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In this study the foaming dynamics and cell microstructure of polystyrene (PS) and polystyrene/nanosilica
nanocomposites containing n-pentane foaming agent were investigated. In order to evaluate the nucleation
and growth of bubbles in samples, in-situ microscopic observation method was used, and their foaming
process in a discontinuous system was investigated. Nanocomposites were prepared by solution mixing
method and their rheological properties were determined by rheological test. The contact angle method
was used surface tension measurements. Incorporating of nanosilica into PS matrix decreased the contact
angle and increased the surface tension of the samples. In order to investigate the foaming dynamics of
samples, sheets with thickness of 200 um were saturated in a high temperature and pressure chamber.
Foaming dynamics was studied by the designed system. The temperature effect on the foaming dynamics
was investigated in the samples containing of 3 %wt. n-pentane. Although the nucleation and growth rate of
bubbles with temperature increasing from 140 to 160 °C has almost been doubled, but broader cell size
distribution was observed. In nanocomposite samples the nucleation has been increased compared to
polystyrene, and the onset of nucleation has been dropped. By increasing n-pentane content to 5 %wt., the
nucleation in nanocomposite samples was significantly increased compared to polystyrene. For further
investigation of the final microstructure of foams, scanning electron microscopy (SEM) images were
prepared and the results showed that silica nanoparticles have generated more uniform cells in the final
microstructure.
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Table 3 The nomination of prepared samples in this study
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Table 1 The specifications of silica nanoparticles used for preparation
of polystyrene/ Nano silica nanocomposites
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Table 2 The specification of polar and dispersive components of
surface tension for liquids in contact angle test
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—
Computer ! y Power supply
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High speed camera
& objective lens

J Hotstagcl N7 I

Light sourceE'
Thermostat

Fig. 1 A schematic view of the designed foaming system
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Table 4 The determined contact angles for water and diiodomethane in
different samples

nPSB1 nPSAL nPSA0.5 PS S 5 e
76.97 70.55 81.14 82.56 U
26.55 24.92 28.21 39.88 Slegay 69

alises sladiges gl oo dlore (o 2iS polie 5 Jeua
Table 5 The calculated surface tension values for different samples

Vs v v adiges
(mJ.m-2) (mJ.m-2) (mJ.m-2)
40.85 2.74 38.11 PS
45.76 2.29 43.47 nPSA0.5
49.32 5.67 43.65 nPSAL
47.13 3.43 43.70 nPSB1
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nPSA1-D nPSA1-W

Fig. 2 The contact angle of different liquid droplets on the solid film
surface of PS and nPSA1 (W: represents distilled water and D:
represents the diiodomethane)
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Fig. 5 Comparison of the variation of cell density versus time for
polystyrene and nanocomposites containing 3 %wt. n-pentane at
foaming temperature of 140 °C

140°C adpgh slos o i ey (i 2oy sl ejapelS sl

1.4¢t+6

—e— 'S

1.2¢16

-~

bubble density(cell/cm?)

1.0ct+6

8.0e+5

6.0e+5

4.0ct5

2.0et5

0.0 . . . . .

0 10 20 30 40 50 60 70 80
time(s)

Fig. 6 Comparison of the variation of cell density versus time for

polystyrene and nanocomposites containing 3 %wt. n-pentane at

foaming temperature of 160 °C

sleaiged 5 pbildly lr oloy b (Jsbo ammdls Sls anlio 6 JSb

160 °C (adpgh slos o i oy (i 20,33 (sl (e sapelS 5l

160
140 |
120 }
100 }
80 |
60 |
40 |
2 |

0

—es— 7S (a)
....... Drnsans
—————-
———

Average bubble diameter(pm)

100 140
t'(s)

090° 4 5B 358 4 bgye o5 (54520 (595 bl @ Az o aidly

t=t—t D
iy bl puple 4 lawsl il L Koo Bkl
oo SRl Ll wd) Sy Az )0 g Al Ghalil Lk jselS sl
"S5 sl o kol ol ol ksl 50> b calnbe

ol 0ads oyl by aiges 1 3

'PS  nPSAO.S  nPSAI nPSBI
*!5' v ia
Bie T
.'*{»":"-”‘ .u.

10255 10425 917
=11.67s =12.08s
=1333s  t=1333s
B R ISR
.' § ‘-"' e . 0 :o-?. e
ﬂ{"‘:j\ “

=20.58s  (=18. 33 s t—18 33s t—15 s

Fig. 4 The images from the foaming process of pure polystyrene
and nanocomposites of type A and B containing 5 %wt. n-
pentane at foaming temperature of 120 °C vs. time (all images
have a length of 1670 and a width of 1336 micrometers and
arrangement of images from top to bottom is in terms of time
increase)

5 A oRbuld ontesd wuld ) ead A pslas 4 UK
C ool psd les o by Jleyi 5% sl B g A g5 glacajselS sl
1336 o, 5 1670 Jsb slls pgtas oled) oloj e » 120

m e oboy Gl e s el a U 51 bl iz 5 059 es Seos

(2L



Ul 9 e)l) S34e

c - SB5940l5' 930 b HUa w3 9 Y eed Saoliad (2 )T W) 22

ol ol st)"w" oS ok satendls 1o Sl Gl gaig Culis
obadley 58 Ol Gl Olgiee | Ol cde o5 050 5555
aied Sl kwgll jpa Cadls 0y b o ool slp (s
ats Gloj (39 LSy 58 o0 Gy Sl sl jo CS ISy 6,188
ool sl by 0gd o adiges jo il oy olog oloul 4 joie g |05
—adsl slagles ,o il s o8 olos b sk soslul mjs Sl (Yo
B 4 160°C los y5 (Jsho gojll @ss b 5 g S ans
140 slos ;o (Jsbo ojlil @i ar o (lojol 5 2y 5,15 AL
ool a5 Gloy ) (2l Jole 50 9 loy CuddS b el 5501 °C
@ Cod 1607°C slos jo (Jobo o3l mjs8 el Syn S 9 4
Onblh Sl (ganjsSimy dos (l¥l Lol Soa Fomb sles
ol e I3 L (6 e e o Bk 5l 5 e IS
Sl Bl Sz o8 4 5 00d 5S35 Ksen 4 ool o jlpo
Fobo oIl mses W igd oo JSA5 655 slacla 5 ons)S
D)3 e & Wiy G (el gl sladiges ;o S (oo Sl | (e
sl 0 a8 K Lonsgil (s 039581 b a8l oyl ol enily so

0.030
2= — 7

s2=14.34 , 5

0.025 | @) e 100
----- 125

2078 o e

—_—— 1755
/ $2=39.84
/ $2=5521
Ay / 268,40

Frequency
=3
=
wn

0.010 _
..’,!," ,-\:-q'r_./
0.005 I_.;:/,r. N N
0,000 E= = ==
0 50 100 150 200 250 300
Bubble diameter(pum)
0.05
s2=8.6091 ) — s
ﬂ/ ............... 3754
e I — 505
2905509  ___. o
5003 i === T
g / s2=31.7
=}
o8
£ 00 s2=12 4866
" $2=819515
001 F: |, /
.",,:."-__.-\v—h-—
0.00 E—s
0 50 100 150 200 250 300 350

Bubble diameter(um)

140
— (b)
=]
é 120 f
3
2 100 b
g
S 8ot
L
2 60}
(=]
=
2 40}
E
]

20 f
z

0

0 10 20 30 40 50 60 70
t(s)
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Table 7 The onset of bubble nucleation for different samples
containing 5 %wt. n-pentane at foaming temperatures of 120 °C
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Fig. 10 Comparison of the bubble growth rate for polystyrene and
nanocomposites containing 5 %wt. n-pentane at foaming temperature of
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