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also developed two types of  special phenolic resins as 
dicyclopentadiene type derivative products. These 
materials have the potential to satisfy the advanced 
property requirements of recent years.

This report compares the physical properties of 
cured products of the above-mentioned three types of 
functional phenolic resins and two developed products, 
and introduces promising applications for these func-
tional phenolic resins in the fields of  EVs and hybrid 
vehicles and electronic equipment.

2. Properties and Applications of JFE Chemical’s 
Functional Phenolic Resins

2.1 
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ment such as 5G smartphones and mobile phone base 
stations, a high frequency current circuit signals are 
used. Although use of  a high frequency current is 
effective for large volume information processing, 
transmission loss and signal delay occur easily. To pre-
vent these problems, it is necessary to use materials 
with a low dielectric constant and low dielectric tangent 
in peripheral resin parts such as circuit boards4). In 
response to this need, JFE Chemical commercialized a 
dicyclopentadiene type phenolic resin with a low 
dielectric constant and low dielectric tangent in com
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ored oxides such as benzoquinones, etc. is suppressed. 
Cured products with high transparency, low dielectric 
properties and excellent heat resistance were obtained 
when this resin was used as a hardener for alicyclic 
epoxy resin (Fig. 4 (b)).

Because the developed dicyclopentadiene p
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nolic resin < novolac type phenolic resin. These results 
confirmed that the cashew oil modified dicyclopentadi-
ene type phenolic resin is most easily dispersed and has 
excellent compatibility with natural rubber.

Figure 8 shows the loss factor of  vulcanized hard-
ened products of natural rubber containing 15 % of the 
respective phenolic resins. Here, 15 % of each phenolic 
resin was blended in the natural rubber before vulcaniz-
ing, carbon black, sulfur and a curing catalyst were 
added, after which the samples were melt-kneaded and 
rolled to a sheet form with a two-roll mill, and then 
vulcanized and hardened at 220 ˚C using a vacuum 
press.

The loss factors of  the vulcanized hardened prod-
ucts at 40 ˚C to 65 ˚C were influenced by the type of 
blended phenolic resin, and increased in the order of: 
cashew oil modified dicyclopentadiene type phenolic 
resin < dicyclopentadiene type phenolic resin < novolac 
phenolic resin. Thus, the hardened rubber containing 
the blended cashew oil modified dicyclopentadiene 
type phenolic resin showed the lowest loss factor.

It is known that the fuel economy of automobiles is 
affected by the loss factor of the tire material. Tire roll-
ing resistance, which is related to fuel economy, is gen-
erated because part of  the power transmitted to the 
tires is used as energy for tire deformation (hysteresis), 
and that energy is dissipated by heat generation. As the 
loss factor (tan δ ) of the dynamic viscoelasticity of the 
material becomes smaller, the proportion of  power 
consumed by heat generation decreases, and as a result, 
rolling resistance decreases and fuel economy perfor-
mance improves10). Because the cashew oil modified 
dicyclopentadiene type phenolic resin developed by 
JFE Chemical is easily mixed in natural rubber and the 
loss factor of the blended rubber product is small, this 
is an excellent phenolic resin for use as an additive for 
automobile tires which contributes to improved fuel 
economy.

Sections 2.2 to 2.4 introduced the features and 
applications of  the developed products based on this 
company’s dicyclopentadiene type phenolic resin. JFE 

Chemical’s dicyclopentadiene type phenolic resins 
(J-DPP Series) includes three grades with different 
softening points, J-DPP-85 (softening point: 85 ˚C), 
J-DPP-95 (softening point: 95 ˚C) and J-DPP-115 
(softening point: 115 ˚C), making it possible to supply 
the optimum product for the customer’s application.

2.5 Benzoxazine

Benzoxazine is a general term for compounds which 
have a benzene ring and an oxazine ring. When heated 
to 180 ˚C or higher, self-curing occurs without using a 
hardener or catalyst, and the compound changes to a 
hard cured product (benzoxazine resin) with high heat 
resistance12). Since addition of a hardener or catalyst is 
not necessary, benzoxazine resin has high purity and 
also possesses excellent flame retardance. Although 
benzoxazine is not a phenolic resin in the strict sense, it 
will be discussed in this chapter because the phenolic 
hydroxy group is utilized in the curing process and the 
resin displays reactivity with epoxy resins similar to 
that of the phenolic resins.

Benzoxazines were produced industrially from an 
early date, and include a type which is synthesized from 
aniline, bisphenol and formaldehyde and has bisphenol 
A or bisphenol F in the skeleton (Fig. 9
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C-H bonds is smaller than in other benzoxazines, the 
thermal decomposition temperature of cured products 
is high, and durability and reliability when used under 
high temperature environments are improved. As a 
guideline for the thermal decomposition temperature, 
comparing the 5 % weight loss temperature of  cured 
products in air, the thermal decomposition temperature 
of the developed oxydianiline type benzoxazine is 388 
˚C, which is more than 50 ˚C higher that the 334 ˚C of 
the conventional bisphenol A type. In addition, the 
glass transition temperature is also 15 ˚C higher that 
that of  the bisphenol A type (Table 4). The oxydiani-
line type also has the advantage that substantially no 
aniline is formed by thermal decomposition, as aniline 
is not used as a feedstock.

One additional feature of  the oxydianiline type is 
the excellent dielectric properties of cured products. In 
comparison with cured products of  epoxy resin and 
phenolic resin, which are general circuit board materi-
als, the dielectric constant and dielectric tangent of the 
oxydianiline type are 3/5 and 1/5 of  the conventional 
levels, respectively (Fig. 5). Because of these properties, 
the oxydianiline type benzoxazine is used as the resin 
for the circuit boards of electronic equipment in which 
low dielectric properties are a priority.

In benzoxazine, when the phenolic hydroxy group is 
used in the process of  heating and self-curing, it also 
acts as a hardener for high heat-resistance epoxy resins 
and bismaleimide resins. Due to this synergistic effect, 
cured products obtained by reaction with a high heat-
resistance resin have higher heat resistance and a higher 
thermal decomposition temperature than the cured 
products using simple benzoxazine.

Considering the excellent heat deterioration resis-
tance and electrical properties of the oxydianiline type 
benzoxazine, promising applications for this resin in 
the EV and hybrid vehicle field include sealing materi-
als for the above-mentioned next-generation (SiC) 
power devices and their peripheral resin parts, and 
semiconductor sealing materials and board resins for 




