KT 20 MPa,  JPEAR
wAMET 3 100 MPa, 25558 AT 0.60 MPa,
2h TS AET 8%LA K 24 h TS AT 16%IKE K,
AR BT AL AR T 75 1 AR 3R K

S E 3k

(11 #dl, BR&E. ARBUEAAR & R H K #E R 23
Mrn. HE%E, 2010, 30(10): 35-37.

YANG Kai, CHEN Zhi-qiang. Development Trend and
Reuse Analysis of Wood Packaging Materials[J]. China
Packaging, 2010, 30(10): 35-37.

2] EEZF, S OCTAAREE A TR B R K
Mr[T]. HEAT, 2011, 4(1): 40-41.

WANG Yu-qin, LEI Min. Analysis of New Wood Mate-
rials in Packaging Structure[J]. Silicon Valley, 2011,
4(1): 40-41.

(3] X=iz, XUt JEAPAE Y N TE AR K J 5 0 31

R R MOk AL S R T3 &, 2020, 48(12):
8-11.
LIU Yun-xia, LIU Hong-hai. Development and Applica-
tion and Prospects of Non-Wood Plant-Based Panel[J].
Forestry Machinery & Woodworking Equipment, 2020,
48(12): 8-11.

[4] MMz, A%, 55, % FRE P G Rk
JEY5 R JRAWLT]. FEAEMR, 2019, 26(8): 1-4.
DENG La-yun, FAN You-hua, WANG Yong, et al. Re-
search Progress and Development Suggestion of Reed-
Based Panels Industry[J]. China Wood-Based Panels, 2019,
26(8): 1-4.

(51 XU, Bk, ) =5 B0 kL& 15 i TR HoR W)
I Mol BHE K22 3], 2015, 35(8): 102-106.
LIU An, JI Tie. Preliminary Study of Material Properties
and Processing Application Technology of Reed in
Dongting Lake[J]. Journal of Central South University
of Forestry & Technology, 2015, 35(8): 102-106.

(6] BE, R, mdR, % MEMRERRR R

P BRI ]. A= Tk, 2019, 56(10): 44-47.
ZHAO Xue, TANG Huan-wei, GAO Jian-min, et al. The
Application of Reed Material in Modern Home Fur-
nishing Design[J]. China Forest Products Industry,
2019, 56(10): 44-47.

(7] SKIEE, AR, BRI, . AR L depi ] &
LRI R GEM, 2016, 23(10): 10-14.
ZHANG Ya-hui, SU Xue-feng, CHEN Feng-yi, et al.
Study on the Manufacturing Technology of Reed/Poplar
Fiberboard[J]. China Wood-Based Panels, 2016, 23(10):
10-14.

(8] BR¥E, JFTRR, HEIE, 55 —Fh A HERFH AR OEIEL].
MOl HLAR-S A T84, 2020, 48(3): 28-31.

CHEN Ling, YIN Zi-kang, LUO Ying, et al. Study on
Reed Straw Board[J]. Forestry Machinery & Wood-
working Equipment, 2020, 48(3): 28-31.

[9] AfRthddh, sk¥E, EHE, 55 SR AR QI E R

1 T2 RAFPERTIE[I]. ARB I THLBE, 2017, 28(2):
43-47.
FAN Shi-kun, ZHANG Yang, SHEN Jin-xiang, et al.
Study on the Technology and Properties of Particleboard
Based on the Inaterials both of Poplar and Reed[J].
WoodProcessing Machinery, 2017, 28(2): 43-47.

[10] JOHANN T, DICK S. Monocotyledons in Particleboard
Production Adhesives Additives and Surface Modifica-
tion of Reed Canary Grass[J]. BioResources, 2014, 9(3):
3919-3938.

[11] GARCIA-ORTUNO T, ANDREU-RODRIGUEZ 1J,
FERRANDEZ-GARCIA M T, et al. Evaluation of the
Physical and Mechanical Properties of Particleboard
Made from Giant Reed (Arundo Donax L.)[J]. BioRe-
sources, 2010, 6(1): 477-486.

[12] NAZERIAN M, MOAZAMI V. Bending Strength of
Sandwich-Type Particleboard Manufactured from Giant
Reed (Arundo donax)[J]. Forest Products Journal, 2015,
65(5/6) : 292-300.

[13] JEF05, #hpF, #BA. P =5 A sOR R b AR

FERIAEAR[I]. M= Tk, 2006, 33(5): 19-21.
ZHOU Feng-mao, YAO Xin-ping, DONG Yin-sheng.
Particleboard Prepared from Reed and Rice-Straw
Treated by Ball Milling[J]. China Forest Products In-
dustry, 2006, 33(5): 19-21.

[14] sh-LHE, B52, FIR, 5. Z8 7RI = 25 25 4k S H

AREBE G BHERER R R [I]. B AUML K222 4Rk (A
SREFFIR), 2017, 41(1): 136-142.
HAN Shi-qun, YANG Ying, ZHOU Qing, et al. Effects
of Steam Explosion on Reeds Fiber and the Properties of
Reed Wood-Plastic Composites[J]. Journal of Nanjing
Forestry University (Natural Sciences Edition), 2017,
41(1): 136-142.

[15] WA, XUZEH, RS, &5 SALF P E R ARG 4R
il g5 T[T 775 5 Tk, 2013, 33(1):



<70

1 % T f&

2022 4F 12 A

[18]

[19]

32-36.

XIE Cheng, LIU Zhi-ming, WU Peng, et al. Optimiza-
tion of Preparation Technology of Alkali Pretreated
Reed Pulp Nano-Cellulose[J]. Chemistry and Industry of
Forest Products, 2013, 33(1): 32-36.

RRHRL, UGS, BRA SO I AR 2T A R ) TR
B K fig il s RAK D). ) AR, 2012, 39(14): 3-4.
ZHAO Xu, LIU Zhi-ming, ZHANG Sheng-yi. Optimi-
zation of Microwave-Assisted Acid Hydrolysis Prepara-
tion of Reed Pulp Nanocrystalline Cellulose[J]. Guang-
dong Chemical Industry, 2012, 39(14): 3-4.

BERE, TR, INEER. SRR IR I iR AR A
7ELA R ] B BOAR LB, 2011, 39(23):
14429-14431.

FAN Xiao-min, YU Zhi-ming, SUN Yu-hui. Study on
the Manufacturing Technology of Reed Flakeboard
Bonded with MDI Resin[J]. Journal of Anhui Agricul-
tural Sciences, 2011, 39(23): 14429-14431.

HAESC. ZREPVA LR Bl AR A7 T
201 MLALM S A T i 4%, 2013, 41(12): 42-44.
LYUlJi-wen. Production Process for Producing Grade E1
Particle Board with a Multi-Platen Press Production
Line[J]].
ment, 2013, 41(12): 42-44.

PR HE. R T S R T JRORG 7R A 8T Ak AR 5 PERE VA

Forestry Machinery & Woodworking Equip-

[20]

[21]

[22]

W[, 2k 5364, 2021, 43(4): 279-283.

GAO Yan. Study on the Curing Process and Property
Evaluation of Polymer Isocyanate Adhesive[J]. Chemi-
stry and Adhesion, 2021, 43(4): 279-283.

VP EE, 255, P4, G5 BpkoT = R mUb otk iR
I B ol 8 B AR P RESRAE D). AERLRL 2 5 TR
4R, 2021, 39(5): 826-831.

XU Shan-feng, LI Jing, LUO Xing, et al. Preparation
of Melamine-Modified
Urea-Formaldehyde Resin from Walnut Shell[J]. Journal

and Thermal Degradation
of Materials Science and Engineering, 2021, 39(5):
826-831.

TWT, THAZ, e A6 25 FH e 2 6 F oK
AP QI FEAR PR RER 2 [J]. AR B2 HHOR, 2021,
35(3): 31-37.

DING Xiao-ning, WANG Wei-hong, ZHANG
Xian-quan. Effects of Particle Geometry and Resin
Content on the Performance of Corn Straw Particle-
boards[J]. Chinese Journal of Wood Science and Tech-
nology, 2021, 35(3): 31-37.

CAKIR M, KiLiC V, BOZTOPRAK Y, et al. Graphene
Oxide-Containing Isocyanate-Based Polyimide Foams:
Enhanced Thermal Stability and Flame Retardancy[J].
Journal of Applied Polymer Science, 2021, 2021(39):
1-9.

SRS . 1R



