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Fig. 1 Ideal structure of (a) the first generation and (b) the second generation of hyperbranched poly( amine-ester)
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Fig. 2 Schematic diagram of the reaction between maleic anhydride and HBP;-OH

Table 1 The formulation of conductive adhesives

Sample PVMS HBP;-MA Curing agent Pt
1 100 0 2.5 0.5
2 100 0 3 0.5
3 100 0 3.5 0.5
4 100 20 6 3
5 100 20 7 3
6 100 20 8 3
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Fig. 3 Infrared spectra of (a) diethanol amine, monomer

A and (b) HBP,-OH, HBP,-MA
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Fig. 6 Curing curves of conductive adhesives with

different additions of curing agent: (1) 2.5 phr, (2) 3
phr, (3) 3.5 phr, (4) 6 phr, (5) 7 phr and (6)8 phr

Table 2 The characteristic parameters corresponding to the DSC
curves
Sample T, (K) TP(K) T, (K) AH(J'gfl)
1 409. 6 433.9 478.3 12.30
2 408. 6 425.8 457.2 16. 36
3 411.5 429.8 474. 4 11.75
4 421.4 449. 8 471.6 22.18
5 409.2 448. 1 474.2 26. 08
6 439.5 457.2 496.7 22. 68

5 b SN ) — 55 4 1 Ak 70 R AL B S SO AR
g ) T FR R /)N
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Table 3 T, corresponding to the different heating rates

Sample Curing agent (phr) B (K-min~") T,(K)
7 7 5 440. 6
8 7 10 448. 1
9 7 15 459.8
10 7 20 465.7
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Fig. 11 XRD patterns of synthesized AgNPs after heating

at 160 °C for 120 min with different silver acetate contents:

(a) 5.2 phr, (b) 4.4 phr and (c¢) 3.8 phr
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Fig. 12 TEM image of in situ generated silver

nanoparticles stabilized by HBP;-MA in methanol

T B R S A A G R R AR IR
Besh  JR AT X UKL 32 W J5U A1 B4 9 A KR AT T
SEM it 18] 13 43 51y oK 5 0 1% 1 4 1) 5 vl
VOB 2 T J5007 25 120 K 45 T Be 405 10 49 4 el 5k
P I 13 (a) 3200, S ot SEURE G AR 4 R 2 R, 7
FEPR BRI A BUR S HUR 2 W 2 25 05 B
e R UG 5 0 A R 1] 13(b) T
SEURL A B8 285 9 4 K B . 5 12 LG, 4
KRR T 57 e 45 I A I A . — 7 T, e
J5 W 4 A8 OIS A 3 s T ARG K, fh e BEL
A S — D7 T bl T R R A R A
F A MBAEZ PR TR 5 5 AL, BEss Y
9 KA T LA SR A0 R 1 T B T — o R
JE BB 1k TR B AR AL T 13 (o) 7T LU 4 Kok
T B T LA R U 22 i B 42 fik T AR, 4l OB
2 1) A 42 f ekt BELJBR /N, DTG 3% 81 42 725 v 1k g
fy.

Fig. 13 SEM images of cross-sections of conductive adhesives with silver-coated copper and nano-silver: (a) dispersion of silver-coated

copper, (b) surface of single micro silver flake and (¢) conjunction of two silver-coated copper particles
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Synthesis and Properties of Hyperbranched Poly ( amine-ester )

Modified Polysiloxane/Nano-silver Conductive Adhesives

Meng-qin Xia, Kong-hua Liu, Shi-long Chen, Yu-qing Gao, Yuan-fang Luo, Lan Liu"
( College of Material Science and Engineering , South China University of Technology, Guangzhou 510640 )

Abstract This paper presents an approach to prepare polysiloxane-based conductive composites filled with
low-cost silver coated copper ( Ag-coated Cu) microscale flakes by using the hyperbranched poly ( amine-ester)
(HBP,-MA) as modifier which is obtained by the reaction between the hyperbranched poly ( amine-ester)
(HBP,-OH) with terminal hydroxyl and maleic anhydride. The structure of the HBP,-MA was characterized by
Fourier transform infrared ( FTIR) and nuclear magnetic resonance ( NMR ). Curing condition of the compound
system was studied by differential scanning calorimetry ( DSC) since HBP,-MA was involved in the curing
reaction of polysiloxane. The structural morphology ( the size and dispersion) of in situ reduced AgNPs and the
composite system was studied by transmission electron microscopy ( TEM) and scanning electron microscopy
(SEM). Also, conductivity mechanism of the composites reinforced by metal nanoparticles was discussed. At
the curing temperature, silver acetate decomposed and silver nanoparticles ( AgNPs) were in situ generated in
the polymer matrix. The low temperature sintering of AgNPs anchored on the surface of Ag-coated Cu flakes
enhanced the interfacial bond of Ag-coated Cu flakes and decreased the overall contact resistance. Last, the
conductivity and shear strength of the composites were studied. When the content of silver acetate was 4. 4 phr,
the optimum volume resistivity and the shear strength were achieved , which were 3.6 x 10 Q) + e¢m and 0. 32
MPa, respectively.

Keywords  Hyperbranched poly ( amine-ester ), Low temperature sintering, Nano-silver, Polysiloxane,

Volume resistivity
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