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Hydrophilic
polymer
chains.

Cross-links
between chains
prevent ‘infinite’

swelling.

The dissociated sodium
carboxylate groups increase
osmotic pressure in the gel

Electrical neutrality is
maintained because sodium

Repulsion between ions are trapped in the gel.

negative charges
expands polymer coils.

Figure 1. The swelling mechanism of SAPs [36].
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Te 5%, ¥ 2E+= 60 Td W, AFFTes oF 1147 g/g, 09
wt% AT FTFES F 115 g/go 2 YErwTh

a2 fex= FALS FAEARE e dEES AR AtdlER v
EAQ8A Y. Zhang 5 AA, KPS 7JA1A|, triallylammonium chloride
7PuAE ARgEte] AEFFAE FAE AxSAT [38]. &vl thH] AA9]
FFe 30 wt%, AA F=F diH] KPS /MAIAIS] e 017 wt%, AA
sheF div] 7haAl o] e 014 wt%, AAS T3 e 7
ek 200 C FZelA FAsA oF 841 g/gel AFHFFES EATH 1
wt% AT FFE2 300 T =70 A 74 g/gel ATt

Sunitha & methacrylic acid, sodium methacrylate, acrylonitrile<
et aFFAd FAE AxsAT [39] ArFaes 350-990 g/g,
< 60-130 g/ge o, 09 wt% EF % 6200

Pa &3 ZAdo A 7}HE 4% (absorbency under load)e] 11-20 g/gl. &

o
w
g
X
jui®s
oy
ool
¥
olf

Sharma®} Madras© ol @ZFA 2 [2-(methacryloyloxy) ethyl]

trimethylammonium chloride®} t s 7luA| & &85t 1§44 5



\)k Vk \)k/\)v

acrylic acid acrylamide

l
b ead
N N e N b
¢

N,N'-methylenebisacrylamide

Figure 2. Reaction scheme of the poly(AA-co-AM) SAP synthesis.
The polymer network of the hydrogel contains covalent crosslinks (a)

and anionic carboxylate groups (b) [9].
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A& AZ3}AFT [40]. 1 FoA A E trimethylol propane triacrylate 7}

AE AHEde W, AFrEFree] Hd 730 g/gs H =3 Congo

red, Amido black, Alizarin cyanine green 929 FZ& A= on
A K2

(equilibrium adsorption capacity)®] YEFyET}.

Cipriano &2 7]AA Addo] 53 ngFA FAE A=A

g2 gdsA 7tuAdls 9X &3, oA FEA|Ql sodium acrylate
£ F7tste] gdZd @S A=l ol#FA Alxd ade Ax =
Aol A ol 1350%7FA] Aol 7heqew, AwrFas oF 3000 g/g
S Ueblth 23 58 AEdAR HW 400%7HA Aol 7hes dn
Gongalves < 588 15T AH FAE HHL=Z AA, potassium
acrylate, N-isopropyl acrylamide, sulfopropyl methacrylate potassium
salts 9=EA 2 AF83ar, bis2-(methacryloyloxy)ethyl]l phosphate 7}
wA et KPS WAIAIE AR&ste] @tz T8-S advk [42]. of2] 7HA]
o] ¥ =71 FolA AA® sulfopropyl methacrylate potassium salt T
Aol e =83 brisl2-(methacryloyloxy)ethyl] phosphate 7}xlA| 2]
Fe =9 W, AFFTee Hd 2618 g/golAth E=E Hojo &

TS UEd 31E&5 FAe gigte] EY B4y gE o] 84 (urea)
g 52 Table 17 o] Ay sttt
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Table 1. The various SAPs prepared by radical polymerization.

Materials Properties Ref.
- SAP addition to cements
— Purpose: prevention of autogenous
AA, AM shrinkage (volume decrease of cement by (4]
44
(commercial) hydration [43]) for high performance
concretes
- Water absorbency: 475 g/g
- SAP addition to cements
AA, AM
— Purpose: reducing the groundwater flow [45]
(commercial)
through the crack in concretes
- Purpose: self-sealing of the crack in
AA, AM,
mortars [46]
APS, MBA
- Water absorbency in pH 12: 450 g/g
- Equilibrium adsorption capacity of Cu(II):
AA, 24391 mg/g
[47]
APS, MBA | - Recycle property
- Water absorbency: 97.93 g/g
AA, AM, |- Water absorbency: 125.0 g/g -
9
MBA - Saline absorbency: 62.7 g/g

- 12 - 7]



2212 B& WA g% 12 T R 7t

Hicyilmaz < AFstehdl T2 o] &3sto] a5 FAE A3
t} [10]. 2-acrylamido-2-methylpropane sulfonic acid(AMPS) sodium
salt ©=A, MBA 7Fx A, N,N,N’ N ~tetramethylenediamine(TEMED)
AAAL APS HAIAE AR&tRdTh ol FAl 1A o2 A9 aAle A
ol d 2 AU E F(sodium hypochlorite) A #& sl AAHES N-H 2%
-Cl 2tz ASANFHAY. 94 A Add= AFHFTee

Chen %<& HAald w#AQl methacryloxyethyl dimethyloctane
ammonium trifluoromethanesulfonimide® X4 A4 ©ZAl

dodecyl acrylate®] AR T8 B 7kl WhgS F& 7] & FA
A
-

F71 go] How, o2 1gEe] dduA ANH nEFY F

s A
S5 §4 4 3L, 1,2-dichloroethane¥} dichloromethane2] 7
= 2H7F 1994 g/g3 204 g/gol &57F 7hs T
Kovadice} Silversteine AMPS @ HAE 7|Hlo =z

AzxstAd [12]. ol Fsd= o83, &4, MBA 7k
Al, APS ZAAA, AW A7 A= 8 e EFAEs ol A
org =l O/W dHlel A o H A (high internal phase emulsion)S
A9ttt 1 Ho| TEMED A& H71ste] nEAE dAAL. 1

G AT AREF0l A 338 glg, AT 28 FrR0 A 90

_13_



&\\ 2—butanone/ j

T "
— e

Figure 3. Digital pictures of lipophilic polyelectrolyte gels before and

after swelling in 2-butanone for 2 days [11].



g/g ollom, T3 AEHd AEolAE 60% 95 WEol A &

Mahida®} Patel2 inverse microemulsion polymerizations ©]-& 3} ¢]
poly(NIPAAm/AA/N-allylisatin) o] 2}+= Y= JH S 1FTH TAE
A %38+ [48]. Az FHL WA  sodium bis(2-ethylhexyl)
sulfosuccinate® =7 Mol FH7bsto] A4 =3 dfol wwkskRlar, o] 9t
ZAlo]  N-isopropylacrylamide, AA, N-allylisatin +8&HS W=
ool = EAMSE @7 ddl F8&ASs EFdd A Hojrmu A
W/O microemulsions A HT. 28|31 7FuAQl  ethylene glycol
dimethacrylate®} EH &4 7§AAQ] azobisisobutyronitriles % 7138} ¢
TEAE 4S F AT dFRES FdE 2AE T A A
AAZA Q¥ mgow As(V)9h Cd(I) Fw& ol A7

alLR
Stk AFESESE o 300 g/gelflom, 271 1000 ppme] = ol



Jiang# Zhaov= AA/AM T HA Ax A #&E2Q kaolin clays
HA7retel E4% &Y AFE s AT, 53 FE H7 o)del 09
wt% AT FTso] F 115 g/gol e, kaolin claye] H7F2 A5 &
F50] 189 g/go = AAE AT [371.

Qi <2 AA, AMPSY A< HE F=<2 attapulgiteZ} 533}
g 1FFAH FAE Axddy (0l Axd nFFAH FAE pHIF
6.1-7.0¢ wl, 09 wt% A5 FFFol oF 50 g/gol Atk HE Al

S Z7e M Na', CI #%+ olygl K', NH,', Mg*, Ca®, Ba*', A’
o] theFsk kol 23 Br, NO;, I, SO, CO% ¢ theFgh So]2 x719|
A EESS 2489, 9-57 g/gd FFS e

Zhong &< AAE THste] AFFA FAE Alxzshs A At

jas

ol MBA 7luAl HA7FE Zo 2 i, MBA tiild dasA 7}

FAS Az} [61]. Figure 49 2o] A AAE B AR, A
=4, 3 H5Es B yx=dAY o] 0.7 wted W, Yx=HAS
3 7% 370 kPa¥t Iy A% 2200%°] -3 71AA AT gEo

T FJHY 15T FA Eol 2HEW, Ayt dojuHAl gel
o Figure 59} #o], A3t meba = gel bed9]
A% WA 548 F57F dojua] AEo] AR FAH, dAHo=

2A FEA P ol#d A4S gel blockingolgt sk, FH 7}



- T

~800 in DI water -150 in Saline

Figure 4. Swelling behavior of the gels; (a) photographs of the highly
swelled gels in deionized water(about 800 g/g) and (b) saline(about
150 g/g), respectively; (c) photograph of the swollen hydrogel

(swelling ratio=100) and (d) it can be stretched for 5 times as initial

length [51].
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Unireated particles Surface cross-linked particles
Solution blocked Solution flows

Uncontrolled Swelling / Gel Blocking Controlled Swelling / High Permeability
Figure 5. Schematic representation of the swelling and flow of
aqueous solutions through the (left) uncrosslinked and (right)

surface—crosslinked superabsorbent polymer particles in the gel bed

[14].
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Sto G A|A| il BFS & X5kl HE™, air pockete] PFH o= <l
d =9 s5Y S5 u d&A v [14]
Moini 52 AA¢%} polyethylene glycol diacrylate(PEGDA) 7FulA] &

ol &sto] ALFFAH FAE AxdtaL, FIHHOR oAM=} Eo FAM]
7F 912l g&H e 3-[(2,3-epoxypropoxy)-propyl]-trimethoxysilanes =
oA LEFFA FA £ MES A=stdnt 62l 1 AdE AFFF
T2 268 g/goll A 189 g/go® FAastiou, A A (A

< 1990 PacllA 2790 Pa= FA=ow, T3 7MhEFTs2 18 g/gel

A 30 g/go 2 FE AT

4 BAE, G)

= AFTAR FAE AxsEAT [63]. WA ol YA whEEA|o] APSe}

TEMED 7HAJAl, PEGDA 7FuAlS o] &38te] iFA A= Alx383]

a1, o] %ol cetyltrimethylammonium bromideE o &+-&/% &g o =

oA FHMES A=A HFT A= ArTeS A 280 g/g

ol 7FtET e FW Mol ol 14 g/gollA 24 g/gle® st

At Azx" 2EFFAH FAY HAYAFE(minimum  inhibition
o 71

, Hd 11IARE Sk Bt gole] A

2

4 mge] L

A AT = AoZ e

concentration)+:

IPN 2= o A9 Ex 7H e Adl 2Ase] 2eak 34
TR ME Y JHE FI [15] 53 aFsA A 7

A AEE FI/HA7EY 2SS FE Ao dyA 9t [A4]. IPNS

g N ERT HEe FANY FE AT, A2E 4L old
FE gtk obelel AT AHIES FA AgHn
_ 19 _



Hong &+ semi-IPN %9 1FFA Hxeid2AS A [55]
WA TgA SAfo] =(graphene oxide, GO)E octadecylamine # 2] =2 7l
A, A9 AM¥ MBAE Z @9 ¥ #l =2 Z(poly(ethylene glycol))
TE&gANA A =
APS JNATAIE ¥l L&A AbEe] AolE w3len, HF4 o2 NaOH
A e o] AAES AUt Az JeEB3AL GO o] 5

wtod ®f, AEes Al 441 g/gs B 53] A4 GO A

Prabhakar®}t Kumare 29419 IPN JFAS E3 Zgoldd
(polyaniline)o] &3 ¥ e A5FH FAE AT [66]. WA

Qurel el Fqel oJsl AA Jlwe] nEFY FAE Az

ZF3to] 7t ®E wrEYh pHZE 2, 69, 119 w, Z+z S5 o] o
15 g/g, °F 30 g/g, &F 60 g/go= YEltomn ZEgolddel shafo] 2

wt%d w, 3.71 mS/cme] A7 AEEE H AT

- 20 - 3 7 ) -1 ]
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231 A%
AR ARG Aragel g dFoln, dgE A4E gmay
om FAE opERe

B ozt dE2 A48 a-(1—4) glucose unit
(amylose)?t A8 a-(1—4) glucose unit @ A7} A+ a-(1—6)
glucose unite] o] A= obE Z ¥ ® (amylopectin) &= 74 Hth
[29]. AE2] FFHIFFHZ2 2~ @¥(anhydroglucose unit, AGU) FE+=
e vgdiel mle] desky, A7 vl B2 A wEel gy =
ol oJgt ZLep g Ao lojA o] o] Bt [59].

T8 At ES BEW, Zhang 52 10 MeVY A 1 £ALS 3 71
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starch-g-poly(sodium acrylate) matrix

Figure 6. Proposed pathway for the synthesis of the starch—g-—poly

(sodium acrylate) matrix [60].
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Table 2. The various SAPs prepared by copolymerization of starch

and synthetic polymers.

Materials Properties Ref.

Starch, AA, | - Drug loading by alginate solution

MBA, APS, | - Water absorbency: 45 g/g [64]
Alginate - pH sensitivity

- Inverse suspension polymerization

Starch, AA,

- 10 wt% zeolite addition
MBA, KPS, [65]
Water absorbency: 655 g/g

Zeolite
- Saline absorbency: 75 g/g
Starch, AA,
MBA, KPS, | - 10 wt% cellulose nanowhiskers addition
Cellulose - Water absorbency: 481 g/g %)
nanowhiskers
Starch, AA, | - Porogen: sodium bicarbonate
AMPS, MBA, | - High porosity
Sodium - Water absorbency: 1878 g/g %)
bicarbonate | - Saline absorbency: 119 g/g

— Internal coating by ethyl cellulose

Starch, AM,
- External coating by starch/AM
MBA, [67]
- Water absorbency: 126.4 g/g
Ethyl cellulose
- Fertilizer release property

- 24 - 7]



2.3.2 CMC
= ez 2 2 3A)7] =
Ao, Fol9 84 Edolty CMCE =2 HEE 2Hal QoA A
A, AFE, AA D AT ARl del AHgEE =dolnt (26, 271 =739
!

[e) = = 2

t2EB 47 dge AEZoAE HheAo] 3 EHE WEI E S
3}

=

N
ko

K

Azstar (68l BoHe PET + Ax 2A2A BEH] A8 A

Z+ & (potassium nitrate)S =2 e ATt AlTS AT A
28 1574 FAE 190 g/gd AFSTss 2o, 7de A4 #
Eo] AMAE WEEE AS gl

Dai®} Huang< 32lelZE AAZEH Fost CMCe #E2 4%
carclazyteE &3 Fo] AA/AM FAZ 18tz H Y] 11GFA
TFAE Az [69]. FE HEF3e TR AFETeS 42017 g/g
o /] 51524 g/go 2 FAEHIJ oM 09 wt¥ BT ST 28.03 g/gol

A 3789 g/ge2 gk =3 24 Triton X-100 &R M= =
= F55°l UEUA EYG BEAy o2 F3 SRR LS B
t}.

Wang 52 GO AE7F H7FE CMC/AA F5&AE Azt [701.

HAo 20 AA 72 g& 7|22 MBA 7l A 0.05 wt%, CMC 12
wt%, GO 0.6 wt%, AA T3% 80%FoH, A5 09 wtd ¢
T oY HAdigke 747 750 g/gyt 85 g/gel Atk Ed GO HIUME
A7 ARG 21 FolAE ES FXEE AT 10-20% % T

718kt

_25_



Sung 5 CMCel ole] @& ARES £@stel #3422 Axsg

o} [71]. &4 A5=2= GO, ¥ GO, &Aders 72 AH8319 3, =
sl WAl = o ¥ F & &3] =W (epichlorohydrin, ECH) 7FuA|ES AF&

e 2uAel g TR MBA FwAE AEHUA A W 24}

AR &9 FHAME GOE A& A gel AHF
B}

[0

Zhang &< frontal polymerizations ©] 83t AA, CMC, =522 24}
o] E(montmorillonite, MMT) 7|5¥+e] g4 FAE A=A [72].
Frontal polymerization< YRFAS & T3 = t=24 whs Hxo &

ol THE™, Wkg ApAlo] o3 A WEo]l d EHEY 27 W&o, &

Z7F FAEHEA, te]oll EFI =o] A 344 f T
B¢ & (water holding capacity)e] 4= 7FA Sk Az o

a
Za Bl 524% 0w B SEe] FEEHAH CMC o9 te 4

ER2 FEAESS ol &dte LEFH FAE AT AEHELS Table

G715 AxFAdAA FHE  vdFeolw, 1-4-linked B-D-
mannuronic acid®] M block®} LA 2] c-5-epimer, a-L-guluronic acid

9] G blocke.2 FAE 0] ot} [57]. Ca™ e} 22 27he] ol 24
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Table 3. The various SAPs prepared by copolymerization of cellulose

derivatives and synthetic polymers.

Materials Properties Ref.
- Cellulose modification by 3—-chloro—-2-
hydroxypropyltrimethylammonium chloride:
Quaternized quaternized cellulose preparation
cellulose, | — Crosslinking by ECH [74]
ECH - Water absorbency: 9839 g/g
— Cell viability: 80%
- Antibacterial property
- Photopolymerization of AA
- Crosslinking by maleylated cotton stalk
Maleylated cellulose
cotton stalk | - Water absorbency: 1100 g/g 75
cellulose, | — Saline absorbency: 125 g/g
AA - High water retention in soils
- Biodegradation: 50 wt% decrease after
120 days
- Radical polymerization
Wheat
- Semi-IPN structure by poly(vinyl alcohol)
straw
(PVA)
cellulose,
AA - Water absorbency: 1985 g/g [15]
’ - Saline absorbency: 26.3 g/g
MBA,
- High water retention in soils
PVA

- Fertilizer release property
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Table 3. (continued).

Materials Properties Ref.
- AA grafting onto hemicellulose
Hemicellulose, | - Semi—-IPN structure by partially
AA, phosphorylated PVA
MBA, - Increasing of thermal and mechanical [76]
KPS, properties
PVA - Water absorbency: 1085 g/g
- Saline absorbency: 87 g/g
CMC,
- Butyl acrylate grafting onto CMC
Butyl acrylate,
— Increasing gel strength
AA, [77]
- Water absorbency: 554 g/g
MBA,
- Saline absorbency: 96 g/g
APS
HEC, - AA grafting onto hydroxyethyl cellulose
AA, (HEC)
MBA, - Addition of diatomite [78]
APS, - Water absorbency: 1174.85 g/g
Diatomite - Saline absorbency: 99.55 g/g
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ethylene blueE AAT HH o=z &
Oz S8 o] &3 Ay AASl Zgt=® Ao titanium oxide:
A7vete]l g FAE AU (19 ArEFTee W 41298
g/gollom H3F TS 2257.36 mg/gS H AT

Rashidzadeh®} Olad= €714F AA, AM, MMTZE in-situ <% W2
o2 aFsd FAE Az [80] H7hE MBA ZhaiA| e <ol
0.75 wt%sd W, 3972 g/g® AFFToo HASH, MMTY <ol w
Hol 460.016 g/g7A] AHrEFTes FHAAG. T EoA] 3049
A vz WEHFS AA UY] 6069%7HA =EF F AAI, ES BF

e L3 30l AA Hx vl 78.09%7FA A8t

R

Gharekhani 52 <712F AA, AMES AME3 agxZE FF3HA| 9
rice husk ash®& &33st 1554 A5 AxsI [81]. EdA=

HElo] 185 A= 2892 Fe Ao AHFITSFES v usgS
830 g/goll A 1070 g/go= Aol FAFHATH 09 wt I+ 09
psi 219 7M4ETs HIAE Hgsz Qlal 3589 g/gellA 80.8

B goled ARBAAZ AE dFH RFRA FAE Azt
=

[82]. A=A =12 A $=7F 1.92 mMY Wi, 7+
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2.3.4 7| E4E

7|EARS 7]®(chitin)®] EolAldstE  mtEolxl  fFEAelH, D-
glucosamine¥} N-acetyl-D-glucosamine®. & A% o] it} [68]. v
7 ol whgA o] Hojd ofl Y7 EAgitk= A wjitel 3t 7kl
of lojA tE IRt o|Fle] 3l

AA FAHoR JEA/AA 1A FAE AxsA Y [83]. Oil bathol
WS- 5 MdAste] X E4F o 7|EAFS &3]A] 712, HH 3] NaOH
2 B8 F3AZ AAE HI7Fse €@ A 71 EAF ol AA T}

28R47] Afols] WAL WSol Yol Awrk FYHAL FEE

89% %o, AfFFee 644 g/go = HEIETH
Ferfera-Harrar &2 7|E4t3 AMO] 12 E A olA MMT 2
S g2 3 1FFA FAE AxEA [84]. AxE nFTFA S
3]

A= MMT7F etg]d delo] ga3d 25 Hdor, 5 wt%e MMT

.

(o]
oo
ol
olr
rlo

TAE Azt [8B5] 3 A5 } 390 g/g, 39.5
g/gS YT =3 24-Z4E (potassium dihydrogen phosphate)® 2
AP R (ammonium  nitrate) = LT FA o] FAStY EF H4A
249 Aee Fedtds=d, Ho 28] Ax M3 Zo] WEFHJL
W, Hlg A Hd 60 2A °F 80%7F WEHATE 1 & AHEE
& Table 4%} zFo] A akqith.
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Table 4. The various SAPs prepared by copolymerization of chitosan
and synthetic polymers.
Materials Properties Ref.
Chitosan, | - Chtiosan-g-AA/rice husk ash composites
AA, - Water absorbency: 25 g/g 1561
36
MBA, - Methylene blue adsorption: 1450-1950 mg/g
KPS, - Recycle property
Quaternary
- Copolymerization of quaternary ammonium
ammonium
chitosan and AA/AM
chitosan,
- Water absorbency: 750 g/g [87]
AA,
- Saline absorbency: 88 g/g
MBA,
- Antibacterial property
KPS,
— Copolymerization of carboxymethyl chitosan
Carboxy
and AA
methyl
- Water absorbency: 1000 g/g [88]
chitosan,
- Rapid hemostasis
AA
- Applications to wound dressing
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235 718 937

Chandrika %< persulfate-TEMEDY #4313t S¢S o] 8359
guar gum¥} AA° IFELE FFTHFS A|EsATE [89]. H3F foam
stabiliser®} porogens °]-&% $x2 A4S Tl LeFFE FAA H
s Ttz stk vEAdel e Alss Wao] AFE F9
a7 Au= oF 80 g/gs v ¥ WA AfreTes Eiou, o

B AEE A7 whell oF 160 g/gel AFEFTE Btk EE pHel

ato] 232 g/gol Frse HIATH

Feng &< xanthan gum, AA, APS 7§A|Al, MBA 7}x At ¢ 59
loess claysE 33 1554 A& AxsHATE [90]. Loess clay©l
kol 2 wtd W, Hdl 610 g/gd AFEFTFeS HJoH, pH 5-10
Helol A F50] A WstsbA] skt

Shen 5<& t3d#F<l tara gum¥ AAQ I#ZE FTIAE A=
o polyquaternium-7 v AE FASFAT [91]. Tara gum 1 g HH]
A7 05 g FAEAS wW, 7IAA, 24 =4d0] FEEAT. o9
HEo] ArFTs3 09 wt% 4
ow FME At o) et

= At

o r
o
¥
olf
rlo
s
s
ﬂ
—_
DO
=
S
o))
%)
=
ije}
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G, AdgtE S ol gste] AdE HHA pH Aol = e A
& F3AS AxFAT [20]. A K9 Ca¥' s o] &3 5814 Ao
2 AZHAoh pHY Aol o s BE A5 Ao, Ao
T2 AbskE dAE s W Hdigho] 154 2
g = Atk Maciel¥t Ferreirat® 7] B4R jota-7FEH 7] HH(-
carrageenan)®| E# 4 ZA3S ©o]&3lo] polyelectrolyte complex& A%
stom, §4%5 pH 8 oA oF 23 g/gs EAH [94]. Costa &
< g% F®l(pectin)/7| EAY & MMT7F #7td Y534

|

= 2 Yol I EAT} So]2A
o] o] ArtE &Sk AdH JEAS 129 &= 58}
MMTE 2.0%%E H7FS w, AF3550] oF 90 g/g= HAth

WA 2AHE EE bW w3 TR BFOR As) wol o] 5%

)
o,

=1

t}. Fekete %<& 4709 AEEQo~A FEAES(CMC, MC(methyl
cellulose), HEC, HPC(hydroxypropyl cellulose))S thAto =z WAA =%
AVg el FEAE A7y AU e A= [21] 1 AdE

& F BAE VFlE AfFHFTEe]l CMC 2060 g/g, HEC 1129
g/g, MC 258 g/g, HPC 22.1 g/go.2 Yetyth 2 £&2 F53 vt
el A ®melon CMCE 30-40%9 2 B85 Hrh HS=3 W
Ao ARy CMCE 7FuAZl Aol A, iz CMCe T3 vl&
o] 3ul7d ul, °F 350 g/ge] AFTTFEH F 55%9 A F&S UEY
t} [96]. El-Naggari= CMCe} <7AHS ®IAPA ZALZ 7ML E A A A

Fa4 FAS AW A4S AZFAT 97l CMCSF B4e] 3ol 1
1Y ), AFEFSol o 70 g/ge Bow, A e oF 60%AT
w3 Cu¥, Co¥, NPl diste] §3 45 Helshar

719 A mEA AD 1E&FAH A7 MBA 7FuAlE Wol o] &



r}

, B BEA "Eel ®ol o

o] ZtalA|Eo] o] &FH U
71913 CMC

A<

=

=

o], i Aol &2 Ab

7}

]

A

PN
T

_*oﬁ.,u
B!

s

AT

o] -&
Feell A CMCe

=
=

B Tang 52

=
=

A AbE

Epabas

AHE- 3T 98],

=

=

ECH
:[L

T

T

SES R N

o
s 2 W

5_]__

=8 #7

j=2]
=

9]

Ho

(ox]
=i

e
AfE S

[e)

=

1300 g/g
3} A

Ik [99].
E e 31277 mg/go] AT},

ok
21

LHERH T

°©

A Z

[e)

=
[e)

] O
Pt [22]. A

A

O]

[}

3

A Z

_35_

T2 ¢F 150 g/g
Direct Red 80 &5 A A

R=]

o

T

sol= bzl 525

=
¢}

5

127F kol 1250 g/g& WIATH
ool Ade)

ZFehe

T
T

i

kel

. 0.1 mol/L &<

Ngwabebhoh
%
Narayanan &< 7|&

A



ddslol=2 FAoR2 O EAS Qosta, o]E &3 AdAE Ay s
A gk
2421 AE gy dlel= EXF &

AR g slolms Q] AERUT 5ol Z71stl. Veelaert 59

Wongsagon 52 E}9] 27} A2 dosto]l=of dlste] HT} AlZ=29)

Mo stglth [100]. AR ddslo)=e 2 ENO A x}FALLD SR A

Hm
mlo

¥ (differential scanning calorimetry, DSC)<S %3] #4394, <H3
ol7] A=t FItETE Ao 39t #- ¥ endothermic pattern

ol olEatAtt oA 23 = & =Tt e As 7hE7Iv, o

_—

A
3 enthalpy: AT 7o wel A ZAasgdsd, oA 244
TE27F AAEA AR dATE m=d 2

Q.
Harioh me AR Qrjstol=o] Wad A elagon, o AL
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TS B 2R #4ATS 2189 th Dimethyl sulfoxide

(DMSO) &vjE o]8&3te] 1-f A XE(intrinsic viscosity)S =43t A}

Abol = AFH(glycosidic bond)e] A HA] HzlgFo] 7HAaxE= oz 2
A8

Mathew®} Adlercreutz= #AF ol 22,6,6-tetramethylpiperidine-
1-oxy(TEMPO) A& & 3fo] AtstE A zlow, oy 7Hx] 545 &9l

sttt [102]. A& TEMPO A& & stA4 9, F53F39 2~ 189
6 B YA A7 dHstel=E AAH HIEHoR =25 A4

FE7F € [103]. TEMPO A& & 3 4bst A2 et 4bsh A2
=

g $% 5¥g Ylekdsn, 48 Are B 299 /1§ §4 59

2 GAEUtE, a9@ olfs AsE ANWA A
ghelo] ofal A7) wlEow WAsar,

A st =E o] &3k o 7 AESs shalth AW dEstel =
S FHAES BEAZE W oY Ao dHdow AFES AxT
T AT [104, 105]. 53] ddlsfo]=s} ofwl Apolo] Age v A



mJ

o Schiff base reactions ©| &3t 7lwE Eo] A|EdIH o,
EANS AAIAA A3 E [106], Aoty AA A A 23 vf
=

28E o] 1 9ol [107]. &= W= A Afol A= polyvinylamine

0o}
o
~
=
I

I+ 23} [108] N-succinyl chitosan

ol

7} AFAAA doxorubicing W&

¥ AFAAA curcumines WEStE Aol [109] ow, A=A A4
S AAsIStE AR E o] &St 5 [25], AH AE Ldsto]l = st
AFEol Eoue FAot

A FARAY A &

-0
ol
3,
o

Mu &< AZoA i ddste]l=e} ZeS 23 A7 cryogels
Azttt [24]. A& gdstel=& H7bsrel Wl cryogelol Al ©H &
9] denaturation ==& FSA7lE 237F AR, AFIFTeS F

g 32 g/gs HAUTE TS cryogelS A HEAIAA £ WS

Ghasemzadeh 5<& 7|4k 27} 71alE o] &5to] oA 4S A%
SEE T [110]. 71EAMS] 47 dF-E dHstol =7

=2
rieke] kS-S olgs AVE vhuE & 4 AT FrrHem A4l
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Cellulose aldehyde

HO N, COOH
. : Cellulose-chitosan crosslinked
Chitosan
superabsorbent

Figure 7. The crosslinking reaction between cellulose aldehydes and

chitosan [111].
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AbEetd T S A #A dE2 Samchun Pure Chemical, Co.,
Ltd.(Pyeongtaek, Korea)oll Al Fuistiaz, & HAEL  Sigma-Aldrich,
Co., Ltd.(St Louis, MO, USA)°l A ufstdth. o] ofd = e 2~ ok
Alxkel oA, dlErE, FASIUER, ofAEAES Samchun  Pure
Chemical, Co., Ltd.(Pyeongtaek, Korea)oll A, o}o] 2 H-o}lo] e d3Z&
(I,-KI) &2 gHeF7dAatel A vl sk At

o] Atz FA Agd FQoAUEFH WEHLe BE
Samchun Pure Chemical, Co., Ltd.(Pyeongtaek, Korea)oll A vl 3} 4t}

A ddslol=e] 54 Ao ol8&¥ #4F2 Junsei Chemical, Co.,

2
M

Ltd.(Tokyo, Japan)ol4], DMSO+= Samchun Pure Chemical, Co.,
Ltd.(Pyeongtaek, Korea)oll A F+wj&}9lal, FABIVE RS A Ho] ol g
Q2 FheF AlGtel o] &3 A FAEAY. aFFH FAE A X8
s 2= 90,0002] CMC+= Sigma-Aldrich, Co., Ltd.(St Louis, MO,
USA)°l A Tl 3k AL, A 700,000<] CMC+= Acros
Organics(Belgium, WI, USA)ol A Fujsltgth. Sz AFE3E e A

B gustel=o] 54 B o] g% A3t SUsch
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Azdon v 74
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Table 5. The ingredient compositions that were used to prepare

starch aldehydes.

Source of NalO4/AGU of starch Processing

Sample ID
starch (molar ratio) method
TCO Corn 0
TC10 Corn 1/3
TC20 Corn 2/3
TC30 Corn 3/3
TPO Potato 0
TP10 Potato 1/3
TP20 Potato 9/3 heterogeneous
TP30 Potato 3/3
TWO Wheat 0
TWI10 Wheat 1/3
TW20 Wheat 2/3
TW30 Wheat 3/3
MCO Corn 0
MC10 Corn 1/3
MC20 Corn 2/3
MC30 Corn 3/3
MPO Potato 0
MP10 Potato 1/3
homogeneous
MP20 Potato 2/3
MP30 Potato 3/3
MWO Wheat 0
MW10 Wheat 1/3
MW20 Wheat 2/3
MW30 Wheat 3/3
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SR feEe Hiws Aol 72 wAe AAEela, 7 E
2A1%E Sample ID+= Table 69 YEeERHAT. ZHE 7|71E& AFE&3SE +%
A el EE Aol tisto] A A H(SANPLY DRY KEEPER,
SANPLATEC Corp., Osaka, Japan)oll 4] 24A]17F &<t AZXA At}

Ao Sk Gujstel =R ABHQEA, AR destol =g

CMC7} 7}al HYEAE g9lalr] 9ste] Fao] W3

o
1
to
r>~
M
ot
o
1%

7] (Fourier—transform infrared spectroscopy, FT-IR, Nicolet 6700,
Thermo Fisher Scientific, Waltham, MA, USA)E ©] &3}, A5+
650-4000 cm ‘9] WSl FA AT

3.2.3.2 XA #FAA EFEA

AgUuAZ Ao wn i 24 2 53 24 AHS g

-

!
7] 98] XA FHAR B34 7] (X-ray photoelectron spectroscopy,
XPS, AXIS-HSi, KRATOS, UK)E °]&3dtth X2 Mg Ka 39<
AbgEl o XA U A = 12536 eVith BE A3 Ayi= 01 eV
Ao R Ao, Clse Ay AQl 2845 eVE o] &3Fo] HA
Elgs

ol
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Table 6. The samples with structural analysis.(~/ marks: corresponding

analysis)
Sample Sample
IR XPS NMR SEM IR XPS NMR TGA SEM
ID ID
TCO Vv | TCO/CMC 3/3 v
TC10 Vv | TCO/CMC 1/3 v
TC20 Vv | TPO/CMC 3/3 +/ v
TC30 Vv | TPO/CMC 1/3 Vv
TPO Vv | TWO0/CMC 3/3 v
TP10 Vv | TWO0/CMC 1/3 v
TP20 Vv | TC20/CMC 3/3 / v
TP30 Vv | TC20/CMC 1/3 v
TWO Vv | TP20/CMC 3/3 +/ v
TW10 Vv | TP20/CMC 1/3 / v
TW20 +/ Vv |[TW20/CMC 3/3 / v
TW30 Vv |[TW20/CMC 1/3 vV
MCO vV Vv | MCO/CMC 3/3 v
MC10 v | MCO/CMC 1/3 v v
MC20 Vv Vv | MPO/CMC 3/3 +/ v
MC30 v | MPO/CMC 1/3 v v
MPO v Vv IMWO/CMC 3/3 +/ v
MP10 v |[MWO/CMC 1/3 v N4 v v
MP20 v V. |MC20/CMC 3/3 / v
MP30 v IMC20/CMC 1/3 v v v
MWO vV v Vv |MP20/CMC 3/3 / v
MW10 Vv |MP20/CMC 1/3 v/ v v
MW20 + V Vv Vv MW20/CMC 3/3 +/ v Vv
MW30 Vv [MW20/CMC 2/3 v
MW20/CMC 1/3 v/ v v vV
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3.2.3.3 A7) T EFEA

3t A3t AeE B HEshA sty = H4d o % 500 MHz LA

_1

A Az EE B3R 71(500 MHz Solid nuclear magnetic resonance
spectroscopy, “C solid NMR, Bruker, Billerica, MA, USA)E ©]&3}9)
th AR gdgtel= ge-tle F7(D0)4 DMSO-ds &g &8¢ 'H
NMR #40] 7bssil, ol & o] &3k

300 pm ©]3Fel S o] 83t A XA spinning©] 5 kHz, pulse

delay”7} 5 s, contact time®] 2 ms, scan number’} 1 ki t}.

3.2.3.4 FAAAAUZH 4

scanning electron microscopy, FE-SEM, SIGMA, Carl Zeiss,
Oberkochen, Germany)< ©]-&3to] Fejed4 Fx& HEstITh AlHLS

WEow TR Fol 2 kvel AgtelA 1000w BASAL. A
dstol =i Baol met 40000M 2 Hejstel BAGOoM, nEFY F

A g ool B2 A%E AN ARE ol §3te] 245

kY

d T E47](Thermo Gravimetric Analyzer, TGA, Discovery

TGA, TA Instruments, Inc., USA)E o] &35l HAE dHstol= =
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324 AE, AE gdstels, 2FFH s 42 54

Ao Wrtste] 90 mle] FHFE HUkeha ety

mlE W= dojal, of7]e] 1 N ofAlE
e &9 02 mis H7iste] @A o
8 mlE H7lste & 50 mle] £ HS A
239, 2087 BAGE F 09 LS dops}y] 98] vle|anEe
o] Eg] | (Microplate Reader, Synergy H1 Hybrid Reader, BioTeK,
Winooski, VT, USA)E ©]&3}o] 620 nmolA e §H=E A3

3.2.4.2 AR Lhdtol=y XFx AHF
B A7 7 dyglo]lEr 2 XEE ATE= E3lo 7| AlE = o

-

uhel =42 st (13l WA 02 go A EE A% SYFo=s

0.25 mol/Le] 10 mL NaOH &0 &7 Zgpx=e] ¥Wi, 70 Te

water batholl A 227 &3fA AT o] & WY& o]&st 1&7 w5

T2 Zg23E Yz 7, 0125 mol/Le 15 mL SF 84S Hob
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2 A7Fsk & 0.1 mol/L. NaOH

(CVi+ GV, —2x G V) <161
— CHO % = X100 % (1)
m > 1000

A71A C Ve HZxo H7FE NaOHO $% 0.25 mol/Le 3 10
mLE, C9F Vo= A Ao o] &3 NaOHY % 0.1 mol/Le A 71A

A7bgk I E, CF Vs T30l 7 $ate] 5% 0125 mol/Let #
9 16 mLE 27 7He vk me AR AFEE dE e A ddHst

ool A% 02 g 9HlstH, 161 AGUY #x=S 7He 2t

AT WA EE AEE 02 g/20 ml FE9 90 T oA WA
WHEAIZL -, 25 TR Pkl H=E S48

EA4), ¢ 21 E(Rheometer with a parallel-plate geometry, MARSII,
Thermo Fisher Scientific, rotational ramp CR(controlled rate) mode

with continuous type, gap size: 0.1 mm, Waltham, MA, USA)S o] &
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Table 7. The yields of starch aldehydes(n=3).

Sample ID Yield (%)
TC10 86.0
TC20 35.6
TC30 36.4
TP10 83.5
TP20 34.4
TP30 81.9
TWI10 88.5
TWZ20 93.8
TW30 95.1
MCO 86.8
MC10 35.4
MC20 54.3
MC30 67.1
MPO 319
MP10 7.4
MP20 63.0
MP30 46.1
MWO 90.9

MW10 94.2
MW?20 93.8
MW30 75.3
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At AR (TCO, TPO, TWO0), & 3td A& (MCO, MPO, MWO0), A& &
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Figure 8. The FT-IR spectra of starch and starch aldehydes; (a) TC

series, (b) TP series, and (c) TW series.(The dashed lines indicate

1732, 1645, 1315, 1018 and 875 cm ', respectively.)
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Table &. The relative concentrations of C in starch and starch

aldehydes with different binding modes.

Sample Cls A Cls B Cls C Cls D
2845 eV 2861 eV 2873 eV 289.0 eV
D ccate)  C-OA%)  C-C=0(At%) 0=C-O(At%)
MCO 20.67 51.87 14.8 12.65°
MC20 4812 22.29 2337 6.22
MPO 28.1 19,87 1871 333
MP20 43,58 19.35° 33.95 312"
MWO 34,55 13.95 14,01 7.49
MW20 49.48 19.68 24.99 585

x. Peak shift occurs more than 0.3 eV.
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Figure 14. The FE-SEM images of starch and starch aldehydes(X
1000, scale bar: 50 um); (a) TCO, (b) TC10, (c¢) TC20, (d) TC30, (e)
TPO, (f) TP10, (g) TP20, (h) TP30, (i) TWO, (j) TWI10, (k) TW20,
and (1) TW30.
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Figure 14. (continued).
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(a) (b)

Figure 15. The FE-SEM images of starch and starch aldehydes(X
40000, scale bar: 2 pm); (a) MCO, (b) MCI10, (c) MC20, (d) MC30, (e)
MPO, (f) MP10, (g) MP20, (h) MP30, (i) MWO, (j) MW10, (k) MW20,
and (1) MW30.
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Figure 15. (continued).
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Figure 16. The diameter distribution of starch granules;

starch, (b) potato starch, and (c) wheat starch.
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Table 9. The DS of starch aldehydes(mean+SD, n=b).

Aldehyde Aldehyde
Sample DS Sample DS
content content
ID (max=2) ID (max=2)
(%) (%)
TC10 23.3+0.7  0.47+0.01 MCI10 292110  0.58+0.02
TC20 62.0+0.7 1.24+0.01 MC20 64.1+1.3 1.28+0.03
TC30 88.3+0.8 1.77+£0.02  MC30 82.1+1.7 1.64+0.03
TP10 29.0+0.8  0.58%+0.02 MP10 284+1.0  0.57x0.02
TP20 62.8+0.8  1.26+0.02 MP20 58.8+0.7 1.18+0.01
TP30 86.7+0.8  1.73+0.02 MP30 80.2+15 1.60+0.03
TWI10 295+1.0 059+0.02 MWI0 2924110  0.58+0.02
TW20 67.9+0.8 1.36+0.02 MW20 60.9+0.8 1.22+0.02
TW30 89.4+0.7 1.7940.01 MW30 845+0.7 1.69+0.01
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Figure 17. The absorbance of starch at 620 nm(n=5).
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Table 10. The relative viscosity of starch and

(DMSO solvent, n=3).

starch aldehydes

Relative Relative
Sample ID . . Sample ID . .

viscosity V1sScosity
TCO 5.46 MCO 4.99
TC10 1.30 MC10 1.34
TC20 1.25 MC20 1.19
TC30 1.15 MC30 1.13
TPO 19.85 MPO 12.20
TP10 1.26 MP10 1.48
TP20 1.16 MP20 1.24
TP30 1.10 MP30 1.15
TWO 6.86 MWO 5.49
TWI10 1.25 MW10 1.30
TW20 1.13 MW20 1.21
TW30 1.11 MW30 1.17
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Figure 18. The apparent viscosity of starch and starch aldehyhdes as
a function of shear rate(in distilled water, n=3); (a) TC series, (b) TP

series, and (c) TW series.
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Figure 19. The apparent viscosity of starch and starch aldehyhdes as
a function of shear rate(in distilled water, n=3); (a) MC series, (b)

MP series, and (¢) MW series.
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Table 11. The apparent viscosity of starch and starch aldehydes at

first and last points(in distilled water, n=3).

Sample Apparent viscosity Sample Apparent viscosity
ID 0.096 s 980 s’ ID 0.096 s 980 s’!
TCO  265x10" 238x10°  MCO  1.99x10"' 1.87x10°
TC10  211x107"  152x10°  MC10  9.70x10* 1.47x107°
TC20 151x107" 151x107 MC20 9.03x107% 1.42x107°
TC30  1.07x10" 150x10° MC30 873x10% 1.54x10°
TPO  556x10" 9.45x10°%  MPO0  277x10"' 4.14x10°
TP10  1.75x10" 150x10° MP10  210x10" 1.49x10°
TP20  1.20x107" 1.48x10° MP20 160x10" 1.44x10°
TP30  9.23x107% 147x10° MP30 692x10% 1.41x107°
TWO  338x10" 202x10° MWO  191x10" 1.84x10°°

TWI10 157x10" 146x10° MWI0 7.77x107% 1.44x10°

TW20 1.38x10" 145x10° MW20 4.72x10° 1.41x10°

TW30 223x10" 147x10° MW30 468x107% 1.39x10™
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43 AE L slo]=/CMC LEFFA FAY T2

(= 53lE AT CMCE A3l AxH 18554 $x9 ~9E

o] =3ats wb=sit) 15917 1414 cm 'l A e IaE= CMCY 69 EbA
o #EHE COO Al=3} CHyoll 71218t [27, 28] %3+ 1016 cm '
Aol wWe 3=, 10759 1103 cm 'elAle] ml Mgk o 3=, °F 1150

IPt) o] AL nure AR etg|slol=o C=0 ¥ 39 CMC Hereo] 7}
2547 927 ZBAAHEA A Zolw, kgt W FHAY. =T
1700-1200 cm 'Abol ol of 2] W aSo] vehked, 0 54 et
98] Figure 233 o] d% 99S dojste] EAsd0).
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Figure 20. (a) The formation mechanism of acetals and (b) the

crosslinking reaction between starch aldehydes and CMC.
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Figure 21. The FT-IR spectra of SAPs; (a) TCO0/CMC, TPO/CMC,

TWO0/CMC

series

and

(b)

MCO/CMC, MPO/CMC, MWO0/CMC

series.(The dashed lines indicate 1591, 1414, 1103, and 1016 cm},

respectively.)
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Figure 22. The FT-IR spectra of SAPs; (a) TC20/CMC, TP20/CMC,
TW20/CMC series and (b) MC20/CMC, MP20/CMC, MW20/CMC
series.(The dashed lines indicate 1730, 1592, 1412, 1320, and 1263

cm !, respectively.)

— 95; —

H& Y

H

(»

._'|_
T

1



(a)

Transmittance

——TW20/CMC 373

——TW20/CMC 1/3

——TP20/CMC 3/3

——TP20/CMC 1/3

——TC20/CMC 3/3

——TC20/CMC 1/3
——CMC

Wavenumber (cm™)

(b)

Transmittance

T T T T T T T T T T T
180017501700 1650 1600 15501500 14501400 135013001250 1200

N\——mP2o/ciC 373
——MP20/CMC 173

——MC20/CMC 373

——MC20/CMC 13

—CMC

Wavenumber (cm™)

T T T T T T T T T T T T T T T T T T T T T T T T
180017501700 1650 1600 15501500 14501400 13501300 1250 1200

Figure 23. The FT-IR spectra of SAPs in a range of 1800-1200 cm ™
wavenumber; (a) TC20/CMC, TP20/CMC, TW20/CMC series and (b)

MC20/CMC, MP20/CMC, MW20/CMC series.(The

dashed lines

indicate 1730, 1592, 1412, 1320, and 1263 cm!, respectively.)
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Figure 23& ®W, 5A4ZAQl 9259 $x= 747 1592, 1412, 1320,
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St Wol7k Maee st VL
A vaE AR R AR Qo= A RE DFFY FA0A
AEsh Wol7l Aastdrh. ¢xE C-O A% AUYE Cls B 92
EH MP20/CMC 1/32 #9381 Z=e} Yo7t 2% gastgich uhd
o 7l2rd C-C-0 A%< k)7l Cls C 93 MP20/CMC 1/3&

Aot vje & Fow FFrEs golrt Frtstdler, dAHEY Jh=

.

_95_



(a)

Intensity (a.u.)

—Cts

—C1sA
—C1sB
—CitsC
—C1sD

T T T T
294 292 290 288 286
Binding Energy (eV)

(c)

Intensity (a.u.)

T T 1
284 282 280

—Cts

—CisA
—C1sB
—Ci1sC
—C1sD

T T T T
294 292 290 288 286
Binding Energy (eV)

(e)

Intensity (a.u.)

T T 1
284 282 280

—Cis

—C1sA
—C1sB
—Ci1sC
—C1sD

T T T T
294 292 290 288 286
Binding Energy (eV)

Figure 24. The XPS spectra of SAPs;

MC20/CMC  1/3, (¢)

T T 1
284 282 280

(b)

(d)

(f)

MPO/CMC  1/3,
MWO/CMC 1/3, and (f) MW20/CMC 1/3.
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Table 12. The relative concentrations of C in SAPs with different

binding modes.

Sample Cls A Cls B Cls C Cls D
2845 €V 2852 eV 2865 eV 2883 eV

D ccats)  C-OA%)  C-C=0(At%) O=C-O(At%)
MC0/

CMC 19.01 25,52 1355 11.92°
1/3

MC20/

CMC 15.96 1395 51.8 1829
1/3

MPO/

CMC 21.74 21.76 39.38 17.12
1/3

MP20/

CMC 27.79 28.59 31.77 11.85°
1/3

MWO0/

CMC 24.29 20.15 10,38 15.18
1/3

MW20/

CMC 17.72 1825 46.37 17.66
1/3

* . Peak shift occurs more than 0.3 eV.
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244 7He] 7] Cls D 9= &3 MCO/CMC 1/3= A9k 4=t

oMo = AFFA FAAA AE E HAE ddslel=e] Eqjol wE
= golo ztols AHEUT ojuf, 421204 FEd wpel o
MP20/CMC 1/3 MP204] &4 #8olA HAg FAl= Qs =544
374 Wby g3 Feel 43S vHES s el AL, MCO/CMC 1/3
2 AT kel ern®E, o] Abdl
HAE g sle] =(MC20, MW20)S AF-&3}
22 ¢-2(MCO, MW0) Al &9} H|aLs}o]

a
Aol ¥ w2 vE = YEuAY, C-C-0 292 4

B oATdA Agd CMCe XA B4 BREA Ans C-C, C-0,
C-C=0, 0=C-0 m=a¥=z ztz}9] yo|7} 51.75, 23.61, 14.46, 10.17 At%
wEFA FANA C-C=0 T Hol Zr7b whed

CMC AA e FZERE 7198 Aol okl wzad, A4 Lin 5
o) ERY #AS AxF AT AvA, AA
A w29 yolsl Zrbe Aol st AR
4ol oA Wan [138]. gepd XA A BBeA Ave 4
o Ao BPRAe AR EFEW, AR duse]=st CMCH
4 Qo gyt sshE A

EMCO, MW20)& A&3te] Alzd nE5RAY FAgH% C-C=0 92

miel, et =24 9= v3 it 9=
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Aoleba @gaprlols T oggol Yen, FAHe Pz B
Aoz Yk

433 9A71s8 wBEY

o)

CMC % Alxd aFsd o gz dxried &384 4345
Figure 259 YEMST. |4 CMCY T8 JaES A REg=d, 7
wA v Ae] gH= AdE3 FARsEsiE C-12 10441 ppmol A e
Wil C-4+ 84408 ppmol A A7) 3z 2o w yeEryth C-2, C-3,
C-H5E& 7Hg 71 wl$ 472 33+ 73231 ppmeol A YES T C-6&
5823 ppmol Al WERSTE wRxE o ®2 C-69 v IE2EA7 9 HH
3 A7} 167.357, 179.123 ppmol A4 YEFS

TEFA A9 g oA AR A ddlstol= Abgol wheb
= Bk zpol7t et A= %tk shAINE A8 AT AR
S EUE Fold % 7HAE Zoldl 4 At} Capitani 5= CMCel

8

FE

rl

—L
=

)
o

divinyl sulfone 7}xl& 3stal A7 34 S AlE=s9=d [139],
Aduk CMCeF 7t CMC Atolell&= a3t & AFol7F ATk C-2
C-3, C-59 ¥=art &AHA 713 I7l2S s Holx= 70-75 ppmol

A bzt B4 ke CMCE 28] gh el shgtAw, 7burk § CMC
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(a)

T T T T T T T T T T T m
200 180 160 140 120 100 80 60 40 20 o0 PP HO
CMC

(b)

200 180 160 140 120 100 80 60 40 20 o0 PPM
MWO/CMC 1/3

Figure 25. The C solid NMR spectra and chemical structures; (a)
CMC, (b) MWO/CMC 1/3, (¢) MW20/CMC 3/3, (d) MW20/CMC 2/3,

and (e) MW20/CMC 1/3.
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Figure 25. (continued).
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g C-4¢F C-69 AAAAME Ia7t HWolAs #do] Yepdtii 24
skt

olgA HArt WA= AL B Ao Axd nFaEA £
%= Mk Al vER (MWO0)% CMC7F =8]8 o2 &35 450
= F A9 9AaE Howe %3 BEEH gEo C-4 91A<Q 83232
ppmel Al o7} # =27t MEEA vEbsth 2elal C-1 91A191 103.822

ppmoll Al E7tE2E ©@d v=avk yeyn whde] dE drlsio] =
(MW20)¢F CMCE 7FAAA ofMe As P43 4= C-4 9
Aol A o] Felgh o A7t AR A, W3 FE7E el F71H4
o2 C-1 HAe a7t A% yolA Al 92-97 ppmoll A WG Ho] &
g3ttt

MW20/CMC 3/3¢ 92.939 ppmell A, MW20/CMC 2/3< 96.468 ppmol
A ZkzE Mo vEbgk o MW20/CMC 1/3e CMC kel 24 =
7hgholl whek o] fIAeA WA ¥ At YA FE Ao ® Idsts]
oh 719 AFES 90-110 ppmollA oldE Ay #HE T@aEe
va3g WgaA AAsta ok [140, 141]. 28 B AFoAe oA
g A% 9=z g9i C-1 A9 Fart gAges H, &
Rro]l ALg¥ IFFA FAEE A die], R C-1 At ¥
AEA UdElda oiAeg AF das Wad JeE R ofsiA e
2 FAsAn. g AE ddste]l=9 CMCe 7hael] o



zyzke] AR <deto] =7} CMCSF 7Fal Whg-o] dojyt=xE Fela}y
3 MC20/CMC 1/3, MP20/CMC 1/3, MW20/CMC 1/3& W% = A&

sttt S8 ¥ A= Figure 260 YEHAT. doll 3t T i
A 2@A H2AH dEtds g ¢ AT 1GANAM = R AL
Akl e =9 &Aoo vErw T [102, 142]. 2@Ald A= =F3 2~
aEo AFH L FEl, B EHo] HFHOE U A vy & F
F A7 vErd T [102] 71E9] A5 AdE AV EW, 15T FA
o =¥ A& dHstel=s A3t AN SFae s e T
Fojx ez Fal7F AFEE S5 (Tone) 9t AUl #3] &
5 Hole 25(Thn)’t MEHA &8 ARG WA o
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Figure 26. The (a) TGA and (b) DTG curves of CMC and SAPs.



oy

+dl, MW20

1)
A -

304.21 CollA e}

A, A A e

°

=
T

3 CMC9 Thax

i)

) £l

527} o
= Z+7F 309.26 C, 309.16 CT= H

30831 CT=

=

A

o
=

el

MC20# MP20S AF-&-3)

N

%

)

s

=4
slol =

=7t w2

T4 CMCY Thax

MC203 MP20

‘Cq Tmax7]' Oﬂ7]ﬂ :"qi

ol

o

Fei=nt et MW20

)

me

=

PARE, L AollA] Az

929 Tt el

=y

—

0

e

To-

e

X

o
A

A

el

ojm
B!

)

A7 Jebd A [98], Ty 339 ©]

A, 600 TellM e o] CMC %

bl shura

BTIAS)

H

7}

1

file)

=9
s

il

Ry,

ol

A [110] 5= 7+

bl S 7kst

9

C-0 27} ek

S ol7F wol it

LA A= 2R
C-C=0 ¥ =9]

i

A

9
DR

]
A

)
|

2

- 105 -



o=
oR

A

o

—_—

0
o

- 106 -



CEEE!

V3o

441 1574 A Ax F

S

zakeh 1 FelA g 2

il
Nd

T

Hlo
B

aske] [104, 105, 142], 100 To] L9

A 90,00091 A

ol

el

CMC+=

Table 13 4}

T
-

A4E5s 24 29

Eis

Ao

V/_"\_
Aol A YEREo]

d

S

& =
SIS

AT,

s}

Hojr ZdRk

S
=

< w7k Hdl 280 g/g

sfo]

TP30 A& <4

A]

—_
file)

o
,AO

o] At} 587 g/gl &

SELIER)

700,0002] CMC

CMCe &

T
T

o2 &3 CMC A}

=
=

o
A

o

o}

BR

—_
110

AL F7HA 7 1,

s

el

s

=017

A}
=

A 81.7 g/g9 A

T
|

H 57

A= 70 T =AM Alxd 15

- 107 -



Table 13. The equilibrium water absorbency of various polysaccharide

SAPs(n=5).
Water absorbency by each samples(g/g)
Temperature
TCO TC10 TC20 TC30 TPO TP10 TP20 TP30
100 C
4.4 134 184 192 70 173 241 280
CMC M,,=90kDa
100 C
7.6 240 447 587 106 348 433 570
CMC M,=700kDa
70 T
9.0 614 79.0 &0.1 91 529 79.0 81.7
CMC My=700kDa
50 C
94 696 837 953 6.9 846 1109 1319

CMC M,,=700kDa
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Figure 30. The gel fraction of SAPs using gelatinized starch and

homogeneous starch aldehydes(mean+SD, n=5).
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Figure 31. The swelling curves of heterogeneous starch aldehydes/
CMC 1/3 SAPs(mean+SD, n=5); (a) initial swelling curves and (b)

whole swelling curves.
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Figure 33. The swelling kinetic fitting curves using pseudo-second-

order swelling kinetic model; (a) TC series, (b) TP series, and (c)

TW series.
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Figure 34. The swelling kinetic fitting curves using pseudo-second-
order swelling kinetic model; (a) MC series, (b) MP series, and (c)

MW series.
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Table 14. The swelling parameters of SAPs in the pseudo-second-—

order swelling kinetic model.

Sample ID Qr=1220 Qe ki ks R
TCo/CMC 1/3 29.9 41.3 2.811 1.65x10°  0.999
TC10/CMC 1/3 389.8 92.2 2.762 3.25x101  0.998
TC20/CMC 1/3 138 150 1.591 7.08x10°  0.991

TC30/CMC 1/3 1871  211.2 1.418 3.18%x10™  0.989
TPO/CMC 1/3 196 387 0.886 592x1071  0.985
TP10/CMC 1/3 1220 1295 1.369 8.16x10°  0.998
TP20/CMC 1/3 1682 1781 1.629 5.14x10° 0976
TP30/CMC 1/3 2257  282.3 0.784 9.83x10°%  0.988
TWO0/CMC 1/3 332 420 1.466 833x10"  0.999
TWI10/CMC 1/3 1332 1381 3.122 1.64x10*  0.936
TW20/CMC 1/3 1819 196.8 2.218 5.72x10°  0.991
TW30/CMC 1/3 2512 2857 1.784 2.19x10°  0.989
MCO/CMC 1/3 321 432 1.433 769107 0.868
MC10/CMC 1/3 1425 1487 2.885 1.31x10*  0.997
MC20/CMC 1/3 1695  186.9 1.368 3.92x<10°  0.997
MC30/CMC 1/3 2285  265.7 1.340 1.90x10°  0.992
MP0/CMC 1/3 262 422 0.914 5.13x107  0.980
MP10/CMC 1/3 656 669 2.701 6.03<10%  0.999
MP20/CMC 1/3 1253 1406 0.824 417x10°  0.992
MP30/CMC 1/3  190.8  207.9 2.148 497x10°  0.990
MWO/CMC 1/3 312 446 1.821 9.14x10%  0.997
MW10/CMC 1/3 1340 1396 2.503 1.28x10*  0.999
MW20/CMC 1/3 1733 1884 1.908 5.38x10°  0.991
MW30/CMC 1/3 2200 2589 1.122 1.67x10°  0.995
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Figure 35. The swelling kinetic fitting curves using Fickian diffusion

model; (a) TC series, (b) TP series, and (c) TW series.
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Figure 36. The swelling kinetic fitting curves using Fickian diffusion

model; (a) MC series, (b) MP series, and (c) MW series.

- 132 - #;.-x (&
T



Table

15. The swelling parameters of SAPs in the Fickian diffusion
model.

Sample ID n K R?
TCO/CMC 1/3 0.434 1.43x107" 0.901
TC10/CMC 1/3 0.927 1.57%x102 0.964
TC20/CMC 1/3 1.059 490%x10°° 0.975
TC30/CMC 1/3 1.231 1.78%x1073 0.981
TPO/CMC 1/3 0.247 2.05x107! 0.985
TP10/CMC 1/3 1.138 4.36x107° 0.928
TP20/CMC 1/3 1.817 2.96<104 0.967
TP30/CMC 1/3 1.169 1.03x107° 0.958
TWO0/CMC 1/3 0.349 1.55x10! 0.971
TW10/CMC 1/3 0.781 2.44<10°* 0.936
TW20/CMC 1/3 1.058 4.95%10°° 0.921
TW30/CMC 1/3 0.973 4.29x10°3 0.865
MCO/CMC 1/3 0.045 5.89x10" 0.868
MC10/CMC 1/3 0.979 1.01x102 0.985
MC20/CMC 1/3 1.290 1.62x10°% 0.858
MC30/CMC 1/3 1.074 2421073 0.924
MPO/CMC 1/3 0.289 1.70x10" 0.959
MP10/CMC 1/3 0.633 5.36x10°2 0.969
MP20/CMC 1/3 0.508 2.86x107 0.929
MP30/CMC 1/3 0.915 7.97x107° 0.903
MWO0/CMC 1/3 0.410 1.39x10! 0.823
MW10/CMC 1/3 0.848 1.65%x10°2 0.969
MW20/CMC 1/3 1.013 5.61x107° 0.965
MW30/CMC 1/3 1.062 229107 0.888
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(f)

Figure 37. The FE-SEM images of lyophilized SAPs(x1000, scale
bart 50 um); (a) TCO/CMC 3/3, (b) TCO/CMC 1/3, (c) TC20/CMC
3/3, (d) TC20/CMC 1/3, (e) TPO/CMC 3/3, (f) TPO/CMC 1/3, (g)
TP20/CMC 3/3, (h) TP20/CMC 1/3, (i) TWO/CMC 3/3, (j) TW0/CMC
1/3, (k) TW20/CMC 3/3, and (1) TW20/CMC 1/3.
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Figure 37. (continued).
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(h)

Figure 38. The FE-SEM images of lyophilized SAPs(x1000, scale
bart 50 um); (a) MCO/CMC 3/3, (b) MCO/CMC 1/3, (c) MC20/CMC
3/3, (d) MC20/CMC 1/3, (e) MPO/CMC 3/3, (f) MPO/CMC 1/3, (g)
MP20/CMC  3/3, (h) MP20/CMC 1/3, () MWO/CMC 3/3, (j)
MWO0/CMC 1/3, (k) MW20/CMC 3/3, and (1) MW20/CMC 1/3.
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Figure 38. (continued).
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Abstract

Preparation and Characterization of

Polysaccharide Superabsorbent Polymers
Crosslinked with Starch Aldehydes

and Carboxymethylcellulose

Lee Jung Min
Department of Biosystems & Biomaterials Science and Engineering
The Graduate School

Seoul National University

The starch aldehydes and carboxymethylcellulose were used to
prepare polysaccharide superabsorbent polymers. Particularly, the
starch aldehydes were introduced to prepare the superabsorbent
polymers by a solution process without any other crosslinking agent.
The starch aldehydes were reacted with hydroxyl groups of
carboxymethylcellulose under acid conditions to form acetal bridges.

Prior to the preparation of the superabsorbent polymers, the starch
aldehydes were prepared as a heterogeneous reaction in which the

particle form of the starch was maintained and a homogeneous
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reaction in which the particle form was broken through gelatinization.
The starch aldehydes prepared by oxidation were characterized by
FT-IR, XPS, and C solid NMR. As a result, it was confirmed that
the glycoside bonds and the C-2 and C-3 bonds of the
anhydroglucose ring were broken at the same time in the oxidation.
FE-SEM confirmed that the surface of starch aldehydes were present
as crushed particles or very corrugated planes.

When the degree of substitution(DS) and viscosity for starch
aldehydes were measured, the DS increased and viscosity decreased
with increasing amount of oxidizing agent. As a result of the
heterogeneous reaction, wheat starch aldehydes showed high DS due
to high amylopectin content and small particle size. As a result of the
homogeneous reaction, corn starch aldehydes showed low viscosity
and high DS. When the products of heterogeneous and homogeneous
reaction were compared, corn starch aldehydes exhibited a higher DS
at homogeneous reaction and the other starch aldehydes had a higher
DS under heterogeneous reaction.

The acetal crosslinking of polysaccharide superabsorbent polymers
was confirmed by FT-IR, XPS, C solid NMR, and TGA. When the
absorption occurred, the hydrogen bonds between the polysaccharides
were broken by the water diffusion, and the repulsive forces of the
carboxyl groups in CMC were generated. As a result, the swelling
occurred to the Ilimit of acetal crosslinking. When the water
absorbency was measured, the water absorbency increased as the DS

of starch aldehydes and the content of carboxymethylcellulose
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increased. The equilibrium water absorbency was 251.2 g/g¢ when
using wheat starch aldehydes by heterogeneous reaction and 2285
g/g when using corn starch aldehydes by homogeneous reaction,
respectively. The gel fraction was inversely proportional to the water
absorbency as a whole.

Representative group of superabsorbent polymers was selected and
the absorption behavior was analyzed. The entire absorption behavior
followed the pseudo-second-order swelling Kkinetic model. In the
Fickian diffusion model analyzing the relationship between absorption
and polymer chains, it was confirmed that the superabsorbent
polymers using starch aldehydes improved the water absorbency by
increasing the fluidity of the polymer chains. In the FE-SEM, the
superabsorbent polymers with high water absorption showed a porous
structure.

Through this study, it was possible to prepare environmental-
friendly polysaccharide superabsorbent polymers based on acetal
crosslinking. It 1s expected that the application range of
polysaccharide superabsorbent polymers will be broadened i1f the
inherent biodegradability of polysaccharides and high absorption

property realized in this study are combined.

Keywords: Superabsorbent polymers, Polysaccharides, Starch
aldehydes, Carboxymethylcellulose
Student Number: 2013-30342
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