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Abstract — This study was conducted to confirm the potential of adhesive resins formulated with rapeseed flour (RSF),
which is a residue in the production of edible oil, for the manufacture of medium-density fiberboards (MDF). The RSF-
based adhesive resins were formulated with the weight ratio of RSF hydrolyzates (80, 70, 60 wt%) to PF prepolymer(20,
30, 40 wt%), MDF was fabricated in accordance with its resin content and target density using the RSF-based adhesive
resin, and then the physical properties(density, moisture content, bending strength, internal bonding strength and
thickness swelling) and formaldehyde emission of the MDF were measured. The effect of the weight ratio of RSF
hydrolyzate to PF prepolymer was the greatest, followed by that of target density and resin content. The values of MDF
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fabricated with RSF-based adhesive resins exceeded those with urea-formaldehyde resins, which is mostly used as a
resin in the manufacture of MDF. Based on the results of MDF per experimental factors, the optimal conditions were
determined to target density of 0.7 g/cm?, resin content of 5% and PF-prepolymer weight ratio of 40 wt% in RSF-based
adhesive resin, and physical properties and formaldehyde emission of the MDF fabricated with the conditions satisfied
the requirements for MDF and E, grade, which was designated by National Institute of Forest Science, except for
thickness swelling. In conclusion, the potential of RSF-based adhesive for the production of MDF could identify on the
basis of the results of this study. However, the stable securement of RSF through the development of bio-refinery process for
rape plant is required to commercialize RSF-based adhesive resins for MDF production.

Key words: Rapeseed flour, Medium-density fiberboard, Bending strength, Internal bonding strength, Thickness swelling,
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Fig. 1. Images of rapeseed flour (top — left), rapeseed flour hydrolyzates (top — right), phenol-formaldehyde prepolymer (bottom — left) and
wood fiber (bottom — right) used for formulating rapeseed flour-based adhesive resins.
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Table 1. Characteristics of adhesive resins formulated with rapeseed flour hydrolyzates and PF prepolymer

Resin type Viscosity i Solid content
RSF-AK“ RSF-AC? PF¢ (m-Pa-s) P (%)
40 wi% 40 wi% 20 wi% 3,690 73 38.66
35 wi% 35 wi% 30 wi% 1,600 7.5 40.82
30 wi% 30 wi% 40 wWt% 1,450 7.7 41.10
UF? 250 8.1 66.12

“RSF-AK: rapeseed flour alkaline hydrolyzates. PRSF-AC: rapeseed flour acidic hydrolyzates. “PF:phenol-formaldehyde prepolymer. ‘UF: commercial urea

formaldehyde resin.
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Table 2. Actual density of medium-density fiberboard fabricated with rapeseed flour-based adhesive resins (unit: g/cm’)

Weight ratio of RSF-AK“/RSF-AC?/PF* 0.5 g/lem® 0.7 g/em’
prepolymer 5% 7% 9% 5% 7% 9%
40 Wi%/40 Wi%/20 wt% 0.49 0.48 0.48 0.65 0.67 0.71
35 Wt%/35 wt%/30 wt% 0.50 0.50 0.49 0.67 0.67 0.68
30 Wt%/30 wt%/40 wt% 0.46 0.49 0.49 0.70 0.67 0.69

“Alkali hydrolyzate of rapeseed flour. ?Acidic hydrolyzate of rapeseed flour. “Phenol-formaldehyde.
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Table 3. Physical properties of medium-density fiberboard fabricated with rapeseed flour-based adhesive resins

Board density (g/cm’)  Moisture content (%) Bending strength (MPa)  Internal bonding strength (MPa)  Thickness swelling (%)
Target density (g/cm?)
0.5 0.49 (B) 438(A) 8.91 (B) 0.39(A) 17.53 (A)
0.7 0.68 (A) 4.63 (B) 10.89 (A) 0.39(A) 22.68 (B)
Resin content (%)
5 0.58 (A) 446 (A) 9.33(A) 041 (A) 16.50 (A)
7 0.58 (A) 451(A) 10.89 (A) 045 (A) 18.00 (A)
0.59 (A) 454 (A) 9.48 (A) 0.30 (B) 25.81 (B)
Weight ratio of RSF-AK“/RSF-AC?/PF¢ prepolymer (wt%/wit%/wi%)
40/40/20 0.58 (A) 4.70 (C) 8.56 (B) 0.29 (C) 26.51 (C)
35/35/30 0.59 (A) 4.49 (B) 9.12 (B) 0.37 (B) 18.86 (B)
30/30/40 0.58 (A) 432(A) 12.02 (A) 0.50 (A) 14.94 (A)
Control
UF! 0.59 4.67 8.09 0.27 45.89
Standard and specification of wood products
NIFOS*¢ 0.35~0.85 5.00~13.00 >15.00 >0.30 <12.00

“Alkali hydrolyzate of rapeseed flour. °Acidic hydrolyzate of rapeseed flour. “Phenol-formaldehyde. “Commercial urea-formaldehyde resin. “National

Institute of Forest Science.

*Each set of different letters per columns of each factor indicates significant difference at p = 0.05 (least significance difference test).
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ZeN = AT AR 71 (> 15 MPays WHShA] Seskoltt 35 Qe vhebd Zlojuh. Fad oo} AJ¥igle] MDFE] Bl e
(Fig. 2). mebA] 471 2 205 2188 49 MDF Al 28 8t B35 382 A &Aell A PF prepolymer $H82] 571} 3171 7 16FA
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oo Sl Hkle] F Zlow Alm ). At} W 99 3HA &7 A %3k MDFQ] #He] == 0.7 g/em® U
—0-5% 7% 9% 5% 7% 9%
30 30
= 20 20
%[
gi 10 10
E . = .
g 7
0 : : ' 0
80/20 70/30 60/40 80/20 70/30 60/40

Weight ratio of rapeseed hydrolyzate to PF prepolymer (wt%/wt%)

‘Weight ratio of rapeseed hydrolyzate to PF prepolymer (wt%/wt%)

Fig. 2. Interaction effect of resin content and weight ratio of rapeseed hydrolyzate to phenol-formaldehyde prepolymer in adhesive resins on
the bending strength of medium-density fiberboard fabricated with the target density of 0.5 g/cm® (left) and 0.7 g/cm® (right). Dotted
line means the minimum requirement (> 15 MPa) of the bending strength designated by National Institute of Forest Science.
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Fig. 3. Interaction effect of resin content and weight ratio of rapeseed hydrolyzate to phenol-formaldehyde prepolymer in adhesive resins on
the internal bonding strength of medium-density fiberboard fabricated with the target density of 0.5 g/cm® (left) and 0.7 g/cm® (right).
Dotted line means the minimum requirement (> 0.3 MPa) of the internal bonding strength designated by National Institute of Forest

Science.
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Fig. 4. Interaction effect of resin content and weight ratio of rapeseed hydrolyzate to phenol-formaldehyde prepolymer in adhesive resins on
the thickness swelling of medium-density fiberboard fabricated with the target density of 0.5 g/cm’ (left) and 0.7 g/cm? (right). Dotted
line means the minimum requirement (< 12%) of the thickness swelling designated by National Institute of Forest Science.
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Table 4. Assessment of economic feasibility on rapeseed-based adhesive resins

Raw materials

Manufacturing cost

Rapeseed flour (RSF) $ 300/ton Composition - RSF-AK/RSF-AC/Coulping agent (CA) = 35 wt%/35 wt%/30 wt% (solid content: 45%)
NaOH (AK)" - 99% $ 423/ton Components ratio - RSF (315 kg) + CA (135 kg) + IW (550 kg)
- 5% conc, NaOH; 40% solid content
a _ QR0 _ > 5
H,S0,(ACY"- 98% $413/ton RSF-AK -RSF (157.5 kg, $ 47.25) + NaOH (8 kg, $ 3.38) + IW (394 kg, $ 0.22) = $ 50.85
. b . - 5% conc, H,SO,; 30% solid content
Industrial water (IW)” $ 0.56/ton RSF-AC -RSF (157.5 kg, $ 47.25) + H,S0, (8 kg, $ 3.30) + IW (525 kg, $ 0.29) = $ 50.84
- PF. 50% solid content
a _ Q)9
Phenol (Ph)*-90% — $1,100/ton cA -Ph (52 ke, $ 57.20) + HCHO (82 kg, $ 32.80) + NaOH (1 kg, $ 0.42) = § 90.42
- Raw material cost: RSF-AK + RSF-AC + CA =$50.85 + $ 50.84 + $ 90.42 = $ 192.11
Formalin (HCHO)" -37%  $ 400/ton Total - Production cost: $ 157.89 ~257.89

- Total: $ 350~450

“The price information of each chemical was obtained from Samchun Chemicals Co. Ltd. °The price information was obtained from the website of K-water,

and the price means the national average of water for industrial uses.
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