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Nano-Hybrid Material-based Epoxy Resin for High Functionality
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The authors have discovered that adding and dispering nanometer-ordered-size clay to epoxy resins
used as electronic materials enable a reduction in the amount of filler need (alarge amount has previous-
ly been required) and a reduction of the coefficient of thermal expansion, while maintaining the same
level of heat resistance. This clay is a type of layered inorganic silicate organically modified and dis-
persed into several tens to hundreds of nm levels in the epoxy resins. They have aso ascertained that
multifunctional organic modifier agents with alower molecular weight are more effective.

This technique can meet the needs for improving the reliability of PWB materials and semiconductor
encapsulants, particularly for the requirements for improving the dimensiona stability and for reducing
the coefficient of thermal expansion.

It is expected to be highly effective to accommodate the reduction in size and weight of electronic
devices.
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0 1 Model of organoammonium ions exchanged clay
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0 2 Schematic drawing of nanostructured materials
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Ci2H2sNH2
CisHa7NH2

To spread over the interlayer spaces of clay

NHzE] CHz(B-NHE] CH2(B-NH2
IBPA

To enhance cross-linking density

R

CH3-CO-NHE] CHz[5-NHE] CHz[-NH-CO-CHs
A-BHMT

To spread over the interlayer spaces of clay and
prevent pillaration of tri-amine

R

NH2-C] =NHONH20 GHW Guanidined
NH2-C] =NHNH-NH20 AGHI Aminoguanidine]
NH2-C1 =NH:NH-CO-NH20 GUI N-Guanidine

To enhance cross-linking density
0 guanidine derivativesO

O 3 Flow chart of selected organoammonium ions
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0 1 Effect of monoamine exchanged clay added to epoxy

Clay

CTEO 10”60 KO

Tgo oo

None

63.3

179.7

155.0

Ci12H2sNHs" exchanged clay 58.0

CisHa7NHs" exchanged clay 59.6 153.1

Amount of clay : 4.1 vol%
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0 2 Effect of IBPA exchanged clay added to epoxy

Clay CTEO 10760 KO

Tgo oo

None

63.3

179.7

IBPA exchanged clay

56.7

183.9

Amount of clay : 8.4 vol%

O 3 Effect of kneaded A-BHMT
exchanged clay added to epoxy
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O 4 Disperse state of silicate sheet
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0O 4 Effect of kneaded A-BHMT
exchanged clay added to epoxy

Clay

CTED 10760 KO

Tgo OO

Clay

CTED 10760 KO

TgO OO

None

63.3

179.7

None

63.3

179.7

Non-kneaded A-BHMT exchanged clay

55.4

184.4

Non-kneaded A-BHMT exchanged clay

55.4

184.4

Kneaded A-BHMT exchanged clay

52.6

171.4

Kneaded A-BHMT exchanged clay

52.6

171.4

Amount of clay : 8.4 vol%

Amount of clay : 8.4 vol%
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Frame of epoxy

0 5 State of surface of silicate sheet and A-BHMT
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0 5 Effect of guanidine compounds
exchanged clay added to epoxy

Clay CTEO 10780 KO TgO OO

None 63.3 179.7

SiO2 beads 57.8 181.0

GHU exchanged clay 58.0 176.2

AGH exchanged clay 58.4 177.1

GU exchanged clay 58.1 182.0

Amount of clay : 5.5 vol%
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0 6 Effect of GU exchanged clay added to epoxy

Clay CTED 10760 KO TgO oo

None 63.3 179.7

SiO2 beads 57.8 181.0

Non-kneaded 58.1 182.0

kneaded 52.6 183.0

Amount of clay : 5.5 vol%
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Frame of GU

Frame of epoxy

Silicate sheet

0 6 State of surface of silicate sheet and GU
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O 7 X-ray diffraction patterns
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Silicate sheet

O 8 Disperse state of silicate sheet
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