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Development and Applications of Functional Phenolic Resins
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Abstract:

Regarding three types of functional phenolic resins (Trisphenolmethane resin, Dicyclopentadiene type phenolic
resin, Benzoxazine) commercialized by JFE Chemical and two types of developed products, heat resistance, dielectric
properties, transparency, and the compatibility of rubber for tires were compared with the conventional phenol resin.
The glass transition temperature of Trisphenolmethane resin is 35°C higher than that of conventional resin, the
dielectric constant and dielectric loss tangent of dicyclopentadiene type phenol resin are 20% lower than that of
conventional resin, and thermal decomposition temperature of Benzoxazine is 54°C higher than that of conventional
resin and the dielectric loss tangent of Benzoxazine is 1/5 of that of conventional resin. In addition, the developed
products have excellent transparency and compatibility with rubber, which is a material for tires. These functional
phenolic resins are useful for a sealing material for power device of EVs and hybrid vehicles that require high heat
resistance, a circuit board material for engine control units, an additive for reinforcing automobile tires, and a material
for circuit boards of 5G smartphones and communication devices of mobile phone base stations that requires low

dielectric properties.
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Table 1 Glass transition temperature of cured product of
ortho-cresol novolac epoxy resin and phenolic

Ortho-cresol novolac

Epoxy resin .
epoxy resin

Epoxy equivalent (g/eq) 223

Phenolic resin (hardener) Novolac_ Trisphenol
epoxy resin methane

Hydroxy group equivalent (g/eq) 101 100

Glass transition temp. of cured

product (*C) 160 195




WM 7 = 2 — VBHIR O BEFE © &

fRizbb~T, (KGEER, MFBEERORNEYR>Y 2 n
Ry 2 — Rlg R R L T2,

virnRyrITUMT 2 — VEHEO(LFREE L,
B3IcRT 7=/ —nveyeruRy 2oy 08 HHtE
ke, BAEEIBLIZTURTH S,

T2 /)= VERNVAT VT FTHIRSNBNEHRD /R
Fu o7z —niilg (®D 13, 7=/—nve 7/ —
NWBRF L DR F Lo ETHASh, BXMNED KRS
W7z = VKB OIRED E . 2D, e
DEWI P LABE, FEEESEL, SAKEBEROM
FEREARA~OEAIIE S T» 5,

—F, Yiyrufrr o My 2 —uEllE (X3) 13,
Tz /=T )=, REHI0DT T sy a2y
TURICE > THA SN, 1EkD 7 = 7 —vistlis ¢ D LLig
TKBEBED B & 2 5% mIEBEKVZ e h s, ik
PNIEFEER, BFABEEOEHEETRT, Yyrnr X
VI Ry TR F UBIEOBEANC Y, InEEE L 7o
¥z, —fiNz s K5y oMo 2 7 —BilgIcEE~, s
TR, FEIFED, BLZ220%EBL: &), 272, ¥
oaRyERIIUMT 2 ) — AR RER Y T R
gL, MOABRME e E#EACE 2 RT e pHon
39,

vivuxrrIo M7 2 - B, HFEYE
VI CAERES RO RO NG, JhUE, B TR
DEVY, K7z 2 — KB P DIz EZ
5Nd, kI, Vivnxrry R, WERERRS T

OH OH OH
N I\) AN
n
X3 JvoaXvE2ITURT 1 /—)UikE
Fig. 3 Dicyclopentadiene type phenolic resin
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Table 2 Properties of cured products of epoxy resin and

hardeners
Epoxy resin Ortho-cresol novolac
Epoxy equivalent (g/eq) 223
Hardeners (phenolic resin) Novolac chyd()t};;ztadlene
Hydroxy group equivalent
(%, mollg) 0.99 0.55
Hydroxy group equivalent 101 181
(gfeq)
Relative permittivity (1 GHz) 3.43 2.80
Loss tangent (1 GHz) 0.034 0.026
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(a) Cured product of alicyclic
epoxy resin and dicyclopentadiene
type phenolic resin

(Light transmittance = 34%)
(3.5 mm thickness)
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(b) Cured product of alicyclic
epoxy resin and dicyclopentadiene
p-cresol resin

(Light transmittance = 76%)
(3.5 mm thickness)
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Fig.5 Dicyclopentadiene p-cresol resin
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Fig. 6 Chemical structure of cashew oil modified
dicyclopentadiene type phenolic resin (1)
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Fig.7 Chemical structure of cashew oil modified
dicyclopentadiene type phenolic resin (2)
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Table 3 Mean particle size of phenolic resins in natural rubber

Average molecular | Particle size of
Phenolic resin weight of phenolic | phenolic resin

resin (wm)
Novolac 4428 14.1
Dicyclopentadiene type 1750 8.4
Qashew oil qulﬁed 3159 6.8
dicyclopentadiene type
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Fig. 8 Tan delta of vulcanized hardened product of natural
rubber and 15% phenolic resins
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10 AFIIT7Z)BRIRNYYAFHI Y
Fig. 10 Oxydianiline type benzoxazine

HBL VL, BNfRREOHZ Y LT, WkYo, 25t
BT S 5% EERREL KT 28, A7z /—VA
Bl 334°Clcit L, AF2 7 =0 2813, 50°CLLESW
388CTHho1z, 27z, HIAWNMIFELLZ 72/ — VA
THZHEARTI5CHEY (F'd, AF> ¥ 7 =1 00T, R
W7 =) EHOROOT, BORTT =) o PERT S C
EWBIFCAETEVLXY) Y FbH D,

FE V7=V OG5 — O DRI LY O E RS
PECEBNS T, — R REIEEEROMETH 2 = RF
B 7 = 7 — VBHIE O LI Hex,  ELEAE RIS 3/5,
EIEREIZ /S5 THDE (R5o. ZOFED»L, X2 v 7=
ORI G UL, KAEBRESEESNS,
FHEERO AR EAR RIS ICERA S Tw 5,

RV FFF T, MAL THEHET 2 8ET7 =
J =K R T, ST R & IR Mt A e 2
<L A4 2 FOBEHIY LCOIERT 5, MiltEE v RS
ETHRLNLWEYN, HERDRICLD, RV AFFI
B LY & O, HEICIEEP A R E SH LT 5,

EVnt 70y FEHBHICEITS, A3 972 R
RV A FH Y COEEL AR, BRImEAL R
BRUFED S, b L e kIR o 21 (SiIC#E 1)

FEL XU

SR

Ev.S
/5 FEL

2]

&

x4 XUVAFH IO S REFERE
Table 4 Glass transition temperature of cured product of
benzoxazine

Benzoxazine Bisphenol A type | Oxydianiline type

Decomposition
temperature ("C,
S%weight loss in air)

334 388

Glass transition

temperature (‘C, DSC) 155

170
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Table 5 Electrical characteristics of cured benzoxazine and an
epoxy resin

Resi Ortho-cresol novolac | Oxydianiline type
esin . .

epoxy resin benzoxazine
Hardeners NOVOIZ}C type NONE

phenolic resin

Relative permittivity
(1 GHz) 3.39 2.73
Loss tangent (1 GHz) 0.034 0.007
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