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The free pherol in phenol resole resin was determined by gel per-
meation chromatography with the high molecular polystyrene as the
internal standard. The observed values were in close agrecment with
that obtained by gas chromatography. The reproducibility was about

4 per cent as the coefficient of variance.

Recently, gel permeation chromatogrephy(GPC) ie much used for aralysis of
phenol resole resins. However, the determinations of free phenol contents in
phenol resole resins are not easy because of the dependence of peak areas of
chromatogram on refractive indices, if a differential refractometer is uséd as
a detector.

The application of the absolute anaiysis of free phenol by GPC is possible,
but its reproducibility is not satisfactory. Therefore, the internal standard
analysis was applied to GPC in this paper.

Experimental

The phenol resol resins made by the general method were used as the samples.
The phenol and other alkyl phenols as authentic samples were reagent grade and
the monodispersed polystyrene purchased from Pressure Chemical Co. of which Mos g
was 16000 (Mw/Mn= 1.06) was used as an internal standard.

Samples studied were analyzed in Waters Associates GPC, Model-200. The ope-
rating parameters were as follow: solvent, tetrahydrofuran(THF); temperature,
25°C 7 2'C; sensitivity, 2X; experimental theoretical plate number of polystyrene
gel coluuns obtained with o-dichlorobenzene, 505 plates per foot; porosity rat-

ings of five polystyrene gel columns, 15000—50000A, 100—150&, 50-80A and 50-80A.
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Sample concentration, about 100mg of the resole resin and 25mg of the po-
lystyrene per 25ml of THF in a mess flask. The zadding of a cclumn of high po-
rosity, i.e. JSOOO—SOOOOA, gives efficiency to seperate polystyrenes fLroi phenol
resole resins.

Results

Irn Pig.l was shown the typical chromatogram of phenol resole resir with
polystyrene as the internal standsrd. Feaks of free phenol, resole resin and
polystyrene were separated enough for cuantitative analysis respectively. Fig.2
shows the linearity of calibration curve of phenol. The correction coefficient
of phencl was the reversal number of slope of calibration curve and was 1.109.
The free phenol content in the phenol resole resin is calculated by the follow-

ing equation.
(A pherol/ 4 pst) X Added pst weight X K x 100

Free phenol % =
Sample weight

A: peak area
pst: polystyrene, used as the internal sterdard

K: correction coefficient: 1.19

Polystylene as internal

standard
Phenol

Relative height

38 36 34 32 30 28 26 24 &2
Counts
Fig.1. GPC curve of pherol resole resin
a: 2-lethylol phenol b: 4-Methylol-, and 2-4 Dime-
thylol phenols c: 2.4-Dimethylol phenol

d: 2.4.6-Trimethylol phercls
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Table 2. Reproducibility
of determination of =
rherol 16l
No obs. i
1 9.5% o
2 10.1 g 1.2F
3 10.7 5|
4 10.4 2
5 10.1 5 0.8F
Average (X ) 10.2 43
N L
Standaré ' ’ = 0.k 1
deviation (0) 0.45 g F==“Gfgza
Coefficient of A I = 1.19
(c= @/T x 100) 4'441 SO Y RN

eight ratio (pherol / polystyrene)

fig.2. Calibration curve of phencl

A: peak area of chromatogram

The reproducibility of the determination of the free phencl was shown in Table 1
end the coefficient of variarnce was about 4 per cent. The observed values were
in close agreement with added values and values obtained by gas chromatogramphy

1) )

: 2 . . - . )
with p-cresyl acetate”’or m-cresol®’as internal standards, as shown in Table 2.

This proceuure has the aavantage that two informations about the free phenol
content and the apparent mclecular weight distributions)of phenol resole resins
are obtained simultaneously. On the other hand, only one irnformation about

the free rhenol is obtained by gas chromatography.

Furthermore, this procedure is applicable to the determination of free
monomers in phenol novolac resins, p-ter bytylpherol resins, p-phenyl phencl
resing, other alkyl phenol resins and other thermosetising w.cured reein, i.e,
epoxy resins and Iuran resins.

Table 3 shows K values of these alkyl phenol mononmers.

A study of determination of isomeres of monoruclear methylol pherols in

phencl resole resin is in pregress by means of this procedure.



278

Chemistry Letters, 1973

1)
2)

3)

Table 2. Comparison of the predicted values aud the observed
value by GPC and GC
* obtained by GC
phenol ¥
obs
Sample Added Calcd
3FC GC
Original resin 0 2.8" - 2.8
1 4.3 7.1 6.7 6.9
) 5.4 8.2 8.7 8.9
3 7.3 10.1 ¢.5 9.7
4 9.9 12.7 13.2 13.1
5 19.2 22.1 22.8 21.2
Table 3. ¥ values of various corpounds
Counipound X
Phenol 1.19 ¥ values in Table 3 were
o-Cresol 1.16 obtained by the same way on the
n—-Cresol 1.22 free phernol in fig.2.
p-Cresol 1.21 "his procedure is not app-
o-Lthyl phenol | 1.25 licable tc the determination of
n-Ethyl rherol 1.51 free wmoncomers i these resins
p-isthyl pherel |1.17 modefied with other kind of
2.4-Xylenol 1.24 phenol moroners, respectively.
2.6-Xylenol 1.31
p-ter Putg%erol 1.43
p-Fheryl pherol |0.822
rurfural 1.89
furfuryl alcohol|2.21
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