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Sigma-Aldrich Co.

SAN Mw 165,000 25 wt%

PS; Mw=170,000

PSB; 4wt% PCM; 

Mw=65,000 MEK (

( ) ) PVA  

( ) PVA 500 86.5

89.0mol%

C.I.Solvent Red 8 Vari Fast Red 3311 VFR  

 

 

SAN PS PSB PCM 5.0 wt% MEK

MEK

SAN 1.0 wt%  

5.0 wt% PVA

Branson Ultrasonics Co.  CPX 2800H-J  

SAN PVA MEK/ Figure 3.1

SAN MEK 20.0 g 5.0 wt% PVA 4 mL

1 3 SAN

12

1 4 9 12 1 3 4 8

5 10

12 mL 1 3

4 Figure 3.1  

NZ-1100 700±20 rpm

 H-2000B 10,000 rpm 10
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3

13.0 mm 15.5 mm 1.0 mm

 

 

 

Keyence VHX-2000

SAN S-3400N

( )

Microtrac 9320-X100 [37-39]

Thermo Fisher SCIENTIFIC K.K.  NICOLET iS10 FT-IR

Horiba  Laquq DS-72T

3552-10D  

10 μm Track Etch 

Membrane, model PC MB 25MM 10UM GE Healthcare Life Sciences

2 μm

Track Etch Membrane, model PC MB 25MM 10UM GE Healthcare Life Sciences
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Figure 3.1 Flow chart describing polymer particle preparation.  

 

Oil phase

Oil phase

Oil phase

Centrifuge 
10,000rpm 10min

Oil phase
Polymer 1.0% MEKsolution 20.0g

SAN / PS 10/0 0/10
SAN / PSB 10/0 0/10
SAN/PCM 10/0 0/10

Water phase
PVA 5.0%

aqueous solution 4.0 mL

Water phase
Ion-exchanged water

12.0 mL

Form of particle

Washing

Particle collection

Mixing   1 - 3 min

Mixing   1 - 3 min

Mixing   5 - 10 min

Mixing   1 - 3 min
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SAN MEK PVA W/O

O/W

SAN

MEK SAN MEK

Table 3.1

PS PSB

PCM  

 

Table 3.1 Solubility of polymer in various organic solvent. 

 

 

Figure 3.2A SAN PS 2 MEK

PVA

SAN

 

Figure 3.2B 3.2C SAN PSB SAN PCM 2

MEK PVA

PS 2  

Polymer type Methyl ethyl ketone Cyclohexanone Toluene Methylcyclohexane Hexane
MEK MCH HX

SAN × ×

PS × ×

PSB × × ×

PCM ×
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Figure 3.2A Micrographs of emulsion droplets at SAN:PS ratios of (a) 10:0, (b) 6:4, (c) 4:6, and 

(d) 0:10 .  

a SAN:PS=10:0, PVA sol=8 mL  b SAN:PS=10:0, PVA sol=32 mL c SAN:PS=10:0, PVA sol=48 mL   

d SAN:PS= 6:4, PVA sol=8 mL e SAN:PS = 6:4, PVA sol= 32 mL  f SAN:PS = 6:4, PVA sol=48 mL   

g SAN:PS= 4:6, PVA sol=8 mL h SAN:PS = 4:6, PVA sol= 32 mL i SAN:PS = 4:6, PVA sol=48 mL   

j SAN:PS=0:10, PVA sol=8 mL  k SAN:PS=0:10, PVA sol=32 mL l SAN:PS=0:10, PVA sol=48 mL 
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Figure 3.2B Micrographs of emulsion droplets at SAN:PSB ratios of (a) 10:0, (b) 6:4, (c) 4:6, 

and (d) 0:10 . 

a SAN:PSB=10:0, PVA sol=8 mL  b SAN:PSB=10:0, PVA sol=32 mL c SAN:PSB=10:0, PVA sol=48 mL   

d SAN:PSB= 6:4, PVA sol=8 mL e SAN:PSB = 6:4, PVA sol= 32 mL  f SAN:PSB = 6:4, PVA sol=48 mL   

g SAN:PSB= 4:6, PVA sol=8 mL h SAN:PSB = 4:6, PVA sol= 32 mL i SAN:PSB = 4:6, PVA sol=48 mL   

j SAN:PSB=0:10, PVA sol=8 mL  k SAN:PSB=0:10, PVA sol=32 mL l SAN:PSB=0:10, PVA sol=48 mL 
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Figure 3.2C Micrographs of emulsion droplets at SAN:PCM ratios of (a) 10:0, (b) 6:4, (c) 4:6, 

and (d) 0:10 .  

a SAN:PCM=10:0, PVA sol=8 mL  b SAN:PCM=10:0, PVA sol=32 mL c SAN:PCM=10:0, PVA sol=48 mL   

d SAN:PCM= 6:4, PVA sol=8 mL e SAN:PCM = 6:4, PVA sol= 32 mL  f SAN:PCM = 6:4, PVA sol=48 mL   

g SAN:PCM= 4:6, PVA sol=8 mL h SAN:PCM = 4:6, PVA sol= 32 mL i SAN:PCM = 4:6, PVA sol=48 mL   

j SAN:PCM=0:10, PVA sol=8 mL  k SAN:PCM=0:10, PVA sol=32 mL l SAN:PCM=0:10, PVA sol=48 mL 
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2 Figure 3.3A

SAN PS SAN PS

PVA 20 mL  

W/O O/W

[35]

Figure 3.3B 3.3C SAN PSB

SAN PCM

SAN + PS SAN + PSB SAN + PCM

 

VFR Figure 3.4A SAN 

+ PS SAN PS = 10 0 6 4 4 6 0 10

SAN

SAN PS

PS

SAN + PSB SAN + PCM Figure 3.4 B 3.4C

O/W O/W

2

O/W  
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Figure 3.3A~C Effect of amount of added water phase on the emulsion conductivity for various 

SAN concentration : PS, PSB and PCM concentration ratios. 
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Figure 3.4A Micrographs of emulsion droplets at SAN:PS ratios of (a) 10:0, (b) 6:4, (c) 4:6, 

and (d) 0:10 with oil-soluble dye. 

a SAN:PS=10:0, PVA sol=8 mL  b SAN:PS=10:0, PVA sol=32 mL c SAN:PS=10:0, PVA sol=48 mL   

d SAN:PS= 6:4, PVA sol=8 mL e SAN:PS = 6:4, PVA sol= 32 mL  f SAN:PS = 6:4, PVA sol=48 mL   

g SAN:PS= 4:6, PVA sol=8 mL h SAN:PS = 4:6, PVA sol= 32 mL i SAN:PS = 4:6, PVA sol=48 mL   

j SAN:PS=0:10, PVA sol=8 mL  k SAN:PS=0:10, PVA sol=32 mL l SAN:PS=0:10, PVA sol=48 mL 
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Figure 3.4B Micrographs of emulsion droplets at SAN:PSB ratios of (a) 10:0, (b) 6:4, (c) 4:6, 

and (d) 0:10 with oil-soluble dye. 

a SAN:PSB=10:0, PVA sol=8 mL  b SAN:PSB=10:0, PVA sol=32 mL c SAN:PSB=10:0, PVA sol=48 mL   

d SAN:PSB= 6:4, PVA sol=8 mL e SAN:PSB = 6:4, PVA sol= 32 mL  f SAN:PSB = 6:4, PVA sol=48 mL   

g SAN:PSB= 4:6, PVA sol=8 mL h SAN:PSB = 4:6, PVA sol= 32 mL i SAN:PSB = 4:6, PVA sol=48 mL   

j SAN:PSB=0:10, PVA sol=8 mL  k SAN:PSB=0:10, PVA sol= 32 mL  l SAN:PSB=0:10, PVA sol=48 mL 
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Figure 3.4C Micrographs of emulsion droplets at SAN:PCM ratios of (a) 10:0, (b) 6:4, (c) 4:6, 

and (d) 0:10 with oil-soluble dye. 

a SAN:PCM=10:0, PVA sol=8 mL  b SAN:PCM=10:0, PVA sol=32 mL c SAN:PCM=10:0, PVA sol=48 mL   

d SAN:PCM= 6:4, PVA sol=8 mL e SAN:PCM = 6:4, PVA sol= 32 mL  f SAN:PCM = 6:4, PVA sol=48 mL   

g SAN:PCM= 4:6, PVA sol=8 mL h SAN:PCM = 4:6, PVA sol= 32 mL i SAN:PCM = 4:6, PVA sol=48 mL   

j SAN:PCM=0:10, PVA sol=8 mL  k SAN:PCM=0:10, PVA sol= 32 mL  l SAN:PCM=0:10, PVA sol=48 mL 

 

 

 



64 
 

W/O 2 O/W

Figure 3.5

SAN + PS SEM

Figure 3.2A Figure 3.4A O/W
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PS

1 μm 100 μm 2
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SAN PS

MEK MEK

PS W/O

PS

PS SAN

O/W

SAN PS SAN

PS W/O

SAN PS

SAN PS  

 2 μm 10 μm 2 μm

10 μm FT-IR Figure 

3.6 SAN PS = 6 4 2 μm

10 μm SEM

10 μm

Figure 3.6d
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SAN + PSB Figure 3.7 SAN PSB

SAN + PS SAN + PS

SAN + PSB

Figure 3.8  

Figure 3.9 SAN + PCM

PCM 1 μm

2

PCM MEK PCM

MEK PCM

PCM [40]
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Figure 3.5 SEM images and size distribution of polymer particles produced at mixture of SAN 

and PS, SAN : PS ratios of (a) 10:0, (b) 8:2, (c) 6:4, (d) 4:6, (e) 2:8, and (f) 0:10. 
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Figure 3.6 SEM images of large and small particles classified by filtration at SAN:PS ratio of 

6:4. 
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Figure 3.7 SEM images and size distribution polymer particles produced at mixture of SAN and 

PSB, SAN:PSB ratios of (a) 10:0, (b) 8:2, (c) 6:4, (d) 4:6, (e) 2:8, and (f) 0:10. 

a

b

2 μm

2 μm

SAN PSB=10 0

SAN PSB=8 2

2 μm

2 μm

2 μm

80 μm

SAN PSB=6 4

SAN PSB=2 8

SAN PSB=4 6

SAN PSB=0 10

c

d

e

f

0.00

5.00

10.00

15.00

0.
13

0.
19

0.
27

0.
38

0.
53

0.
75

1.
06

1.
50

2.
12

3.
00

4.
24

6.
00

8.
48

12
.0
0

16
.9
6

23
.9
9

33
.9
3

47
.9
8

67
.8
6

95
.9
6

0.00

5.00

10.00

15.00

0.
13

0.
19

0.
27

0.
38

0.
53

0.
75

1.
06

1.
50

2.
12

3.
00

4.
24

6.
00

8.
48

12
.0
0

16
.9
6

23
.9
9

33
.9
3

47
.9
8

67
.8
6

95
.9
6

0.00

5.00

10.00

15.00

0.
13

0.
19

0.
27

0.
38

0.
53

0.
75

1.
06

1.
50

2.
12

3.
00

4.
24

6.
00

8.
48

12
.0
0

16
.9
6

23
.9
9

33
.9
3

47
.9
8

67
.8
6

95
.9
6

F
re

qu
en

cy
 / 

%
F

re
qu

en
cy

 / 
%

F
re

qu
en

cy
 / 

%
F

re
qu

en
cy

 / 
%

F
re

qu
en

cy
 / 

%

F
re

qu
en

cy
 / 

%

0.00

5.00

10.00

15.00

0.
13

0.
19

0.
27

0.
38

0.
53

0.
75

1.
06

1.
50

2.
12

3.
00

4.
24

6.
00

8.
48

12
.0
0

16
.9
6

23
.9
9

33
.9
3

47
.9
8

67
.8
6

95
.9
6

0.00

5.00

10.00

15.00

0.
13

0.
19

0.
27

0.
38

0.
53

0.
75

1.
06

1.
50

2.
12

3.
00

4.
24

6.
00

8.
48

12
.0
0

16
.9
6

23
.9
9

33
.9
3

47
.9
8

67
.8
6

95
.9
6

0.00

5.00

10.00

15.00

0.
13

0.
19

0.
27

0.
38

0.
53

0.
75

1.
06

1.
50

2.
12

3.
00

4.
24

6.
00

8.
48

12
.0
0

16
.9
6

23
.9
9

33
.9
3

47
.9
8

67
.8
6

95
.9
6

SAN PSB = 10 0 

SAN PSB= 8 2 

SAN PSB= 6 4 

SAN PSB= 4 6 

SAN PSB= 2 8 

SAN PSB= 0 10 

F
re

qu
en

cy
 / 

%
F

re
qu

en
cy

 / 
%

0.1 1.0 10 100

0.1 1.0 10 100

0.1 1.0 10 100

0.1 1.0 10 100

0.1 1.0 10 100

0.1 1.0 10 100

particle diameter /μm

particle diameter /μm

particle diameter /μm

particle diameter /μm

particle diameter /μm

particle diameter /μm



69 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.8 SEM images of large and small particles classified by filtration at SAN:PSB ratios of 

6:4. 
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Figure 3.9 SEM images and size distribution polymer particles produced at mixture of SAN and 

PCM, SAN:PCM ratios of (a) 10:0, (b) 8:2, (c) 6:4, (d) 4:6, (e) 2:8, and (f) 0:10. 
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Figure 3.10 IR chart of SAN, PS, PSB and PCM particles. 
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Figure 3.11 IR chart of large and small particles classified by filtration at SAN:PS ratios of 6:4 

and 4:6.  
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Figure 3.12 IR chart of large and small particles classified by filtration at SAN:PSB ratios of 

6:4 and 4:6.  
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Figure 3.13 IR chart of large and small particles classified by filtration at SAN:PCM ratios of 

6:4 and 4:6.  

 

 

 

 

 

 



77 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.14 Calibration curve of SAN concentration in mixtures of SAN and PS, SAN and PSB, 

SAN and PCM against intensity ratio of I2235 or I1720 to I700. 

 

 

Table 3.1 IR absorbance intensity and estimated amount of polymer component separated by 

filtration, S: small particle, L:large patrticle. 
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