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Preparation and performances of a fast-curing phenolic resin
XIANG Mengmei, LI Junhong, LU Yuyang, WANG Zhihao, LIU Haibin, SUN Ying
(School of Materials Science and Engineering, Shanghai University, Shanghai 200444, China)

Abstract : A fast-curing phenolic resin was prepared by using phenol and polyformaldehyde and resorcinol as raw materials,
employing a two-step catalytic method of first using acid and then using alkali (acid-to-alkali). The effects of reaction time in acid
catalysis stage, polyformaldehyde and resorcinol dosage in alkali catalysis stage on the resin viscosity and gel time were studied.
Additionally, the influences of curing agent polyformaldehyde dosage, sodium hydroxide dosage, and curing temperature on the
resin gel time were investigated. The effects of three distinct synthesis processes on the resin storage stability, thermal stability and
acid resistance were compared. The results show that, the optimal synthesis conditions for the phenolic resin are as follows: during
the acid catalysis stage, the reaction time at 80 °C is 2.5 hours; during the alkaline catalysis stage, the polyformaldehyde dosage
(calculated as formaldehyde) is 50% of the initial phenol amount of substance, and the resorcinol dosage is 1.5 times the amount of
substance of formaldehyde used in alkaline catalysis. During 45 °C curing, when the dosage of polyformaldehyde as the curing agent
and the dosage of sodium hydroxide are 10% and 1% of the resin mass respectively, the gel time of the phenolic resin is 341
seconds. The phenolic resins prepared by the acid-to-alkali catalytic method exhibit the highest viscosity, shortest gel time, and
longest storage life, followed by the alkali-catalyzed two-stage batching method. Furthermore, the thermal stability and acid resis-
tance of the phenolic resin prepared by the acid-to-alkali catalytic method are comparable to those prepared by the alkali-catalyzed
single-batch method and the alkali-catalyzed two-stage batching method.

Keywords : phenolic resin ; acid-to-alkali catalytic ; gel time ; storage stability ; fast-curing
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Tab.1 Effect of different synthesis process on gel time of phenolic

resin

Synthesis process Viscosity/(mPa+s) Gel time/s

Alkali-catalyzed single-batch 194 541
Alkali-catalyzed two-stage batching 216 365
Acid-to-alkaline catalytic 254 341
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Tab. 2 Storage stability of phenolic resin prepared by different synthesis processes at 50 °C

Viscosity over time/(mPa-s)

Synthesis process

Oh 25h 50h 100 h 150 h 200 h 250 h 300 h 360 h
Alkali-catalyzed single-batch 194 603 2 040 28 100 *(after 120 h) — — — —
Alkali-catalyzed two-stage batching 216 312 2240 22 600 * — — — —
Acid-to-alkaline catalytic 254 358 434 720 2150 3070 8920 26 400 *

Notes: * indicates start of gelation; — indicates end of gelation; viscosity at 0 h is test data at 28°C.
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Tab.3 Effect of different synthesis process on acid resistance of

cured phenolic resin

Loss rate after one
week of soaking/%

Loss rate after one

Synthesi
YRTACSIS process day of soaking/%

Alkali-catalyzed single-

0.60 0.61
batch
Alkall-catalyz§d two- 0.65 0.67
stage batching
Acid-to-alkaline catalytic 0.64 0.65
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