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Low-temperature Fast-curing Cationic Latent Curing Agent for
One-component Epoxy Adhesives for Electronic Materials

So Hyun An****** Han Gyeol Jang**, Young Hoon Joung*, Seung Jun Kim***,
Myung Woong Kim***, Felix Sunjoo Kim****', Jaewoo Kim***"

ABSTRACT: Epoxy is a thermosetting polymer with excellent properties such as heat and chemical resistance, making
them essential in various industrial fields including electronics. The performance of epoxy is highly dependent on the
type of curing agent used. Among them, sulfonium-based latent curing agents are notable for their fast curing speed,
high curing hardness, and specificity to certain temperatures, making them attractive for manufacturing anisotropic
conductive films in electronic materials where single-component epoxy is required. However, sulfonium-based latent
curing agents face challenges in industrial application due to issues with low yield and purity. This study optimized the
synthesis conditions for benzyl and naphthyl-type sulfonium curing agents (B-Sul*SbF6~, N-Sul"NCyF~, N-Sul'NESI"). By
adjusting reaction time, reaction temperature, and reactant ratios, yield was maximized, significantly reducing both
reaction time and temperature. The three optimized curing agents were evaluated for their thermal and mechanical
properties to assess curing behavior and storage stability. The results confirmed that stable curing performance was
maintained even after mixing. This study aims to expand the industrial applicability of sulfonium curing agents.
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Benzyl chloride (BC, 99% purity), 4-(Methylmercapto)
phenol (MP, 98% purity), sodium hexafluoroantimonate
(NaSbF,, technical grade), 1-(Chloromethyl)naphthalene
(CN, 95% purity)= Sigma-Aldrich(StL, USA)ol|l A G-
a1, lithium 1,1,2,2,3,3-hexafluoropropane-1,3-disulfonimide
(LINCyE, 98% purity)+= Aladdin Scientific (MPK, USA)o]|
Al FEFRkt). Methanol (anhydrous, 99.8% purity), n-
hexane (95% purity), acetone (99.5% purity), lithium
bis(nonafluorobutanesulfonyl)imide (LiNFSI, 95% purity)
9 Magnesium Sulfate Anhydrous (MgSO,, 98% purity)+
Tokyo Chemical Industry Co. (Tokyo, Japan)of| 4] =Lulj 3}
t}. Bisphenol F type epoxy resin (YDF-170 grade)&= ==
3}3}(Seoul, Korea)of| A} F-gHQITh M= A2 HE9
gAIglol AREE AT

2.2 B-Sul*SbF,~, N-Sul*NCyF~ 2 N-Sul*NFSI- Zslx| &

Fig. 10f] Ltepd 213} o], sulfonium 7]HE Fo]& 7 SHA|
+ substitution (step 1) 2 anion exchange (step 2)2] &+ T
A W5 53l g4 w1, AgE aliphatic aryl group 4
20|20 wa} benzyl type: B-Sul*X™ = naphthyl type: N-
Sul'X"o g2 Hysiich WA, o33 o] substitution
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Fig. 1. Schematic illustration of the synthesis of sulfonium-based cationic curing agents. Depending on the type of aliphatic aryl group
introduced in Step 1, the curing agents are classified as benzene type (B-Sul) or naphthalene type (N-Sul). The synthesis involves
two steps: substitution and anion exchange reactions, with reaction time, temperature, and molar ratios of reagents being care-

fully controlled
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Fig. 2. Yield and purity results of benzyl-type sulfonium curing agents under various reaction conditions: (a) B-Sul*CI™, (b) B-Sul*SbF,~
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Fig. 3. Yield and purity results of naphthyl-type sulfonium curing agents under various reaction conditions: (a) N-Sul*CI-, (b) N-

SUl*NCyF~, (c) N-Sul*NFSI~
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L1 L

chemical shift (ppm)

Fig. 4. "H NMR spectra of benzyl and naphthyl-type curing agents optimized for reaction conditions: (a) B-Sul*SbF,™: 6 7.71-7.68 (d,
2H), 7.39-7.32 (q, 3H), 7.18-7.15 (d, 2H), 6.98-6.93 (d, 2H), 5.03-4.84 (dd, 2H), 3.39-3.32 (s, 3H). (b) N-Sul*NCyF™: 6 7.96-7.93 (d,
1H), 7.63-7.55 (tt, 2H), 7.49-7.45 (d, 2H), 7.38-7.34 (t, 2H), 7.28-7.26 (d, 2H), 6.89-6.86 (d, 2H), 5.52-5.23 (dd, 2H). (c) N-Sul*NFSI":
6 7.98-7.94 (d, TH), 7.65-7.56 (tt, 2H), 7.52-7.47 (d, 2H), 7.39-7.35 (t, 2H), 7.28-7.26 (d, 2H), 6.91-6.87 (d, 2H), 5.54-5.26 (dd, 2H),
3.47-3.42 (s, 3H)
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Fig. 5. (a) Curing mechanism of sulfonium curing agents with epoxy resins, and (b) DSC thermograms of one-component epoxies pre-

pared with B-Sul*SbF,~, N-Sul*NCyF~, and N-Sul*NFSI~ curing agents. The one-component epoxies were prepared by mixing
YDF-170 epoxy resin with each curing agent in a 10:1 weight ratio
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Fig. 7. Mechanical properties of one-component epoxies cured with B-Sul*SbF,~, N-Sul*NCyF~, and N-Sul*NFSI~ curing agents: (a)
stress-strain curves, (b) tensile strength (blue) and Young's modulus (red)
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