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Abstract

With advances in microelectronics and requirement of lead-free joint, more and
more attentions have been paid to electrical conductive adhesives (ECAs), which
illustrate a promising prospect of application and extension. One of the ECAs is
one-part conductive adhesives. One-part ECAs consist of matrix, conductive fillers,
curing agent and other additives. Compared with other kinds of ECAs, one-part ECAs
have higher commercial values because of their convenience in construction.
However, current ECAs still have some property limitations and challenges, including
short pot life at room temperature and low adhesion strength. To solve the issues, a
series of one-part ECAs were prepared with blocked polyurethane (PU) and epoxy
resin as matrices respectively, Ag powder as conductive fillers.

1. Prepolymer of PU with isocyanate end groups was synthesized using TDI,
PTMG, PEG as starting materials, dibutyl tin dilaurate as catalyst. Then the
prepolymer was blocked by caprolactam to get blocked PU. Prepolymer and blocked
PU were characterized by FTIR and '"HNMR. The viscosity of blocked PU didn’t
increase apparently over half a year at room temperature. Several compounds were
used as hardener to harden PU and shear strength was measured respectively. It was
found that TMP was optimum curing agnet. Curing agent and Ag powder were added
to blocked PU to obtain ECAs. The optimum mass fraction of Ag in ECAs was 75%.

2. The preparation and properties of one-part Ag-powder conductive adhesives
which consisted of TMP-TDI adduct as matrix and TMP as curing agent were studied.
TMP-TDI adduct was synthesized by TMP, TDI and PEG. Then the prepolymer was
blocked by caprolactam to get blocked polyurethane. Curing agent, Ag powder and
fumed silica were added to the polyurethane to prepare one-part conductive adhesives
through agitating well. The products were characterized by FTIR, moreover, their
shear strength and electrical resistivity were measured respectively. The results

demonstrated that the addition reaction of TMP and TDI needed 4~4.5h,while the

I
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blocked reaction needed 3~4h; The optimum mass fraction of Ag powder is 75%;
Employing fumed silica to the conductive adhesive reinforced the shear strength and
electrical resistivity.

3. Six imidazole salt complexes were synthesized and characterized by UV-Vis
absorption spectra. The complexes and imidazole were used as curing agents to add to
epoxy resin to prepare a series of ECAs. Electrical resistivity, shear strength of ECAs
and viscosity of one-part epoxy resin were measured and DSC was used to investigate
their properties. The optimum dosage of imidazole used as curing agent in ECAs
based on epoxy was 5 phr (parts per hundreds of resin). After cured for 0.5h at 150°C,
ECAs had high shear strength (more than 10MPa) with complexes as hardener except
copper complex. When complexes were used as curing agent in epoxy, viscosity of
epoxy increased more slowly than epoxy with imidazole. Epoxy with nickel complex
had longest pot life, which was most suitable for ECAs as curing agent in the six
complexes.

4. A series of matrices were prepared using epoxy resin as matrix, dicyandiamide
as curing agent, imidazole, EMI and imidazole complexes as catalysts. Then Ag
powder and diluent were added to matrices and the mixtures were agitated well to get
a series of ECAs. The ECAs had high shear strength and low electrical resistivity after
cured. A long pot life of matrices had been demonstrated through viscosity measuring.
Especially epoxy with nickel and copper complex exhibited stable viscosity in 6
months at room temperature.

5. Additives such as Fumed silica, defoaming agent methyl silicone oil, coupling
agent KH-560 were added into ECAs, which contained epoxy as matrix, DICY as
hardener, EMI as catalyst. The influence of additives on ECAs’ properties was
investigated. The results demonstrated that additives increased the shear strength of
ECAs. Their optimum dosages in ECAs were 3phr, 1phr and 2phr respectively. The
influence of particle size of DICY powder and Ag powder, mixing methods was also
studied. Shear strength increased when particle size of DICY decreased. If particle
size of Ag powder increased, shear strength and electrical resistivity both increasd.
Compared to ECAs agitated by hands, ECAs mixed by cone crusher had higher shear

v
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strength.

6. One-part ECAs prepared in this paper, especially ECAs with epoxy as matrix,
had been tested through dispensing and backing adhesives. All performances of ECAs,
including adhesion strength, pot life, electrical resistivity, properties of construction,
have met the requirement of the consumers excellently. The shortages of transporting

and storing below 0°C were overcomed in foreign products.

Keywords: One-part electrical conductive adhesives; Blocked polyurethane; Epoxy

using latent hardener
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