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Abstract : The flow and cure characteristics of phenol(P)-formaldehyde(F) novolac resin(P/F=1.87
in mol ratio), synthesized for this work, have been investigated by using curelastometer for exami-
ning curing rate and its temperature dependence in the initial curing process, and solvent extraction
method and Barcol hardness measurement for studying the degree of cure of the novolac resin. The
curelastomer and the solvent extraction experiments revealed that the cure characteristics of the no-
volac resin were dependent more significantly on curing temperature rather than curing time or par-
ticle size of novolac-containing molding compounds. The influences of two kinds of lubricants on the
flow and curing behavior of the novolac resin were examined by the curelastometer and the hardness
measurements. [t was found that zinc stearate as lubricant delayed the curing reaction but stearyl
amide did not exhibit such effect.
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Table 1. Mixing Compositions for Molding Compou-
nds

Run Resin  Curing agent Lubricant*
(phr) (phr) (phr)
Novolac ~ Hexamine Zn-St  St-Am

1 100 12.5 0.5 -
2 100 12.5 1.0 -
3 100 12.5 2.0 —
4 100 125 40 -
5 100 12.5 — 05
6 100 12.5 - 1.0
7 100 125 - 20
8 100 12.5 — 40

*Zn-St and St-Am denote zinc stearate and stearyl amide,respec-
tively.

427



e Ul &t 1~404]7712] kA7 E A
FEANES dokAor FE4 BHEEE 6~80y-

cle/hr2, §89 2x1= 150+ 1C2 YASHA {7
sttt

=

3. &5y
Z.2 o g2 Barcol LS
sttt A & 9%
2t2] 100 phr, Z8}A|A Al
12.5phr & 4 7} Q) tale 100 phr& YA3HA A
Al71aL, o 7]el] EA|el ~HolelAbold (zine stea-
rate ; Zn-St) & Agopgolu] = (stearyl amide ;
St-Am) 7+z} 2 phr& H7FAZ 88 ALes gl

9 AEs Bia FH3) 2y

¢

e

pu

134~137Cc2 zAsHA 74 3.2mm 311751 50
mmgl YAFE A 50 kg/cm>2) M > 2 QtEA
gl An ZH A *%%6}%1‘4 le Sl

2 160C, 170C 12}
108 2 20802 247k Wska A

A3 9

N}#

al
T8 AL 7= A =8
Hez & ex, AT pH = #He=
ol wrebA] #HEda v

Z7} do] A }H(Scheme 1
o —0—74]4 pH7} AU G120
reo], whgA|9] pH7E WALt A &o
Fg Ao Ak g 4

FAg9 Azt ST B U] JTFS v
olg Hgde] AE o Z FFS ol ortho

Al

i-] El
=9 =
u
s

=

il

,] H](P/F)

OH aH &
=~ OO
~

T O On

CHZ(’H

Scheme 1

428

[ o1ge - 2904

I
28
o

w=7b Wi, para Aol ¥
A A s Sl
Sty wjofolut & Flojr},
2ka=2] o] 2A1-& Table 29

" 19]
o
EE £ 1

2R
rﬂ

ar g 2
o g
de

0

o T
1o
ETJ

fe o jo my

-4
=2
=
o

ox,
T.KL

I
Uz

¢

1l

elstd

A8 Lga}gq R »9)

oX

EdL Fig, 19 ©
At} 3350 cm? ol -OH, 1250 cmte) 4] o
C-0-H, 1600 cm™ A w3k C=C 2 2900 cm™ 9}

1450 cm? 220X -CH,y-ol oJ 8 452 Y =

m

}_
=

Helo] rz2 3e1g 4 9J9jor E3] 1100 cm?,

830 cm! 3ol 4] B8 FF=7h dehia ded
olx= wWidde] WL XF Afe o3 FrEz
o AT wak o]-g AstE S golsty] 93l
Fig.20] 8iz}7] & A~HEDS wA s 2%

E&19] 3,9 ppmol| A ortho-paraZ &l o] 3 9j=71,
3.5 ppmol| A para-para Agol] 9 I =7} v}
A ZQlEdenz B doa AMEE :deex
= FE-Eo] dd(random) 32l ortho-para =g+
ojt§ oF7to] para-para =i-gto] Eaxjojd o=
#3484 vk, 8 4.1 ppmo) A 9] ortho-ortho 2
ol ojgt Haes AR ke 2 ortho-ortho

L.
A

Table 2. Physical Properties of Synthetic Novolac Re-
sin

Ramarks
Ball and Ring.

Values
83.0

Properties

Softening Temp.(C)

Viscosity(cps) 300 Gardner Viscometer
Gel Time(sec) 63.0 JIS K 6909
Mol. wt.(M,) 518 GPC

- (MM\\
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o

Absorhance
I
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14100 12;)0
Wavenumber(cm™1)
Fig. 1. Infrared spectrum of synthetic novolac resin
(KBr).
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Table 3. Curelastomer Data for the Initial Curing Ra-
tes of Various Molding Compounds at Three Different
Curing Temperatures

Initial Curing Rate
Molding (kg - cm/min)

Compounds*

Curing Temperature(C)
115 125 135
— 34 -
3.6
44
4.6
2.6
3.0
30
8 32

* The mixing compositions of molding compounds were listed in
Table 1.
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Fig. 3. Curing diagram of molding compounds by curelastometer.
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Fig. 6. Amount of resin extracted as a function of ext-
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