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Abstract : Novolak resin was synthesized by an acid catalyzed condensation of m-/p-cresol with 37%
formaldehyde and then treated with the mixture of methanol and water as solvents in order to get
improved thermal properties of novolak. The composition of novolak was identified with 'H~/**C-
NMR spectroscopy. In 'H-NMR spectra, methylene proton peaks of novolak resin were observed in
the range of 3.4~4.3ppm. In ®C-NMR spectra, methylene carbon peaks were observed in the range
of 31.8~37.7ppm, but there were no prominent changes before and after solvent treatments. The
initial decomposition temperature(T,) of novolaks was obsered in the range of 160~250T. The glass
transition temperature(T,) of novolaks was varied on the change of mixing ratio of H;O/MeOH. The
highest glass transition temperature was 115C when the synthetic novolak resin were treated with
the mixture of 2parts of methanol and 1part of water. The average molecular weight(M,,) of novolaks
decreased with increasing the mixing ratio, however the molecular weight distribution(M,/M,) of
solvent-treated novolaks was almost the same on the change of mixing ratio.
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Table 1. Solvent Treatment Conditions of Synthetic

Novolak Resins

Novolaks Solvent treatment ratio
BN® H,0

STN®-A MeOH : H:0=1:05

STN-B MeOH : H,0=1:0.7

STN-C MeOH : H.0=1:10

STN-D MeOH : H,0=1:13

STN-E MeOH : H,0=1:15

a. BN : Synthetic novolak resin was washed with wa-

ter only.

b. STN : Synthetic novolak resins were treated with

2 gAY such. FAHE Be X9 TxE
'H-NMR# BC-NMR .z BAsgt). 'H-NMR2)
AS- =B FA2A wel durzor oty
3 o] (shift)1* o] glct, Table 201 A& Uuk
Hoz vEddll(-CHy-) 337} 4ppm oA, w)|
°&(-CH,0H) 9=+ 5ppmol A 717he e A=
A dehte & BFa glch Fig. 12 =22
%72} 'TH-NMR spectrag ] v|€dl 7} oelg o] o
237 Aag 2A(Fig. 1-4) 23 vl 24stied
A9l 7ol e Azl 3 FHAE 5.2
ppmo) A, -CH,-2] FAd=}oll 23 M A= 3.6~4.7
ppmollq Yeh}a gk, £3) wHgde] He-oe

Scheme
OH OH
@m
CH,
Formaldehyde/
Oxalic acid
OH

CH,
H;(/ \:»'IcOH/HzO

the mixture of methanol and water. BN STN
Table 2. 'H-NMR Chemical Shifts of Synthetic Novolak Resins
(unit : ppm)
Novolaks
. Reference 10| Reference 1 |Reference 11 BN STN
Function group
Methylol proton(-CH,OH) - 43~45 5.2 5.1 5.1
Methylene ether(-CH,OCH,-) - 4.6~4.8 - - -
Hydroxyl proton( =C-OH) — - - 7.7~85 7.7~85
Aromatic proton( >C-H) 65~75 6.6~7.1 — 6.3~7.2 6.3~7.1
2.2 45 5.0 44~47
Methylene proton -
(~CHy) 24 35~4.0 4.1 4.3 40~44 34~43 34~4.2
? 44’ 38 | 40 3.7~40
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Fig. 1. 'H-NMR spectra of novolak resin methylene
linkage and methylol(Acetone-ds) (A=Reference, B
=STN-A).
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Table 3. 'C-NMR Chemical Shifts of Synthetic Novolak Resins

(unit ; ppm)
Carbon ~
~ C-CH -CHz-

Location Aromatic s ¢ : SC-0H Novolak B]

Carbon C-3,C-5 C-4 22'- 24'- 44'- 4 structure kil
p-cresol 127~132 -, - - - - 149~153 OH Ref. 10
m-~cresol  120~134 - - - - - 150~158 CHa Ref. 12
m/p-cresol  120~134 195~215 206~210 30.3~308 305~35.5 400~40.3 149~157 €6 2 Ref 14
STN 120~133 189~20.7 20.0~206 ~318 31.8~341 358~37.7 149~157 53 CHZ This
BN 121~133 189~20.7 20.0~206 ~30.3 322~332 354~364 149~157 Work
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Fig. 2. 3C-NMR spectrum of STN-A (Acetone-ds).

Table 4. Molecular Weight Averages and Molecular
Weight Distribution of Novolak Resins

Amount of Yield,(g)*

M, M./M. monomer after vac.
Novolaks (%) drying
BN 6.80X10*° 643 1.08 —
STN-A 552x10° 3.67 040 9.26
STN-B 434X10° 344 0.63 14.11
STN-C 3.89X10° 3.64 0.99 16.90
STN-D 3.65X10° 3.53 1.00 18.09
STN-E 350X10° 3.60 1.15 18.37

* relative to the initial 35g of fresh BN before vacuum
drying.
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Fig. 3. GPC diagram of BN (----- J, STN-A( )
and STN-E(+-+----- ).
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Fig. 4. DSC thermogram of STN-A(10C/min, in Ny).
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Fig. 5. TGA curves of novolak resin(5C/min, in He).
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Table 5. Thermal Properties of Novolak Resins

Novolaks TC) Tw(C) Tw(C) 5% weight loss(C)

BN 9719 a 200 300
STN-A 11587 a 250 337
STN-B 10738 a 200 296
STN-C 9762 a 198 297
STN-D 9078 a 196 300
STN-E 9085 a 158 - 290

a. Not observed because the novolak resins were
amorphous.
b. Initial decomposition temperature.
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