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Figure 1. Shape of an adhesion test specimen (mm).
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Figure 2. IR spectra of (a) surface of Ni sheet treated with
TTN by electropolymerization, (b) TTP on the surface of
SUS, and (c) TTP prepared from TT by chemical oxidation.
Electropolymerization conditions: concentration of TTN, 10
mmol/L; potential of electrolysis, 1.3 V vs. SCE; treatment
time, 10 min. TT = 1,3,5-triazine-2,4,6-trithiol; TTP = triazine
trithiol polymer; TTN = 1,3,5-triazine-2,4-dithiol-6-sodium
mercaptide.
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Figure 3. Relationship between TTP coating thickness on the
surface of nickel sheets and potential for electropolymerization
of TTN. Concentration of TTN, 10 mmol/L; electropolymeri-
zation time, 10 min.
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Figure 4. FT-IR spectra of TTP coating on the nickel sheets
which were carried out ultrasonic washing in acetone in order
to remove the unreacted epoxy resin after applying epoxy resin
and heat-treating. (a) Heat treatment for 1 hour at 80°C, (b)
at 100°C, and (c) at 130°C. Electropolymerization conditions:
concentration of TTN, 10 mmol/L; potential of electrolysis,
1.3 V vs. SCE; electropolymerization time, 10 min.
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Figure 5. DSC curves of (a) epoxy resin and (b) mixture of
epoxy resin and TT. Measurement conditions: Heating rate,
10°C/min.; Ar flow, 30 mL/min.
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Figure 6. FT-IR spectra of mixture of epoxy resin and TT:
(a) the mixture before heat-treatment and (b) after heat-treat-
ment by means of DSC. DSC measurement conditions: heating
rate, 10°C/min.; Ar flow, 30 mL/min.
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Figure 7. FT-IR spectra of (a) epoxy resin hardened with
TT, (b) epoxy resin hardened with amine hardener, and (c)
difference spectrum between (a) and (b).
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Figure 8. Change of FT-IR spectrum of TTP coating on the
nickel sheets by applying the amine hardener to the TTP coat-
ing and heat treatment. (a) TTP coating on nickel sheet, (b)
The TTP coating washed with methanol after leaving at room
temperature for 72 hours, (¢) The TTP coating washed with
methanol after heat treatment at 80°C for 2 hours. Electro-
polymerization conditions: concentration of TTN, 10 mmol/
L; potential of electrolysis, 1.3 V vs. SCE; treatment time,
10 min.
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Figure 10. Relation between peel strength of adhesion test
specimens and potential of electropolymerization. Electro-
polymerization conditions: concentration of TTN, 10 mmol/
L; electrolysis time, 10 min.
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Figure 11. DSC curves of mixtures of (a) TTP and epoxy
resin, (b) TTP and the amine hardener, and (c) epoxy resin
and amine hardener.
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Figure 12. Peel strength of adhesion test specimens made by
adhering of nickel sheets and polyester clothes with epoxy
resin. (a) In case of using nickel sheet which was coated with
TTP; epoxy resin was applied on the TTP and then this sheet
was heat-treated at 120°C for 2 hours. (b) In case of using nick-
el sheet coated with TTP without epoxy resin and heat-treat-
ment. (c) In case of using nickel sheet without TTP and other
treatment.
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Improvement of Adhesion Strength of Epoxy Adhesives to Nickel Sheets by Treatment of the Nickel Sheets with Triazine Thiols
Hideyuki Sasakr*!, Wataru Daipo*?, and Kunio Mori*3

*Department of Material Engineering, Iwate Industrial Research Institute (Iiokashinden, Morioka 0200852, Japan)

*2Iwate Industry Promotion Center (liokashinden, Morioka 020-0852, Japan)

*3Department of Applied Chemistry, Faculty of Engineering, Iwate University (Ueda, Morioka 020-8551, Japan)

Methods to improve adhesion strength of amine hardening-type epoxy adhesives to nickel sheets were investigated. For this investiga-
tion, triazine trithiol polymer (TTP) was formed on the surfaces of the nickel sheets by electropolymerization of 6-sodium mercaptide-
1,3,5-triazine-2,4-dithiol (TTN) in aqueous solution. The nickel sheets were adhered to polyester clothes with the amine hardening-type
epoxy adhesives, and the peel strength was measured. The average value of the peel strength showed the tendency to increase with electroly-
sis potential, and was 0.5 kN/m, twice the value for the nickel sheets without TTP, in 1.5 V field. However, the peel strength had variation
and also some samples whose peel strength did not improve. When the reactivity of TTP with amine hardener and epoxy resin was exa-
mined, it was apparent that the amino group of the hardener decomposed TTP, but the epoxy group formed chemical bonding with TTP.
Only the epoxy resin of the adhesives was thus applied to the nickel sheet with TTP coating and was heat-treated before applying the epoxy
adhesives. The result of this attempt showed that the peel strength of adhesion of nickel sheet and polyester cloth was improved to 4.5
kN/m, a value 10 times that of the nickel sheets without TTP.

KEY WORDS Triazine Thiols / Adhesion / Epoxy Resin / Nickel / Electropolymerization /
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