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Table 1 Common ingredients for phenolic resins synthesis

[ES ik AL
Hl P W R T e R DY MR RIWRE L O OB SRR S SRR BRI BRI B R AL
e HE Wy XUy A S RO SR BE X TP R R 4

1.2 FEREERAS B
Py TR R O 4D [T A e DA 6 A 255 A 2 78 o IO PR 235 4 1 ot A 300 I A B S A RN 2 & RTAR PR B B, — R
A EACE IS A B A RAFILE A TERe . 46 J 24t ae A RUE M L # R e % . Novolak IR g X H
A A% b A BN 3 P A AR AR R ELA I R R SRS AL DR GO T g A AT R AR A I RN I [EL A T
A AT, 7S W 3 DY i | 22 B R S5 04T [ 4k . Resole UM I & 40 B8 B I 45 il 76 — & F2 B2 N 14 o []
TR T T Y0 BRI AR SRy TR P A% 1 R I G [ Ak, — SRR E R B IR R IR AT SR CO, R S 3 [
e . A HLER S v] LU SR i Resole B g [ 465, 4n = 2 W2 1 i B L e 2 TN 0 TR 55, (HLIX A] e 5
R i — S BB 1Y R AR o T T AR T A O B R R B A — BB 2 2 T BB B R R R R L
1y BB R A7 AE i ARG - Guo A58 X 2 A 1k 1y I S g 20 4T A S0 AR AL 38, #E 170°C R CE 30d, B AR
YA S IR BE AN 240°C B FF 2 310°C X Pl B G U BTG #5155 00 T 193 TR ARS i 361 4 0 AN 5 4, B Wit 1S 1 TR A i
[ Ak AR 38— SRR 28— et S A B A B B A R R A R T A 25 AR K. Asami TR A
Novolak B3R g o I 7S M0 H 35 DU fre i1 £ J %ot B EA T XS 40 20 A /Nl XU (SAXS, ILEL 1-A) R
PR 5 R A R R ) A XCHUE (WAXS L UL 1-B) L0 21 B AN S ok e . 5k 4 2% 55 36 BH 13 I ) g o otk 245
P AR e A A A AR . R A" C-NMROILIE 2) %3 [ 4k J5 89 Novolak B g £ 1743 4, % 3K
TR = B AL 2= 0 7 B G 7S I B DY i & A 36 0L E AR Y 4 —CH, — NH—" (M—N) 2514 i 5 5 3 i
S, 2 A ARG g AT LLE L AR 175°C F AL Smin & 08 R, S 8 B3 P B 0 2 i —
CH,— (MDA K, 1 M—N $id i 2. AR 95T, M—N $i /b M B i 2, #ie By
R A ISR RO SE A E O BUE R 15 AR MAE X — AL IAR R T 2 BUE R R o 1. 27, R € =
il T A R, B (AR A0 150 L 7 fie v TR AR 235 g G iy 2 70 Ay I YRR 454
100406 ——— S AXS 20000 ——WAXS———

18000 fa
N\ 16000 Al
1.0E+05 [ \
14000 l \
3 / \ S 12000 I\
S 108404 £ 10000 1 \
£ / £ 8000 I \
6000
1.0£403 / \
4000 .- N
\m 2000 N
1.os+o%.01 0.1 1 0o s 1'0 1.5 le 25 30
q[1/nm]) 20 [degree]
A B

K11 Novolak %I iy RER IS 15105 X 5 e HLSH 7 #r
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Figure 2 Solid-state ¥ C-NMR spectra of Novolac resin cured with hexamine
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Table 2 Results of solid-state * C-NMR
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Table 3 Comparison between PAPS and conventional resins,
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Figure 3 GPC chart of PAPS and conventional resins
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Figure 4 Comparison of ortho/para orientation for conventional resins versus PAPS resin
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Table 4 Biomaterials for the modification of phenolic resins
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Table 5 Effects of phenolic resin powders on the resin properties
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Figure 5 Pink chromatic transformation in cultures of Phanerochaete chrysosporium (Pc) grown with phenolic resin (PR)

(A) Pct grown alone on 1. 5% malt agar for 13 days; (B) 13-day old culture of Pct grown on 1. 5% with
PR embedded for 3 days; (C) PR embedded in 1. 5% malt agar alone for 13 days.
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New Progresses on Phenolic Resins

WANG Tian-ye, TONG Jin-cheng, LIU Ying-liang™ , CAO Shao-kui”
(Materials Science and Engineering s Zhengzhou University s, Zhengzhou 450052, China)

Abstract; Phenolic resins are a kind of widely used thermosets due to their advantages, such as low cost, easy

availability of raw materials, easy processing and excellent comprehensive performance. The application of phenolic resins

has stepped out of the scope of universal resins. The high performance and functionalization have presently become the main

developing trend. especially environmental friendliness. This review summarizes the latest progresses on phenolic resins,

including new synthetic and curing methods, such as ionic liquids, phase separation and Stober method, which has unique

advantages compared with the conventional methods. This paper also reviews biomass-based phenolic resin modified by

lignin, tannins and bio-oil, as well as the physical, chemical and biological methods for phenolic resin recycling.

Key words: Phenolic resin; New preparation method; Biomass; Recyclization
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