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Abstract

We prepared hydrophobic silica particles by a sol-gel process from tetracthyl orthosilicate (TEOS), followed by coupling the
reaction with octyltrimethoxysilane (OTMS) or hexadecyltrimethoxysilane (HDTMS) under various reaction conditions. We
confirmed the extent of silica surface modification with organic compounds by SEM-EDS, thermogravimetry and elemental
analysis. The silica particles obtained after the hydrolysis reaction of TEOS in ethanol at 50 C for 24 h and the coupling
reaction with OTMS for 2 h at the same temperature displayed the optimum performance in terms of the dispersity in an
organic solvent and the surface roughness of films composited with epoxy resins. The oxygen permeability of the composite
film with modified-silica was 12% lower than that of using the film without modified-silica.

Keywords: Silica, Sol-gel, Tetraethyl orthosilicate, Octyltrimethoxysilane, Hexadecyltrimethoxysilane, Gas barrier

1. M 2 22 Bl gas barriers F-oldhs ThFst W o] deA gl

1} silica-based BE O 22 Fto] 7HE Wk o] & 7 UwbA Q]

{7 RS D2 ALEEte] A 182 EAS A7 1L HL 3} 2 (chemical vapor deposition) HH[3,4]0]1™, LRkl 2
E2} AEA E(polymer composites)= TFF3E Hofo] $85 11 91O 7} FH el YME 7 S 10914 1008] A= WAAA7 =
o, ol A AR Eoks FAHOE Sto] Th A A Zow dHA YOoLls,6], HTolv LAt HEAE R A
Al HASEE WS A7t Alth1,2]. 53] vl AFo R & 5 o] o]FofA 3 qlrt. HAERAEL Aol H7bAIeE At v
o] A, ST A FME 7 5 Ef-”i ek 2 EgA Afo]o] HEFHol Hlgato] 19] B/do] Wy iﬂﬂiﬁ A7t

e}

FE AP BAFNE hs AL olT B ool Zu) o e WY 2
gl 7o) $APgo] PYHES IA EE 2ol W A, Helot
VA AL aafele] miA E SN RS A

d
o7t vk AR o E 59, ZEZ23A(PP)ll AE7te] Ead

ﬂl.\il
oi
o
ok,

f gz;raerstpr::limff ?zlt;lr‘;re-rSgrgiei?;;?rsclz)};lege of Engineering, Suwon 18323, O] + ] g;—o LI 9’]— _‘_TL_)': ‘—HIOV\]—J’]—J j“aH—LE 51%61;(]]
Korea (PP-g-MA)E “J-&-3lA 2 ARg-3to] B3] 712 AdAdS SdAIA
Tel: +82-31-220-2156 e-mail: dwchung@suwon.ac.kr = B 9\;11:]-[8]. T AR ARSI PP-g-MA MAZ2] &eo)

pISSN: 1225-0112 eISSN: 2288-4505 @ 2019 The Korean Society of Industrial and —‘5—0-] \é:}:% PP 3_7_%3] %}\é ] §]_7}. A§7]7]J_ o]—UE Hg] A].%

Engineering Chemistry. All rights reserved.

68



EA AR AxF e AEzke] 2R Yl kA dEoRY] &8 69

R0 —o-5-0—
OH o, )
{ | o\ ;
- ~..  hydrolysis/condensation ° i
o — > HO- Si -oH vo LB ov
0 e —>
) o ,
' o
+ R (C=8) : OTMS .
TEOS Silica sol . R (C=16) - HDTMS —0-8i-0—
R

Figure 1. Ideal reaction of OTMS and HDTMS with silica sol.
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Table 1. Reaction Conditions and Dispersity of M-Silica

Reaction Condition

Dispersity” (2%)

Sé?g;e Sol-gel reaction Modified reaction i water in MEK + EA @2 : 1)
Hydrolysis time Temp Coupling agent Modified time Temp

fumed silica - - - - - X (P) X (P)

S-G silica 24 h 50 C - - - X (P) X (P)
1 24 h 50 T OTMS 1 h 50 C X (F) O
II 24 h 50 C OTMS 2 h 50 C X (F) O
111 24 h 50 C OTMS 4 h 50 C X (F) O
v 24 h 50 C HDTMS 1h 50 C X (F) @)
\% 24 h 50 C HDTMS 2 h 50 C X (F) @)
VI 24 h 50 C HDTMS 4 h 50 C X (F) O

* X (P) : precipitated, X (F) : floated, O : dispersed but turbid.

L Ll folnf ol vl

.5 ol L ololwl vy
s v
(b) in MEK + EtoAc (2 : 1)

Figure 2. Photographs of dispersions of silica and M-Silica in water
and MEK/EtOAc (2 : 1).
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Table 2. BET, SEM-EDS, Elemental Analysis, and Thermogravimetry of M-Silica

BET SEM-EDS EA TGA
Sample Specifi fi Total A f i
code pecific surface . - o N o otal mount of organic
area (m%/g) Si (%) C/Si- (%) € ) H (%) 0 (%) C, H, N, O (%) compound (%)
fumed silica 185.056 30.52 0 0.56 0.19 0.67 1.53 1.9
S-G silica 64.709 27.39 0.06 0.83 1.20 5.88 8.17 9.8
I 13.726 33.66 0.04 0.99 1.20 6.35 9.34 11.7
I 7.887 29.23 0.07 1.34 1.27 6.80 9.92 13.5
11 6.865 27.24 0.22 2.63 1.47 6.27 10.95 15.8
v 15.046 27.74 0.75 12.37 2.95 5.01 20.64 214
v 1.383 20.56 1.20 15.30 3.47 4.72 24.03 254
VI 0.696 13.99 2.59 17.24 3.74 443 25.90 30.7
100
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Figure 5. FT-IR spectra of (a) fumed silica, (b) S-G silica, (c) I and
d) Iv.
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o QaiA] A7l Bl A7 EYEHER Co HY o] &
AUA 7152 FFE 18] SV Table 200 YR el
Pol ¢, H 4 fA71& 9L BT T7Bhs 21 31 + 3drh
F7189 ¥s S5k & ok WO 2E TGA 48 53l a1
Mg T RS SHske el <8k 7P Thssitt
[10,20]. o3t W2 f7|E o] Agks 43 1l= 238t
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Table 2 VFERH vle} o] TGA AR HE AXSE 4715 3
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HREolA 718 §o] o A vehston], A o &
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A 0% M-SilicaS olIFHA] FA BAAA BES AT
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Table 3. Roughness of M-Silica

Roughness (um)

Sample Code
Ra Rz

fumed silica 1.864 + 0.072 13.361 + 0.466
S-G silica 1.504 + 0.042 11.806 + 0.187
I 0.581 + 0.052 5.520 + 0.589
I 0.317 + 0.021 2478 + 0.297
111 0.370 + 0.024 2.846 + 0.346
v 0.371 + 0.024 2.727 + 0.249
A% 0.366 = 0.025 2.688 + 0.229
VI 0.371 + 0.011 2.785 + 0.195

Rasl, 27 Zo] vle] &40 A%4lt el Aok 47 ol 4 e
@9 R27F W 2EE bl 5 9l 7P AwAQ) ol &
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A8 24 5% Ao|7) ol E =59 A¥E AF nlusr)e o
By, W T2 #7013 AEE dEE AMESte] # =13 fAT
S AZA] FAolA E5 AES AT A2 s, 2 =3

st M 30 A A 1 =, 2019

25 -

24 4

23

224
1.28 oc/m>-day

214 2.58 co/m?-day

20 4

Oxygen Transmission Rate (cc/m?-day)

T T T
Coated PET  Coated PET Coated PET
w/o M-Silica with II with V

Figure 7. Oxygen transmission rate of films.
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