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MODELLING OF PHENOLIC RESIN POLYMERISATION
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INTRODUCTION

EXPERIMENTAL

Synthesis of resols

Fourteen prepolymers were synthesized by varying the type or amount of catalyst, the initial formaldehyde to phenol (F/P) molar ratio, the condensation temperature, or the initial pH. Table 1 shows the name, formulation and synthesized conditions for each resol.

Phenol (>99%), formaldehyde (37% aqueous solution) and alkaline catalyst were commercial products used without further purification.

Prepolymers were prepared in the IQU-Bakelite factory by mixing phenol and formaldehyde aqueous solution, with the desired molar ratio, in a three necked flask equipped with a thermometer, stirred, and refrigeration column. The pH was then adjusted with the necessary amount of the corresponding alkaline catalyst. The mixture was heated to the selected condensation temperature (heating rate: 2.5-3.5ºC/min) and stirred during reaction. Samples were taken during synthesis. Zero time was defined as time to the mixtures reached the condensation temperature. The reaction was stopped putting the reactor in a cold-water bath, when the resin showed a 1/1 g/g dilutability in water. Samples were kept at 4ªC.

High performance liquid chromatography (HPLC)

Analyses were conducted with a Waters 510 chromatograph equipped with a Waters 486 u.v. detector, set at 280nm. The columns were Spherisorb ODS-2  (5(m). In order to decrease the viscosity of the solvents, the columns were thermostatted to 35ºC. A mobile phase of methanol/water was used with an elution gradient of 20% to 80% of methanol in 180 min, and 80% to 100% in 5 min. 

Experimental results

The evolution of free formaldehyde during synthesis was followed by chemical assay8, while the disappearance of phenol and formation of addition and condensation products were quantitatively followed by liquid cromatography
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Table 1:  Formulations and synthesized conditions for each prepolymer

	Name
	Catalyst
	Temperature

(ºC)
	F/P
	Amount of catalyst

(g/500g of phenol)
	pH
	Initial phenol

concentration

(mol/L)

	RNa
	Na(OH)
	80
	1.8
	5.7
	8
	4.36

	RZn
	Zn(CH3COO)2(H2O
	80
	1.8
	             11.7
	8
	4.34

	RBa
	Ba(OH)2
	80
	1.8
	               3.75
	8
	4.36

	RT60
	(CH3CH2)3N
	60
	1.8
	               8.6
	8
	4.35

	RT95
	(CH3CH2)3N
	95
	1.8
	               5.7
	8
	4.36

	RT43
	(CH3CH2)3N
	80
	1.8
	               4.3
	8
	4.36

	RT84
	(CH3CH2)3N
	80
	1.8
	               8.4
	8
	4.35

	RT199
	(CH3CH2)3N
	80
	1.8
	              19.9
	8
	4.31

	RT10
	(CH3CH2)3N
	80
	1.0
	              13.0
	8
	5.91

	RT14
	(CH3CH2)3N
	80
	1.4
	                8.5
	8
	5.02

	RT22
	(CH3CH2)3N
	80
	2.2
	                7.8
	8
	3.83

	RT26
	(CH3CH2)3N
	80
	2.6
	                5.4
	8
	3.43

	RT823
	(CH3CH2)3N
	80
	1.8
	               20.0
	8.23
	4.31

	RT836
	(CH3CH2)3N
	80
	1.8
	               20.0
	8.36
	4.31
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