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Effects of Naphthalene-Modified Cationic Initiators on the
Polymerization Stability and Thermal Conductivity of Epoxy
Thermosets

Yewon Woo*, Yeonha Ju*, Naye Hong*, Munju Goh*'

ABSTRACT: This study presents a novel strategy for high-performance thermal management via naphthalene-modified
cationic initiators with adjustable counter-anions. By extending curing latency, these initiators enable efficient
formation of highly ordered, dense networks in both conventional and liquid crystalline (LC) epoxies. The prolonged
active window grants LC mesogens sufficient time for self-organization during crosslinking, minimizing phonon
scattering. DSC profiles confirmed well-regulated polymerization kinetics via a broadened exothermic peak width and
uniform heat release. XRD verified that characteristic m-1 stacking was preserved after full curing, indicating a well-
maintained lamellar mesophase order. Consequently, the unfilled LC epoxy network achieved a high intrinsic thermal
conductivity of 0.86 Wm™ K. Furthermore, incorporating 85 wt% hexagonal boron nitride (h-BN) platelet fillers
established efficient percolation pathways, raising the composite thermal conductivity to 25.08 Wm™K'. These results
demonstrate that regulating initiator chemistry and curing kinetics provides a straightforward platform for fabricating
high-purity, thermally conductive, and recyclable epoxy thermosets.
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(a) Synthesis of the naphthalene-modified cationic initiator

I I ~er . ICNAcelonilrila.n 24h I I P I‘.@

yield: 90 %
(b) Anions for anion exchange

3 QO _q
K - P e 0=5—(CF3)CF
F Yo g e 0
[SbFs7] [TFSIT] [ONF7]

(c) Six different cationic initiator combinations
+ F E
N-SbFy: ./‘N N b B-SbF.: ©/\N/\\ i
@ 8 OO "\’/N FILF ® 8 k/N F S’I:b F
> QN ! e AN P
@ N-TFSH: N'()v er’lsoV (:)?*CF] ©B-TFSI: ©/\© cr.,/?oi 6?\0&

[o] O
@ N-ONF: @ o’.é—:\c;z)sr;& ® B-ONF: ©/\"ﬂ/\ o—g— {CF2)5CFy

(d) Epoxy resins
e | |
IE
Fig. 1. (a) Synthetic route of naphthalene-modified cationic ini-

DGEBA
tiator, (b) structures of counteranions, (c) six initiator
combinations, and (d) chemical structures of DGEBA and
IE epoxy resins

Fo) 722 AT R EoRE N
ks 7H/\17<ﬂ = % 43}74]

Ak AEE Fo dEAIE ol A} 2
4 OIS <o) W14 A o] el ShE,, TFST, ONES
7}7+ wkalgl on, A4S (AgNO,) IA Bl AES E3) &
27 o] 0] bt A AE Felste] F 65 MAIAl =
e ehmelirh 2 )B4 SARE HE w2 A
29 Ag o8| =(DGEBA)QL &3 H ovl 7]53} 47 of
FA(IE)E ARE-SFT ZHAIAIS] 414 Q1 &4 A =2 of
s}z, 28| ALE o 2A] HekA o] SelrE Fig. 1
of HerE oz vet et

AEE AR & 243 Al EafjEo] vz W3
Bhaof ol 2.8 A48, o] Ao o A 1elS

2lode S AT Fig. 2 Lel W o
AAA ol B ol EAl =219 & A/ e
Y =39 7l Al(Initiation), *J A (Propagation), 2 24
(Termination)RH-3- Wl AU S-S HojErh Fuj7h 231 3o
shEl Vel wolof el 814 oFol & & SHA st
MAIA ] 25 =rg= A Bk ofy e, A3t 2 5
WA gelel AY $ES Fof i ARHE Xasiho
2n HE YEe) AUEES PN B4 o
3 e,

HE3
—

o

i (T ooX M

| of o

XE

K



362 Yewon Woo, Yeonha Ju, Naye Hong, Munju Goh

(a) Inltlatlon = )
o= oot o ot P ooy
(b) Propagation p

oY [p) — corde (bcg\ﬁg

Lo LN

- stacking

(c) Termination
éf R NI ) “/’(o-c- N N

Fig. 2. Curing reaction mechanism (initiation, propagation with
m- stacking, and termination) of epoxy resin initiated by
the naphthalene-modified cationic initiator
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Fig. 3. (a—c) Non-isothermal DSC thermograms and (d-f) DMA
curves of DGEBA cured with naphthalene-modified
initiators (N-SbF,, N-TFSI and N-ONF)
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Fig. 4. (a) POM image and phase transition temperatures of IE
resin, and (b—d) DSC curing curves of IE with each naph-
thalene-modified initiator
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