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ABSTRACT

In the present study, rapeseed flour (RSF), which is a by-product from the production of edible
oil and biodiesel extracted from rapeseed, was used to develop alternative adhesives for the
production of plywood panels. To examine the effects of the enzyme on the adhesive properties
and formaldehyde emission of the RSF-based adhesive resins, three enzymes, such as cellulase
(CEL), pectinase (PEC) and protease (ALC), were used either separately or together. As a
crosslinking agent, PF prepolymers, which were prepared with 15, 18 and 21 mole formaldehyde
and 1 mol phenol (18-, 21- and 24-PF), were added into the RSF hydrolyzates. The adhesive resins
formulated with CEL- or CEL-PEC-RSF hydrolyzates and 18-F/P PF prepolymers exhibited excellent
adhesive strengths and formaldehyde emission. The tensile shear strength and formaldehyde
emission of the plywood panels bonded with the formulate resins were satisfied with the
minimum requirement of the KS standard for ordinary plywood panels (0.6 N/mm?). In addition,
formaldehyde emissions of the plywood panels approached to that of EO specified in the KS
standard (05 mg/ #¢), and even had much better than those of commercial UF glue mixes. Overall,
the use of RSF-based adhesive resins for the production of plywood panels might provide durable
adhesive properties and an environmentally friendly substitute for petroleum-based adhesive
resins. However, further researches - the increase of solid content of RSF-based adhesives for
reducing press time and the microscopic observation of plywood specimen for identifying the
relationship between tensile shear strength and the penetration of adhesives into wood structure
- are required to commercialize the RSF-based adhesives.

Keywords: rapeseed flour, environmentally friendly wood adhesives, plywood, tensile shear
strength, formaldehyde emission
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Table 1. Characteristics of enzymatic-hydrolyzed rapeseed flour and the adhesive resins formulated

with the rapeseed flour hydrolyzates

Type RH/PF* Viscosity (cps) pH Solid content (%)
DW* 100/0 1,250 549 2617
CEL° 100/0 820 512 2713
PEC’ 100/0 890 496 2722
Rapeseed flour ALCE 100/0 1,520 765 2639
hydrolyzates CEL-PEC’ 100/0 730 508 2729
CEL-ALC 100/0 790 767 2708
PEG-ALC! 100/0 820 774 2698
CEL-PEC-ALC 100/0 690 769 2726
DW 70/30 4050 672 3221
CEL 70/30 3420 645 33.07
PEC 70/30 3,280 641 33.82
Rapeseed ALC 70/30 4,610 871 3312
flour-based
adhesive resins” CEL-PEC 70/30 3,690 629 3419
CEL-ALC 70/30 3120 881 3387
PEC-ALC 70/30 2980 878 3381
CEL-PEC-ALC 70/30 3,230 872 34.62
Urea-formaldehyde glue mixes 730 587 6517
Phenol-formaldehyde glue mixes 600 831 6842

“RH/PF means adhesive resins formulated with enzymatic-hydrolyzed rapeseed flour and phenol-formaldehyde

prepolymer.

PThese rapeseed flour-based adhesive resins were formulated with enzymatic-hydrolyzed rapeseed flour and 18F/P PF

prepolymer.

‘DW : distillated water; CEL : celluclast, PEC : pectinex; ALC : alcalase.
These mean the enzymes order used for the hydrolysis of rapeseed flour.
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Table 2. Type of rapeseed flour-based adhesive resins formulated in this study and adhesive
strength of plywood bonded with formulated adhesives

Adhesives formulation

Dry tensile Wet tensile
Hydrolysis conditions of rapeseed PFh shear strength shear strength

CEL' (%)  PEC' (%)  ALC' (%)  Time (h) (N/mm’) (N/mm’)
15 276 (169 098 (10/0)"

0 0 0 1 18 388 (282) 174 (10/0)
21 481 (214) 508 (10/0)

15 055 (023) 026 (5/5)

1 0 0 4 18 064 (011) 037 (8/2)
21 0.78 (042) 005 (7/3)

15 066 (033) 0 (0/10)

0 1 0 4 18 070 (0249 075 (1/9)
21 042 (018) 022 (2/8)

15 031 (016) 027 (7/3)

0 0 1 4 18 041 (015 047 (1/9)
21 046 (019) 043 (5/5)

15 080 (0.23) 031 (2/8)

05 05 0 8 18 103 (054) 045 (10/0)
21 112 (012) 081 3/7)

15 039 (015) 005 1/9)

05 0 05 8 18 040 (016) 029 (1/9)
21 066 (014) 022 (4/6)

15 036 (019) 032 3/7)

0 05 05 8 18 018 (01D 0 (0/10)

21 023 (011) 0 (0/10)

15 047 (015) 0 (0/10)

033 033 033 12 18 060 (017) 039 (2/8)

21 053 (017) 0 (0/10)

Urea-formaldehyde glue mixes 091 (016) 057 (4/6)
Phenol-formaldehyde glue mixes 103 (012) 082 (10/0)

CEL : celluclast, PEC : pectinex, ALC : alcalase.

PF means the phenol- formaldehyde prepolymers prepared with the mole ratio of formaldehyde and phenol.
Number in parenthesis is a standard deviation of means of dry adhesive strength.
“x/x means the number of specimens, which were tested and detached after exposed at wet conditions, respectively.

= 9@ pHE 4.5%, alcalase (°]8F ALC)E pHE
8.00.% FAsof s} #HAZ PEC ALCE WH&-Al
70 RSFH| pHi= 7t} 4,963 7.652 45tk
S RSFHe| A== B, celluclast (©]3} CEL)<F
PECE @502 AL&3 CEL- 2 PEC-RSFHe| #
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Fig. 1. Dry tensile shear strength of plywood
panels fabricated with rapeseed flour-
based adhesive resins. Different capital
letters over columns indicate significant
difference at p = 0.05 (least significant,
difference test).
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Table 3. Delamination rate®”

%

O

-8t - Fol

mulated with enzymatic-hydrolyzed rapeseed flour

of plywood bonded with rapeseed flour-based adhesive resins for-

15F/P* 18-F/P* 21-F/PF

DWH 10/0 10/0 10/0

CEL* 5/5 8/2 7/3

PEC? 0/10 1/9 2/8

ALC 7/3 1/9 5/5

CEL/PEC* 2/8 10/0 3/7

CEL/ALC 1/9 1/9 4/6

PEC/ALCY 3/7 0/10 0/10

CEL/PEC/ALC 0/10 2/8 0/10
Urea-formaldehyde glue mixes 4/6
Phenol-formaldehyde glue mixes 10/0

‘Wet bond quality of the plywood specimens was visually checked.
Px/x means the number of specimens, which veneer was attached or detached.
‘It means the mole ratio of formaldehyde (F) and phenol (P) in phenol-formaldehyde prepolymer.
IDW: distillated water; CEL: celluclast, PEC : pectinex; ALC : alcalase.
“These mean the enzymes order used for the hydrolysis of rapeseed flour.
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Fig. 2. Interaction effect of enzyme type and PF prepolymer type on the dry (a) and wet (b) shear
strength of plywood panels fabricated with rapeseed flour-based adhesive resins.
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Table 4. Formaldehyde emission of the plywood panels bonded with enzymatic-hydrolyzed rapeseed
flour and PF prepolymer (unit : mg/ £)

15-F/P* 18F/P 21-F/P*

DW" 029 040 093

CEL® 077 083 084

PEC’ 086 087 093

ALC 078 085 094

CEL/PEC* 0.74 081 087

CEL/ALC’ 084 088 087

PEC/ALC" 091 087 099

CEL/PEC/ALC" 099 101 116
Urea-formaldehyde glue mixes 269
Phenol-formaldehyde glue mixes 055

"It means the mole ratio of formaldehyde (F) and phenol (P) in phenol-formaldehyde prepolymer.
CD\X/ distillated water; CEL : celluclast, PEC : pectinex; ALC : alcalase.
“These mean the enzymes order used for they hydrolysis of rapeseed flour.
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