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Selection of Surface Modifiers for Low Viscosity Alumina-Dispersed Resin Using QSPR Methods
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Particle dispersed resins used as thermal interface materials in electronics devices require low viscosity to
effectively fill the gaps within these devices. It has been reported that the application of silane coupling agents on the
particle surfaces enhances compatibility with the resin and reduces viscosity. We have previously developed the
quantitative structure property relationships method (QSPR-method) that can accurately calculate Hansen solubility
parameter (HSP), which is one of the indicators of compatibility. By calculating the HSP values for a wide range of
silane coupling agents and pre-selecting those that are most compatible with various resins, it is expected to
significantly shorten the development time. Therefore, in this study, we selected the silane coupling agents with the
highest compatibility for epoxy resin using the QSPR-method and conducted validation experiments for viscosity

measurements.

Keywords: Hansen solubility parameter, Quantitative structure property relationship method, Particle dispersed resin,

Silane coupling, Viscosity prediction.
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Fig. 2 Molecular structure of silane coupling agents

2. XBI*E
2.1 HSP{EOWEF

Fig. 1 IZ5 B2 RF RS THEL LV
TIVGHARY PV ERT o ROV HANRT M VidT —
) T EWIRA SR EEE (Fourier Transform Infrared
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R B2, TN A5HE: (Evolved Gas Analysis: EGA,
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Fig. 3 Hansen sphere of epoxy resin. The polarity of epoxy resin
is higher than silicone resin with HSP value (15.9, 2.9, 3.9)
used in previous work
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OIEMIE DR FEHEE L T 55 Propyl, hexyl, decyl ® X
HCIRFEBOBME EHI26, Z FTIFDH I EATE decyl
Bbokd R AVNSL, RS TE 2, —7,
etk R FEHOBEAL 0, % FIFHZ L1245, o, &1
MER272DITREHOMBEE T EBEZ LN
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vinylhexyl ® 6 727 7 A VERT. 6o 7R T 74 Vi
STREOEBM GAi % HLMMBO 7Y v FIZHHE L

Table 1 R, between silane coupling agents and epoxy resin

Calculated HSP

Name of silane R,
coupling agents 9 % o [MPa'?]
[MPa'?] [MPa'?] [MPa'?]
Vinyl 17.18 9.56 19.17 11.37
Propyl 16.26 7.32 14.96 8.44
Hexyl 16.39 5.78 14.78 9.34
Vinyl hexyl 17.28 5.83 12.61 8.14
Decyl 16.31 5.07 11.16 7.96
Phenyl 18.54 9.72 18.51 11.41
Phenyl amino 19.32 7.96 15.32 10.20

Low viscosity of alumina dispersed resin is expected using vinyl hexyl
and decyl as modifier of alumina.

35 Vinyl hexyl , 4
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Fig. 4 o profiles of vinyl hexyl and hexyl. Compared to hexyl, o

profile of vinyl hexyl exhibits a shift of the peak near 6 =0

towards the negative side and a loss of symmetry, resulting
in increase of 4,
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Fig. 5 EGA curves of samples. Molecular structures other than
0Si(0)(O) functional group were confirmed
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Table 2 Amount of modifier and coverage of modifier

Amount of modifier Density Length of molecule Coverage of modifier
Powder samples
[ug] [g/em’] [A] [%]

Vinyl 8 0.47 4 23-33
Propyl 48 0.40 6 109-151
Hexyl 50 0.35 10 80-110
Vinyl hexyl 104 0.34 13 130-180
Decyl 104 0.32 15 121-168
Phenyl 50 0.44 7 91-126
Phenyl amino 118 0.38 10 172-238

(©)

Fig. 6 TEM image of samples. (a) TEM image of Al,O; without modification, (b) TEM image
extracted from amorphous regions of (a), (¢) TEM image of Al,O, with vinyl, (d) TEM
image extracted from amorphous regions of (c), (¢) TEM image of Al,O; with propyl, (f)
TEM image extracted from amorphous regions of (e), (g) TEM image of Al,O; with
hexyl, (h) TEM image extracted from amorphous regions of (g), (i) TEM image of AL,O,
with vinyl hexyl, (j) TEM image extracted from amorphous regions of (i), (k) TEM image
of AL,O; with decyl, (1) TEM image extracted from amorphous regions of (k), (m) TEM
image of AL,O; with phenyl, (n) TEM image extracted from amorphous regions of (m),
(o) TEM image of Al,O; with phenyl amino, (p) TEM image extracted from amorphous

regions of (0)

fli s, 12 6.5~9.0m%g TH Y, 20mg Tl 1300~1800 cm?
THAHD, =2y 50 hy 7Y v TR KT 2 WE
LTWwa e L-BOBEEL r (%L T5E, 15
#om [ug], BEd[gem’], 7 F¥Ialb—Yarhrbhi
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Fig. 7 Viscosity of samples

Table 2 \Z/R L7285 32> 5 B EGA O#GHR & FIBRIC vinyl
DHIEADS, (I DOFHEHI T R THHE DS 80% &k 2 T
Wk, COWEHFORML DI —ITHBELTwb I L
M TH 5728, Fig. 6 ([T & 9 (CHEREZ TEM
TR L7z KIBHIi 7TV I FREIITTELT 7 ABN
BEALTERTERVD, Y5 vhy 7Y v IRl HS
L727 VI FRECIEWTNR O R TELVT 7 AE%
MERTE TG THMEL SN HERIIELVWEZEZ N

bo 72721, vinyl I2B W TIIHE D 30% M B 7278,
TEM TRY—ICHEBE SR TWA I ELOBEIN TV

WHLTAAEAE LTV 5 & L AVRIE S5, Mochizuki 5
BYUAREDY STV H Y T Y THIOWEEINHZ S
EERA RO HSP 2L L, 100%FEEELL ETid ¥
SVhy ) Y THIOHSPHICEDE, —EIlhbH I E
#ﬁ%éhfu&ukﬁﬁn®ﬁ?%mmuﬂ®ﬁﬁ
RKIZ 0% ZEMZTHBY, O THHMIRICH T ZHHE
VERIZZRF IBIRE S S U h v ) U FHID RN T
HHrLEZOND, Fig. TIZKET IV IFRTE2HHL7Z
IARF VBRORE DS AW RERGFEL R Wl
ORF B EAMEEEL & HIHEPK TS 7=
THERT TORAWEEIRIZIB T, phenyl & phenyl
amino LIAMEIHEEE D FFNIT K & {ZED 5 %A%, phenyl
& phenyl amino ZH5EEAR T A3 FLBH#E R° 2> T & A W B2
MR EVHFIBTIEEIDOFE L K L THIE &V, 2
g, MHEETIER S, BEBEICIZERNEEZON
Bh, ARWFEO H RS 2 RIS Hi# 2 #3542
ETHYBEINSVEFEZ T, Fig. 812K 7 )V X Fk
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- 12 o 7
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3 5
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R, using calculated HSP of the modifiers [MPa!?]

Fig. 8 Relationship between R, and shear viscosity. Vinyl hexyl
viscosity
reduction, while decyl did not provide the anticipated
decrease in viscosity. The other functional groups yielded
results as predicted

successfully ~demonstrated the expected

MHEZ RS, TABEE 105 13K T 15— 0EkE%
FTET OB L ZDOEAMHEETH 5. tHEIFRE R? 1&
0.85 LIEHFITH L, MENZH O LORD B L TH
BT THIENTE S, THEMEY vinyl hexyl & decyl
3oL DREIRL 22 ERETHL Z k#%%#
o726 Fig. 8 IR T LI 2w hod AR EERICE
WT D vinyl hexyl & decyl 13D o & SHEIML V., T D
AWZQSRPEEIZE D 5 Uy 7)) v 7H|o HSP H %

RIS 5 2 & CREBEIE SR 2 9T ISR R A I B SEHE
PURETH %o
4. ¥ 8

QSPREFEICE VEIEENLYS Ay TY) Y THD
HSP iz VT I v hy 7)) v ZFHIM G- SNz 7 v
TSR F IR ORE B (HBIRE R =
0.85) TPUTEB I LAIRENT THEOI TV H Yy
7Y ¥ 7RO HSP EAGEHR S, SiiiE & o HSP il
RVAME BN TD9H %5, vinyl hexyl F 7213 decyl
Bd oLk d R A/INEL, vinyl hexyl F 721% decyl & 7V

5352 TIRF VBIROREND - & K
WCTELIEDTFMEN, FEETHEES NIz, RKFLE
Wb Z e CElMTRERY T vy ) v T H &

FEGBLIZZRFIEIRO 105 IZBIT2HEE R, O ETE, HRBEMEOKIELRFMEISHRFEINS,
Nomenclature

0, : Hildebrand solubility parameter [MPa'?] 0, : Hydrogen bonding component of Hansen solubility
d4 : Nonpolar component of Hansen solubility parameter parameter [MPa'?]
[MPa'?] R, : Radius value of Hansen sphere [MPa!?]
6, : Polar component of Hansen solubility parameter R, : HSP value difference [MPa'?]
[MPa'?] Fit : Desirability function [-]
Am; : Weight loss of sample i [wt%]
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: Weight loss of particles without modifier [wt%]
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