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Properties and Glue Shear Strength of the Water Seluble
Urea-Phenol Copolymer Adhesive as a High
Temperature Curing Binder for Plywood'
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ABSTRACT

Properties and glue shear strength of each water soluble ruea-phenol copolymer adhesive and phenolic
resin adhesive were examined as a high temperature curing binder through the manufacture of plywood made
of Kapur veneer. The former has different molar ratio and the latter was made from different catalyst method.
The results are summarized as follows: 1) Specific gravities of air dried plywood manufactured from each
adhesive ranged from 0.67 to 0.82 and their moisture contents met the K.S. standard 2) In dry and wet shear
strength, adhesives with 60 percent of non volatile content showed higher values than those with 50 percent
except phenolic resin. Urea-phenol copolymer resin with 20 percent of phenol content exhibited the highest,
and that with 70 percent the lowest.

Filling effect of wood flour on the bonding strength is great in urea-phenol copolymer resin with more than
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50 percent of phenol content, especially significant in 50 percent of non volatile content including

alkali catalyst phenolic resin. Alkali and acid catalyst methods were the highest among the adhesive manufacture
methods. In wet strenght, urea resin belongs to the lowest group. 3) In glue shear strength after boiling and

drying test, no method for manufacturing phenolic formaldehyde resin adhesive was stronger than alkali and

acid catalyst methods. Phenolic resin made from alkali catalyst method needs a wood flour filler to improve

the bonding quality. Urea-phenol copolymer resin with 10 percent of phenol content showed the reasonable

water reasistance.

Key words: urea-phenol copolymer adhesive; phenolic resin; alkali and acid catalyst method; plywood.
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Table 1. Adding contents of hardener unit: %

dhesive | yrea Urea-phenol copolymer resin') Phenolic
Hardener resin 10% P 20% P 50% P 70% P resin
NH,C1 1 (20 1 (20) 1(20) 1(20)
PTSA 2%) (50) 2 (50)
1) : see Table 2 2) : ( ); concentration of solution

3) : (dry weight of hardener / weight of aq. adhesive) x 100

4) WRH 8 LHEY FA+E F2 OEHE &
A3t miaiiiEsg dstel EeiE A8E Ae 9
b5t gste s A4 HEASE Fsld Tz
o]l T o4 -dFHESHES XE
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Table 2. Molar ratio of urea-phenol copolymer adhesive

dhesive Urea Urea-phenol copolymer resin Phenolic resin
Material resin 10% P 20%P|50% P| 70% P | AV | BD | AcD
Urea (U) 1.0 1.0 1.0 1.0 1.0
Phenol (P) 0.07 0.16 0.64 1.5 1.0 1,0 1.0
Formaldehyde (F) 1.7 1.8 2.0 2.7 4.1 1.6 1.6 1.6
Catalyst 10% NaOH | 10% NaOH | Ditto | Ditto | Ditto | NaOH | NaOH | %N Hecl

10% Oxalic | 10% Oxalic H3PO,
acid acid

P/(U+P) x 100 0 10 20 50 70 100 100 100

1): see Table 3
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Table 3. Specific gravities, moisture contents, and dry and wet shear strengthes manufactured from each

adhesive,
. NVC- Treatd SP- Gt M.C. (%) Dry shear strength(kg/cm®) |Wet shear strength(kg/cm?)
Adhesive (%) ment|Mean SD Mean +SD Mean SD  Woodfailure(%) |Mean SD Woodfailure(%)
60 oD [0.82 0026 9.6 04 229 2.4 70 127 16 s
, w2) [0.67 0.138 90 0.38 199 14 50 118 046 10
Urea resin s O 077 0025 90 023 196 15 70 108 26 5
W |0.75 0038100 055 244 L7 80 124 4.14 5
L0 75 60 0.80 003 7.5 04 258 0.7 70 22.8 0.85 40
50 077 0035 7.2 1.25 210 2.5 60 189 341 30
20%p |60 0.77 0061 7.1 026 274 1.4 60 263 3.13 40
Urea- 50 073 0.035 74 093 21.7 2.8 60 20 541 20
phenol 0 © |081 003 68 0.65 221 20 10 21 1.04 10
copolymer 50% P W 0.75 0015 6.1 0.72 233 3.0 80 242 1.21 70
resin so O 075 0085 72 04 128 08 10 15.8 *2.57 s
W 1072 001 60 0.25 257 2.5 60 28.2 5.69 80
0 © (072 0026 7.3 303 151 1.5 15 104 3.15 5
70% P W 071 0029 54 0.5 205 3.9 40 19.9 259
50 O 1074 0023 65 139 113 3.1 10 80 2.02 5
W [0.71 0012 52 046 168 1.7 30 19.3 3.40° 40
A1® [0.74 0015 65 025 175 1.6 10 13 2.02 5
0 A [0.72 0015 66 04 217 04 30 19.6 1.66 30
. BS) [0.78 007 5.8 0.31 242 09 80 249 1.04 50
Phenolic w_ w070 001 56 146 212 26 50 20.7_3.95 0
resin A Al 079 005 65 038 155 4.1 10 122 145 5
s0 B |068 0032 68 09 264 0.7 50 294 3.20 40
W |0.70 0017 58 0.66 26 29 60 220 340 80
F 2.05% 5.99%* 11.8%+ 12.0%*
LSD (5%) 0.08 1.54 37 5.02
1) : control;B
2) : adding 10% of wood flour
3) : alkali catalyst
4) : acid catalyst
5) : alkali & acid catalyst
6) : seetable2
q 4K WE Y AkEe & 3% ok O : 60% NVC alkali & acid cat.
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Fig. 1. Glue shear strength of dry test
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Fig. 2. Glue shear strength of hot and cold water
soaking test
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Table 4. Glue shear strength of boiling and drying test

. Urea Urea-phenol copolymen Phenolic resin
Adhesive resin | 10% P 70% P Acid-Alkali Cat. | Acid cat. | Alkali cat.
60% NVC | 50% NVC | 60% NVC | Wood flour

Shear strength 0 8.4t39| 1224 18.242,3 | 16.5¢2.1 | 14.8%0.6 | 18.916.6

(kg/em®)
Wood failure 0 0 0 40 10 0 50

(%)

1): Mean * 8D, F=117.6** LSD (5%) = 3.6

£ 404 v eiel ol RKEMEE A @K
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Table 5. Properties of the adhesives

TR ABBEL I Aol B S iiE Hrol ¥
& Aoz Ar€r wetd Kapurdt A ik
YA g AEeAol 105AES ApeRe B
F& 587 deee AaHe g4e 104954
B RMABIE £ e @A BHESO
WA sl #ESA e Uk Aoks A&
A Astn glch

3. SAMY HR
WS FEMY HEE HET RRE & 592
e,

Urea 1
Adhesive | .o 10% P |20%P |50%P |70% P Phenolic resin
NVC(%) |60 50 |60 50 |60 50 |60 50 |60 50 | 60 60 60 50
Catalyst B) B |B B |B B |B B |B B |Akali Acid B Alkali
Sp. Gr - 121 - 25| - 123 - 119) - 111} 123 113 118 118
pH 75 75|08 5|8 75/8 758 15|12 60 8 12
Viscosity (P)| 22 0.6 | — 240 — 09| - 03| — 03 /276 21 855 04
NVC(%) |61 51 |64 518/61 52 [62 SO |63 504| 60 55 60 sl
1) : see Table 2

2) . alkali & acid catalyst
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