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ABSTRACT

In our study, the potential of okara as an ingredient of new bio-based adhesives was
investigated for the production of fancy-veneered flooring boards. Okara was hydrolyzed by 1%
sulfuric acid solution (AC) and 1% sodium hydroxide solution (AK). Phenol formaldehyde (PF)
prepolymers were prepared as a cross-linker of okara hydrolyzates. Then, okara-based adhesive
resins were formulated with 35% AC, 35% AK and 30% PF prepolymer on solid content basis.
The adhesive resins were applied on high-density fiberboards (HDF) with the spread rate of 300
g/m’ After that, oak fancy veneers are covered on the HDF, and then pressed with the pressure
of 7 kg/m* at 120°C. The experimental variables were three mole ratios of formaldehyde to
phenol (18, 21, 24), three assembly time (0, 10, 20 min), and two press time (90 sec, 120 sec),
respectively. The fancy-veneered high-density fiberboards were tested by dry tensile strength,
glueline failure by wetting and formaldehyde emission. Tensile strength of the boards exceeded
the requirement of KS standard. The formaldehyde emissions were approached at the EO level
specified in KS standard. Based on these results, okara can be used as an ingredient of
environmentally friendly adhesive resin systems for the production of flooring boards.

Keywords: okara, phenol-formaldehyde prepolymer, fancy veneer, high-density fiberboard, form-
aldehyde emissions, glueline failure
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Table 1. Analyses of variance for the adhesive strengths and formaldehyde emission of fancy veneers
bonded with okara-based adhesives onto high-density fiberboards depending on PF mole ra-

tio, assembly time and press time

Dry tensile strength

Rate of delamination Formaldehyde emission

Source' DF

F Value Pr>F F Value Pr>F F Value Pr>F

PF mole ratio 2 5419 <0001 583 00042 521.72 <0001
Assembly time 2 002 09819 075 04762 57633 <0001
Press time 1 688 00094 14.29 00003 126 02771
PF * Assem 4 390 0.0045 203 00972 4599 <0001
PF * Press 2 035 0.7032 016 08545 16864 <0001
Assem * Press 2 180 01673 854 00004 12710 <0001

! PE: phenol/formaldehyde mole ratio; Assem: assembly time, and Press: press time.

23. BHS A U HA Y

olr
0kl
M

=

FHEHU A HZAAE HDF| =Xg & &
B 108 lr‘ﬂL 2029 7N EAAIZE

o, FYES HDF 9o 89 F 120°Ce]
A7 kg/cm24 gt¥om 90 2 120 27+ &
Alete] 32k % st o] gA A Fol
EdulRae] HAHTE AR 98t K
31269l 3}t 7 x5 cme 272 A

3070<] AlH-E FHIBEATE. ©] S 10709 Al
Z Aol e EAE7E o8t
AEE ARG oH, 2 10719 AlHE K
31019 AAEHAEY F Tl A4 A

2 rfo

mﬁzr
te Jr? il

s
o 2o

g
g =
mrgrlo

2orr & oo o o oo AR oo 2 ¥ o

2L

AW S Agate] 70°C9 &M 2413 Fet %
AA712L 60°Ce] @2l A 3413 F<F A=2AIR

%JOE ZMZA e &8 AT,
= Hhakgke KS M 1998-40) F&to] =3

EER A 14

jm_?\:ulru

g, & ﬂ?oﬂ*ﬁ ZAE BE QIRHF/P 24,
7H EgAIhE R 127HW«1 AHE 15 cm x5 cm

o
H7] 95t "F%EE] 1jr B dATs fe A dA
= F M9 3x3 Y w
He AHEsHR =T, }% AR} factor) 2= F F
ol dgA ]7}(90 1202)e Al 7 F/P &4
(1.8, 2.1, 2.4) 9 Al F72 Qﬁ/\]ﬂ 0, 10, 20%)
2 ?‘33"1 Atk XA dlolHl = SAS (Statisti-
cal Analysis System, 2002) T2z 93] EA
A BAo] FYHen, 1 F4-2 95%9 A=
Aol ArEtt 25 2ELH = Ak
ol tiet Zb AAe] J e E4HEA (Analysis of
Variance: ANOVA)d| &J&l ZAtE|len, EA 87
o2 p{0.05 Tl &S L3S ¥ ttestol
o3l 7+ dlolee] HaA] 7t Aol 7t Fo A E #
A8kt

52 (factorial design)

f1° o u

ml° B

17

it

FH)2] JEAA ] HA T 2ELUE s WA

o tigk 7 AAE] Fegs FAEA S o] 3t &
2% A= Table 12} 2t FHH|R] 71523 &
(o3t OK)Z 1.8, 2.1, 2.49] F/P B¥]2 F8]¥ PR
(°]3} 1.8-PF, 2.1-PF, 2.4-PF) 2 ZA|H F5H|A)

— 391 —



Oo]: (e}

IR ERED

Table 2. Rate of delamination (unit: %) of fancy veneers bonded with okara-based adhesives onto

high-density fiberboards

) 90 sec’ 120 sec'
F/P mole ratio — — — — — —
min 10 min’ 20 min 0 min 10 min 20 min
18 625 (262) 261 (34) 292 (102) 288 (9D 539 (327) 792 (292)
21 239 (39) 252 (24) 287 (89) 617 (345) 301 (113) 273 (58)
24 542 (332) 374 (209) 267 (75) 299 (89) 631 (352) 801 (289)
! press time.

“ open assembly time.

Number in parenthesis means the standard deviation for the value of each rate of delamination.
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Fig. 2. Interaction effect of press time and as-
sembly time on the rate of delamination
of fancy veneers bonded with okara-
based adhesives onto high-density fi-
berboards.
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