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Synthesis and Bonding Properties of
Phenol - Resorcinol - Formaldehyde Resin Adhesives*!

Jeang-Kwan Roh*

ABSTRACT

The phenol - resorcinol - formaldehyde resin (PRF) adhesives which are curing at ambient tem-
perature for structural purposes were synthesized.

A PRF resin is produced according to the two-stage reaction system. In first-stage, a
low-condensed resol or methylolated phenol were prepared from phenol by reaction with a formal-
dehyde in alkaline condition. The molar ratio of phenol to formaldehyde was 1.0~1.4. And in sec-
ond-stage, resorcinol was added to combine with the methylol group of a low-condensed resol(R /P
molar ratio 0.3).

The glue-joint strength, pot-life and workability of this synthetic PRF resin were superior to con-
ventional ambient temperature setting adhesives such as oilic urethane or water based
polymer-isocyanate resin for wood adhesives,

Keywords : Phenol - resorcinol - formaldehyde resin, synthesis, glue-joint strength
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Fig. 1. Proposed scheme of preparation of phenol - resorcinol - formaldehyde resin.
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Table 1. Properties and formulations of various ambient temperature setting resin for wood

adhesives
Resins pH Visocosity‘ Solid ) Formulation Maker
(25°C, cp) content (%) (parts)
Polyﬁnyl acetate 40 _ 40.9 _ 0 Company
emulsion
. Resin:100
Urea 7.8 .8 .
40.810 63.8 Wheat flour:15 Y Company
Ammonium chloride:0.5
Water based Resin:100 . K Bond
polymer —isocyanate 7.5 20,020 58.0 Curing agent :15 (Japan)
Urethane - 18,330 82.0 - Y Company
_ Resin:100
Epoxy - 26,135 99.5 Curing agent 100 E Company
Phenol - Resorcinol 9.1 78.4 59.8 Resin:100 Systhesized at

Wheat flour:15

this Lab.
p—formaldehyde:10 is

* B—Type rotary viscometer



Table 2. Properties of PRF resin with differ-
ent F' /P molar ratio

F/P Molarratio pH  Solid content{%)  Viscosity(cp, 25°C)
0.6 9.1 59.7 60.8
0.8 9.1 59.2 65.0
1.0 9.1 59.8 78.4
1.2 8.0 58.6 101.3
1.4 8.8 58.3 151.3

- NaOH /P Molar ratio=0.1, R /P Molar ratio=0.3

L

E

&

g 607

=

]

£ 501

o

8

e V) — . . .
© 0.8 1.2 1.4

0.6 1.0

F /P molar ratio

Fig. 2. Effect of F /P molar ratio on gelation
time of PRF resin.
* NaQH /P molar ratio=0.1
R /P molar ratio=0.3,
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Fig. 3. Relation between block —shear streng-
th of PRF resin and F /P molar ratio.
*o : Dry, @ : Cyclic boil

Numerical value : Wood failure(%)

NaOH /P molar ratio=0.1

R /P molar ratio=0.3

Glue forrmulation and adhesion con-

dition are the same as in Table 3.
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Table 3. Properties and shear strength of PRF resin with different R /P molar ratio

R/P Salid Viscosity Gel Time* Shear strength** (kgf /cm?)
Molar ratio pH content(%) (cp, 25°C) {min.) Dry Cyclic boil
0.1 9.5 57.6 73.7 - 99.4+12.1{(11) 13.9% 0.6( 0)
0.2 9.2 59.8 75.8 53.5 116.5+ 5.2(78) 51..7+18.7(14)
0.3 9.1 59.8 78.4 54.5 108.1+ 5.1(96) 75.4% 1.5(83)
0.5 8.9 62.9 71.2 83.0 126.3+13.1(89)  76.3+ 6.8(55)

+ NaOH /P Molar ratio=0.1, F /P Molar ratic=1.0.
* 40°C, p-formaldehyde 10 parts.

** Glue formulation : PRF 100-+Wheat flour 15+ p-formaldehyde 10 parts.

( ) : Wood failure(%)

- Adhesion condition ; Adherend : Korean pine, Amount of spread : 300g /m?, Pressure : 10kgf /cm?,

Pressing time : 20hr at room temperature
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Table 4. Properties and shear strength of PRF resin at the various degree of condensation of PF

PF Reaction time Solid Viscosity Gel Time** Shear strength (kgf /cm?)

at 90°C {min,) content (%) {cp, 25°C) (min.) Dry Cyclic boil
30 60.7 52.4 61.5 127.8+7.5( 96) 49.7+12.5(13)
90 59.8 78.4 54.5 108.1£5.1( 96) 75.4%+ 1.5(83)
150 61.9 119.0 51.0 130.2+9.3(100) 73.8% 4.2(80)

* NaOH /P Molar ratio=0.1, F /P Molar ratio=1.0, R /P Molar ratio=0.3

** 40°C, p-formaldehyde 10 parts.

Glue formulation and adhesion condition are the same as in Table 3.
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PRF resin at 40°C.

*NaOH /P molar ratio=0.1

R /P molar ratio=0.3

Amount of p-formaldehyde added:10phr
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* NaOH /P molar ratio=0.1
R /P molar ratio==0.3
F /P molar ratio=1.0
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