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Abstract: A polymeric adhesion promoter was synthesized to improve the adhesive strength of the Ni lead frame/epoxy
composite. Poly(itaconic acid-co-acrylamide) (IAcAAM) was prepared by copolymerizing itaconic acid and acrylamide. We
compared the adhesive strength between the Ni lead frame and epoxy composite according to the molecular weight of
IAcAAM. The molecular weight of IAcAAM was controlled using an initiator, which made it possible to use IAcCAAM in
the epoxy molding compound (EMC) manufacturing process by modulating the melting temperature. The adhesive strength
of Ni lead frame/epoxy composite increased with the addition of IAcAAM to the epoxy composite. In addition, as the
molecular weight of IACAAM increased, the adhesive strength of the Ni lead frame/epoxy composite slightly increased. We
confirmed that IAcAAM with an appropriate molecular weight can be used in the EMC manufacturing process and increase
the adhesive strength of the Ni lead frame/epoxy composite.
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Experimental
1. X2
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Table 1. Formulation of IACAAM synthesis

Sample 1A AAM Water KPS
P (mol) (mol) (@) (phr)
IACAAMQ[K 1
TAcAAM76 0.7 0.3 200 3
IACAAM41K 5
OH
COOH °
+ I R ——
;( VLNHZ
COOH
o OH HoN 0
Itaconic acid Acrylamide Poly(itaconic acid-co-acrylamide)
(1A) (AAM) (IACAAM)

Figure 1. Reaction scheme of IACAAM copolymer synthesis.
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IACAAM
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500 mL flask 15 Stirring 2M Stirring
in materials (60 °C, 30 min) (60°C,1h)
—) — —)
IAcAAM
Quenching in acetone Dry in vacuum oven Grinding

& Washing (25°C, 24 h)

Figure 2. Preparation process of IACAAM.

3. Ni lead frame/epoxy composite HEIZE AT X=X
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10:1:1 8|2 &33 & 3}—94 adhesion promoter—‘_;'— 0,1,
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Table 2. Formulation of Ni lead frame/epoxy composite
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4.3 2x[2F 2M (GPC)

Gel permeation chromatography (ACQUITY APC System,
Waters Corporation, USAYE ARE-3}o] TAcAAMS] Bx}=F 9
BxigF BxE 24519tk 49= 0.1 M sodium nitrateS A}
L5143, AL AQ 450/200/12558 AMESHA T

4.4 NxFEAEE 24 (DSC)

Differential scanning calorimeter (Q100, TA Instruments,
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Universal Testing Machine (5ST, Tinius Olsen, USA)S A}
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Apply mixture to
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Single-lap shear test
(ASTM D1002)
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4.6 ZAHRISD0IZ 24 (SEM)

Scanning electronic microscopy (SU-8010, Hitachi, Japan)&
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Results and Discussion
1. AZ=H EN
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Figure 4. FT-IR spectrum of IACAAM.
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Figure 5. NMR spectrum of IAcCAAM.

3= 1A} AAME] carboxyl 7|9} C=0O stretching,
C-O stretchingo] YEHE Ao|th?*% 1400 cm™ & 1300 cm™!
oA Tl3= Z}Z AAME] amine 7] C-N stretching & TA
9] carboxyl 7] O-H bending®] 7213} ,% C-H stretching-&
2900 cm 'of| A} YR T} 1650-1680 cm o]l 4] C=C stretching®]
UEhR] oF2 A0 2 3Hdo] AFH o= o] Fox S gelst
At}

Figure 59 IAcAAM 2] '"H NMR A®|E & UelQlct. 21
B2} FAES CH= 2.7 ppmol| A, TAS] CHy= 2.1-2.2 ppm
2 3.2 ppmoflA YERE, 7 AAME] CHE 2.0 ppme]l A,
CHy= 1.6 ppmoll 4 Leheheh 2 u]ul-g ehapn ol 1AS] CH, 2
AAM| CHy= 6.1 ppm % 5.7 ppmof| A Y 4= Qlon,
AmEe] Lehbx) e o2 Hol AF THolH BE
AR Ao BEHElch U2 AHEE DL 4.7 ppmolA]
Uebtet.

X

Table 3, Figure 69 7/NAIA| &=Fo] W2 IAcAAMS] B
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SHA] 2= ERlstTt AMAIA gteFo] Sl wet Bt
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Table 3. Molecular weight and T, for the IAcCAAM
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Figure 6. GPC curves according to number average molecular
weight of IACAAM.
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Stk whebd] AR R S phrell A Hg EAkwrol 7b &
o], AAA TS WAse] BARe 24 4 Uk

2. DSC

Table 3, Figure 70 7JA)A] ko] w2 IAcAAMY] T, &
LR SITk. IATA] Sl Z7katell whet 152.74°C, 15137
°C, 132.96°CE Tno| ZA38t5itt. o= e B+ BRI
574 Anet AR AFA] A Y Tpol Yo 1A £
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------ IACAAM,
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v
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Figure 7. DSC thermograms according to number average
molecular weight of IACAAM.

Sample M, My M, PDI T (°C)
IAcAAMyk 90,978 173,374 266,678 1.906 152.74
TAcAAM 6 76,444 149,921 253,435 1.961 151.37
TAcAAM ¢ 41,302 65,887 103,226 1.595 132.96
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T2 o]FolZl EMC ZAE Alx Al =Y ZAI7F 2=,

n®] EOH E-8-§3 Fo] Y3t HAto] o2zt whet
H EMCO 715 43 & 5 34 =45 dAst= o8
g 71%o] "t

3. HAYE

Figure 8¢]] 3% adhesion promoter gFo]] W2 HIAAE=E
YeERH It TACAAME 1 phr H7FstH H2RF=7E Bt
7.48 MPa=Z °F 80% 3FA}, 3 phr F7}slH B4 6.08 MPa=
OF 47% SFAY, 5 phr A713HH Ha 5.21 MPaZ ©F 26% &FAF
3}ttt 8-AAS 1 phr H7I5HH HAL =7} 6.97 MPaz2 <F
68% 3FAY, 3 phr 75 5.39 MPaZ ©F 30% &FAF, 5 phr
715 4.6 MPaZ 9F 13% AT BTACE 1 phr 3
7}5he R} 6.50 MPa oF 57% 34, 3 phr F7)st
H 4.88 MPaz2 2F 18% 34, 5 phr H715HH 4.46 MPaz oF
7% FAFSIATH $3A 0 2 adhesion promoter =U3F 1 phr

AN &S a7t &4 debds & 5 Atk IAcAAM=
10 (a)
'F )
sk LA
. /
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Figure 8. Lap-shear curves for the Ni lead frame/epoxy composite
according to adhesion promoter content: (a) IACAAMgk, (b)
IAcCAAMg, (c) IACAAM,1k, (d) 8-AA, and (e) BTAC.

2712] carboxyl 7] ¥ amine 7] &, 8-AAX amine 7] S, BTAC
& carboxyl 7|2 Z3Fatt}. carboxyl 9] hydroxy 7|19} 54 &
H9] hydroxy 7|7} AZESAY, amine 719t F4 W
9] hydroxy 77} ad@ste] HAFE ol 7198
olq__ 21

TACAAME] FHAIA FHeo] A&45 Hdt EAlgo] 718t
o TACAAMy = ;37]'6]'99:— o F3E2) Z=7) IACcAAMy6
9 JAcCAAM, S H715HES o EE} AR o] AR =Tt
SALE| QI TH 16 ohak JACAAM §FE 3 phr o|AF H7lskd A

ot Ak 2AE Holm, ok Hakulo] RS
IACAAMS| QA2 Q13 7)% 7 Rzkelo] FasiALt, A7
7 gAY SR Q3| HHLol AstH Ao St

(8) (h)
Figure 9. SEM images of the Ni lead frame/epoxy composite
fracture surfaces: (a) Control, (b) IAcAAMgi_1 phr, (c) 8-AA_1
phr, (d) BTAC_1 phr, (e) IAcAAMze«_1 phr, (f) IACAAMy4_1 phr,
(9) 1AcAAMy4_3 phr, and (h) IAcCAAM,_5 phr.
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4. SEM

Figure 90 2= 57 & A|HY wtibd-S Ve o).
gehAS wEste] JAAHY A TS e 4 itk 2
£ MEY A AEAHE & A=A G-l Foldle A
2 A 23] 23] (near adhesive failure) A 53+ 3] 2Fz) 9} 4
A7} HZH o A 3] Eel o] wj gt a7 =
Az AW w3 (adhesive failure) A5L TH O E B YL}
2 FSol H2HAZE dolgle £ 3 (mixed mode
failure) 7 Foll A F2HFE7L Folgles WA ol & 5 J
A7ye 7t S7Ks 4 Qlek

TACAAM, xS 3 phr ¥ 5 phr 715t HES A3t =&
ME] A HFA7 U S o2 B = AT JACAAM, k&
3 phr 9 5 phr H715 ES J2AE HFez EEE o]

9= TACAAMy 2 TACAAM, ¥ T} B BA}o] Lo} 7
=] At AstE AU, Agjrte] P ) &R
SEo] WAYSIYS w EFHOR FP& F4 ¢ BAAIA
$31997] o] o= FATE AE Aol Al IAcAAM ik
= 3 phr o] H7F Al AR =T} Fashs FAIE He A

3 At

Conclusions

2 Ao A= 1A% AAME] F5AQ] ITAcCAAME 7 A
Xﬂ TR o] Ni =TSN FEAE A

A WREAAR Atk A e e

A B 1 Tog aetged ol 4% HEAEA A
& ox W g 270 e H44S ST 4 Yok FT-
IR 2 NMR 242 53] [AcAAMS| 5312 728 BAJ3}
St 1ASH AAME] C=C 0|38 927} ekt e
Aea o) 4FHoR o|Folug ASYT. GPC 2
oMz AN Tgo] Z7aol ek Bt BAo] g
819, DSC 24 Aol A= HAA| FeFo] F7kehel wat
T O] 71'_/,\_‘6‘]-0311:]- @2}7]—5 2_14 EL] ﬁ]—E}-lﬂ HA‘] 73]7_]-
TAcAAMYO] 31 1-3 phr oA HRFE=7E A= e, o]
= TAcAAMS] carboxyl 7|9} amine 7|7} 3<% HHY
hydroxyl 7|7} 2295t JAHFE o 3= vzl A
° 2 gasteint
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