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Synthesis of Resol Type Phenol Resins and Their Reaction Properties
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Resol type phenol-formaldehyde (PF) resin was synthesized by addition reaction of formaldehyde (F) and phenol (P).
And the PF resin was synthesized by condensation reaction in which water was removed. In this work, we studied the
influence of experimental parameters in the addition reaction, such as F/P mole ratio, amount of catalyst, reaction
temperature, reaction time, and so on. Also, we studied the influence of molecular weight and viscosity of PF resin as
a function of condensation time. As a result, in addition reaction, the reaction time decreased remarkably as the catalyst
concentration increased, and the time decreased with increasing reaction temperature at a constant catalyst concentration.
Also, in condensation reaction, the viscosity of resol type PF resin increased from 1500 to 9000 cps as a function of
condensation time; molecular weight showed from 500 to 1100 g/mol.
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Figure 1. Synthesized process of phenol-formaldehyde (PF) resin.
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Figure 2. Reaction mechanism of resol type PF resin.
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Figure 3. The reactivity of phenol and formaldehyde.
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Figure 4. Reaction time of PF polymer.
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Figure 5. Reaction temperature of PF polymers.
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Table 1. GC Analysis of Methylolphenol Layer

F/P | Phenol | Formalehyde | Water | Methylol phenol
mole ratio (Wt%) (Wt%) (Wt%) (Wt%)
/1 6.8 4.1 16.0 73.1
1.25/1 6.7 43 16.9 72.1
1.57/1 6.0 4.7 15.6 73.7
1.87/1 5.9 48 15.5 73.8
Table 2. GC Analysis of Water Layer
F/P mole ratio | Phenol (Wt%) | Formalehyde (wt%) HO (wt%)
1 9.2 0 90.8
1.25 89 0.5 90.9
1.57 83 1.0 90.7
1.87 7.6 1.1 91.3
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Table 3. Molecular Weights of the Synthesized Resol Type PF Resins
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Copolymer F/P mole ratio Condensation time (hr) (120 C) Viscosity (cps)
M, M, MM,
PF-1 1.87 1.5 1500 ©]s}k 520 590 1.13
PF-2 1.87 2.0 1500~2500 630 710 1.13
PF-3 1.87 2.5 3000~4000 770 850 1.10
PF-4 1.87 3.0 5000~ 8000 890 930 1.04
PF-5 1.87 35 9000 ©]7& 980 1100 112
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Figure 6. FT-IR spectra of resol type PF resin.
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