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Table 1 Sampling plan

Reaction time ( min) Operation

0 Add phenol and catalyst
30 Add No. 1 batch paraformaldehyde
40 Add No. 2 batch paraformaldehyde
50 Add No. 3 batch paraformaldehyde

60 Sampling@ Add No. 4 batch paraformaldehyde
70 Add No.5 batch paraformaldehyde
80 Add No. 6 batch paraformaldehyde

90 Sampling@ Add No.7 batch paraformaldehyde
100 Add No. 8 batch paraformaldehyde
110 Add No.9 batch paraformaldehyde

120 Sampling®) Add No. 10 batch paraformaldehyde
125 Add No. 11 batch paraformaldehyde
135 Add No. 12 batch paraformaldehyde
140 Add No. 13 batch paraformaldehyde
145 Add No. 14 batch paraformaldehyde

150 Sampling@ The feeding end, heating-up

180 Sampling® —

210 Sampling©) —

240 Sampling@ —

270 Sampling®) —
300 Sampling©® —

330 Sampling@0 Stop heating
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Fig. 1 The structures of the resole phenol-formaldehyde resin
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Fig. 2 GPC (a)and FD-MS (b) chromatograms, at t =60, 90, 120 and 150 min
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Fig. 3 GPC (a)and FD-MS (b) chromatograms, at t =180, 210, 240, 270, 300 and 330 min
Table 2 GPC integral area ratio of the phenol-paraformaldehyde resole resin
Phenol 2-HMP 4-HMP  2,6-DHMP 2,4-DHMP 2,4,6-THMP Dimers &
Sampling M, M, M./M
(%) (%) (%) (%) (%) (%) trimers (%)
1 69.2 17.2 9.4 3.3 1.01 — — 242 250 1.03
2 48.8 17.6 13.5 7.29 3.98 1.95 6.94 265 279 1.05
3 38.5 17.4 17.0 10.9 7.97 4.18 8.25 284 302 1. 06
4 27.1 13.2 16.3 13.1 11.1 8.72 11.0. 320 346 1.08
5 18.7 12.9 16.3 14.6 16.6 9.63 11.3 322 347 1.08
6 14.5 12.2 15.3 15.1 18.5 8. 17 16.3 330 357 1.08
7 12.3 11.3 14.2 15.0 18.5 6.50 22.3 340 370 1.09
8 10.5 10.2 12. 4 14.2 17.3 5.40 30.0 358 393 1.10
9 8.54 8.25 10.0 11. 8 13.3 3.40 44.7 387 433 1.12
10 6. 95 6.51 7.68 9. 64 9.28 — 59.9 422 482 1. 14
18
60 —0— Phenol o o—"0— —0—2-HMP
—eo— Dimmers and trimers o—o —e— 4-HMP
o —_ 16 + \
s0b % g .
2 [ o \
=} = 14 o
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< < —o.
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g N e 5 ™
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Fig. 4 The curves of phenol, dimmers and trimers with

the reaction time

Fig. 5 The curves of 2-HMP and 4-HMP with the reaction time
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STUDY ON SYNTHETIC REACTION PROCESS OF THE
PHENOLIC-PARAFORMALDEHYDE RESOLE RESIN

Juan Wang, Jian-wei Gao, Wen Jin, Jing Lin, Tong Zhao
(Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190 )

Abstract Samples were taken every half an hour during reaction of the resole phenolic-paraformaldehyde
resin reaction process, strongly cooled to block any further reaction. The relative molecular mass and
distribution of the synthetic reaction process of the phenolic-paraformaldehyde resin were determined both by
gel-permeation chromatography ( GPC) and field desorption mass spectrometry ( FD-MS). The GPC was used
to analyze quantitatively the composition contents with the synthetic reaction process. The FD-MS was used to
give the molecular ion peak of the every phenol unit without fragment ion peaks. The real molecular mass and
the structures of every composition can be determined by FD-MS. The structural transformation during the
synthetic reaction process of the phenolic-paraformaldehyde resin can be spread out clearly by combining GPC
method with FD-MS method. The results show,the free phenol decreased from 70% to 7% with time. The free
phenol decreased fast at the beginning with the rapid addition reaction and slowly near the end. For the two
monohydroxymethylphenols (2-HMP and 4-HMP) ,2-HMP had the maximum value at the beginning and then
decreased with time ,4-HMP increased first, had the maximum value after 120 min and then decreased quickly.
The two dialcohols (2,4-DHMP and 2,6-DHMP) increased first, had the maximum value at about 210 ~ 240
min and then decreased quickly. The trialcohol (2,4 ,6-THMP) also increased first and then decreased, it had
the maximum value after 180 min. The two-ring and the three-ring compounds increased with time. They
increased slowly at the beginning and fast with the rapid condensation reaction near the end.

Keywords  Phenolic resin, Paraformaldehyde, Field desorption mass spectrometry ( FD-MS ), Gel-

permeation chromatography (GPC), Synthetic reaction process



