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1. Differential scanning calorimetry (DSC)
2. Thermogravimetric analysis (TGA)



pe
13 3,8kee CablB L ¥ uSer) sy A5 oy Spo 8 ) Tamill 63, bglS T Mawgina] (TEOS') colSelamnss gl Ll
lgisss DMF?) aoolp  ditosd o 50l (190550 5l 93y Cnellidslis s oy Jole g aliosd Slgo plys 5 poliio 5 Yl sl

1 ad gyl oS <805 5l Jge jr p 8 Foe e S50 (39 L 4L (PEIY) sl il 0 (sl 3 lall Sy 51 )

boo)3gl (e 5 )57
203 YV Jglone o (il oo Y0) Jgbl 1l gy ol 53 [A] 5 s jagtiol (hg) b Wik (sl dgl bl )5 2 Jgl al> po
slod )3 el V¥ Gty S )5 g 039381 bglee & () uo ¥) TEOS ¢ yuopms 505 boglseo aidd Vo oo & (i oo V/0) Sligel
Vo b g aidy 0 jed Feee) wlp S Lol wlde ;5 laoyd o3lul b sdelcwmnd K5y dw p3gs b 03jpd (omabline jen b 3]
a3 A slod 13 M ol (5 el B et oelundas Kilow (o, 395l L b dtans Sl b ady0 50> 5 (6y9laes (4isd>

s Siid o gl
Fliden ¥ G A (o Sg0lid (jem b 48B B Cidody g bgliee DMF jid oo 8 L il 30250 jl )5 S 29 el 1o
b o JSis 03,9ly8 (s g (Slg)3h Lugmmidio 433 Ae clod 13 sl V¥ oy bglses b 039381 bglstods guy5as o Mewginel
s 035350350 o 5 Jbl U 03gly5 o a5 (slnoyd geaws 1 035 2Ty algl dlga s (gl b L ,iiSTy Lauoms 51 S
oo 43 0+ slod b ol )3 cslor Hlan I dw Seds 0359148 <Ll 3 s 03l jeue Lo jlaybgd 5 Al YO ey ¢ AD
e 5 358 5 g ranide Sk (ool o 2ol gy i 5 ool ol SIOPS g 3 K8
|y o] ool 5 (TGA oy sly) 4l |y (639 sl osle 5l oS =1 gt slya ol plosil § g wtih o0lal ¢ L5 o,
b didd gy Sdedy sdalCanddy bolste w15 03938l DMF jid oo Voo ol & g iy i 6 31 g0 p)5 VAY 390 oS
odolCanddy o3l b 03938] T s 39 105 55 (0] ;5 Jgloe duoyd 0+) wadll 63,6515 1) oo Jloa ¢l jlpm 15 0350n gl )b 3o
(o 25 L 41555 b sdalcwnsdy bl wacles Yl L 395 319K bylste b sb 03500 (qmablize o300 b laxe (slod )
BVe lod b ool 515 53 osilis (S5 ccloged dals o3l .0 ploil (gjlulis o,bgd 4il5 )5 (SaS b g dand 039350592 ol g Joibil b
Lo, s 47 T (slinogS Signs ooyt o8l SIOZA lyicds o15Suis Aol 03lo 51 oS )ltis ¢ ugms 15 S g A3 As

1. Tetraethyl orthosilicate (TEOS)

2. Trimethoxy Silane (3- Aminopropyl)
3. Glutardialdehyde

4. EPON 828

5. Triethylenetetramine (TETA)

6. Dimethylformamide (DMF)

7. Polyethyleneimine (PEI)
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1. Glass transition temperature
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Abstract: The aim of this research was to study the effect of incorporation of functionalized silica nanoparticles
on the curing behavior of the epoxy-based nanocomposites. Thus, first nanosilica was prepared by using Stober
method and then modified by attaching surface hydroxyl groups to silane. Glutardialdehyde was also attached as
well. It was followed by attachment of highly branched polyethyleneimine (PEI) to the surface of the
nanoparticles. The resulting structures were characterized using transmission electron microscopy (TEM), Fourier
transform infrared (FTIR) spectroscopy, and thermogravimetric analysis (TGA). The results showed that spherical
silica nanoparticles with size of 50 (bare) and 70 nm (surface-modified) were successfully synthesized. The amine
and hydroxyl groups in modified silica structures actively participated in curing process and facilitated the curing
mechanism of epoxy/amine system. Addition of silane-modified nanoparticles increased the activation energy,
while application of PEI-modified nanosilica improved the density of the epoxy network. Due to the increase of
viscosity of the system, the activation energy of epoxy system was also increased. Addition of 0.1 wt.% pure and
surface-modified nanosilica also increased the glass transition temperature values from 82 to 84.7 °C for PEI-
modified silica nanoparticles. This study showed that modified silica nanoparticles could provide significant
improvement in thermal and mechanical properties of epoxy nanocomposites. These findings showed the

improvement of the baking processes and increase the efficiency of nanocomposite materials.
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