[T AR THIMTEET N

X

LAV IRV AR RREI VTN

FMFSE vol. 16, No. 5, pp. 320-325, 1005

XPSIC KB/ =59 FD
REMHEEEROSH

E\ l:l>\

oL B
EhRE T R Raihtmite s

(19944 9 A16 1121,

THE0 LIV B TR AT 128
19954E 2 A © Hi8%HE)

An XPS Analysis of the Interfacial Interaction
between Oxides and Epoxy Resin

Akira Tanrvama and Noriaki Usukr

Research and Development Center, Sumitomo Metal Industries, LTD.
1-8 Fusccho, Amagasaki, Hyogo 660

{Received September 16, 1994 :

Accepted February 1, 1995)

We lnvestigated the interfacial interactions between epoxy resin and metal-oxide substrates(MgO,

Al;Cy, Si0y) by means of X-ray photoelectron spectroscopy (XPS).

Thin films were deposited on

the substrates in order to measure the interface directly by XP’S. The appropriate thickness of the
epoxy resin film for the interfacial analysis is 2~3.5nm. The angle-resolved XPS speclra showed

that the epoxy molecules were oriented on the substrates.

This suggests that an interfacial

interaction exists between the epoxy resin and metal-oxide substrates. From the C-O peak due to
epoxy radicals, it was found that the binding energy of epoxy resin fllm on MgO was 0.3eV lower
than that of bulk epoxy resins. This energy shift of Cls spectra suggests an electron donation from

Mg fto epoxy resin,
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Fig. 1 The structure of the cresol-novolac type epoxy
resin.
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Fig. 3 The relationship between thickness of cpoxy
resin and photoelectron intensity.
Take—off angle from specimen surface : &=70°.
Incrastic mean free path (IMFP) : A=3.9nm.
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Fig.4 The Cls XPS spcetra of thin epoxy resin on
MgO.
The thickness of resin @ 2.7am.
8 : Take—olf angle from specimen surface.

Table 1 Intensity ratio of Cls spectrum identified
C—0 and C—H bonding ({c.o/fo-n).
Substrate | Thickness Ie_oflc 1
{nm) 8=70|6=30
MgO 2T 0.49 | 0.42
9.8 0.45 | 0.45
Al203 2.6 0.59 | 0.40
11.4 0.45 | 0.46
5109 2.8 0,42 1 0.34
14,1 0.45 1 0.42

SLAR A I AN 2.5~ 3.0nm DS, '{ﬂ s s
AT P Fig. 3 120 LA KT 8 2 f
B 7 R O ASE F s D, JREE- f1|)£ b L g R
707 A6 300 L s ;’MT‘_*, FE% (-8 (]|
DIFFERLT B, -, B BEOBS, I
LY LGB L D T ORI, SES N
1qu\0)ifP£J;wM|jzi fils S B0, Ruiofkizizk Al
HE R,

L7zAt>T, Tablel IZAR LGRS, C-O#iE%* b
DRI R G T L B D
BT A G AL 22850 T C— O R A AR O B S IR~ i
B LAl D AR LT b,

T C—0 R AT SO A IR 7 e R
AL OB B R IR BT O B & v D Bl
JERIE 5

ALl & 51 & L‘c‘ I PEETFALEELS,
Model | iR ¥ 2 L& Sl .2 b TREIT, Model 2
pd s B SRR I TGN, Model 3 R
FLATHM LI LTS L MR T A L
Fzo HEHE TV Model 13 4 Fig. 5 12T,

ZAUSENA)EF B T e ofle @A E RV




B AR 323

Medel 1 Model 2
GC-H Q.5nin C-0 0.8nm
c-0 0.8rm C-H 0.5nm

2 ,CHz /CHz ,Ghiz

-1 1CH2 | I
\O/ OC @ \IGH O\(IJH
O CHz cHg CHE

1.3nm

(IJHa CH2 GHz
AM /CH /CH

O\CHz D\CHZ \CHE E“CHE@C ?@
Substrate Substrate
Mod g
odel 3 :ﬂo% .
1 WY
I IN T ﬁi ¢ a4y
@D"O_ = @H d
z o e
£ T %1 F 0, 0 i e
@-o—o— vl ] C&M\f%;o Hif "
] o ; cal O\Q*"’ m P [43!
T TN
e el NS
i O'SJF g)(}z‘ '@
Sﬂbstrate

Fig. 5 The model of epoxy resin orientation.

Model 1 : The epoxy radicals of resin touch
on substrate.
Model 2 : The benzene nucleus of touch on

substrate,
Model 3 : The main chain s vertical to substrate
or at random.
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Fig. 6 The comparison of intensity ratio fo_gffe_y
between the results of model calculation and
of experiments.
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Fig. 7 The comparison of the Cls XPS spectra of
the epoxy resin film on MgO between 2.7nm
and 9.8nm in thickncss.
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Fig. 8 The difference of binding energy between C—H
and C—0 bonding.
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Fig. 9 The comparison of the Ols XPS spectra of

the epoxy resin film on Mg( between 2. 7nm
and 9.8nm in thickness.
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