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Fricke dosimetry™
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1 10 pm
0.1 1 mm,
2 10 pm
0.1 100 pm
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Table2.1

Run 1 2

Styrene 0.5g 1.0g
SDS 01g 02g
Water 949 188¢g

Totd 10g 20g

Table 2.2
f W | l+h VvV x 10° t T Cs Cm
Run
[kHz]  [W] [mm] [mm] [m?] [min] [ ] [wt%] [wt%]
1 28,45, 20, 25, 35 10 60, 120,
300 5.0,10,20 50 1.0 5.0
2 100 33, 38, 48 20 180, 300
IR (FT-IR-8300 ()
KBr
Mn My, GPC (Shodex gel columns KF-806L
()] uv (UV-1575 JASCO Inc.) THF
(HPLC ) (SH-75
()]
Flowrate : 1.0ml/min
Detector : UV (254 nm)
dp Dp 1

(VH-8000 Keyence Corp.) 200
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IR KBr
Figure 2.3 IR 63
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Figure2.4 KBr
IR
Figure2.5
CH,  2930cm™ 2850 cm™ Figure 2.3

Figure2.4
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Figure 2.3 IR
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104

Figure 2.7
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105 106 107
Molecular weight [g/mol]
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f=28kHz 45kHz

108

10°m® t=180 min)
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f =100 kHz
f=45kHz | =10 mm [=5mm 20 mm
f=
28 kHz | =20 mm
45
kHz f =28 kHz 50
f=28kHz A =551mm f=45kHz A =343 mm
48 mm f=45kHz 1
f=28kHz 1
4
3 Kl
polydispersity
3
Table2.3
f | l+h/2 1+h V x10° T
[kHz] [mm]  [mm] [mm] [m] [ ]
28 20 29.0 38 20 50
45 10 175 25 10 50

45 10 24.0 38 20 50
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31 KiI
311
KI

Eq. (3.1)
KI I Eq. (3.2)
I, I, |
25 710
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(V-550 JASCO Inc))
3
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3.12
Kl 30
Figure3.1 355nm
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OH
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/
[=25mm 65 mm

mm

OH
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Figure 3.2
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surface of

the sample

1+h/2

bottom of

I+h

the reactor ¢ ¢
: A 4

transducer

Figure 3.2

Table 3.1
Experimental condition Dimensionless index

f I I+h Vvx10® T ((+hl2) | 2

[kHZ [mm] [mm]  [m¥ [ ] [
28 20 38 20 50 0.62
45 10 25 10 50 0.51
45 10 38 20 50 0.70

Kl (Figure 3.1)
Figure 3.3 f OH

OH

(+h12)/ A 05

0.8
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05 @ A 45kHz, 50
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©
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Figure3.3 I3
Kl 30
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(I+h!2)] A
f
3.2.2
f 5 TEM
(JEM-200CX ()
150A Cu

200 kv



Figure 3.4 TEM Figure 3.4 (a) (= 28 kHz)
Figure 3.4 (b) (=45 kHz)

28 kHz 45 kHz

(@)

Figure 3.4 TEM (& f=28kHz (b)f=45kHz

3.3

331

MHz
16 - 18 OH
Kl OH
(Figure 3.1)
OH

THF



(SH-75 () THF(HPLC )
2 10 x 10°m?
M, 196000 7450000
C, 001w/v%  010w/v%

GPC (Shodex gel columns KF-806L ()] uv
(UV-1575 JASCOInc.) M, My,
THF (HPLC )
(SH-75 ()

Flowrae : 1.0ml/min
Detector : UV (254 nm)

3

5% 10 %
3.3.2
Ui
200 400
24
M, 3110000
Figure3.5 3.6 My M, /

N w nn Eq (34 Eqg. (3.5
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3
M w, f

- , (3.4)

" M w, i

M n,f
_M, (3.5)

77“ Mn’i

Mwyf 30 MW, i

Mn’ . 30 Mn, i
n
n
Table 3.2 n Figure3.1
5 nol
[ O0mm 30 mm
no /=30 mm n 1
/ Kl (Figure 3.1)
Figure3.7  polydispersity !
polydispersity
polydispersity
30 polydispersity n
polydispersity
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Polydispersity, My / My [-]
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N

Table 3.2 n

[mm] 10 20 30 40 45 50

[(] 0057 0078 0.091 0.073 0.069 0.071
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=
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| | |

Figure 3.7
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Weight-average molecular weight, My, [g/mol]
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00O

O
105 ! ! ]
0 10 20 30
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Figure 3.8
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34

Number-average molecular weight, M, [g/mol]

106 T T T T T
Q =10min
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o
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° L J
10° ! ! ! ! !
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Concentration of polymer, Cp, [w/v %]
Figure 3.16
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2 3
3 OH
4.1
41.1
2
2 Table4.1
Table4.1
;W ! I+h ¥V x 10° t T Cs Cn
[kHZ] [W]  [mm] [mm] [m°] [min] [ ] [wt%o]  [wt%)]

28 300 10 50 25 65 10 0 180 30 50 0.5 20 50

-47 -
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f 28kHz
/=10 mm T Cs
T Cs
3
5% 10 %
15%
412
X GPC (Shodex gel columns KF-806L ()] uv
(UV-1575 JASCO Inc.)
THF (HPLC )
Flowrate : 1.0ml/min
Detector : UV (254 nm)
(SH-75 ()]
Eq. (4.1)
C S
=P P 4.1)
Cm Sp,std
Cp, std Cm
Sp Sp, std
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Figure 4.1 X Cs
Cs Cs 05
wt% 1.0wt% 180
54
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180
SDS (CMC) 0.2 wt% CMC
T
120 50 30



4 50
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Ll © T=30 ,Cs=1.0wt%
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Figure4.2 4.3 My, M, T Cs
Figure4.4 (polydispersity) My, | My,
T CS
polydispersity

polydispersity
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Table 4.2 Kl I3

n

Quantification of radical
/ Characteristics of the polymer
generation and shock wave

Absorbance n x My M,
[mm]

of I3[-] [-] [-] [%0] [9/moal] [g/moal]
10 0.246 0057 0.050 449 230 x 10° 7.01 x 10°

20 0095 0078 0074 175 4.03 x 10° 2.06 x 10°
30 0.094  0.091 0.085 0

40 0107  0.073 0.069 347 306 x 10° 1.27 x 10°
45 0187 0069 0.057 413 225 x 10° 7.69 x 10°

50 0.168 0.071 0065 307 319 x 10° 1.35 x 10°

4.3.2

81 Xiaetal

Figure 4.1 Kl Y
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Kruus and Patraboy %3
Eg. (4.2) (4.8)
ky
M+C —— ZROO (42)
ka
Ro® +M R.e (4.3)
k3
R, +M —— Rp+1@ (4.4)
k,
R,® +R® —~ P+ P (4.5)
R.® +R,® Porr (4.6)
ks
Ppy+C — 2R,e 4.7)
ke
Ron®+C — 2Rpe (4.8)

M C
ki
Eq (42  (48)

ks

€u

Ri

Eq. (4.9)

Pi



Eq. (413) (4.18)

4 61
d[M] ke [M] + k[P
e
_ — .| &ufa 5 ClV2[M _
p ( — j (1] @9
(M] [C]
Eq.(49) Eg. (4.10) Eq. (4.12)
ky = kg + g (4.10)
[M], —[M]
= 4.11
M, @
c:’l_y _ kg{e“kl + (k5 - eukl)y} [M ]01/2[C]1/2(1_y) (4.12)
‘ k,
y [M]o
Eq. (413)  (4.18)
kq
In —— 2R (4.13)
ki
Re +M M e (4.14)
ko
Me+M ——M e (4.15)
kg
Me+Me P+P (4.16)
ke
Me+Me P (4.17)
ktrS
Me+S —— P+Se (4.18)
In R M P
S ki
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€g

d M e k 1/2
_ [ ] — kp gd [In]l/Z[M]
dt ke +ky

(In]
Eq. (4.19)  Eq. (4.20) Eq. (4.21)
kr = ktc + ktd

M, - [M]

M,

@:kp[ﬁj - y)

ki kq ks
ks

4.4.2

(4.22)
60 ko ke

Eq. (4.22)

ke kaa  hw

Eq. (4.19)

(4.19)

(4.20)

(4.21)

(4.22)

Table4.3 Eq.

30
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30
50
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Figure4.11 13 T=30 50 80
=30
=50
0.01 mol /
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45 %

T=30
10 % 7=80 0.01
mol / L 0.1mol / L 50 %



Table 4.3

Parameters and
Value
kinetic data
k. 30 297 x 10° / min
k 50 7.36 x 10° / min
kd. 80 456 x 10°  /min
kp, 30 3300 L / (mol min)
kp, 50 7360 L / (mol min)
kp, 80 20700 L / (mol min)
ki, 20 3.00 x 10° L/ (mol min)
ki 50 386 x 10° L/ (mol min)
ke, 80 533 x 10° L/ (mol min)
eg 0.841
[In] 0.01 10 mol / L
[M]o 463 x 10*  mol/L
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4
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Figure 4.12 (T=50 )
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Conversion, y [-]

| | |

[In] =0.01 mol / L

[In] =0.1mol / L
[In] =1.0mol /L
[In] =10 moal / L

O0
ks kp
ky K
ki kg
ks ey
€u
[C]
[C] KI

Table 4.4

30

50 100 150
Reaction time [min]
Figure 4.13
10 10°
10%  10°

60 k p kt

200

(T'=80

)
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ks ks

Table4.4

Parameters and
Value
kinetic data

ks, 25 2660 L / (mol min)
ks, 30 3300 L / (mol min)
ka, 25 2.80 x 10° L/ (mol min)
ka 30 3.00 x 10° L/ (mol min)

[M]o 463 x 10*  mol/L

Table 4.4 Eq. (4.12)
Ooi and Biggs
> Ooi and Biggs
Al SDS Cs

Table 4.5 Figure 4.14 ¥

Al Figure 4.15 v
Eq. (4.12)

Table 44 4.6 ey

€g

[C]
[In] 10 mol / L

[C]

100 mol / L
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4
Table 4.5 )
Experimental f Al Cs Cm
variable [kHZ]  [W/cmf [Wt%] [Wt%]
SDS 495 0.2,05,1.0,20
20 5.0
Intensity 20.3,35.5, 49.5 1.0

Conversion, y [-]

1.0

0.8
0.6
0.4

0.2

T T T
/Experi mental result R
L O AI=203W/cm?
O AI=355W/cm?
O AI=495W/cm?
i Numerical simulation
AI=20.3W /cm?
—— AI=355W/cm?
—— AI=495W /cm?
- \_ J
| | |
0 50 100 150 200
Irradiation time, 7 [min]
Figure 4.14
(T=25 Cs= 1.0 wt%)
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4 Experimental result A
O C,=02wt%
O (C,=05wt%
O C,=10wt%
O C,=20wt%

Numerical simulation

Cs=0.2Wt%
— C,=05wt%
— Cs=1.0wt%

K— CSZZ.OWt%j

Conversion, y [-]

0 50 100 150 200
Irradiation time, ¢ [min]
Figure 4.15
(AI=495W/cm?> T=25 )
Table 4.6 ( )
Parameters and Al Cs
Value
kineticdata  [W/cm? [wtd%]
ki 25 1.00 x 10" / min
ks, 25 1.00 x 10® L/ (mol min)
eu 495 0.2 0.010
ey 49.5 05 0.025
ey 495 1.0 0.050
ey 495 2.0 0.100
[C] 20.3 1.0 41.0 mol / L
[C] 355 1.0 71.7 mol / L

[C] 495 1.0 100 mol / L
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120
100 %
Figure 4.16 y / Figure 4.17
y Cs
Eq. (4.12)
Table 44 47 Kl
I3
Q0
0.2 wt%
CMC
SDS
CMC 0.2 wt% CMC 0.2 wt%
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Conversion, y [-]

Conversion, y [-]

10 T T T

0 50 100 150 200
Irradiation time, ¢ [min]

Figure 4.16

: fExperimental result )

O [/=10mm
O [/=20mm
O [/=40mm

[=45mm
O /=50mm
Numerical simulation

[=10mm
— [=20mm
— [=40mm

[=45mm
—— /=50mm )

(T=30  Cs=1.0Wt%)

0 50 100 150 200
Irradiation time, z [min]

Figure 4.17

(E Experimental result h

O (C,=05wt%
O (C,=10wt%
O  (C,=2.0wt%
Numerical simulation
Cs=05wWt%
— Cs=1.0wt%

- - 0
K Cs 2.0wt /0/

(/=10mm T=30 )



Table 4.7 ( )
Parameters and I [+h Absorbance Cs
Value
kinetic data [mm] [mm] of I3 [-] [wt%]
k1,30 1.00 x 107 [/ min
ks 30 1.00 x 10° L/ (mol min)
ey 0.5 0.025
ey 10 0.050
ey 2.0 0.100
[C] 10 25 0.246 1.0 50.0 mol / L
[C] 20 35 0.095 10 19.3 mol / L
[C] 40 55 0.107 10 21.7 mol / L
[C] 45 60 0.187 1.0 38.0 mol / L
[C] 50 65 0.168 10 34.1 mol / L
4.5
Kl

KI n
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Table5.1

W Vx 106 T Cs Cm

Wl ImY [ ] [wie]  [wt%]

300 10 30 1.0 50

3
5% 10 %
15%
2
3
Figure5.1
Run 1 | =5mm f=28kHz 30
f=45kHz Run2 3 Run 1
| =5mm f=28kHz 30 f=45kHz

120



> 75
t[min] Runl Run 2 Run 3
0
f 128 kHz f 128 kHz
15 | @ 50mm | © 50mm
I+h: 20 mm [+h: 20 mm
30
45
f 145 kHz
60 | @ 50mm
f @45 kHz :
| 50mm [+h: 20 mm
75 I+h: 20 mm
90
105
120
Figure5.1 ( )
3
Figure 5.2
Run 4 7 f=28 kHz
| =10 mm 15 60 | =20 mm
Run8 9 Run 4 7
f=28kHz |=10mm 180 | =20
mm 180
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t[min] Run4 Run5 Run 6 Run 7 Run 8 Run 9
0 f 28 kHz
| 10 mm .
[+h: 25 mm f . 28 kHz
15 | :100nm .
. f : 28kHz
[+h: 25 mm .
| :100mm .
I+h: 25 mm f:28 kHz
30 | @ 100nm
I+h: 25 mm
45
60
75
f :28 kHz f :28 kHz
90 ) | 100mm | :200mm
f o 28 khz l+h: 25 mm | I+h: 35 mm
| @ 200mm .
. f 128 kHz
[+h: 35 mm .
105 | 200nm .
. f 128 kHz
[+h: 35 mm .
| :200mm .
I+h: 35 mm f 28 kHz
120 | @ 200nm
I+h: 35 mm
135
150
165
180
Figure 5.2 ( )
Figure 5.3
Run 10 12 f=28 kHz
| =10 mm 30 |=20mm 30mm 40 mm
Run 13 Run 10 12 f=
28kHz |1=20mm 30 mm 40 mm 180




5 77
t[min] Run10 Run 11 Run 12 Run 13 Run 14 Run 15
0
f : 28 kHz f 28 kHz f : 28kHz
15 | 10 mm | 100mm | :100mm
[+h: 25 mm [+h: 25 mm I+h: 25 mm
30
45
60
75
f 128 kHz f :28 kHz f :28 kHz
90 | @ 200nm | 300mm | 400mm
I+h: 35 mm [+h: 45 mm I+h: 55 mm
f 28 kHz f 128 kHz f 128 kHz
105 | 200mm | 300nm | :400mm
[+h: 35 mm [+h: 45 mm I+h: 55 mm
120
135
150
165
180
Figure 5.3 (
Figure 5.4 Run 16
17 f=28kHz =10 mm

| =20 mm
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| =10 mm Run18 19 Run16 17 f=28kHz
| =10 mm | =20 mm
Run 20 21 Run16 17 f=28kHz | =10mm
20 mm 180
t[min] Run 16 Run 17 Run 18 Run 19 Run 20 Run 21
0 f 28 kHz f : 28kHz
| 10 mm | :100mm
. f 128 kHz . f : 28 kHz
15 [+h: 25 mm | :100nm I+h: 25 mm | 10 mm
[+h: 25 mm I+h: 25 mm
30
45
60 f 28 kHz
| 200mm
. f 128 kHz
75 | FhE3S MM oo m
[+h: 35 mm
f :28 kHz f 128 kHz
90 . | 100mm | :200mm
f o 28 khz l+h: 25 mm | I+h: 35 mm
| :200mm .
I+h: 35 mm f : 28 kHz
105 | : 200nm
I+h: 35 mm
120
135
f 28 kHz f 128 kHz
150 | ©10 mm | 10 mm
[+h: 25 mm [+h: 25 mm
165
180
Figure5.4 ( )
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X M My 4
52
521
Figure5.1 Table 5.2
Run 2 3 0% Run 1
Run 3 f=45
kHz f =28 kHz
Run 1
Table 5.2 ( )
Characteristics of polymer
Run x My, M, My / My
[%]  [g/mol] [g/ mol] [-]
1 45 212 x 10° 935 x 10° 236
2 0
3 0
522
Figure 5.2 Run 4 9 X

Figure 5.5 Run 4 7
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Figure 5.3 Run 10 15 X
Figure 5.9 Run 10
Run 13 (I = 20 mm )
Run 12 Run 15 (I =40 mm )
Run 11 Kl
(Figure 3.1) [=20mm 30 mm 40 mm
100 T T T
80 | .
9
" 60| :
= i
2
>
5 I ]
g 40 A
= i /\ )]
]
~ v
| T &
20 | g .
I g o
0 BE —A —A . A
0 50 100 150 200
Irradiation time, t [min]
Figure 5.9 (
)
Figure 510 511 Run10 15
My Mn
Run 10 12
Run10 12

Run 11



3
=30 mm [=20mm 40 mm
Figure5.12 Run10 15 polydispersity
Run 10 12
polydispersity Run 12 180

polydispersity 3.7
polydispersity Run 11 180
polydispersity 16
polydispersity

=
o
=

oq
o
o4
Bl
A 4
M0

| |
50 100 150 200
Irradiation time, t [min]

Weight-average molecular weight, M,, [g/mol]
S
|

=
n
o

Figure5.10 (



85

=
o
<

10° -

=
o
O

o4

404 po

Number-average molecular weight, M, [g/mol]

Figure 5.11

50 100 150
Irradiation time, t [min]

(

200

Polydispersity, My / My [-]
w

Figure 5.12

| |
50 100 150
Irradiation time, t [min]

(

200




Figure5.4
Table 5.3 Run 16 17 Run 18 19
Runl6é 18 Run 16
Run 18 Run17 19
Run 17 Run 19
Table 5.3 ( )
Characteristics of polymer
Run x My, M My / My
[%]  [g/mol] [9/ mol] [-]
16 375 260 x 10° 866 x 10° 3.00
17 412 358 x 10° 121 x 10° 3.00
18 185 333 x 10° 1.63 x 10° 205
19 303 313 x 10° 977 x 10° 335
20 449 230 x 10° 701 x 10° 3.28
21 175 403 x 10° 206 x 10° 1.98
Run 16 18 Figure 5.13 Run 17
19 Figure 5.14 Run 16
20% Run 17

10 % Run 16 Run 17
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Nomenclature

Cs SDS

I+h

[M]

[M]o

Miim
Mn

TPPS
TPPS

[W/ cm]
[-]

[mol / L]
[wi%]
[w/v %]
[wi%]
[wi%]
[mol /L]
[mol /L]
[mol /L]
(b m]

(b m]

[-]

[-]

[kHZ]

[-]

[mol /L]
[L / (mol min)]
[L/ (mol min)]
[mm]
[mm]

[-]

[mol /L]
[mol /L]
[-]

[g/ mol]
[9/ mol]
[9/ mol]
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Mn ¢ 30 [g/ mol]
M, [g/ mol]
Mp [g/ mol]
M [g/ moal]
My [9/ mol]
My, f 30 [9/ mol]
My, i [g/ mol]
My / My (polydispersity) [g/ mol]
my [g/ mol]
P [-]
[P] [mol / L]
P | [
p(dp) dp [%]
R [-]
R i [-]
Rrees  TPPS []
S [-]
S [-]
S [-]
T [ ]
t [min]
v [m’]
W [W]
X [%]
y [-]
Greeks
Mn [-]
mw [-]
A [mm]
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