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Figure 4.1 O/W

Figure 4.1A Figure 4.1B 4.1C
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Figure 4.1 Schematic of the formation mechanism of spherical poly(styrene-co-acrylonitrile) 

(SAN) particles with heterogeneous structures. 
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Sigma-Aldrich Co.
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) PVA  ( )
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MEK 20 g  
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Figure 4.2 Flow chart describing SAN particle preparation. 
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Figure 4.1B C O/W
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Figure 4.3 Effect of amount of added water phase on the emulsion conductivity for various  

methylcyclohexane (MCH):methyl ethyl ketone (MEK) ratios. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4 Effect of amount of added water phase on the emulsion conductivity for various 

hexane (HX):methyl ethyl ketone (MEK) ratios. 
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Figure 4.5 PVA
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Figure 4.5 Effect of amount of added water phase on the emulsion viscosity for various  

methylcyclohexane(MCH) : methyl ethyl ketone(MEK) ratios 
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Figure 4.6 R 0 10 4 6 W/O
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Figure 4.6 Maximum value of emulsion viscosity for various methylcyclohexane(MCH) : 

methyl ethyl ketone(MEK) ratios. 
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Figure 4.7 Micrograph of emulsion droplets at MCH system without SAN. 

a MCH:MEK=0:10, PVA=16mL b MCH:MEK=0:10, PVA=32mL c MCH:MEK=0:10, PVA=48mL 

d MCH:MEK= 1:9, PVA=16mL  e MCH:MEK= 1:9, PVA=32mL f MCH:MEK= 1:9, PVA=48mL  

g MCH:MEK= 2:8, PVA=16mL h MCH:MEK= 2:8, PVA=32mL i MCH:MEK= 2:8, PVA=48mL  

j MCH:MEK= 3:7, PVA=16mL k MCH:MEK= 3:7, PVA=32mL l MCH:MEK= 3:7, PVA=48mL  
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Figure 4.8 Effect of amount of added water phase on the emulsion viscosity for various 

methylcyclohexane (MCH):methyl ethyl ketone (MEK) ratios without SAN. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.9 Maximum value of emulsion viscosity for various methylcyclohexane(MCH) : 

methyl ethyl ketone(MEK) ratios without SAN.  
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Figure 4.6 Figure 4.8 R 0 10 2 8

Figure 4.9 R 1 9 MCH

15mPa sec-1

R 2 8 35mPa sec-1

MEK PVA
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Figure 4.10 O/W emulsion for various MCH : MEK ratios without SAN. 
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Figure 4.11 Effect of amount of added water phase on the emulsion viscosity for various  

hexane(HX) : methyl ethyl ketone(MEK) ratios 
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Figure 4.12 Maximum value of emulsion viscosity for various hexane(HX) : methyl ethyl 

ketone(MEK) ratios. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.13 Micrograph of emulsion droplets at HX system without SAN. 

a HX:MEK=0:10, PVA=16mL b HX:MEK=0:10, PVA=32mL c HX:MEK=0:10, PVA=48mL 

d HX:MEK= 1:9, PVA=16mL  e HX:MEK= 1:9, PVA=32mL f HX:MEK= 1:9, PVA=48mL  

g HX:MEK= 2:8, PVA=16mL h HX:MEK= 2:8, PVA=32mL i HX:MEK= 2:8, PVA=48mL  
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SAN Figure 4.14 R 0 10 2 8

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.14 Effect of amount of added water phase on the emulsion viscosity for various  

hexane(HX) : methyl ethyl ketone(MEK) ratios without SAN. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.15 Maximum value of emulsion viscosity for various hexane(HX) : methyl ethyl 

ketone(MEK) ratios without SAN.  
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MCH R 0 10 2 8 Figure 
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MCH SAN
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 HX (Figure 4.16) MCH
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Figure 4.16 O/W emulsion for various HX : MEK ratios without SAN. 

 

 

 

 

 

 

 

 

 

 

R==0:10 R==1:9 R==2:8 



97 
 

MCH PVA W/O

O/W MCH R

0 10 1 9 2 8 3 7 Figure 4.17

MCH R 4 6 SAN

MEK R 0 10 0.8 μm

MCH

 

W/O MEK

MCH VFR Vari Fast Red 3311

Figure 4.18 MEK MCH

MEK MCH MEK MCH

R 2 8 3 7

SAN MEK MCH

SAN MEK

MCH MCH R > 2:8 PVA

Figure 4.18 h i k l

PVA

MEK MCH MEK

MCH O/W

MEK MCH

MCH MEK

SAN  

 

 

 

 

 

 

 



98 
 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.17 Micrographs of emulsion droplets at various methylcyclohexane (MCH):methyl 

ethyl ketone (MEK) ratios.  

a MCH:MEK=0:10, PVA=16mL b MCH:MEK=0:10, PVA=32mL c MCH:MEK=0:10, PVA=48mL 

d MCH:MEK= 1:9, PVA=16mL  e MCH:MEK= 1:9, PVA=32mL f MCH:MEK= 1:9, PVA=48mL  

g MCH:MEK= 2:8, PVA=16mL h MCH:MEK= 2:8, PVA=32mL i MCH:MEK= 2:8, PVA=48mL  

j MCH:MEK= 3:7, PVA=16mL k MCH:MEK= 3:7, PVA=32mL l MCH:MEK= 3:7, PVA=48mL  

 

 

 

 

 

a b c

fed

g h i

lkj

20 μm20 μm20 μm

20 μm 20 μm 20 μm

20 μm20 μm20 μm

20 μm 20 μm 20 μm



99 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.18 Micrographs of emulsion droplets at various methylcyclohexane (MCH):methyl 

ethyl ketone (MEK) ratios with oil soluble dye. 

a MCH:MEK=0:10, PVA=16mL b MCH:MEK=0:10, PVA=32mL c MCH:MEK=0:10, PVA=48mL 

d MCH:MEK= 1:9, PVA=16mL  e MCH:MEK= 1:9, PVA=32mL f MCH:MEK= 1:9, PVA=48mL  

g MCH:MEK= 2:8, PVA=16mL h MCH:MEK= 2:8, PVA=32mL i MCH:MEK= 2:8, PVA=48mL  

j MCH:MEK= 3:7, PVA=16mL k MCH:MEK= 3:7, PVA=32mL l MCH:MEK= 3:7, PVA=48mL  
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HX SAN R 3 7

HX MCH HX

0.8 μm

Figure 4.19 W/O R 1 : 9

2 : 8 Figure 4.20 HX

MEK  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.19 Micrographs of emulsion droplets at various hexane (HX):methyl ethyl ketone 

(MEK) ratios. 

a HX:MEK=0:10, PVA=16mL b HX:MEK=0:10, PVA=32mL c HX:MEK=0:10, PVA=48mL 

d HX:MEK= 1:9, PVA=16mL  e HX:MEK= 1:9, PVA=32mL f HX:MEK= 1:9, PVA=48mL  

g HX:MEK= 2:8, PVA=16mL h HX:MEK= 2:8, PVA=32mL i HX:MEK= 2:8, PVA=48mL  
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Figure 4.20 Micrographs of emulsion droplets at various hexane (HX):methyl ethyl ketone 

(MEK) ratios with oil soluble dye. 

a HX:MEK=0:10, PVA=16mL b HX:MEK=0:10, PVA=32mL c HX:MEK=0:10, PVA=48mL 

d HX:MEK= 1:9, PVA=16mL  e HX:MEK= 1:9, PVA=32mL f HX:MEK= 1:9, PVA=48mL  

g HX:MEK= 2:8, PVA=16mL h HX:MEK= 2:8, PVA=32mL i HX:MEK= 2:8, PVA=48mL  
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Figure 4.21 Scanning electron microscopy (SEM) micrographs and size distribution of 

corresponding SAN particles of SAN particles produced at MCH:MEK ratios of (a) 0:10, (b) 

1:9, (c) 2:8, and (d) 3:7.  
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Figure 4.22 Schematic of phase separation in MCH-rich and MEK-rich solution of SAN. 
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Figure 4.23 Scanning electron microscopy (SEM) micrographs of small and large SAN 

particles produced at MCH:MEK ratios of (a) , and (b) 2:8, (c), and (d) 3:7.  

a); small particles at R=2:8,  b); large particles at R=2:8,  c); small particles at R=3:7,  d); 

large particles at R=3:7 
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Figure 4.24 Scanning electron microscopy (SEM) micrographs and size distribution of 

corresponding SAN particles of SAN particles produced at HX:MEK ratios of (a) 0:10, (b) 1:9, 

and (c) 2:8. 
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Figure. 4.25 Schematic of phase separation in HX-rich and MEK-rich solution of SAN.  
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Figure 4.26 Scanning electron microscopy (SEM) micrographs and size distribution of 

corresponding SAN particles of SAN particles produced for various SAN concentration at R 

=3:7. 
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Figure 4.27 Scanning electron microscopy (SEM) micrographs and size distribution of 

corresponding SAN particles of SAN particles produced for various SAN concentration at R 

=2:8. 
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Figure 4.28 Micrographs of emulsion droplets for (a) SAN concentration of 5 wt%, R=2:8 

and (b) SAN concentration of 3 wt%, R=1:9.  
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Figure 4.29 Scanning electron microscopy (SEM) micrographs and size distribution of 

corresponding SAN particles of SAN particles produced for various SAN concentration at R 

=2:8. 
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Figure 4.30 Scanning electron microscopy (SEM) micrographs and size distribution of 

corresponding SAN particles of SAN particles produced for various SAN concentration at R 

=1:9. 
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SAN R SAN Figure 4.31
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Figure 4.31 Main products of SAN particles as functions of SAN concentration and R.  
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