31

10.

11.

14,

3.11

31

31

(C18H3102, AR grade)
(K203 AR grade)
(NalOg, AR grade)
(KMnQO,,, AR grade)
( 2 04, AR grade)
(CHQ3 AR grade)
(CaHaD 2, AR grade)
(CHI0,, GC grade)
(CHa 3 AR grade)
(CFLOH, AR grade)
(QHSO, AR grade)
(CQ3D, 99.8 atom %)
(NaOH. AR grade)

(KG, AR grade)

Panreac, Spain

QRéc, New Zealand

Ajax Finechem Pty. Ltd., New Zealand
Ajax Finechem Pty. Ltd., New Zealand
QRéc, New Zealand

QRéc, New Zealand

QRéc, New Zealand

Fluka, USA

QRéc, New Zealand

QRéc, New Zealand

J.T. Baker, USA

Sigma-Aldrich, USA

Ajax Finechem Pty. Ltd., New Zealand

Ajax Finechem Pty. Ltd., New Zealand



15.

16.

17.

18.

3.1 1 (

(NaCl, AR grade)

(KH;.P04,

AR grade)

(Na2HP04.2H2D, AR grade)

(KOH, AR grade)

27

)

Loba Chemie Pvt. Ltd., India

Ajax Finechem Pty. Ltd., New Zealand

Ajax Finechem Pty. Ltd., New Zealand

Malinckrodt, USA

3.1.2 '

3.1.21 2 (Two-necked flask) 250

3.1.2.2 2 (Two-necked flask) 500

3.1.23 (Condenser)

3.1.24 (Dropper)

3.1.25 (Hot plate and magnetic stirrer)

IKA C-MAG HS 7 Germany
3.1.26 (Thermocouple  rod) IKA ETS-D5
Germany

3127 ' METTLER TOLEDO USA

3.1.2.8 Sartorius Germany

3.1.2.9 (Evaporator) Heidolph
Germany

3.1.2.10 { (Vacuum pump) Rocker 300 Taiwan

3.1.211 (Oven) Binder FD-115 Germany

3.1.2.12 (Vacuum oven) MMM Vacucell
Germany

3.1.2.13 (Magnetic bar)

3.1.2.14 (Beaker) 50 250 600



3.1.3

3.1.2.15

3.1.2.16

3.1.2.17

3.1.2.18

3.1.2.19

3.1.2.20

3.1.221

3.1.2.22

3.1.2.23

3.1.2.24

3.1.2.25

3.1.2.26

3.1.2.27

3.1.2.28

3.1.2.29

3.1.2.30

3.1.231

3.131

3.1.32

3.1.33

3.1.34

28

Dean-Stark (Dean-Stark column)

(Petri dish)

(Dropping funnel)
(Separation funnel)

(Buchner funnel)

(Suction flask) 250
(Volumetric flask) 100 1000
10 50 100

5 (Qualitative)

25

NMR (NMR tube)

Fourier transform infared spectroscopy (FTIR)
PerkinElmer FT-IR spectrum RX-, USA

Nuclear magnetic resonance spectroscopy (NMR)
Bruker 400 MHz, USA

Size exclusion chromatography (SEC) Shimadzu
LC-10A dvp, Japan

(Universal testing machine) INSTRON
3366, USA



3

3.1.35 (Dynamic mechanical analyzer, DMA)
METTLER TOLEDO DMA/SDTA861e, USA

3.1.3.6 Thermal gravimetric analysis (TG/DTA) PerkinElmer
Pyris Diamond, USA

3.1.37 Scanning electron microscope (SEM) JEOL JSM-
6480LV,Japan
3.2
5
321
3.2.2
3.23
3.24
3.25
3.3
331 0.28 (1 )
0.41 3 ) 171 8
) 0.02 (0.13 ) 400
2 500
3.3.2 2
, 40
20

333 10 100



334 100
1
3.35
3.36
3.3.7 40
3.38
3.4
(3.2)
(% acid yield) = R x 100
m aj
M ar
MA1
3.5
351 30.00 (0]
14.68 (0.16 ) 2
35.2 2
120

.16
250

)

30

(3.1)

30



3.5.3

354

3.5.5

3.5.6

3.5.7

3.5.8

3.59

3.6

1.0:1.0

1.5:1.0

M a,f

91

130

1.6:1.0
9.79

(% Acid conversion) =

.11

31

120 24
2
40
3.5.1-35.7
140
3.5.1-3.5.7
) 9.14 (0.10 )
140
(3.2
Mas ~-MAJ .
xioo 3.2
M as



(33)  (34)

C ' ' (Ms)

(% Prepolymer yield)

3.7
1
Size exclusion chromatography (SEC)
Japan 40
1 :
3.8
PerkinElmer FTIR spectrum one RX

1 KBr pellet

USA

32

m a s + m gs (3.3)
77 A-X100 (3.4)
Ms

Shimadzu LC-10A

(FTIR)
400-4000
16



3.9
30
(NMR) Bruker USA
(TMS) chemical shift 0.00
(ppm) ("H-NMR)
400 (,3C-NMR)
100

(Degree of substitution, DSag
(35) (3.9 [23]

% =1 1Xioo (3.5)

1,2 + Li13+Tg+Den

"2
20 = X100 (36)
Lj2+ L]s+ Tg+ Den
"3 .
Li/l/» . X100 (3.7)
Lj2+ L, s+ Tg + Den
Den .
Den% = *X100 (3.8
L,, +Ljs+ T + Den
DSag= (1,2%+2+ L13%+2+Tg% 4 Den%+3)/100  (3.9)
Tg Terminal
L] 2 Linear 1



Den

Tg%

L, 2%

Lu %

Den%

DSan

3.10

10x10

140

3.11

USA

(Universal testing machine)

10

24

48

40

Linear

Dendritic

Terminal

Linear

Linear

Dendritic

25

30

ISO/DIS 37-2011 type 2

50

INSTRON

3366

23

34



3.12
I
Electronic densimeter Mirage MD-200S Japan 5
3.13
10x10
2
' 10 24
40
(3.10)
(3.11) [14]
(m,-m 3)
Q= IM' 3 *100% (3.10)
M2-mJ
R- - M /3 X100% (3.11)
M,
M2 THF
M3 1 ' THF 24
Q

R THF



(Crosslinking density)
Flory-Rehner
network (3.12) (3.15) [12]
(Flory-Huggins parameter)
0.24

1 (- 2H)2rXu2
~2 (22)- 3

M2-M3 p2 1

L1+ (= g )]

3RT

E I (- 2)+ 2+X2

3RT =2 V,(( 2/12)-vf)

«

parameter)

P2

(Young’s modulus)

Tetra-functional affine

(3.12)

(3.13)

(3.14)

(3.15)

(Flory-Huggins

R (Universal gas constant)



314

10x10 2
Dynamic mechanical analyzer (DMA) METTLER TOLEDO DMA/SDTA861e

USA shear -80 100 2

10
3.15
Thermal gravimetric analyzer (TGA) PerkinElmer Pyris
Diamond 10
40 1000 10
50

(Activation energy for decomposition, E,)
Horowiiz Metzger [24] Et
(3.16) - (3.18)

E.0
Infin(1- a)” |= — 3.16
| Bwppen (3.16)
M, -M
(3.17)
M, -Mp
0=T-T, (3.18)
a (Decomposed factor)

R (Universal gas constant)



T iz X
T
M
M,
Mp
3.16
[22]
pH 2 7.2 11.5
10x10 2
10
30
5
40
pH 7.2
0.2
0.2
pH 11.5
0.09 1,000
(m ,-Mp)
Moo= F X100
M,

M %

Mp

(PBS)
37
10
8
1.15
1,000
7.10
(3.19)
(319

38



3.17

140
24

3.18

microscope, SEM)

(Degradation rate)

[18]
y=mx+c
(Half-life)
PBS y =05
[18]
[22]
45 pH 75
01 M pH 1
1.0:1.0
14 140
ISO/DIS 37-2011 type 2
pH 2 6
5x5
(Scanning electron

JEOL  JSM-6480LV Japan 15
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