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ABSTRACT: An amino-functional silane coupling agent,
which is an important component for epoxy molding com-
pound (EMC), has been used by diverse methods, such as
integral addition into a mixed powder and pretreatment on
silica or on resin. However, the homogeneous dispersion of
the amino-functional silane coupling agent in mixed powder
is limited with integral addition, and the possibility of white
gel formation, sometimes causing gate blocking during the
transfer-molding process, due to the aggregation of silica
with the coupling agent cannot be completely removed by it.
The pretreatment of the amino-functional silane coupling
agent on silica has been adopted as an alternative process,
but the process is expensive and limited in mass production.
Although the pretreatment of the coupling agent on resin as
another method has also been used by some EMC manufac-
turing companies, it has hardly been known in which resin
phase, the epoxy or hardener, the silane coupling agent
should be pretreated for better mechanical properties of
EMC. In this study, the pretreatment of the amino-functional
silane coupling agent on epoxy or phenol resin, essential
components of EMC, has been investigated with respect to
the reaction during the pretreatment and the properties of
EMC according to the different pretreatment methods. In the
case of the pretreatment on epoxy, the amino-functional
silane coupling agent rapidly forms an adduct with epoxy
via a ring-opening reaction, whereas its alkoxy groups are
well preserved. The glass-transition temperature and flex-
ural strength of the EMC by the application of the pretreat-
ment method on epoxy are lower than those by the pretreat-
ment on phenol. It is thought that the degree of linkage

between the resin matrix and silica becomes lower because
of the confinement of aminopropyltriethoxy silane (APTS)
within the epoxy matrix through an irreversible reaction
with epoxy in advance. In the case of the pretreatment on
phenol, most of the alkoxy groups in the coupling agent are
assumed to be replaced with protonic nucleophiles such as
phenol, generating an equivalent amount of alcohol. Be-
cause the adduct between the phenol and amino-functional
silane coupling agent can be easily regenerated during the
manufacturing process, it is thought that the pretreatment
method of APTS on phenol helps APTS disperse well within
EMC. Actually, the glass-transition temperature and flexural
strength of EMC by the application of the pretreatment
method on phenol are higher than those by the integral
addition method and the pretreatment on epoxy. However,
they become lower as the degree of reaction of silane with
phenol increases. The pretreatment of the amino-functional
silane coupling agent on phenol shows lots of advantages
over the previous methods. From the viewpoint of the pro-
cess, the homogeneous dispersion of the coupling agent can
be obtained with consistency, and the possibility of white gel
formation can also be completely removed by it. From the
perspective of properties, through a controlled pretreatment
on phenol resin, better mechanical properties of EMC can be
obtained than those through the pretreatment on epoxy. In
addition, the pretreatment process on phenol is simple and
feasible for mass production. © 2006 Wiley Periodicals, Inc.
J Appl Polym Sci 100: 2171–2179, 2006

Key words: composites; mechanical properties; resins

INTRODUCTION

An epoxy molding compound (EMC), a typical or-
ganic and inorganic hybrid composite, is widely used
in the field of encapsulating semiconductors for pro-
tecting and electrically insulating semiconductor chips
from their surroundings and effectively ejecting heat
during operation because of its low cost and effective
mass production.1–4

Recently, for the demanding Pb-free soldering
process, package reliability related to moisture ab-
sorption via EMC has become a critical issue.5–9

Hence, many efforts to modify EMC to enhance
package reliability not only in formulation aspects,
such as increasing the filler loading,10 introducing a
new resin system,11–15 and modifying the silica sur-
face,16 –19 but also in process modification have con-
stantly been carried out. Among those efforts, a
silane coupling agent as an important component of
EMC has intensely been studied to establish strong
adhesion between the resin and silica.20 –22 The pre-
treatment of the coupling agent on silica has long
been used for that purpose,17–19 but the process has
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a limitation due to its high cost and process com-
plexity in application to mass production. Instead of
the treatment of the coupling agent on the silica,
integral addition into a mixed powder with a spray
facility has also been widely applied.23 However,
the homogeneous dispersion of the silane coupling
agent over the mixed powder is hardly obtained
because of the small dose of the silane coupling
agent. Moreover, in the mass production of EMC,
integral addition increases the possibility of gener-
ating a white gel, an aggregation of silica with the
silane, which causes gate blocking during transfer
molding. Therefore, as another economical ap-
proach not only reducing the generation of white
gel but also enhancing the linkage between the resin
and silica, the pretreatment method of the silane
coupling agent on resin has been adopted by some

EMC manufacturing companies. Nevertheless, it is
hardly known in which resin phase, the epoxy or
hardener, the silane coupling agent should be pre-
treated for better mechanical properties of EMC.

In this study, the pretreatment of the silane coupling
agent on an organic resin was carried out not only to
effectively disperse the silane coupling agent within
the organic resin by the control of the degree of reac-
tion but also to prevent white gel formation due to the
aggregation of silica with the silane coupling agent.
Epoxy and phenol as base resins and an amino-
functional silane coupling agent were selected, and the
reaction mechanism was examined with H-NMR spec-
troscopy. Furthermore, the effects of the pretreatment of
the silane coupling agent on the organic resin were in-
vestigated in comparison with previous methods, such
as integral addition and treatment on silica.

TABLE I
Structures of the Raw Materials

Component Chemical structure/name Grade name (maker)

Epoxy NC-3000 (Nippon Kayaku Co.)

Hardener MEH-7800-4S (Meiwa Kasei Co.)

Coupling agent

O
} {

(CH3O)3SiC3H6OCH2CHOCH2 KBM-403 (Shinetsu Chemical Co.)

(C2H5O)3SiC3H6-NH2 KBE-903 (Shinetsu Chemical Co.)
Filler Fused and spherical silica FB-24R (Denki Kagaku Co.)
Accelerator Phosphonium salt TPP-K (Hokko Chemical Co.)

TABLE II
Design of the Experiments for the Pretreatment of the Amino-Functional Silane Coupling Agent

Treated phase Reaction time (min) Vacuum during the reaction Notation (phase, vaccum time)

Epoxy resin 15 X EX-15
300 X EX-300
15 O EO-15

300 O EO-300
Phenol resin 30 X PX-30

600 X PX-600
30 O PO-30

600 O PO-600
Silica/epoxy resin Silica (1.0a)b � EX-15 (2.4a)c SE-15
Silica/phenol resin Silica (1.0a)b � PX-30 (2.4a)d SP-30

a Presented in parts by weight based on 100 parts of the epoxy resin.
b Denotes the amount of the amino-silane coupling agent treated in silica.
c Denotes the amount of the amino-silane coupling agent treated in epoxy resin.
d Denotes the amount of the amino-silane coupling agent treated in phenol resin.
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EXPERIMENTAL

Materials

The epoxy resin used in this study was a biphenyl-type
epoxy [epoxy equivalent weight (EEW) � 260–280
g/equiv] obtained from Nippon Kayaku Co., and the
phenol resin used as a hardener was an aralkyl-type
phenol (hydroxyl equivalent weight � 175–180 g/equiv)
obtained from Meiwa Kasei Co. The filler, fused and
spherical silica (mean diameter � 12 �m, specific surface
� 4.6 m2/g), was produced by Denki Kagaku Co. Phos-
phonium salt made by Hokko Chemical Industry Co.
was used without purification as an accelerator. �-Gly-
cidoxypropyltrimethoxy silane (GPTS; KBM403) and
�-aminopropyltriethoxy silane (APTS; KBE903) made by
Shinetsu Chemical Co. were used without purification.
The detailed structures and properties of the raw mate-
rials are summarized in Table I.

Pretreatment methods of the silane coupling agent
(APTS)

The pretreatment of APTS on epoxy or phenol was
carried out with the following procedure. Epoxy or

phenol was melted via heating at 100°C with N2

purging, and then a vacuum (�30 Torr for 2 h) was
applied to remove moisture. APTS (5 wt % per
epoxy or phenol resin) was dropped for 1 min with
vigorous stirring and N2 purging. After the cou-
pling agent was dropped, a vacuum (�30 Torr for
0.5 h) was selectively applied to investigate the
effect of removing the volatile substance as a prod-
uct by the reaction. Reacted intermediates were
sampled at a constant time interval and analyzed
with a cone-and-plate viscometer, EEW, and H-
NMR spectroscopy. In addition, the trapped sub-
stance at the condenser during the vacuum process
was analyzed with H-NMR spectroscopy to verify
the reaction mechanism.

The pretreatment of APTS on silica was performed
with the following procedure. Under room tempera-
ture, fused silica was inserted into a ball-mill mixer,
and 0.1 wt % APTS per silica was sprayed on the silica.
Ball milling for 10 min at 10 rpm was carried out with
N2 purging for removing the volatile substance. The
detailed design of the experiments is described in
Table II and Figure 1.

Figure 1 Design of the experiments for the pretreatment of the amino silane coupling agent.

TABLE III
Basic Formulation of the EMC

Component Grade name Parts by weight

Epoxy resin NC-3000 100
Phenol resin MEH-7800-4S 76.8
Filler FB-24R 1153
Accelerator TPP-K 4.2
Coupling agent KBM-403 3.4

KBE-903 3.4 (variable according to the treatment)
Releasing agent Carnauba wax 2.7
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EMC sample preparation

All the ingredients, including the epoxy, phenol, silica
(no silica for the neat resin system), and additives such
as the releasing agent, flame retardant, colorant, and
epoxy-functional silane coupling agent, except for the
amino-functional silane coupling agent (APTS), were
premixed in a Henshel mixer for 5 min. APTS was
introduced into the Henshel mixer in four different
ways: integral addition, pretreatment on epoxy, pre-
treatment on phenol, and pretreatment on silica. The
mixed powder was melt-mixed in twin-screw kneader
at 115–120°C, cooled and crushed into a powder, and
molded into a test specimen. The detailed formulation
in this study is described in Table III.

Measurement

Adhesion strength on a Cu plate

The adhesion strength between the EMC and Cu plate
was examined in the 180° pulling-out mode, as shown in
Figure 2. Coupled with the pentagon and rectangle types
of Cu plates, the specimens (thickness � 0.5 mm) were
molded by EMC at 175°C for 90 s and then heated in an
oven at 175°C for 6 h. The adhesion strength was mea-

sured at a test speed of 2.8 mm/min and at 260°C with
a universal test machine (Shimazu Co.)

Flexural strength

The specimens (6.4 � 12.7 � 127 mm3) were molded at
175°C for 90 s and heated in an oven at 175°C for 6 h.
The flexural strength was measured in the three-point-
bending mode with a span width of 100 mm and a test
speed of 2.8 mm/min at 260°C with a universal test
machine (Shimazu) in accordance with ASTM D 790.

Glass-transition temperature (Tg)

The specimens (3 � 40 � 10 mm3) were molded at
175°C for 90 s and heated in an oven at 175°C for 6 h.
Then, Tg was estimated from the peak point temper-
ature of tan � with a dynamic mechanical temperature
analyzer (Rheometric Scientific) under a resonance

Figure 2 Dimensions of the test specimen for the adhesion
strength.

Figure 3 Reaction temperature of APTS with epoxy as a
function of the reaction time.

Figure 4 Viscosity change of APTS with epoxy as a func-
tion of the reaction time.

Figure 5 EEW of reacted intermediates between APTS and
epoxy as a function of the reaction time.
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frequency of 1 Hz with the temperature increasing at
5°C/min. The range was room temperature to 250°C.

RESULTS AND DISCUSSION

Reaction mechanism in the pretreatment of the
silane coupling (APTS) agent on epoxy

The reaction temperature and viscosity change were
monitored as a function of the reaction time after
APTS was dropped into melted epoxy and are shown
in Figures 3 and 4, respectively.

The reaction temperature rapidly increased upon
the dropping of APTS from 98 to 112°C within 20 min
and then returned to the initial value of 100°C after
1 h. This implies that the reaction rate of APTS with
epoxy is quite fast with an exothermic nature, which is
typically observed in the reaction of amine with ep-
oxy.

The viscosity of the reacted intermediates rapidly
increased to twice the initial value within 30 min and
then reached a steady state within 60 min. The ten-
dency of the viscosity, as shown in Figure 4, can be
understood as the increasing molecular weight of the
reacted intermediates by the addition of APTS to ep-
oxy. The viscosity of intermediates was not affected by
the vacuum process reaction.

EEW of the reacted intermediates was measured by
a titration method and is shown in Figure 5. EEW
increased with the reaction time from 290 to 340 eq/g,
and then no further increment was observed. The final
EEW, 340 eq/g, implies that the secondary amine in
the adduct of the epoxy with the primary amine of
APTS sequentially attacked the epoxy into the new
epoxy adduct; otherwise, the final EEW had to be 305
eq/g. In addition, no quaternary ammonium salt
formed.

To investigate the reaction mechanism of APTS with
epoxy, the number of epoxy groups in epoxy resin and
ethoxy groups in APTS of the intermediate was mon-
itored and analyzed with H-NMR spectroscopy. H-
NMR peaks at � � 2.9 ppm and � � 1.2 ppm were
selected for the quantitative analysis of epoxy and
ethoxy, respectively, and are shown in Figure 6. In this
study, the diminution of the ethoxy groups of the
intermediate nearly did not occur, and ethanol, which
was produced by the cleavage of ethoxy groups, was
nearly not trapped during the vacuum process with
the reaction, as shown in Table IV. However, the ep-
oxy conversion rapidly increased up to 12%, and then
no further increment was observed. The theoretical
epoxy conversion was calculated to be 6% when the
primary amine in APTS reacted with epoxy and 12.5%
when the secondary amine in the adduct of epoxy and
APTS reacted with new epoxy. This implies that the
amine in APTS reacts with two epoxy groups and
forms a 1:2 adduct with epoxy; this coincides quite
well with the EEW results. Consequently, the reaction
mechanism of the amine in APTS with epoxy follows
the generally known reaction of amine with epoxy.24

The epoxy conversion was not affected by the vacuum
process with the reaction, and its trend was almost
consistent with that of the viscosity. This means that
the reaction of the epoxy group with amine thor-
oughly determines the viscosity of the intermediate.

Reaction mechanism in the pretreatment of the
silane coupling (APTS) agent on phenol

The reaction of APTS with phenol was investigated
and compared with that of APTS with epoxy. The
viscosity change and reaction temperature as func-

Figure 6 Conversion of epoxy groups in the reaction of
APTS with epoxy as a function of the reaction time.

TABLE IV
Analysis of the Trapped Substance in the Reaction of APTS with Epoxy During the Vacuum Process

Process Substance

Trapped substance (g)a

Conversion (%)Empirical Theoretical

Before dropping APTS H2O 0.16 — —
After dropping APTS Ethanol 0.01 3.12b 0.16c

a Denotes the quantity of the substance trapped per 100 g of the epoxy resin mixture of 5 wt % APTS.
b Denotes the maximum quantity of ethanol produced by ethoxy cleavage in APTS. It was equal to the moles of APTS in

100 g of the epoxy resin mixture of 5 wt % APTS � 3 � the molecular weight of ethanol.
c Denotes the value calculated from the ratio of the empirical value to the theoretical value.
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tions of the reaction time were monitored and are
shown in Figures 7 and 8, respectively.

The temperature of the reaction increased almost
instantaneously upon the dropping of APTS into phe-
nol, with an accompanying color change from red to
yellow, and then quickly leveled off. An instantaneous
temperature change with the accompanying color
change was assumed to be due to the neutralization
reaction of amine in APTS with phenol.

The viscosity of the reacted intermediates slowly
increased, and the rate of the viscosity increment was
considerably accelerated by the vacuum process after
the dropping of APTS because of the removal of the
volatile substance made during the reaction of APTS
with phenol.

H-NMR spectroscopy was used to investigate the
reaction mechanism of APTS with phenol and is
shown in Figure 9 and Table V. The conversion of the
ethoxy groups in APTS increased up to roughly 75%,
and the rate of conversion was quite accelerated by the

vacuum process after the dropping of APTS. Accord-
ing to the analysis of the trapped substance with H-
NMR, the trapped substance was identified as ethanol,
and the amount of ethanol showed an empirical
ethoxy conversion value of approximately 75%, which
coincided well with the results from H-NMR spectros-
copy.

These two facts, that more than 75% of the ethoxy
groups in APTS disappeared in the reaction interme-
diates and the amount of ethanol corresponding to
them was empirically trapped, implies that ethoxy
groups in APTS were substituted by certain protonic
nucleophiles in reaction intermediates, and a possible
candidate for the protonic nucleophiles is a hydroxyl
group in phenol resin. It is well known that alkoxy
groups in a silane coupling agent can be easily hydro-
lyzed in protonic media, especially water or alcohol in
the presence of an acid catalyst. Therefore, ethoxy
groups in APTS were assumed to be consecutively
attacked and substituted by phenol groups. Moreover,
it is also assumed that because the substitution reac-
tion of ethoxy in APTS with phenol is an equilibrium
reaction, a forward reaction, that is, substitution of
ethoxy by phenol, became dominant with the removal
of ethanol by the application of vacuum. The degree of
substitution of ethoxy groups is dependent not only
on the extent of ethanol removed but also on the steric
hindrance. In the case of the reaction of ethoxy in
APTS with phenol, two-thirds of the ethoxy groups in
APTS (75% of the ethoxy groups) were substituted.

The treatment of APTS on epoxy and phenol
showed a substantial difference in the mechanism. In
the case of the treatment of APTS on epoxy, amine
groups in APTS consecutively attacked epoxy rings,
and an adduct of one molecule of APTS with two
epoxy groups was mainly formed, with ethoxy groups
in APTS remaining almost not reacted. However,
ethoxy substitution was the main path for the reaction
of APTS with phenol, and 75% of the ethoxy groups in
APTS were empirically substituted.

Figure 8 Viscosity change of APTS with phenol as a func-
tion of the reaction time.

Figure 7 Reaction temperature of APTS with phenol as a
function of the reaction time.

Figure 9 Conversion of ethoxy groups in the reaction of
APTS with phenol as a function of the reaction time.
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Application to EMC

The adhesion strength of EMC on a Cu plate and the
flexural strength at 260°C, the soldering temperature
of a semiconductor on PCB, were investigated with
different treatment methods of APTS. Figure 10 shows
the variation of the adhesion strength of EMC on a Cu
plate at 260°C.

The highest and lowest adhesion strengths were
observed in the specimens of integral addition and
pretreatment on silica, respectively. The adhesion
strengths of the specimens from the pretreatment of
APTS on epoxy or phenol were similar. It is assumed
that in the case of integral treatment, APTS, which is
liquid and a movable molecule, especially not reacted,
can easily move to the interface between the EMC and
Cu plate and make chemical linkages between EMC
and Cu rather than between the resin and silica. In the
case of the pretreatment on silica, APTS firmly binds
to silica and is hard to move to the interface of the Cu
plate, so no improvement in the adhesion strength
between the Cu plate and EMC was observed.

The flexural strength, one of the most important
properties of EMC for estimating popcorn cracking
during the soldering process, was measured with dif-
ferent treatment methods of APTS at 260°C. The flex-

ural strength of the specimens from the pretreatment
on epoxy showed lower values than those of the oth-
ers and decreased with an increasing degree of reac-
tion and conversion of epoxy groups. However, the
flexural strength of the specimens from the pretreat-
ment on phenol showed higher values than that from
the treatment on epoxy but decreased with an increas-
ing degree of reaction and conversion of ethoxy
groups, as shown in Figure 11. The flexural strength of
composites depends not only on the cohesive force
between the silica and resin matrix but also on the
crosslinking density of the resin matrix. To figure out
the trend of the flexural strength, Tg of EMC was
measured and compared with that of the neat resin.

The relationship between tan � of dynamic mechan-
ical thermal analysis (DMTA) and the temperature is
shown in Figure 12–14, and Tg estimated from DMTA
charts is shown in Tables VI and VII. Tg of EMC by the
pretreatment on epoxy was lower than that by any
other pretreatment method and became lower with
the degree of reaction. In the case of pretreatment on
phenol, Tg of EMC was higher than that by the integral
method but decreased with the degree of reaction. In
both cases, an increase in Tg of EMC by the pretreat-
ment of APTS on silica could be observed. The trend
of Tg according to the treatment method of APTS is
nearly in accord with that of the flexural strength.
Moreover, in comparison with that of the neat resin, Tg

of EMC increased because of the additional constraint

Figure 11 Flexural strength of EMC at 260°C with different
treatment methods of APTS.

TABLE V
Analysis of the Trapped Substance in the Reaction of APTS with Phenol During the Vacuum Process

Process Substance

Trapped substance (g)a

Conversion (%)Empirical Theoretical

Before dropping APTS H2O 0.47 — —
After dropping APTS Ethanol 2.29 3.12b 73.4c

a Denotes the quantity of the substance trapped per 100 g of the phenol resin mixture of 5 wt % APTS.
b Denotes the maximum quantity of ethanol produced by ethoxy cleavage in APTS. It was equal to the moles of APTS in

100 g of the epoxy resin mixture of 5 wt % APTS � 3 � the molecular weight of ethanol.
c Denotes the value calculated from the ratio of the empirical value to the theoretical value.

Figure 10 Adhesion strength of EMC on Cu plate at 260°C
with different treatment methods of APTS.
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on the segmental motion of the resin. However, Tg of
the neat resin system showed almost the same value,
regardless of the pretreatment methods, as shown in
Figure 14 and Table VII. Hence, the crosslinking den-
sity of the resin matrix should not be the major reason
for the characteristic trend of the flexural strength and
Tg of the EMC. It can be explained that the pretreat-
ment of APTS on epoxy diminishes the linkage be-
tween the resin matrix and silica because APTS is
confined in the resin matrix in an irreversible manner
in advance, causing the reduction of the flexural
strength and Tg of EMC, as shown in Figures 11 and
12, respectively. The pretreatment of APTS on phenol
makes APTS effectively link to silica because of well-
dispersed APTS within the resin and thus EMC in a
reversible manner, and hence an increment in the
flexural strength and Tg can be observed, as shown in
Figures 11 and 13, respectively. However, as the num-
ber of ethoxy groups substituted in APTS increases
with increasing reaction time, the flexural strength

and Tg of the specimens decreases with increasing
reaction time because of the excessive preoccupation
of ethoxy groups by phenol groups. Therefore, in the
pretreatment of APTS in the resin phase, the con-
trolled reaction of APTS with phenol resin (a mini-
mum degree of reaction) is the recommended method
for acquiring better mechanical properties of EMC. In
the case of the pretreatment on silica, the highest value
of the flexural strength was observed. It is well known
that the pretreatment of silane on silica makes silane
effectively link between the resin matrix and silica,
resulting in the higher value of the flexural
strength.18–20

CONCLUSIONS

The amino-functional silane coupling agent, APTS, as
an important component of EMC, was pretreated on
epoxy, phenol, or silica, and its reaction mechanism
and effectiveness for the adhesion strength and flex-
ural strength of EMC were closely examined. In the
pretreatment on epoxy, APTS mainly formed a 1:2
adduct with epoxy groups via an epoxy ring-opening
reaction without substitution of ethoxy groups,
whereas the substitution reaction of ethoxy groups in
APTS was the predominant route for the pretreatment
on phenol.

Such a difference in the reaction mechanism had an
influence on the properties of EMC manufactured by

Figure 12 Analysis chart of DMTA of EMC according to
the pretreatment of APTS on epoxy (approximately the peak
region).

TABLE VI
Tg Values of EMC with Different Treatment Methods of APTS

Treatment method

Integral

Epoxy resin Phenol resin Resin � silica

EX-15 EO-15 EX-300 EO-300 PX-30 PO-30 EX-600 EO-600 SE-15 SP-30

Tg (°C) 127.3 125.2 125.1 123.1 123.4 129.2 127.9 125.7 124.4 127.4 131.6

TABLE VII
Tg Values of the Neat Resin with Different Treatment

Methods of APTS

Treatment method

Integral

Epoxy resin Phenol resin

EO-15 EO-300 PO-30 PO-600

Tg (°C) 119.0 119.3 119.0 118.9 119.2

Figure 13 Analysis chart of DMTA of EMC according to
the pretreatment of APTS on phenol (approximately the
peak region).
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each pretreatment method. The pretreatment of APTS
on epoxy was thought to diminish the linkage be-
tween the resin matrix and silica because of the con-
finement of APTS, which irreversibly reacted with
epoxy in advance within the resin matrix, causing a
decrease in the flexural strength and Tg. However, the
pretreatment on phenol, a specially controlled reaction
to the degree of minimum conversion of ethoxy
groups, made silane more effectively link resin matrix
with silica because of the better dispersion of APTS
and resulted in increasing flexural strength and Tg.
The pretreatment on silica enabled APTS to effectively
combine silica with the organic resin and conse-
quently resulted in the highest value of the flexural
strength. In the case of the adhesion strength of EMC
on the Cu plate, the highest and lowest values of the
adhesion strength were observed from integral addi-
tion and pretreatment on silica, respectively.

In summary, for the pretreatment of APTS in the
resin phase, a controlled pretreatment method on phe-
nol is more desirable as an effective process, from the
viewpoint of the mechanical properties of EMC, than

that on epoxy. In addition, the process of the pretreat-
ment on phenol is economical and feasible for mass
production.
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