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ABSTRACT

Synthesis of superabsorbent polymer was prepared from Krueo Ma Noy, Malva nut and
Cassava starch and Acrylic acid (AA) in the presence of ammonium persulfate (APS) as an initiator and
N,N-methylene-bis-acrylamide (MBA) as a crosslinker. The absorbency of the products was dependent on
amount of Krueo Ma Noy, Malva nut and Cassava starch, reaction temperature, amount of the crosslinker,
concentration of NaOH, amount of initiator, initiation time and saponification time. The maximum water
absorbency was achieved under the optimum conditions of Krueo Ma Noy that found to be 1 g of Krueo
Ma Noy, reaction temperature at 80 °C, 50%(v/v) acrylic acid, 0.001 g MBA, 3M NaOH, 0.01 g APS,
initiation and saponification time at 15 minutes. The dried and finely powdered product showed the
maximum water absorbency of 824 g/g. The maximum water absorbency was achieved under the
optimum conditions of Malva nut that found to be 1 g of Malva nut, reaction temperature at 90 °C,
60%(v/v) acrylic acid, 0.003 g MBA, IM NaOH, 0.05 g APS, initiation time at 15 minutes and
saponification time at 20 minutes. The dried and finely powdered product showed the maximum water
absorbency of 619 g/g. The maximum water absorbency was achieved under the optimum conditions of
Cassava starch that found to be 0.1 g of Cassava starch, reaction temperature at 90 °C, 50%(v/v) acrylic
acid, 0.005 g MBA, 1M NaOH, 0.1 g APS, initiation and saponification time at 15 minutes. The dried and

finely powdered product showed the maximum water absorbency of 592 g/g.
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3.2 msninFlunsnaasy

M919n 3.2 aainldlumsnaaos

GRBIG}Y gaslnsadn VTN
Sodium hydroxide anhydrous pellets NaOH CARLO ERBA Reagent
N,N'-methyl-ene-bis-acryl-amide C,H,\N,O, SIGMA Reagent
Diammonium peroxodisulphate (NH,),S,0 CARLO ERBA Reagent
Acrylic acid C,H,0, ACROS ORGANICS

= (Y] ia Y a aa a
33 fniﬂﬂ‘]enﬂ‘i]‘ilﬂf'nﬁﬂi'lT\Iﬂﬂﬂﬂﬁlﬂweﬁ@%ﬂﬁﬂﬂ!!ﬂmﬂ
G a d a
3.3.1 MIATYUNDALNDITIINYIA

ad A
IBATUNHNINVOI

& < v ¥ A A qw & < A
FIHUINIDA 10 LUALLFUT 10 UIN LW@iWWHTﬂ%ﬂQﬂ@LﬂHLﬂa Llﬂﬂlhaﬂllamﬂﬁ’ﬂﬂ@@ﬂ
g &‘ o 1 3 A g o
NIDNUDIUIDDNIINIUD mmumamﬂumammmimam

ad A A Y
IBLAFYNINTDHINIHOE

o 2
HunTenuilos 1 05y ualiazi@ea Bl 5 mL nsoINNAToHLlBERBN NG
Yy 9 < A °
Mefunuianueanmueeni liinsnaass
as = :’ Y
I3l

] I 90‘ I
wauila 5 n5y azare1i 50 mL lianudeu 80 °c itumar 10 1n
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3.3.2 TuneUMI T AN 1T N ANO SR NO AN FIINTIA
o 4 a Jd a an a
MIFUATIEHWOALNDITIN (co-polymerization) UBINDADLAAINLDFA (poly(acrylic
a 4 a o aan 1 a 4 Aa o
acid)) Uu Taseasrawavesnodmeisssuana lneise1se nianedmwe S 55509a nudas

a A Aaaa d @ Bo’ < A aa o aan
svlgnsewen Tudieunlossama (ammonium persulfate) Tusinau 5 Hadans MUfnse

a

{ <
Tunasanaasslinnuiounguugilszinm 70 ssrmuasadsandouniu (st Wunal 15

Y

= d‘ o Y a a o d' 1 a a 4 a 3’1
wii e liinaniusananny leasenda (hydroxyl group) Y0IWOANBTTITUMIA INUN
A UNEITAZAYHANTTHINEITIFOUUIN N,V -methylene bisacrylamide (MBA) luozadsnie
a 4 a aa 4 4 1 v a
FANOUDINDST (acrylic acid monomer; AA) 5 UananT OFONVINNTLHINE10 I FUDINDA

5
aa ) . . Y {~ o I Y o {y ¥ ! Y 4 4

92A3aNe%A (poly(acrylic acid)) ¢ lawaniianyauziiluden Hivanld lddTudrensestlu
v a g I ~A A A dy Aa Y o & o AN Yo aaa o

na ldfgungiideuilunar 1 i memununf 1dnuma vniuiueai lasiilfaserny

Q U

asazaeludonlansonlad (NaOH) U5u10s 100 Tadans e lwlnseairuvah 1atilsey

=~

v E4
i Iihgandouvzdsgailszquinuazavvesluanain h i ¥anudeungungilsznm

Q U

= < ) 9 Y ¥ o 2 2 a aa Ay
70 DA QLB Lﬂun’m 15 UM uﬂﬂawm&umau 333 ATIaY 100 Maﬁﬁ@ﬁlW@ﬁ’NL@’lIa

a 4 a g g’: o a 4
Tunodiues (homopolymer) 20N IANBAINDITIN (co-polymerization) NNUUUINDALNDT

]
=1

i I8 Tl Idudadedeuiigaivail 70 essuwados Huna 24 $11ue e linaniouly

q
Y

Y
ulumsgadunimionnuiu

3.4 M3 Water absorbency (Quz0)

o a J [
1. %QW@ﬁLM@iLLﬁQﬂiZM1m 0.1 NV

9 Y
U

y ¥ 4 2 yy
2. VIUAWYUINAU 100 mL GN‘VNII’J

v
7 @ a

] ] ¥ '
3. FuhmvinwedwesNaaduiiine 1, 3, uag 24 ¥ 19

o ¥ o a J Y a s =< ¥ Y I3
4, mﬂmmuﬂ"ll’e‘NW’e‘JaLllail,l,muazwaam’e‘)iﬂ@@cﬁumummmuammﬂgmm

o

3 A a 4 ¥ o Y < °
5. UINYNAABY (QHZO) "’U’f]\i‘W'(’)ﬁUJ’f]iﬂﬂu’]ﬁTﬁJTﬁﬂﬂTu?mllﬂlﬂuiﬂu’lu
v

@ % . v 3 o a 4 ¥ o
ﬂill"ll’e‘]ﬁmmumumﬂuﬂin‘vmwaammﬂﬂm 1 ATV ﬁlﬂﬂﬁllﬂ'li

2 4 »
YTuaningneada | m,-m,
QHZO B aol g a Jd 1 aol B m
WMinveIneameinaugaln 1

4 3 @ a 4 Z 3
Lﬁﬂ m, = UHTHUNVINDALNDIAAUINDUAAUN

3 o a 4 2 [ 3
m, = u']‘l/ﬁ«lﬂsllf)\?W@aluﬂﬁﬂQUWﬂﬁﬁﬂQUWLLé}?
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v
\l v o

= v d'd
3.5 miﬁnmﬂmﬂﬂuwammiqum
= [ d'd J 9 %’ Lﬂ' d' [ Y a d
MIANEIT98NUNAADNITONUUNDHITN1IZNITNAADINIZTT N WO AINOTTIN

q

9 =

1 2
(copolymer) @1m150ga launiiga laun

q

9 a Y A

ASuavesiytesou 0.1-2 niu Taearuauiateduldminu e lauSuans

v
v ] A

9y A Aq ¥ - o ° { 2 o = A Y 2 YA o aaa A
‘V]@\Tﬂ‘“‘l/li‘ﬂﬂﬁll1mﬂ1§ﬂﬂ“ﬁﬁu11ﬂﬂ‘ﬂﬁﬂ fSuaveINyNoIa U ﬂullﬁ/]'lﬂ;]ﬂﬁfﬂﬁl‘l@

anuTasedall
Yy 9 aAad ana - o A Y 1w
ANUENTUYDIA1T3GUUHATe1 7.40x10° M — 0.15 M Tagaruauiladedouldninu
A gy Y ad Aasa  Aq Y o ¥ ~ =2 o Y 9
e ldnnududuvesmssGulfnsonnldlSuamsgaduinnniga Juhmnududuves
aAa aan iy v o aan 4 v o
mssaulnsend latininlgnseunednydadeda li
a [ o ~ o A Y 1w A Y
-QUNYUVINMITUATIZH 60-100 osruaaiFod Taonruguiadesouliming e 14
a [ P Y Aa @ aol ~ = o a [ P
gunglvosmsduasiznnldlsuansgaduihuniga Juihgurglivesmsdunsizii
9/91 o ann 4 Y
latnvimlgnseunednyladena 11

aAan =

o anan ?1‘/ a A v A Y 1w
a1 lumsiilgnsevesnusGul§nser 5-30 win Tasadruguiladeduliminy

=1

d' 9 ) aan g’/ a A Aaan Y A [ sol d‘ = )
e lanarlumsvilgasevesnnssulgnson il mamsgaduimnnigavaialu
9 i H 4 [
mslnsevesiusisulgnien ldtiuihugnseuiednuidtodaly
4 o A ' W 4

-ANUTNTUVBINOUBIIDS 40-100% (v/v) Tasaruguifadeduliiminu e ldna
Y sdq ¥ o % A = Y g sy v
uduvesweuamesnIiTmumsgaguihuiniiga Jnhanududuvesweuemweii 1ai
whlnseuiefnydedeaali)

AN UTUUD N,N-methylenebisacrylamide (MBA) 7.40x10° M — 0.15 M lag

= o

4 1w 4 ' ~ o ¥ '
auguifateouldimnu e ldnnudnduves MBA #ldSunanmsgaduinnniga 3ui

q

H Y 1
ANuuT U0 MBA N ldtuhignseniednuitasedal
9 I [
-nanlumssil§senvesaiunsunls 5-30 Wi Tasaruguiladeauliminuiie 1a
o aaa g’/ ' 1dq Y A o %’ A 2K o o
narlumsiml§aservestumsun lsnldiSnamsgaduianiga saiuaarlunism
Y H 9 1
Ugasevesumsud lan ldnuinlgaseuiednyitfdeda li
-ANUANTUVI NaOH 0.1-2 M Tasaruauilaveduliminu e'ldaanududuves
Aq ¥ o 3 A =KX o y 9 = Sldy o aan A
NaOH lifsuamsgaguiihuniga Juhnnududuves NaoH 7 ldtiniiilgasenive
Anwriladenalal

o aan g’z o aan [ = o A Y
-nalumsinlgnsevesvuiingnienny NaoH 5-30 w1 Tagaduguilavsaulv

' v = 9

Y [ aan g [ aaa o Aq ¥ A o °
mnu e lanar lunsinl§aservesiuiil§nserny NaoH aldSmmmsgaduiimn

= = o

o aan g’/ o ann [ d‘ sldy o aan d' = 1Y
g vl lumsihlgnsewesiuihilfnserny NaoH # ldtinshl§aseniednyidaie

q

da 'l
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a d a Jd
3.6 MIIATIHHIATIAI19U0INOAIND53IN (copolymer) A8 Infrared spectroscopy Iaald

mAiin KBr pellet

A ] = ' < o 9
el lumsanyimylansunislulnssaiaued Krueo Ma Noy-g-PAA, Cassava
starch-g-PAA 1Az Malva nut-g-PAA tazludapiiudion]d FTIR lumsinsgringiadsu

A = < a J
IUDIINTEAIN ngllﬂ'J']i]ﬁ')ﬂlﬁ'ﬂllﬂ']ﬁ')iﬂi']gﬂ

J v 4 a
3.7 mﬁmiwﬂqmauummﬁumﬁm Scanning Electron Microscopy

v v
! = S v a

4 @ a 4 o aoJ g
enfFoufsudnyuzupsgniuvoInodwesaungasuin ldnniiganunedmes
J ~ o 3 Y Y A =< 9 dy a @ 1 Ao o Y
53%%@@%“1!11@1!@&%@@ Iﬂﬂﬁﬂ‘]&l11?]5\1?(51\1Fi]‘ﬁﬂ1ﬂWHW'JﬂJ'€Nﬁ'I§G]'J’E]ﬂ?\ﬁ/]ﬂ'lﬁ\iﬂlﬂ?ﬁli;f\i A8
4 Ja '
m’%m@amiﬁumaﬂmammuﬁmmm (Scanning Electron Microscopy : SEM) JSM 5410 LV
' o 4 @ ad a o
U JEOL Tﬂﬂi%}ﬁﬂﬂw%}\h 15kV Ll,ﬁ3Glﬂs)'jlﬂ?iﬂﬂﬂﬁ’lﬂﬂﬂuﬂﬂﬂmﬂﬁiﬂuﬂi$Li]\?l;!ﬁ\?ﬂall (Back-

scattered electron detector)

Y] d
3.8 mysziunnyzNIZUIUMIMOINeNans
ad o a a v
IpAUHUMSIVY
NYUAI0EN
v A g’/ v = =) d' = d’ =) = o
NIFIUFUNTOUANYIDN 5 MAMTANEIN 2 UN1TANBI 2553 UIU 44 AU
d‘ A d' 9 a o
in3oaien 1y lunisIve
1A v A o [ a oA d‘ 1Y 4 a 4 = ao'
AueaguazinFeud MV IAMIHF0INMIFUATILIN0AND I9AFUUININIINHN
294
< 9
MINVITIVTINTDYD
= o 1A a oA d' a 4 = ao’ Y [
unisuneumnlugieliianisseinsameigaduiimn uazag Inazuunluue

o =\ o Y [ ~
aznnye Iaelnuing IMAZLUUAIAIS 19N 33
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M3197 3.3 Lﬂﬂ!“ﬁﬂWiiﬁﬂ%LlHHﬁﬂH%ﬂi%ﬂ’JuﬂﬁT]N%‘VIEﬂ?ﬁﬁG]%

% a d
NOHSNIZTUIUMINININGIAIAANT

J v
mmmmﬂ‘nmuuu

NNBLNTAUNG

Funalasldlszamduiassialasdraniia Tae

1 a <
Tiasanudaamiu

9
NNHENTAITUUATIU

ﬂ?ﬂlﬂWﬁW]ﬂ‘UﬂJ@\ﬂ%ﬂfﬁﬁTﬂ

NNBEMIMKUALAZAILANAIS

dalsdu: daalsinlasull
dautlsan: aaulsndlurananaunlsdu

amlsniugu: aaulsnaen

NNHLNITIA

A 9 o @ Y Y
mstaenldginsainsialasdgndoas
YY) 4 d'
mnzannuInglszasauazlsuasvesasneg

AN

NAHLNITNAADY

Y o @ Y

1. msaenlFginsaimsdalaedraunangauy
Y Y 9 @

2. mydenlsmsai iaeandoanums

o J Z £
ﬁ\uﬂi'mﬂﬁ'lisluﬂluﬁauuu o

NAYSMITAIUIN

MuaneInumIesenasazais laodegndes

Wnuzmssaiuazdoanuvniedoya

Y Y A o R
’mﬁ’dﬁNﬂﬁﬁ/\l‘ﬂ?ﬂﬂlﬂﬂﬁﬂﬂTﬁUﬂiﬁqﬂi’JﬂN

U

)
ANADN

U

o 2 9 9
V]ﬂHgﬂ'ﬁﬁﬂ?']llﬁll’]ﬂqlall“aL!agﬁq(’“@ﬁ'?ﬂ

aguwan lannni Idedragndos

NABENINGNTA

A 9 2 gy
ﬂ']ﬂ!,ﬂ']Waﬂ']ﬁV]ﬂﬁf’Nﬁ]']ﬂﬂi'W\lV]ﬁﬁ'NsUuhlﬂ
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UNnn 4

Nf;lﬂ'liTlﬂﬂﬂﬁl!ﬁgalﬂi1$ﬁwaﬂ1iﬂﬂﬂﬂﬁ

4.1 ANHUZVDINANHUN

4.1.1 1n399519MeaMe,MN (Physical structure)

gﬂ‘ﬁ 4.1 Tasaardranamenin (Physical structure) (A1) udaiudalenas (A2) NWOANDS TN
ﬁ@u@,ﬂﬁw (A3) waﬁma%éawﬁmﬂﬁw (Cassava starch-g-poly(acrylic acid)) (B1) Hu1N204
(B2) waﬁmaﬁf%wﬁau@ﬂ% (B3) waama%éawﬁa@ﬂ% (Malva nut-g- poly(acrylic acid)) (C1)
insenNioy (C2) waﬁma%émﬁau@ﬂ% (C3)wa§ma§§awﬁh@ﬂﬁ1 (Krueo Ma Noy-g-

poly(acrylic acid))

Y o o v A o ) = A A o o 4 a 4
nilsiudrdevasuanyusilunadun (gﬂ‘n 4.1A1) IWAUINTUATICVINOAINDT

1 @ a aa a . . < a J {
FIVNUNDADLATANDYA (Cassava starch-g-poly(acrylic acid)) wlddianedmesdvn (gﬂ“ﬁ

Y ¥

4.1A2) mad Idninmsuaniiueadunla (Ui 4.143)
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o & 3 Ay y oo d < A o
mJ1ﬂ%aw1ﬂmimmﬂﬁmﬂ%mmmuuma‘w‘lmxLﬂuﬁmma (g‘ﬂﬂ 4.1B1) tyaun

o 4 a J o a aa a . . <3
RAVNTUATICHWDAUNDIITINNUNDADLATANDEGA (Malva nut-g-poly(acrylic acid)) zﬂgllﬁjluﬂ

nansudmansseu (U7 4.182) mad Idninmsuaniiueadunla (g 4.183)

A ) ° Yy A v g v ¥ g Y A A
miaﬁmuet’mﬂmﬁuﬂmmﬂummwmuth’Janﬂumamﬂamz"lm%ammm (g‘]J‘ﬂ

4.1C1) hindunsgrinedmessuiuneasza3anieda (Krueo Ma Noy-g-poly(acrylic acid))

< a o o, ' { { 3 < {
wldilanaaduaidivaesdou (U9 4.102) wad ldvinmsuawdudunadunla (sUn

4.1C3)

4.1.2 Ins3a519mMand (Chemical structure)

Al

A2

(another pquacryllc acid chain)

CO0

gzo
HN

HN

51U 4.2 Tnseadramanll  (Chemical  structure) (A1) Tnsead1aveauils

™o COOCH;  H,c00C O
0 0
OH
HO oH ~0~ HO
C1

550

OH

HN

o) HN
o
o o COO COONa'
H?COOC n-m )71‘
HO

C2

o

9

wud

Merag (A2)

Tasear¥1aneaiesiau (Cassava starch-g-poly(acrylic acid)) (B1) TA59a319u841110904 (B2)

Taseard1aneawesiu (Malva nut-g-poly(acrylic acid)) (C1) Inseadaveunienunios (C2)

Tasaadanedwesim (Krueo Ma Noy-g-poly(acrylic acid))
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o Y ) o 3 a 4 {
anvaz Iassadumaniveawduiudilzvas ulladuTndmesvesng Taaniivuia
' @ ' { 3 ) 4 1w
Tuana lnailigasnalife (cH,,0,), ullslinuiteiugruilu anhydroglucose unit oADMY
o { 4 o 1 { 1 [ 14 o ] {
A0 UTE Ol-glycosidic linkage NATUOUALMIIN 1 voanideng IaanuaSuoudmiian
[l 1 (Y] { 4 ] o
4 voumideng Inafegdall (UM 4.2A1) WerunszuIumMIns WA (graft) @20 poly(acrylic
. A A 1 Y, o Y a [ 7 33 .
acid) 9¢Qn graft AANYY hydroxyl vosuileiu Ivinaanuauily Cassava starch-g-poly(acrylic
acid) (317 4.2A2)
[ 9 = A 14 [ A
e 1ATITi1NNUATUBIMNINT 1H0991N99AYTLNOUHANYDIHUINT0IAD
@ & 7 y ¥ A v & 3 =
a3 1y lamsagemilulamsalsznoudieinaia luwanamen asiuiiaialwanafed L-
arabinose YDIHNINID IFONABDNUAIY 1,3-glycosidic linkage (U7 4.2B1) ior1unszuIums
4 a { [ o a o < S
N304 (graft) A poly(acrylic acid) 99N graft m‘ﬁwy’ hydroxyl yoaudlaiu Inaadaaiiy
. 4
Malva nut-g-poly(acrylic acid) (§ 19 4.2B2)
o v A A Y A s o 2
anbae Iaseaiumaniiveunsorutios (Ho991n09AY 2 NOUHANVBUATONUN
Yeude AsmARY (pectin) OUADNUAIIWUTE 1,4-glycosidic linkage U galacturonic acid
1 4 1 4 a { 1
(g‘ﬂ‘ﬁ 4.2C1) HRMIUNTZUIUMITNT I (graft) fe poly(acrylic acid) &9 graft Glﬂﬁ‘ﬁyj
o a [ 7 {
hydroxyl voauilaiy IWkaasaaiilu Krueo Ma Noy-g- poly(acrylic acid) (gﬂﬁ 4.2C2)
d‘ a [ d (Y} :’ Sldd'
4.1.3 annzmsnaasainedmeidunnzhiannsagaduinldaiiga
M519N 4.1 @A1ITNITNABDIVDI Malva nut-g-poly(acrylic acid), Krueo Ma Noy-g-

~ ¥ A
poly(acrylic acid) 482 Cassava starch-g-poly(acrylic acid) w@ﬂc?mummmq f

amazﬁgm%mmﬁqﬂ
4A1ITNINARDY ane | WNnees | 1n3evantes 1) st
Bud ddenag

WBuavesisiodu (o) 0.01 1.0 1.0 0.1
1319 Ammonium persulfate (g) 0.01 0.05 0.01 0.1
9NN (°C) 70 90 80 90
ANUTUTU Acrylic acid (%V/V) 50 50 60 50
13110 MBA (g) 0.005 0.003 0.001 0.005
ANUAYNYY NaOH (M) 1 1 3 1
nawmﬂzﬁﬁuﬂﬁﬁ“ﬁm (min) 15 15 15 15
nawma‘?uﬁﬂﬁﬁ%ﬁmua 15 15 15 15
(min)
ﬂ?mmﬁﬁgﬂ@ﬂcﬁu (¢/g) - 619.80 824.86 592.19
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1 Y
NN 4.1 Usunahnni ?q(ﬂ ane memwaamamwﬁ %uﬂ"lmm Malva

nut-g-poly(acrylic acid), Krueo Ma Noy-g-poly(acrylic acid) 4tag Cassava starch-g-poly(acrylic

acid) 15111 619.80 NSW/NTW, 824.86 NSW/NTU LA 592.19 NSW/NTY MUAIAL

4.2 Jadaniinanamsgadu

5 Y a d a
4.2.1 MHUNNDAINBITITNYIA

600 - —a— inFeoninilen

= = o == pilafudlenda

«

500

o

HUINID

Y

IUUNVRIIN WORLNBITUNY 1 NTUAA

400

I

300

a

WU (g/g)

o

200

2

100 —

o

0 T T T T 1

v

0 0.5 1 1.5 2 2.5
y a a
MMTANeaNes 53R (2)

511 4.3 Suaveunienuiiss uiluiudlevduasnunies

Fadh Ty lun15n5IA (graft) poly (acrylic acid) asUUNDAWDIFITUMARDMITATIS
W3sARE (free  radical) 11T 1 H WO A5 ITUMALANHUTE ZINAOYYADATE i
'Jm”h“lumim@ﬂ;]ﬂiﬂmwg”lamaﬂma (hydroxyl group, OH) YBANOAND3 FITUMA Fanoa

4 Qd‘ YA A Y Y o o [ =Y a
Wos5ITUIAN 1FAD MUY Torutosuazuilaiudilevdy  waveslSuuwoay
4 a % { ] % @ g
BI5ITNIIA (0, 0.01, 0.05, 0.1, 0.5, 1.0,1.5 1Az 2.0 NFN) NUHAABIATINITAATUUIVBY x-
Malva nut-g-poly(acrylic acid), x-Krueo Ma Noy-g-poly(acrylic acid) 482 x-Cassava starch-g-
o r L o R S -
poly(acrylic acid) naaaluzili 43 FdasimsgaduinznuIy omulSuimvesnodm
I'4 a o Y o % %’ A tﬂ' 9 Y @ o [ ]
pIsITNMANIUNTENIIRoRTIMIgaF I gegane Weldlsumuewdlaiudlznds 0.1 nsu
18 466 nFu/nsu woldfSuasaaionutios 1 nsu'ld 472 nsu/nSunaziiols/Suauss
nu1n994 1 n5u'ld 401 AFu/N3Y
Y

4 = a 4 a [ 1w Y ° {
Lﬁ’f]1“%&5%1'@1!%9@1/‘!6@&%65‘553%%1@ 0n3y WU’J"I’E)G]?Wﬂ"Ii@ﬂ“BTJu"liﬂﬂﬁf;fﬂﬁ’f) 490

o o A A o d1 o a 14 a = Jd o .
NSU/N5Y HOINNWOFUATIZHIIWNUNO ANDTTITNIA Lo Tutleulosdaa (ammonium
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4 o a 14 aAa (] Aa o . o
persulfate) ﬂzlﬁﬁfJ'JuWGlﬁ}W@aL?Jf)ﬁ‘ﬁ33N%W¢1Lﬂﬂﬂ15llﬁﬂﬂﬂlﬂu7ﬁuﬁﬂﬂa (free radical) "N
aan 1 [ S a 4 1 1 a 4 4 4
‘]J;]ﬂﬁﬂ'lﬁ@ﬂﬂuﬂu@m@ﬁ LﬂﬂﬂWﬁl%ﬂﬂJ‘U?Nﬁ%W'}N 2 ﬁ']fJT“]foJﬁliJ’f)ﬁ ﬁ?ﬂﬁ'ﬁl%ﬂﬂﬂl'ﬂ\i Lﬁ@iﬁl
a [ g}/ 1 14 an 4
Lﬂﬂiﬂﬁ\?ﬁ%l'lﬂﬁ'lﬂllﬂ%Wﬂuu HUATVDNHANUDINDUBINDT acrylic acid (-COOR) N
I - o g :
saponified 11U carboxylate groups (COONa') ¥1lawsagauindmlulassad gl
Y Y
YUAOUN carboxylate  groups  (COONa') Hag HOH 91910AN15ANQANUIBY (Attractive
. v . . A Y A a J a
electrostatic force) LagWaNNU (Electrostatic repulsion) Wwoelilsuiaveanediueisssuma
A dy [ [ [} [ 90‘ tﬂl A A Y v
WYY (0.1 NTU LA >1 NTY) f’)ﬂﬁWﬂ?ﬁﬂﬂ‘ﬂﬁJuVﬂgaﬂa%uﬂﬁﬂ']ﬂll‘]JLWNﬂ'J'liJﬁuﬂGlWﬂ‘UiS‘UU
% d‘ d‘ a 4 a o aan [ Aa o
Llﬁ$ulﬂ‘llﬂ‘llﬁ”l\‘]ﬂ?ilﬂﬁ’E)l!‘l/lall’f)\‘ljlllﬁQﬁ‘ll@\iW@ﬁl‘JJ’ﬂﬁ‘ﬁﬁi‘JJ%”lﬁﬂluﬂTﬁﬂTﬂgﬂﬁﬂTﬂUVﬁllﬁﬂﬂﬁ
Ui (free radical initiator) (Rodrguez, Alvarez-Lorenzo and Concheiro (2003)

v
a A

4.2.2 a5ainl{nzen

700 = == = uilafudends
g 600 —— 1310
=2
Ao
E 500 HUINIDY
a’?
S 400
R N
S = W
= ™300 - R
® = L 4
= .2
= F200
£
Ra:
3 100
8
o5
= 0 T T T T T T 1
= 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
151181909 APS (g)

'
a A

gﬂﬁ 4.4 PSnamssGulnsovesdlaiudnlznds msonunfesuazruinves
uonTwdlennles¥ama (ammonium persulfate, APS) ﬁJumﬁﬁmﬂﬁﬁ%ﬁwz
mitienh l¥neamessssunauandiuusana (free radical) FarulunszuaumIna s
Tanoamwe 15U (graft copolymerization) a4UUNOAND3 FITUWA iugﬂﬁ 4.4 LAAINAVDI
15188 APS (0.05, 0.1, 0.5, 1, 1182 1.5 N5N) uué"mwmi@ﬂcﬁ’m?wm x-Krueo Ma Noy-g-PAA,
x-Cassava starch-g-PAA 118% x-Malva nut-g-PAA
é"m”lmi@,ﬂ«ﬁuﬁwmﬂﬁqmammﬂ%m wenutoonazudluiudnlznda ileld
5119 APS (0.05, 0.01 4az 0.1 NN) MUA A é”mwmi@,ﬂcﬁ’uﬁwm x-Malva nut-g-PAA, x-

Krueo Ma Noy-g-PAA 11ig x-Cassava starch-g-PAA Ao 619, 631 Uag 592 NTU/NTU MUAAU
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1 Y ] Y
welSua APS geiu finaliSmSusada (free radical) innymsuReInY 119 Ta Tune

a @ 4 4 a v v W
aliJfJuliL“]f“])'u‘ll@QﬂW'iﬂﬁWW@] (graft) NouoINasuaz lunNIsNANITSINAINUAILD (Self-

o aAd ‘]JQM

termination) Y9433 ULUHNTY1 (Athawale and Lele, 2000a, 2000b) iinldSuar APS anaq

Y
@ﬂﬁWﬂ'lﬁﬂﬂ"lf‘iJﬁWaﬂa\‘]

4.2.3 gaurniveal s

700 - = == = uflaudnlznds
>
600
, Lo tns . —a— ooy
. S,
500 - L -

HuINIDY

£4

MUNVDIUIN WORWBIUKY 1 NTUAA
N
(=)
(=]
1

4

a

U (g/g)
w2
()
(=]
1

[y}

(=3

(=]
|

2 A

100 -

o

0 T T T T T 1

v

50 60 70 80 90 100 110

ganiiveljnse (°c)

31 4.5 guingiiveal§nien (°C) vouilaiudnlends wsenuosuaz nu1naea

a aan [ 4 a 0
QmﬂﬂuﬂﬂlﬂﬁﬂgﬂiﬂWa\?Waﬁ'ﬁ)ﬂi3'1J'J‘Llﬂ’liﬂWiaﬁLﬂi’l%'ﬁW@aLNfliiﬂN (copolymer)
A o [ (% I v .
Tagdoamsguugiiminz audmiunisuanalvoen Tudisuesdaa (ammonium
o 1 1 = <
persulfate, APS) ﬂ’lill@]ﬂWH‘ﬁ%ﬂm@Q acrylic acid !Lagfﬂilw\liﬂiZQWﬂmﬂﬁimlﬂﬂuqaﬂiﬂﬂqcﬁﬂ
(sodium hydroxide; NaOH) FEHINnsEUIUMTalout gy (saponification process) FI0MI
] Y T
nanalAsemedwe 151w5u (polymerization reaction) aztNuAMINogUU Ve fAzen
2 dﬁf d' (3 A d' a =) Y| @
!,Wll"Uull,ﬁ'@\iclugﬂﬂ 4.5 MIUANAIUBY APS Linmqmwgnﬂi$n1m 60 DAL ALK T Gluuﬂmu
o [ ~ a = A 9 a [ 4 a
ﬁWﬂgﬁﬁ\iL!ﬁ$1’iN1ﬂ%@Q ﬂqmwguﬂizmm 70 DA ALK T Glulﬂif)‘ﬁll’luf]ﬂ NARNUNISINA
A o I g [ Y 1 v v [ g 9 A 2 a
LNy ﬂ]&lﬂ!$£ﬂul§]alﬁaﬂiuu1 ’VI']SlTTllllﬁ’]i]'lifl'J@f)ﬁ3'lﬂ'liﬂﬂclfﬂu'lulﬂlﬂﬂlv‘lﬂqmﬂﬁﬂﬂlﬂﬁ
PN = ° v 2 o 9 Jd
‘]Ji‘]ﬂﬁfl"l (> 60 DIRULALEYE) ITUIUVDI APS LANHININYU ‘Vﬂch’fﬂTiﬂﬁ'W\lﬁ (graft) Y94 poly
. . a 4 Aa A 3 1 Y o o ao’ A 2 o
(acryhc acid) nuwaammmmmmwuumﬁu f‘NWa1Wﬂ@]51ﬂ15ﬂﬂ“ﬂﬂuu7‘lﬂﬂ1ﬂﬁu IUNTTNN

a a =

Nguvgil 80 esruwaiFoa vounsenuosuaziguugil 90 eerusaiFod veuilauiy
Y { 4 A a aan 3
dunlzrduazninnies wlidnnmsgaduihgeigaiemvguvglve sl §Aze1vu (>80 o
) ]
aied naz > 90 edAuFAFeA MNEIRL) 8ATINITYATUNIZANA 11099INOATING

a aan A a ana 1 9 S A o Y
Lﬂﬂﬂgﬂiﬂ”lq%J”lﬂ‘i/]Qﬂ!ﬁQ‘JJ"U@ﬂﬂgﬂifﬂqq ﬁ\‘]Waiﬂﬂ”ﬁaza183Jﬂ']13JWuﬂq3%1iﬁﬂizﬂﬁuﬂ1i
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a o . . 4 y 2 aaa a o X
W’f)mil’e)"lj!,“]ﬂm(polymerlzatlon process) mawauamaﬂumuﬁuqmlmﬂgﬂﬁmmmiﬁu

=

4
a o (% a 4 a
uaﬂmﬂﬁmmwnugm ﬂ%“l/na'lfJTﬂﬁ\?ﬁ'%lNWaﬂﬂlﬂﬂWﬂalN@ﬁﬁﬁﬁN‘lﬂﬂ

Q U

A
4.2.4 PBnawesmsirouung

1000 = == = ilafudlends

%v —— 51N RY
= 800 1UINIDY
= 600 - ;A%
oo A
g @ (] ‘\
& 2 400 - 1 -

2 \
= & B ._ Ty
-UEE ] ‘"‘-*
G 200 - 4 ~~U
3 ! gl TS
2 -
=
ag 0 ‘ T T T T T 1
e 0 0.01 0.02 0.03 0.04 0.05 0.06

15119903 MBA ()

517 4.6 15112 MBA veuilaiudnlznds nsonuilosuazuinves
a 1 I 1 * ao’
Tasea$19u0aneaiuessau (copolymen) 1HuTlassadreiraun Fagai13lu
9 o %vl 9 1 o A 1 1 o A 9 v
Tasease Srwnuvesind llegluanrouviesznineae e PAA ansouyiwaianuse
nuae e graft-PAA Wave9l3uia MBA (0.001, 0.005, 0.01, 0.02, 0.03, 1ag 0.05 N5N) AO
Y
97131N13QAFUUIVDI x-Krueo Ma Noy-g-PAA, x-Cassava starch-g-PAA (1a2 x-Malva nut-g-

PAA aaalugili 4.6

e

o °

¥ d‘ o 3
E]Gl‘ﬂﬂTi@ﬂ%ﬂunﬂﬂﬂ@f@ﬂlfldﬂiﬂﬂﬂ@dﬁ@ 0.003 NN DATINITYAFUUIVDI x-Malva

9 '
v o A

nut-g-PAA A9 616 NFU/NTU WorNuluie MBA  dasinmisgaguinnuduaiulilde

De

' 4 v 1 @ o %

NTZN50I MBA 0.003 051 iie1f5u1m MBA 110071 0.003 NSy 8A510159AFUIUDS

4 1 o 13 [
x-Malva nut-g-PAA anad (He491n11511a MBA e 14 Tasead e liifluma 39 lianse

v %’ 4 . AaA = A
aoA31N159a11 18 (Liu, Wang and Wang, 2007) d@n1aziangavesuia MBA Ao 0.003

o ! Y 1 = AR S ] |
n5u sz N Inseadnimigaduin iimsvesvesassaiivaa Tunasadudinio
4 1 4 v SOI
Padusonyege sgdinansvenedives Insedd19sumilogaduiil mIndunsnisga
4
41U Flory’s (Flory, 1953)

F4 ! 4

8ATINIRATUINNINTNFAYDUATONUINDEAD 0.001 NSU BATINITAATUUIVO x-

Krueo Ma Noy-g-PAA A9 775 NFU/A5H IUIASINUHUINDDG



24

Y H Y
oasimsaaguinigavewilaiudnlzvaie 0.005 nsu dasIMsgaguIives
x-Cassava starch-g-PAA A9 592 ATU/ATU UIRGINUNNINDBY

d
4.2.5 Yo uoIies

1000 = =t = ilafudenda

=

[ A v
BR AT UNIUDY
g 800 I/-\“.‘

o ~.— HUINIO
= 600

=4 7] Pl

® ~ , \

2 ’ \

@ 20 4 \

S 2 400 - \

2

s \‘
Mg S -- _‘__~-

(74 200 = e vy

g

=

= 0 T T T T T T T T 1
30;

207" 307" 407 507" 6( 70 80 9C 100 110
Acrylic acid (%)

! . . Y o o v 9
317 4.7 15108 Acrylic acid veanilaiudlzwas nseruniesuas nunaea

= [ Lé d’ o @ o [ [ J a g =
Nl nIINAAY T TUNTLUIUMINIAUATIZHWOAINDITTIN (copolymer) AO
A 4 a 4 a A Y <
MIAONI (graft) Nouvwosad lJuunedweisssumAaIngln 4.7 udasliiunavesnnu
H H 1 (%3 U SOI . (%3
i acrylic acid (AA) 71 40%, 50%, 60%, 80% Lag 100% NUHAADOATINITAATUU HIOAT
o ¥ A L%I A A J I J . . é’ o = Y @ o v
MIPATFUILINVAUU DN DSIFUA acrylic acid YUIUNTLNIDG 50% vouilaud )z vias
v ) v
HazIAIENYIN0E N1 60% Y0IHNINIBIBATINTYATUIIGINGA
A o I Ao v ¥ Ao A A 1 1 A
N 40%AA wAUNAFUNNTATINTGATUNNAMNGA 110391018 TFUDINITADN

S ¥ 4 L] L}
(graft) poly(acrylic acid) Fuinu (Chen et al., 2004) ﬁmaumsﬂwum oae TEuoan1sne

Sldda!

A 1 o o Y g .
N poly (acrylic acid) ¥17 mmw%wﬂﬁ'amwmiﬂﬂmuuﬂﬂﬂmu (‘]J'iZiﬂle 50%) (Zhang, Li
VA A ds! Y Y ) o A 9
and Wang, 2006) LALUBINY %AA WINUU (> 50% AA) "llf]\ill‘]J\‘illuﬁ'lﬂg‘Viﬁﬂllﬁgm’i@ﬂh1uflﬂ
A o v ¥ ' A A A 9
N 60% AA UDINUINIDN) ATINIIAATVUIIEABY NN mm%m"lﬂmnmmwuﬂmm

9 Y
AszUIUMsNOae 15Ty (polymerization process) °lumumaﬁug@mmﬂgmm
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4.2.6 ANMUNTUVD VA

1000

9

800

1 NSuAN

600

Y

minveaiNweames i

400 = == = ilafudenda

WU (g/g)

o

—a— insenuniley

PR

200

HUINIDY

o

v

0 1 2 3 4 5
ANUITUTUYDI NaOH (M)

Y Y v Y @ o o v
?j‘l.lﬁ 4.8 ANUUNUVUUDI NaOH "Umuﬂmumﬂxwm Lﬂ%@ﬁﬂ’luﬁ]ﬂl!agTﬁJ'lﬂﬂ@\‘l

1 Y ! ]
5UM 4.8 udawanududuYes NaOH UUBATINTAATUU tilorNuA U
A a + 4 X o o ¥
Y94 NaOH USunaves Tadonlooon (Na ) iMudu (Wu et al., 2003) 8a510159AFUUI1UDY x-
Krueo Ma Noy-g-PAA, x-Cassava starch-g-PAA 116i¥ x-Malva nut-g-PAA !,Lﬁﬂ\iclug Un 4.8
¥ ~ 4 [
oasmsgaguiInigavesnuntouieldnnududuues NaOH 1 M 6a51n13
Y v Y 1 v '
AAFUIUDY x-Malva nut-g-PAA INNAIIDINUAMNGNTUVO9 NaOH 7UN5ZNIBATINGGA
Y 4 d' U % %
FU1gaga 619 nSu/n5u old NaOH 1 M Nanuiduduues NaOH 0 M 8a510159A5U1
Z, o @ 4 [ ] 4 an . . ' .
A1gA 230 NTU/N5N 1H999INNHYASVONTANVA acrylic acid (-COOH) 9z 11N saponified
I - o [ a 4 (= @ a
1Tu carboxylate groups (COONa") Taald NaoH virldae Tanedwes lilianuauesalud
1 o ¥ A 19 =2 ) 9 a S Y Y v a
nuananuifegamuuen dgatindnlulassadvvesnedwes Idios aAnuaueod Tuan
%} a Al = + {
vzgati g IuTnsad e anedne s (copolymer) Ysua lafonlooou (Na ) vzilasu
[ 4 YA [ 9 d‘ = Y g d' =Y
a1e1v0an3 A (graft) PAA Triusandnannsovens Insaasaiieinmsgaguii weilsuna
+ a ° a 1Y - 0
TmRenlooou (Na ) winiu'll (NaoH 2 M) s liinausswanveslszgauves —coo i lw
= v - + [ g’; U 9 @ 9 a A
13IANPATENIN —COO N1 Na  anad AdUUEIHa 1HMIV1AI903 1nT9a 5 19N0 DT TN
4
(copolymer) a@muagammﬁ@@muum@amm”lﬂﬁ’w (Fatang et al., 2006; Liu, Wang and

Wang, 2007; Wu et al., 2003)

[ o ¥ A A 9 A Y 9y 9 @
ﬂ@i”lﬂ”lif]ﬂG]ﬁJu13J1ﬂV]Q‘ﬂsllf’]QLﬂi@ﬁN1u@ﬂlN91%ﬂ31ulmumuell'f)\‘] NaOH 3 M 96131

3 4 2 4 4 Y
NMIPAFUUIVDN x-Krueo Ma Noy-g-PAA LWN%NLﬁ@LWNﬂ?TNL{l}NSﬂ}uﬂJ@Q NaOH 9UNTENI0NT

Y 1 5
NIYATUUIFIFA 824 NTW/NTY FURASINUHNINTOA
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Y H T
oasimsgaguinigavewilaiuieldanududuves NaOH 1 M 6a51n1390
A

Y ] vy ] '
FUUIUDY x-Cassava starch-g-PAA LWN%MLNGLWN?]’J']NLGISJ)N%}MSUEN NaOH 3UNTENNOATINIGTAN

Y 1 o
"lﬁthQ’Q?q(ﬂ 592 NTU/NTY IFUAGINVHUINIO

4.2.7 nNAWITUIBNUH3eN

- 1000 - = == = yilafudlends
(e A ]
=] —— i3 onution
=
2 o ./_/\/— [GTROEEN
-
A
v 600 - cm=sd
g @ /" \\
g 2 v’ .
= .2 400 - o/ D g Py
s ¢
305
3 200 -
8
=
=
=
“S 0 T T T T T T 1
0 5 10 15 20 25 30 35
L ad ama ~
1RV FNUHATE (W1h)

v ]
v aAa

51 4.9 nawestusulfasevewduiudilzva wenuiosuaz nunves
d o 3 o Aa A Aa o
wou Tuiouossama (Ammonium persulfate; APS) 1Hua255uWsIsARA (free
{ so’ v 3 [ Aa o
radical) Nau1saazaeyinla APS dsamsanudeulumsuanduiudamausdna (sulfate
gJ/ ] [ a 14
radical) 910U 92 TR 10znenlalasiauain —OH group vesee TsHaNYeINDANBSFITY
a ) Y a a dl 1 a aan d’ 1 a a
@ (R-OH) i lninaeyyadasziies hlumanalfnsenvy leasonda (-OH) veswodl
14 le? a d’ 1 dy o ann [ Jd a A 4
93 TITNTIAFIOYYAdATZNI04 il szihfnseinunouomesinaNsnond (graft) YOUBINDS

Tuuwedeisssumanagili 4.10

S,05.
¢800C
R—OH +  2850; ——» R—Oe- W
COOH COOH
/\,h I
R— 0% H,~CH —— R—O—CH,—CH

2)

i.lﬁ 4.10 ﬂaulﬂﬂ'lﬁlﬂﬂ@ullaﬂﬁi ‘Vl‘l’mulﬁﬂiﬂﬂ“ﬁﬁﬂlﬂ\ﬂ‘l@ﬁlﬂﬂi‘ﬁiiw]ﬂﬁ
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A Y I Y ad aan A A
ﬂ'lﬂgﬂﬂ 4.9 Llﬁﬂ\ﬂﬁlﬁunaWﬂIf}\i51]1‘13L53J[]J3;]ﬂ§ﬂ'] (5, 10, 15, 20 uag 30 UIN) NUKWA

A X ' 9 A an

1 o o 90‘ \ % QU 90’ 4 g}/ a 4 a
ABDAITINITAAFUUT WUINBAITINITAATUUIISINNUUDYINT) Lﬁﬂiﬁl’]ﬁﬁlﬂﬁluﬁliuﬂgﬂiﬂ

-

v 9
o 901 I C% 2

2 o = = A o A A ) a
WINVUIUNTENNDY 15 UIN ASUDATINITAATUUIFING A mmmmm“lmamsuawumu
Ana A 2 4 g v ¥ A X & v v v A v &
ﬂ;]ﬂit’l'llWiJéllulﬁﬂfJ‘] %zlﬂumﬂﬁmmwmwmu ¥3 APS @aﬂ%mmaaumaummﬂu

'
a A

i 9 Y
Famlausana (sulfate radical) Woliawesius Gulgasewnniu (15 wi) dasinmsgadu

Y
o

zAeanad 1e1nms ItanuieunuuInIuIznamsuana1ves APS shlninaoyya

De

a d' 1 a Aaan [ 4 dg! o Y a A A A
@ﬁ'i%ﬂ’)ﬂﬂuhﬂluﬂﬁlﬂﬂﬂ{‘]ﬂ'ifﬂﬂ‘Ull@‘Ll’f)LiJ’f)iiﬂﬂéllu‘VIﬂ‘l’iLﬂﬂﬂ’JHJ‘ViuﬂulﬂLWMﬂ’ﬂiJ‘ViuﬂcLu

9 v
A3EUIUMS polymerization TUVUTUTAVDIUHNITE

4.2.8 naastuinlgnsennuua
mauaNnuauesda luanlulasaasiaves PAA drelw@enlooou (Na'ions)n'ld
o aan Y] I A [ o %’
INNTZVIUMINURATeIN VDA (saponification) Tas1d NaOH iHlunisiiindasinisgaduiin
a s = aan [ ] 14 Aaa 9 A 4
YOINOAINDI BIURNIB1V03 NaOH NUNYMSVBNEAN (-COOH) TuIATaers 19N 14 (graft-
[ 4

PAA) 12 1Wwansualidlunyn1iuondian carboxylate groups (COONa') uaradlugi 4.11

(Liu, Wang and Wang, 2007)

NaOH
H _
NP—O n NP 0) . -
N
COOH COOH COO'Na
x-NP-g-PAA Partially saponified x-NP-g-PAA

Superabsorbent polymer

b4
% o

317 4.11 YRS uaUe e x-NP-g-PAA (Liu, Wang and Wang, 2007)

aan % = U U 50}
HaveIAMIRATeIUILE (5, 10, 15, 20 L1ag 30 WIN) VUBATINTAATUUIVDI
x-Krueo Ma Noy-g-PAA, x-Cassava starch-g-PAA 1l x-Malva nut-g-PAA U m“l,ugﬂﬁ 4.12
weldnaimsil§asernuwaninsiilfuyaifuendian carboxylate groups (COONa')

A X
INUYU (Wu et al., 2003)
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- 1000 - = == = ilafudnlends
(e A 9
2 —— inFonution
=
2 o ./_/\/— [GTROEEN
-
=
v 600 - -===%
g @ /" \\
= 2 400 - o/ DY Py
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305
3 200 -
8
=
=
=
=3 0 T T T T T T 1
0 5 10 15 20 25 30 35
v
nawesruylfATeIn I (i)

4 g o aan o Y @ o (% 9
iﬂ‘ﬁ 4.12 l,'JﬁWJ'E]\?"UH‘VIT]J{(]ﬂiﬂTﬂULUﬁmﬂQLLﬂQNUﬁWﬂgﬂaQ Lﬂ%ﬁmmuaﬂuazwmmm

U

v
o 9

o o ¥ A Y o A 9 4 q9
’t’)ﬂ31fﬂﬁﬂﬂGlﬁJ‘Lﬂiﬂﬂ“l/li:fﬂ‘ll@ﬁuﬂﬂuuﬂﬂﬂzﬁaﬁ HUINIDILATLIATONUIUDY Lllﬁ]alcb’
Y

IMIMUAToUVA 15 UIN BATINTYAFUUIVDY x-Cassava starch-g-PAA, x-Krueo Ma

Noy-g-PAA 118z x-Malva nut-g-PAA @9AARBINUNOBEV0Y Flory’s (Flory, 1953) fina1271

v Jdo

1 a 4 @ o 3 o v S
UszquuTnsaad s umneame 5 uoIdIgAFULININ (superabsorbent) HANWUTNUNYFO VN

o ad 1 a [ 2=
(hydrophilic) 439NN (Electrostatic repulsion) 611mEJLaﬂmauizmnﬂizguuwaamaimgm

9
LY

Y =1 [ a 1 Y 1 [ %l a o [
W“Ll‘ﬁ3l,!,’dZﬂgi\luiﬁﬂu@@ﬁh\l@]ﬂi$W3101ﬂiﬂﬁ§1051ﬁu°ﬂﬂ‘ﬂu1 PNUUBUALASITUIUUDINY

9 1 1 v %}
¥9UU" (superabsorbent) uuimqa%ﬁﬁmmﬁwammi@ﬂmum
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4.3 Fourier transform infrared spectroscopy (FTIR)
o a I a {a 1 J v
Tagna ldudunatianie FIR Wumaiiafdeuldlumsanyimydendunielu

a 4 2 .- . . .
Tnsea$avesnodimes ﬂﬂ‘% JUHIWN (Lanthong, Nuisin and Kiatkamjornwong, 2006)

4.3.1 FTIR spectra of natural polymer

— T | J—
C-H Stretching C-O Stretching  C-O-Cbending R
O-H Stretching L ~_ P e

o ’/./- ¥ . .
S l ' C=0 Stretching C-O-Cbending
O-CH, Stretching
O-H Siretching

C

o

- . —
4\‘_, C-H Stretching C-0-H Scretchmg/

O-H Stretching

C-0-C bending

.
Ll

C-0 Sireiching

4000 wavenumber (cm ) 400

517 4.13 IR spectra of natural polymer (a) #11N904 (b) 1AsoHNTRY (c) tiluindlznaa

ANHULNAVDINNINDB (gﬂﬁ 4.13a) (Srichamroen and Chavasit, 2011) ‘1J'i1ﬂ;]ﬁm'7i
S 3430, 2930, 1254 11821055 cm’ TaefATR I 3430 om” WU O-H Stretching
voeny lansondalulassadnuosinnaes finfidumiis 2930 cm” wu3uSlu C-H Stretching
YoavyLeana (alkyl) finfidumue 1254 em” woduilu c-o Stretching uazfiafidmie 1055
em’ wudlu c-0-c bending voanuse Inaladan (glycosidic bonding)

anyaziinveunIonuT oy (gﬂ‘ﬁ 4.13b) (Singthong et al., 2003) ﬂimgﬁﬂ‘ﬁﬁnmm
3430, 2938, 1634 1Az 1104 cm’ Iaofiafidmiia 3430 em” wuiudly O-H Stretching V94
i lansendalulaseadaveunsonunios finfiduniis 2038 em” nusuiu o-cH,

[] a 4 { o [] -
Stretching UBINYLUNALDAINDI (methyl ester) VDI galacturonic acid WANAWNUS 1634 cm’
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WUITIU C=0 Stretching ¥4 carboxylate group (COO") Haz ARG 1104 cm™ WuI T
C-O-C bending Y0IHUF ¢'Inalngan (glycosidic bonding)

anvaziinveuilaiudilnds (g‘ﬂﬁ 4.13¢) ﬂﬁiﬂ;}ﬁﬂﬁﬁumﬂq 3200-3600, 2932,
1155, 1078 1oz 1016 cm” Tnefiafid e 32003600 em” wusuilu O-H Stretching voty 1o
asondalulassadrvewduiudulzuds fAafidumus 2932 em” wuduiu C-H Stretching
YorLeana (alkyl) faRGIMUS 1155 cm” WoIuTlu C-O-H Stretching AnfidMMa 1078
om” WDANTIU C-O Stretching HazRafid e 1016 cm™ WuIUTIU C-O-C bending VoTUTS

lnalagan (glycosidic bonding)

4.3.2 FTIR spectra of saponified poly(acrylic acid)

a
TN T o
T \ / <
O-H Stretching N-H bending CH, bending
— C-H Stretching

T . T e ) e R ™\

| LN\ / CH, bending

O-H Stretching C-H Stretching N-H bending
C

~ L -
B -
N B /\f | \

I \ N-H bending
O-H Stretching C-H Stretching C=0 Stretching

v

4000 400

-1
wavenumber (cm )

[ o

H A ? aa =
317 4.14 IR spectra of saponified poly(acrylic acid) NioasMsgaguinanga las il (a) uile

Wudlenda (b) w3onutios (c) HUINID4

2 o o/ %l

anbe#iAUeY saponified poly(acrylic acid) NHdasIMIgadianga Taeluiuile

udlznds (GUN 4.142) TiTinSenudes (UM 4.14b) naz liilivannaes (U0 4.140)

]
=1

Usingfiafiduiiil 3463, 2022, 1728, 1562, 1452 118z 1160 cm ' Taefinf 3463 em™ nuauiu

3
il

M3AUVOY -OH- Stretching Y8y acrylic acid TudeTawodmes Anhdiumiia 2922 cm’
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] 1o A { o 1 -1 3 .
wuandu C-H Stretching ¥V ANA (alkyl) WANAwYU 1728 em” 11w C=0 Stretching U84
1 4 an 4 . . { o ] -1 S .
HYATUDNFANVOINOUDINDT acrylic acid (-COOH) WANAWMUS 1562 cm 11U N-H bending
1 4 . Y . . =
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Abstract

This research aimed to determine the percentage of students that passed the evaluation criteria of nine scientific
process skills by the use of an experiment package of the synthesis of super-absorbent polymer from Malva nut.
Forty-four grade 11 students participated in the study. A teacher graded answers in a laboratory manual regarding the
package and observed the students’ behavior. The use of the package revealed the scientific process skill in which
students showed the highest success rate was observation skills at 94% and the skill in which students showed the
lowest success rate was manipulating and communicating data at about 2%.
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Water absorbency of Saponified Cissampelos pareira-g-Poly(acrylic acid)
Chaichana Thothong*, Warittha Juntaseang®, and Karntarat Wuttisela* T
*Department of Chemistry, Faculty of Science, Ubon Ratchathani University,

Varinchamrap, Ubon Ratchathani, Thailand, 34190

Abstract

A pectin-graft-polyacrylic acid hydrogel was synthesized by a graft copolymerization
reaction among pectins extracted from Cissampelos pareira leaves, ammonium persulfate, acrylic
acid, N,N’-methylene bisacrylamide, followed by saponification with NaOH. The effect of the
amount of reactant, temperature, and time of initiation and saponification step on water
absorbency was studied. The maximum capacity of swelling was 824 g/g in distilled water with 1
g of Cissampelos pareira, reaction temperature at 80 °C, 50%(v/v) acrylic acid, 0.001 g MBA, 1
M NaOH, 0.01 g APS. The analysis of FT-IR confirmed that sodium acrylate is grafted on the
pectin of Cissampelos pareira leaves. The result of SEM showed hydrogel pore more than native
Cissampelos pareira.

Keyword: Cissampelos pareira, water absorbency, pectin-graft-polyacrylic acid

Introduction.

The superabsorbent polymer (SAP) has a three-dimensional network structure that is able
to swell and retain the aqueous medium in its network. It can be used in applications such as
disposable diaper, water crystal, water-blocking tapes, etc. (Buchholz, 1998). SAP has been
synthesized by various techniques; however, the most general synthetic route is the FRP process
of making hydrophilic homopolymers or copolymers with the help of a bifunctional crosslinker
and a saponification agent. The original synthesis of SAP from homopolymers crosslinked with
polyacrylic acid was developed by Kern in 1938 (Buchholz, 1996). Recently, research on making
the SAP copolymers by grafting onto various natural polymers (NP) or bioSAP has been
increasing because of the added value of its biodegradability of the NP. The vinyl monomers are
grafted onto various NP, such as, starch-grafted-polyacrylic acid (Fatang, 2006), agar-grafted-
polyvinylpyrrolidone (Prasad, 2006), nata de coco-grafted-polyacrylic acid (Puspitasari, 2006),

etc. Polymerization is mostly done under inert N, atmosphere because oxygen inhibits highly

Corresponding author E-mail: sckarnwu@meail2.ubu.ac.th
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reactive radicals (Garner, C. M., 1997). In contrast, Pourjavadi and Zohuriaan-Mehr (2002) and
Wauttisela, K., Panijpan, B., Triampo, W., and Triampo, D. (2008) had shown the effectiveness
FRP process in the presence of air (Pourjavadi, 2002; Wuttisela, 2008).

Cissampelos pareira is a NP which is climb plant in the family Menispermaceae. It has
uronic acid about 70-75%. It can form gel after extracting in water. Gel strength increases in
sugar, Ca2+, NaOH. It can form gelation both crude extract and dialyzed fractions (Singthong,
2005). It is widely used for dessert and medicine (Sankaranarayanan, 2010). From its properties,
we optimized crosslink Cissampelos pareira-g-poly(acrylic acid). In our studied, the influence of
polymer factors; i.e., amount of reactant, temperature, and time of initiation and saponification
step on water absorbency is discussed.

Material.

Dried leaves of Cissampelos pareira (CP) were collected at That Village, Ubon
Ratchathani Province, Thailand. Acrylic acid (AA, from acros organics), sodium hydroxide
(NaoH, from Carlo erba), ammonium persulfate (APS, from Carlo erba), N,N’-methylene
bisacrylamide (MBA, from Sigma) were of analytical grade and used as received.

Preparation of gelatinized Cissampelos pareira

The dried leaves were slice into small pieces. The pectin was extracted by using the
solid:solvent ratio about 1:5. The solution was poured into the cheesecloth and squeeze to extract
pectin. The filtrate forms a pale greened gel in color. The fresh gel should daily preparation before
use.

Preparation of hydrogel

The 5 mL of distilled water was added to a test tube containing the mixture of (0-2 g)
fresh gel from Cissampelos pareira (CP) and (0.0025 — 0.2 g) APS initiator. The mixture was
stirred at a varied initiation time (0-30 min). 5 mL of (40-100%) AA monomer, (0.0005 — 0.005
g) MBA crosslinker, and 5 mL of distilled water are then transferred to the mixture of CP gel and
initiator. The gel forming within 2 minutes and the solution should be stirred for a total of 5
minutes. This was to keep the propagation time constant. The gel was milled into small pieces by
a blender. The gel granule was saponified using (0 — 3 M) NaOH for varying saponification time
(0-30 min). The reaction temperatures were varied from 60 — 100 OC for both the polymerization

and saponification steps. Homopolymer was removed by washing 3 times with 200 mL of distilled
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water. To dewater, the gel dried in an oven at 70 °C for 24 hours. After grinding, the dried
product was stored in a desiccator.

Tablel. The polymerization factor

Polymerization factor Range Constant
CP content (g) 0.01-2 1
APS content (g) 0.001 —0.01 0.1
Reaction temperature (°C) 60 — 100 80
MBA content (g) 0.0005 —0.005 | 0.001
Concentration of acrylic acid (%) 40 - 100 50
Concentration of NaOH (M) 0-2 1

Swelling measurement

The water absorbency of copolymer was measured by soaking 0.1 g of samples (m,) in
100 ml distilled water for 24 h and measuring the weight gain (m,). It was calculated according to
following equation 1:
water absorbency = M, =My

M (1)

Characterization of hydrogel

FTIR spectra of hydrogel were taken in KBr pellets. The transmission FT-IR spectra were
then recorded using a Perkin-ElmerSpectrum RX I FT-IR system. The surface morphology of the
sample was observed using scanning electron microscopy. Dried powder were coated with a thin
layer of gold and imaged in a SEM instrument (JSM-5410LV, JEOL, Ltd).
Result and Discussion

Water absorbency properties of Crosslinked Cissampelos pareira-g-Poly(acrylic acid)
was systematically investigated by studying the effect of various parameters such as amount of

Cissampelos pareira, amount of APS and MBA, reaction temperature, concentration of AA and

NaOH, and time for initiation and saponification step.
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3.1. Characterization of Cissampelos pareira-g-Poly(acrylic acid)
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Figure 1 IR Spectra of (a) Cissampelos pareira-g-Poly(acrylic acid) and (b) native Cissampelos
pareira

The FT-IR spectra (Fig. 1) of the Cissampelos pareira-g-Poly(acrylic acid) in the range of
400 - 4000 cm were taken in order to proof of grafting Cissampelos pareira (CP) to Poly(acrylic
acid). Fig 1a and 1b, they also exhibits absorption bands at 3430 and 1654 cm>1, which indicate the
presence of —OH, and C=0 groups, respectively. However, C-O-C bending of CP was disappear in

Figla because saponified acrylic acid is grafted to CP backbone.
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Fig. 3. Effect of amount of CP on water absorbency
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The reaction of graft copolymerization on Cissampelos pareira (CP) is to generate
radical sites on the CP backbone. The CP had hydroxyl groups that would act as the site to initiate
free radical. The effect of CP content from 0.01 g to 2 g on the water absorbency is shown in
Figure 3. As can be seen, the water absorbency decreased with the increase of CP content from 1 g
to 2 g. Higher CP content resulted in increasing the viscosity of the system. The maximum water

absorbency of about 472 g/g used 0.1 g of CP.
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Fig. 4. Effect of amount of APS on water absorbency

The swelling capacity of the hydrogel prepared with various amount of APS initiator, is
shown in Figure 4. The water absorbency increased with the increase of APS content from 0.001 —
0.01 g and sharply decreased with upwards of 0.01 g APS content. The more the APS content, the

higher free radicals resulted in decreasing the polymer chains according to eq. 2 (Sperling, 1992).
kM

2Kk [17)"2
(kok [11)

The maximum swelling 631 g/g is obtained at 0.01 g of APS content

2
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Fig. 5. Effect of reaction temperature on water absorbency
Figure 5 showed the swelling capacity of the superabsorbent with various reaction
temperature in keeping all other parameters constant. The water absorbency increased with
increasing reaction temperature. The maximum water absorbency (507 g/g) was reached when the
superabsorbent was synthesized with reaction temperature at 80 °C. It could be due to the
temperature higher than APS dissociation temperature about 70 °c (Zhang, 2006). When the
temperature was above 80 OC, the APS dissociation increases resulting in the increase in the water

absorbency.
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Fig. 6. Effect of MBA content on water absorbency
Crosslinker play an important role to connect free radicals between two grated-PAA chains. The

effect of variation in MBA content from 0.0005 — 0.005 g is investigated (Figure 6). It exhibits the

effect of MBA content on the water absorbency of CP-g-PAA. The water absorbency initially
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increased with increasing MBA content from 0.005 g to 0.001 g until reaching a maximum value
of water absorbency and then slightly decreased. The finding correspond to Flory’s theory (Eq.3),
higher crosslinker content results in lower water absorbency cause higher the crosslinking density
(Flory, 1953), the space between the CP-g-PAA chains decreased and, consequently, the polymer
could not expand to absorb and hold a large quantity of water. Therefore, the maximum swelling

825 g/g is obtained at 0.001 g of MBA content.

Q"= (i/zvgs”z)2 + (12— x1)/V1 3)

VE/VO
where Q is the degree of swelling, i/Vu is the charge density of polymer, S is the
ionic strength of solution, (1/2—x1)/V1 is the polymer—solvent affinity, VE/VO0 is the

crosslinking density. According to Eq. (2), when the ionic strength of saline solution

900
800 -

~

o

o
!

600 -
500
400+
300
200 ~
100+

0 T T T T T ]
40 50 60 70 80 90 100

Water absorbency (g/g)

Concentration of acrylic acid (%)

Fig. 7. Effect of concentration of acrylic acid on water absorbency

The relationship between concentration of acrylic acid and water absorbency is shown in
Fig.7. The water absorbency increased with raising the concentration of acrylic acid from 40% to
50%, and decreased with upwads of 50%. With the increase of concentration of acrylic acid, the
viscosity was enhanced. This led to the increase of water absorbency. The water absorbency reach

a maximum value about 825 g/g with 50% of acrylic acid correspond to agar-g-PAA (Wuttisela,
2008).
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Fig. 8. Effect of concentration of NaOH on water absorbency
The effect of the concentration of NaOH on water absorbency is illustrated in Fig.8.
Concentration of NaOH increases with the increase of water absorbency because NaOH reacted
with —COOH of acrylic acid to form carboxylate ion (-COO'Na’) with the increase of osmotic
pressure. The best water absorbency of saponified CP-g-PAA superabsorbent is 824 g/g. When the
concentration of NaOH was higher than 1 M, the absorbency of CP-g-PAA decresed because

carboxylate ion attracted itself to fix crosslinking density (Li, 2007)

Fig. 9. SEM micrograph of (a) native CP (b) CP-g-PAA product

The most important properties of hydrogen is to have porosity for penetration of water
(Bao, 2001). SEM micrograph of native CP is shown in Fig. 9a which observed smooth surface
and has less holes than CP-g-PAA (Fig. 9b). BaO (2001) obtained the same results that the surface

morphology of superabsorbent hydrogel has an coarse surface.
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Conclusion:

The best water absorbency of saponified CP-g-PAA superabsorbent about 824 g/g found
to be 1 g of Cissampelos pareira, reaction temperature at 80 °C, 50%(v/v) acrylic acid, 0.001 g
MBA, 1 M NaOH, 0.01 g APS. The analysis of FT-IR confirmed that sodium acrylate is grafted
on the pectin of Cissampelos pareira leaves. The result of SEM showed hydrogel pore more than
native Cissampelos pareira. The surface morphology of hydrogel was coarser than native natural

polymer.
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