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Abstract 

In this work, slow-release fertilizers have been reported as environment-friendly 

and biode~radable . The synthesized biode~radable hydro~el was used as a coating 

material to control urea release from polymer-coated urea. Hydrogels are a type of 

three dimensional cross-linked polymeric networks with hi~h retainin~ capacity of water. 

The preparation of biode~radable hydrogels from cassava starch ~rafting with acrylic 

acid via free-radical copolymerization, and polyvinyl alcohol (PVA)/natural rubber (NR) 

blend were used to improve the biodegradability and high mechanical properties. 

Herein, the preparation the hydrogels were used as three different types of crosslinking 

a~ent includin ~ N,N'- methylene- bis- acrylamide (MBA, Ethylene ~lycol dimethacrylate 

(EOMA), and Glutaraldehyde (GA). The obtained hydrogels were then characterized by 

usin~ FTIR spectroscopy, X-ray diffraction, thermo~ravimetric analysis (TGA), and 

scannin~ electron microscope (SEM). The factors influencing the swelling ability such as 

type and content of crosslinkers were performed and optimized . The results showed 

that different crosslinkers resulted in the significant variation of water absorptivity of 

hydrogel. The optimized swellin~ ratio of CSB-M2, CSB-E2 and CSB-G2 was 450, 550, 

and 5890% in distilled water, respectively. Moreover, the water retention in soil, 

biode~radation test and plant growth were also carried out. The urea fertilizer coat in~ 

with the hydro~els (UCSBw-X) showed t he hi~her efficiency of the slow release than 

pure urea. The release amount of UCSBw-X without carrie rs in water was 50% at 40 h, 

and 40% at 15 days in soil. This novel biodegradable hyd ro~el has proven to be a very 

effic ient device for material coating and controlled-release fertilizers. in addition, bein~ 

nontoxic, biodegradable in the soil and environmentally friendly. 
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" v 

mn:ffu u~tTum1bVI~t.Jl.ll?l(il1~ l(il1 b'.iJ{;l '<ill n-wv~bl.lv~u11l.l'1Jl~~.:J 1l'i'.Yumll.lUt.Jl.l bb(;l~ 1l'i'.Yu n l1 
' 

fl n~ll~t.Jtl'UvcJl-:J nl'l.:J'llll -:J 1 'UD'<il'.iJU'U l(il t.J'I"lfl~ bl.l v~u11 l.l '1Jl~~ fl m1lm 1-ilt um1 LVI~ t.Jl.l 1~ l(il1b'.iJ(;1 
' " 

1ti1Lbn bbU.:J b'lJ(;l(;jl(;l?lbb(;l~t.Jl-:J u11l-l'lll~ btlul'lu '<illnm1fin~l'l"lUl lbbU.:Jbtlu-wv~ bl-lv~u11l-l'lll~~ut.Jl-l 
" 

1..hm 1-U1 u m1 LVI ~t.Jl.l 1~ l(il1 b '.iJ (;1m n~?l (il b ~v-:J'<il l m uul' VI fl ~u~:W 1l m fl n ?llm 1 f1VIl1til ~ l tJ 
' ' " 

m t.J 1 uu 1~ b Vll"l bb61~cJ vt.J?Im tJ 1l'i'Lv.:J Vlll.lu11l.l'1Jl~l'i'lt.J m~mu nl1bl.lVIlUv~61il.l'lJ v.:J bb u A Vi b~t.J v~:~vi' 

bb(;l~b~(il 4-6 <E.:Jb U'U:iJVI1vle:J~;j bb l(ilii'vl-l 'U e:lfl'.iJlndtJ.:Jl.ll 1 u:ffu 1 u1l'i'~lt.J B nl'i'lt.J e:lcJ l-:J bnVIll.J~'U.:Jl'U ~ 
" 

bl'l~t.Jl.l'<illmbu.:J t'T.:J:iJAru?ll.lU~b:S.:Jn(;l~~l :Wmll.lbU1l~ bbl'ln~ lt.J vh1~:Wmt~m11-il.:Jl'U~'U b~en.h1u 
' ' 

bfl~ vuut.J {i]-:JtTu b ~v(;l (ilD ruVIll'i'lu fllll-lb tJ 1l~ bb61~ m1u.Yuu1 .:J?Il.lu~l'i'l'Ufllll-l bb ~-:J bb 1.:J b ~m ~l-l 
' v ' 

vl~m1Hi'.:Jl'U ~.:JI'i'v.:J:Wnl1b~l.l'l"lv~bl.lv~'1Ju(il~'U 1 (;1.:J1ul'i'lt.J L'liu t.Jl.:Jo11l.l'1Jl~ (Natural 

Rubber)7 'l"lv~biJ(;lbbv61nv~v~ (poly (vinyl alcohol)8 <E.:JbU'U'I"l v~bl.lv~~:W~ru?ll.JU~b:S.:Jn(;l~~ 
bb61~'1"1B~B~fl~~ mbv'B(il (poly(acrylic acid) ~b U'U'I"'B~ bl.lB~~:iJfllll.l'lJBUtll~-:J'.iJ~'lilt.J 1 'Ufll1(il(iliu 

" 
tll1l'i'm n b ~Bu.Yuu1-:Jflru?ll.JU~'1Jv.:J 1~l(il1b'<il(;11 ~b Vlm~~lVI.Yu 1-i1Vll-:J1 utillu m1Ln~m bb(;l~'.iJl n 

' ' 
-:Jl'Ul~t.JnBuVI'11ld'1Jv.:Jn~l.ll~t.Jb1l AB 'Ul.:J?Illll1ru miruvi' ul"1. 91~{i)utJ~rurulbBn 1tilvhm1 

, , QJ v 

bl'l ~ t.Jl.ll?l (il1~ l(il1 b '.iJ(;l '<ill n'l"l v~ bl.l B ~o11l.l'1Jl~'1JB .:J u U.:J n nvM 1'11 t.J ow v ~ B ~ r1 ~~ n bbB'B(il/t.Jl ;Jo11l.l'1Jl ~~ 
' 

~?ll.ltillt.J'I"lv~1 ltJ(;l bbB(;lfle:J~B~ b ~B 1-ilL uul'~:~mA~vuut.J~cJvt.J?Imt.J Mvn.:J:fil.fll'l"lbb(;l~L U'Ul?ll?l Lfl~ vu 
' . ' 

~ tJ ~ L ~ t.J 61 ~ (;ll tJ 4f l l (il tJ fl n ~ l ?I Ill 1 ~ n l1 ~ ;J L fl1l ~ ~ ~ L Vll.l l ~?Il-l LL (;1 ~ 1 .;{ ?ll1 L ~ B l.l '1J 1 l .:J L u u 

N,N'-Methylene-Bis-Acrylamide (MBA) L~t.J.:J'lJtJ(ilb~t.J lbb(;l~ M~:~ml~fll1bl'l~t.Jl.l~b Vlm~?ll.l LLii'l 

AB AA = 6 ml, APS = 3 wto/o, CSt = 7.5 S Lb(;l~ MBA= 1.0 wto/o bbvlvcJl.:Jhnl'lll.l 'l"lUlltJ;J 

hi1tilvh m1fl n~l ~.:J €iV15'1"161'1J v.:J~l1L ~Bl-l'lll l.:J'llu (il ~u 1 1l~.:J ~61 vi v ?ll.Ju~ LL£;1 ~u 1~~Vl5m-w'1J B .:J 

1~l(il1b'.iJ(;1'1JtJ(il-d 

{i].:JtT'U.:Jl'Ul~t.Jd~.:J:iJLU l VIl.llt.J 1 'Ufll1~-:Jbfl1 l~V11®" l(il1b '.iJ (;llfl1.:J~l.:Jvll'lil t.J'<illfl t.Jl.:J611l.l'1Jl~ 
bbU;J 'l"lv~biJ(;lbbB(;lfle:J®"v~ bb(;l~'l"lv~B~fl~~mbv'B(il (Cassava starch-s-polyacrylic acid/ Natural 

rubber/ poly (vinyl alcohol) (CSt-s-PAA)/NR/PVA) l'i'lt.Jvllb~vl.l'llll.:J~LLI'lflvll-:Jtl'U L~v1iLU'U 
l?l ~ bfl~ vu~ tJ ~ b~t.JU(;l (il'\J~ v t.Jil~:iJu 1~~Vl5.fll'l"l ~.:J l(il t.J:iJ~ (il~ .:J 'VIl-ll t.J~ '.iJ ~fl n~l bb(;l ~~~'U ll ?1 (il 

fllU~:Unl1U61 (ilU~Bt.J~t.J~:iJ1lfll~ n :iJml:Ubb ~.:J bb 1;J b:S;J fl(;l~~ bb(;l~?lll.ll1flcJvt.J?I(;l lt.JVll.:J:film'l"l1~ 
'<illmLu.:JiJu~l'IJ~'VI~.:J~;JLUul'~:~~~:Wmn~~(il1uu1~ bVl i"11Vlt~ Vll~lt.J 1lAlhiLL'I"l.:J Lb(;l~ '<illnt.ll.:J'I"ll1l 

<E;J b uuv;'lJ bi"!J~~il '<il'lJ B.:J 1 Vl m U'U'\11~ n fl n~lflll:U?Ilm 1fi'1JB.:J 1e; lm b'.iJ61vl v n l1(il (ilsVUu tJ m1 

U61(ilU~B t.J~mb(;l~nl1b'<il~'1J b~U ll'l'lJe:J;Jy;'lJvllvcJl.:J bb61~f! n~l~ 61vllb ~vl.l'lJll-:J~bbl'ln; l-:J tl'U '3 'lJtJ(il 

1l'i'bbn N,N'-Methylene-Bis-Acrylamide (MBA ethylene slycol dimethacrylate (EGDAM) bb61~ 
Glutaric dia ldehyde (GA) m1:ffu~Ubfl~BUb~(il~t.J nl1l bfl1l~~?ll.JU~vll.:J 1'1JB;J 1~lmb'<il61 fll1(il(il 

\J 
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~utl1/611'j~:;m mn~e:J ~ru]1Uiwn 61lJU~vn-:~rr:mJ~e:Ju 61lJU~ L;u -:~n~ '\Jil~~m'jlJ1umTtJ~~tlr;lm.J 
1 u1~Wil1..J'1le:J-:!U t1 f1l'jtJe:Jt.J61~1t.J'V11-l~lm~ 'j'JlJ 1 tlfi-:~ f1l 'j~f1'\~1 ~'V15~~'1l e:J-1 e:J-lfltl'j:; f1 e:J'U'Ilu-11~ 1m , 
L~~~ikml'iuf11Wil~ruL~'U 1~ '11 u-:~c;lu'\Jil~mL~-:~~u~11u~u1u~u~~-:~vtl'~uu~'j 1'1J5TU Lyju tJfutl'j-:J 

v ' ' 

1~ 1~'jb~~d1 ~L vtm:;61lJ~1vt fu 1 oUL tJu-161~ LA~ uuut.J~:;~1t.JoU1~:!JArum'\Jil61 'l LLI'i:!J'j 1fllflf1 1u f1l'j 
, 'I 'I 'U 'U 

Al'UAlJf11'jtl~~tlr;lut.Jut.J ~:;~1t.JoU11~:!J tJ'j:;~ 'V15D1'\Jil61'llJ1f1t-:~~u~u1tl 
' ' " 

1.2 1~fltl'j:;6J-:~rif11'a1<5't:J 
' 

1. b .yju~-:1 bA'j 1:;vt1~ 1~ 'jb~ ~~ tJ Bt.J 61~ 1 tJ 1~'V11'l~lfi 1 ~ ~1 f1 bb u-:~:Wu~1tl :;vtt1-:~ f1 'j 1vJ~l t.J~ B~ 
u:;A~~ n LLu<ll~/m-:~5'jnJ'1l1~ ~1vtfu LA~ uu L~~u tJ tJ L~ tJ L yj umu Al-l m 'jtJ~~tlr;lut.Ju tJ 1 ~:!J 

, 'U 'I , 

tJ'j:;~'V!5m'\Jilmn~u 
2. L yju~ mn ~'V15~~'1l u-1'1lU ~ '1l u-1611'jb ~BlJ'lJl1'l l'iu~ ru61lJD~ vi 1-:1 'l/1A 'j.:J61 ~1-1'11 B '11~ 1~ 'jb ~~ ~ 

b~~ t.Jl-1 1~ bb~ :;A'~ b~ u f1'1JU~611 'jb ~ulJ'1Jl1-l~ b vtm:;61lJ~1vtfu 1 oUb~~t.JlJl61~ 1~ 1~'j b ~~ b tJu-161~ 
' ' 

LA ~u'UUt.J~:; ~1 t.JoU1~ Al'U Al-l f1l 'jU~ ~tlr;l ut.J 1c;l~ t-1~1..J 
' ' 

3. L yju'W61~uLunt1 m~ru'll u-:~1~ 1~'j L~~~ L~~ t.Jl-1 1c;l LL~ :;~ n~1 Al1lJ~lJ 'Wu 5'j:; w11-:~61lJU~'1l u-:~ 
" 

1~ 1~ 'jb~~ tl'U'1lU ~'llu-1611 'jb ~ulJ'lll1'1 
4. ~f1'l'}1f1l1lJ611lJl'jfi11..J f11'j~~~'Utl1 bb61:; tlf1 bfl'Utl1'1Ju-11~ 1~ 'jb~~~b~~t.JlJ 1~ 1..J61flll:;vl1-l '1 

b yju b tJuLL 1..Jl'V11-111..J f1l 'joWt1lJ1..JT161~tl~~tlr;1 u t.JU t.J~:!J tl 'j:;~'V!B.fll'\Jill-ll f1~1..J 
' ' 

5. ~f1~1~~~m'jlJ f1l'jtl~~tlr;le:Jt.J~ t.J'1Ju-:~1~1~'j L~61~ L~~t.Jl-1 1~ 
6. ~f1~1f1l'jtJ Bt.J61~1 t:J\lll'V11'1~lDTW'lJ u-:~1~ 1mb~~~ L~1t.JlJ 1~ bL61:;~611..J'W611"1161 ~1m 'j61~ 1 t.J\ll l 
7. byju'V1~61u'lJtl'j:;~'V!B.fll'\Jil'llu-1Ut.Jt.Jb1t.J LA~u'U~lt.J 1~ 1~'jL~6lvl'iJf1l'jb~~ru b~'U 1~'llu-1~'1l\lllu tJ1-l 

' " v 

1.3 tl1:; 1t:J"'lu~fl1~'-hil:; 1~~u 
1. 611lJl'jfl~-l Lfl'j1:;vt1~ 1~'j L~~ tJ B t.J61 ~1 tJ 1~ 'V11-l~l fll~'lJB-1 bb U 'l:W'1..J~1tl:;vtf{-:~ m1vJ~l t.J~ B~ 

u:;A~~ mLu<ll~/t.Jl-15'j'jlJ'1J1~ ~lt.Ji51 ~fll 1lJ~u1..J bb~:;611lJl'jfiU~~tlr;1 BCJUCJCJ L1CJ 1~utJ1'1:!J 
' " 

tJ'j:;~'V15m~ 

2 . 'VJ'j1'lJ'1lU~611'jL ~BlJ'lJl 1 '1~ L vtm:;61lJ~1vtf'U 1 oUL~~CJlJl61~ 1~ 1~'jL~~ L tJul'~~ Lfl~B'UUCJ~:;~1t.J 
, ' ' 

i1~fll'U A l-lf11'jtl~~tlr;lut.J1~~t'~~u 
' 

3. 'VJ'j1'lJ~ill61lJ U~vl1'1 'li1fl'j'161~1'1'1Ju'l1~ 1~'j L~~ L vtm:;~1vtf'U 1 oULtJ1..Jl61~ bA~B'U~CJ ~:;611CJoU1 

4. 'VJ'j1'lJ~lJD~'llu-11~ 1~ 'jL~~ ~-1~1 1..Jf1l 'j'\JllJ\lll1utl1 'jllJD 'I~~1..JI"1 1 ~~4m'jliWl~lJ'llu-11~ 1~ 'j 
" L~~ L yju 1 off L tJuLL 1..Jl'V11-:J f1l'joWt1lJ1..Jll61~tl~~tlr;1 uCJut.J~ :!JtJ'j:;~'V!Bm'\Jil 

' ' 
5. 1~~ 1~'jb~~~~1lJl'JfltJBCJ61~ 1 CJ 1~ L B'll'lllJ5'J'jlJ'1J1~ LL~ :;1~~ Lfl~ B'UUCJ~ 611lJl'jfltJB CJ 61~ 1 CJ 

' ' 
1~'V11'1 ~lfi1'\Jil b tJuiJ ~ 'Jtl'U ~'I bL l~ ~Bl-1 1u 'J:; CJ:; CJ 11 LL~ :;~ 1lJ1 'JfiU11 tJ1 oU'I11..J tl'U LL tJ ~ -1 

L~1:;tl61f111..J~1..J~'1J1..J1~ 1 mu1~ 
" v 

6. 611lJl'Jf1Wt1lJ1..J1U tJ CJ L~CJ~ :;~1 CJoU1 L yjm ~lJ tl 'J:;~'V!Bm'\Jil11..J 'V1 1-:J m'J Lf1~m tl'J:;vtt)~ L 1~ 1 
' " 

bb 'J'I'I11..JA1..J LL~:;fi11 oU~1CJ'1JB-:! Lf1~mm 

7. LtJ1..JbL1..Jl'V11-111..Jf1l'jL ~lJlJ~rl1'lJB'I LL U'I:W'1..J ~1tl:;vtt1'1 LL~:;CJ1'J'jAj1'J1<ii'l b tJ1..J'W'1JLI'l'J~:Ufl~'1J B'l 

1'V1CJ ~1vtfuHfLtJ1..Jl~fi~~11..Jf1l'j~-:JLA'j1:;vt1~1~'jb~~ "' 
' 
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'U 'Vl 'Vl 2 

2.1 f'l 11l.J 'VI ll1mb6'l ::th ::I11'Vl"l.l&tlm~'.ib:U 6'l (Hydrogel) 

10 

1~1mb~fl 'VIlnt.J~.:~ 'v'le:J~hl.le:J~~:iJrn1l.l'1Je:Jutl1 ( ~unuJ11~~) bb~1~fl:;fl1t.J 1uJ11 'Ui.'Lfl1'1"1~ 
b u t.J n i.'l1l.l 1 ':i CJ~~~u J11~'VIfll t.J1 e:J t.J b vi 1vl1'Ue:J.:Jtl1'VIU fi'U e:J-:1 1~ L\91 ':i b:Ufl:iJ~ n~ru:; r1~1 t.J'U e:J-:~ bb ~ ~ 10 vi'-:~ 

" 
bbi.'I\91-:J':itJ~ 2.1 n bbfl:;:iJ?I mu:;b'U'U ~-:J'Ue:J.:J bb ~-:Jbbfl:;~-:J'Ue:J-:1 b 'VIfl1~-:J':itJ~ 2.1 '1l b~e:J-:J~1n:iJ1f1':i-:Ji.'l11.:~ d]u 

" " 
1?11~1t.J (Network) 'it-:~bn\91~1flfll':ib~e:Jl.J Lt.J-:Jtl'U ':i:;wi1-:Ji.'11t.J 1'1i'Ue:J-:J'\"'e:J~ bl.Je:J~~-:J':iU~ 2.2 

" 

(n). ( 'U). 

~tJ~ 2.1 n. 1~L\9l':ib~fl~e:J~1u~tJ'1Je:J-:J'1Je:J-:Jbb~-:J (Dry gel) bbfl:; 'U. ~n~ru:;bb~u1~L\9l':ib~fl~1n 
Preliminary study using microwave irradiation (Wet gel sheet) 10 

1~b\9l':ib~fl btl'U'l"'e:J~ bl.le:J~'lJu\911~ L~':iVi~ n~:iJ~ n~ru:; btlu Lf1':i-:J~1-:JI?l1~1t.Ji.'l1l.liJ~ Lf1':i-:~i.'I11-:~'1Je:J-:J 
1~L\9l':ib~fltJ':i:;ne:Ju~1t.J 2 ~1'U'VI~n 1~bbn ~1'U~i.'l1m':imn\9leJ'UI?l':in~t.J1nu Ll.Jbflflfl'Ue:J-:~tl1'VI~e:J~1'U~ 

" ' 
'1Je:J'UU1 (hydrophilic group) b~'U '\11~-0H, -COOH, -CONH 2, -CONH- bbfl:; -S03H btJu(;\u bbfl:; 

~1u~1~'1Je:J'Utl1 (hydrophobic group) b~'U 'VI~ -CHr bbfl:; -CH 3 btJu(;\u ':i:;w)1-:Ji.'11t.Jb<il:iJm':i 
" 

b~e:Jl.J~e:J nu~1t.J~u5:; 1f1nbflui ~u5:; 1~ L\9l':i b~u 'VI~mi'umn~ t.J1':i:;VIl1-:J'VI~~1.:~ '11 'Ui.'l1 t.J 1'1i '\J':i:; ne:Ju 

tl'Ub D'Ui.'l1t.J 1'1imT;;l1'U1'Ull1 nm t.J bbfl:; Ll.l bflflfllJfll':i~'Uvlltl'UVI~e:J'1l\9lvlltl'U e:J~ vh 1 Vi'mt.J 1 u Lf1 ':i.:Ji.'111-:~ 
' " 

L\91 tJ':ill.l bn\91~'1"1 ~'U'1l'U 1\91 b~ n 'l m nm t.J i.'ll.JU~ b~'U 'U e:J-:1 1~ L\9l':ib~fl ~e:J i.'l1ll1':i11~\9l~'UJ1 Hm tJ 1 u 

Lf1':i-:Ji.'111-:~~:iJ~ n~ru:; btl'U ~1.:~m~1tJ <1~mnn'"l1 20%) '1"11e:Jl.ltl'Ui.'l1m':iCJ'v'le:J-:Jvi'lVI~e:J'UtJ1t.Jvlle:Je:J n 1~ 
bbfl:;EJ-:Ji.'11l.ll':iCl'VI\9lvl11~b~e:J:iJm ':ii.'lrub~tJ Ll.lbfl flfl'1le:J-:Jtl1e:Je:J n 1 tJue:J n~1mTu8-:~ 1~i.'11l.ll':iCJfl:;mtJ 1 uvi'1 

" v ' 
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vh~~~1tJVJn'1l'U\Yl 11 nw;;h m.J ntl"J~b.fl'V1'1Je:J.:J 1eJ L\Yl'Wil~?I1:UTHibb U.:J 1~ 4 tl"J~b.fl'Vll Vlql1 m:u 

~m~ru~'1Je:J.:J n1'J~.:J bfi'J1~~bb~~ m"Jtl'J~tJ n~1off~u~ n11h.:J nu il.:~~e:J 1 tJ-d'i
2 

' 
n) 1eJ1mv'ilmb'\J'\Jbb~'Uvl6i':u (Cast Film) 

1eJ L\Yl'J b';;J ~ bb uu u~uYJ~:uiJ nu11 tJ1off b ~ e:J bfl ~ e:J'\J~'U~l'1l e:J.:Jl ?I~~ 1-:J 1 1e1 L\Yl 'J b ';;J~'1Ju \Yld~ 
Lfi'J.:J?I~1.:Jm tJ 1 u~tl"J~ne:Ju~l tJ~.:J~l'U~'1le:Jmhb~~ hhmmh ~lu~hJ'lle:Jutl1';;J~'IhmJe:J.:Jnu hn Vi 
'V'Ie:J~b:ue:J1~~mtJ 1ul'llvh~~~1tJ~1.:J11~ 1m-:~?1~1.:J'1le:J.:J 1e'J L\Yl'Jb';;J~'lJu\Yldbb?I\Yl .:Jt'l.:J~ tl~ 2.2n 

"Jtl~ 2 .2 
'U 

~ 'll iifi_,_,J •hi'lu~hF,u ·,)l 

:£ nclf1 DJ •1~i:1 11JY\no-~·JD~lm·,l<I1J•\ 

Lfi'J.:J?I~1.:J1e'J1\Yl"Jb';;J6'1tl"J~b.n'Vl~1.:~1 n. bb'\J'\Jbb~uYJ~:u '1l. bbuu1m-:~~1.:~~1'li1tJ 1'1. bbuum1l'lv'iuu~u~1 
bb~~ .:~ . LI'l'J.:J~ 1.:Jm'li1tJ'V'Ie:J~ b:Ue:J1bb'\J'\J bb'Vl'Jn?le:J\Yl 1 3 
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'l.J) leJl!irmJmLU'U Lf1'j-J~1'1(111~ 1tl (Crosslinked Network) 

L~!;1 LL uu lm-:~~ 1-1 m~ 1 t1 L(il ~mJ~1 n m 'jl'le:J~hl-m 1 WlJiu 'j ::;vr;i1-J?I1 'j!;1::;!;11 t1 e.J ?I:U'l.J€1-:~ :UB'U €1 

L:U€14 ~l~L~mJ5n~tl1 (initiator) LL!;1::;~lL~e:J:u{;]e:J?I1tJL<d (crosslinking agent) 'VI~B1um-:~mrum~ 
L~:U~lvl1!;1::;!;11tJ!;1'1 h JI'lltJ ~1 mluL V1!;1-Jl Ul 'ULLl-i~:ul'l'1m-:~ ?1~1'1'1J€1'11v L(il'jb~!;1'lJU(ild LL?I(il-J<i1wu~ 2.2 

~ 

A) 1vL(il'jL~!;1LL'U'Un11V'Jvl'U'U~'U~l (Surface Grafted Polymer) 

1fl' L(il'j L~mL 'U'U m1V'Jvl'U'U~'U~lvl111'll(iltJ fl1'j1 mv lmL~!;j Ln(il~'Uo::;'lJ'Ul'l€1~ L:U€1 4~u~1l..i 
?11l.J1'jtJ!;1::; !;11tJLl1 L Vlf1Uf1dL uu L V1 f1Uf1~11'l-ru m1:u?!'U h L uu €1~ 1-:~:u 1 n L ~ €1'1~1 n?I1:U 1'jtitl -rut! 'j-:~ 

' 
?I:ULJ~'1J€1'11v lm L ~!;11 ~(il'j-J fl'Uf1l1:UI'l€l'lfl1 'j L ~ m 'V!l.J1::; nu fl1'jU 'j::;tJ n(i11 otl-11 'U M L 'liutJ-rutJ'j-J?I:ULJ~ ' , 
L :a-:~ n!;11 ~~~'U L(il tlvl11 ~Ln(il~'Uli::; fl'Ul'l€1~ L:U€14~iJ?I:ULJ~ L :V-:~ n!;1~~ nl1 'VI1€l fl1 'jvl11 mv L(il 'j L ~!;1~ 
!;1::;mml111ii'n!;11tJ Ltlu1vL(il'jL~!;1~hi!;1::;mml1 L(iltJLn(il~'Uo::;nul'le:J~L:uB4~1l..i?~1m'jt~!;1::;mtJ1uJ1 
LU'U~'U lm-:~?1~1'1'1J€l-J1v L(il'jL~!;1'lJtJ(ildLw(il-J\i)-:~'jtJ 2.21"1 

" 
-:~) 1v L(il'jL~mL uu lm-:~~1-JYW~ L:ue:J4LL uu LL VJ'jn?le:J(il (lPN) 

1vL(il'jL~mLuu lPN Ltlu1vL(il'j L~!;1 ~illf1'j-J~1-Jm~1tJ 2 'lJtJ(i) LLVJ'jn?le:J(ilfl'U€1~ 1l..i?~1l.J1'jmLtJ n 
" 

€1 €1 n ~ 1 n nu 11'l ~'I e.J !;11 Wf1 'j 'I ?I ~1 -JL(il tJ 'j'Jl.JlJ f1l1:U LL ~'ILL 'j 'll.J 1 n~'U 'VI~€llJ ?ll.JLJ~ ~'U~ (il'j 'I nu f1l1l.J 

~€l-Jfl1'j 1 'U fl1'j'lJ'j::;tJ n(i11 -tl-:~1u 11ii'~~'U Lf1'j-J?!h~'1J€1'11fl' L(il 'jL~!;1'lJtJ(ildLL?I(il-J<i1-J'jtJ~ 2.2-:~ ue:Jn~1ndir-:~ , " 
iltv lmL~!;1'lJU(il~L U'ULL uu~'ILf1'j-J~1'1l'l€l~ L:U€14LL'U'U LLVJ'jn?le:J(il (semi-IPN) fi €1 1fl' L(il'jL~!;1~lJl'l €1~ 
L:U B4Lf1'j '1~1'1(111~1 tJ fl'Ul'l €1~ Ll.J €14~1l-iillf1 'j '1~1 'I (111~ 1 tl?l €1 (il LL VJ'jn nu €1 ~~'I vr-:~ ?I €1 'I L Vlf1U f) L U'U n 1 'j 

" 
u-rutJ'j-J?Il.J LJ~'1J€1'11fl' L(il'jL~!;1BnV11'1'VI~'I L ~€11 ~(il'j-J{;]€Jfl1'jU'j::;tJn(i11 otl'I1'U 1 'ULL(;]!;1::;LL 'U'U , ' 

2.2 ~:uu~~~1~ru'tle:~.:~1n1(il·H~6l 
OJ 

?I:UD~~~1A'lJ'U€1'11vl(il'jL~!;1~~::;mhl~'l{;]e:J1t!d 11'l'LLri fl1'j~(ili'Utl1 (Water adsorption) 

LL!;1::;fl1'j~(ili'UL!;1'V!::;'VIun (Heavy metal adsorption) ~-JlJ'j1tJ!;1::;LBtJ(il<i1-:~d 
2.2.1 n1':i(il(i)J1'tJ€l'lleJb(il';iL~6l 

'U 

?I:ULJ~ fl1 'j'lJ€J'Utl1'1J €1'11fl' Lm L ~!;1 Lfi(il~1 n fl1'j~lJ'VI~Y1'1 n'iJ'U~?I1:U 1 'j mfi (il tJ5 fi~ tl1 'VI~€1?1 ~1 'I 
~uu::;V11'1Lf1lJfl'ULl.JL!;1n!;1'lJ€l'ltl111'l L'li'U 1tJ(il'je:Jn'lJ!;1 (-OH) m4ue:Jn'lJ!;1 (-COOH) LL!;1::; L€11:uvi 

' 
( -CON H2 'VI~€1 -CONH-) L uu~u L~€1'1~1n Lf1'j-J?!hm1'1Lf1il~LU'U Lf1'j-J~1-J(i11~1ti'1J€l'llfl' L(il'jL~!;1vh 
1 mfl'L(il'jL~!;1?11l.J1'jtJ ir'lf1-J'jU~1'1€1~11'l'LL!;1::; 1l..i!;j::;!;j1 tJ1 'Utl1 L(iltJtJ~mruLL!;1::;~m~ru::;'1J€J'ILf1'j-J~1'1(i11 

" " 
~1 t1 Lf1'j-J?1~1'1~ L uu'j::; LU tJ'U LL!;1::; lm-:~?1~1'1~ L U'Ue.J~ n~::; L uu~-:~ n1'VI'U(il~ n~ru::; Luvn::;'1J€J'IL~!;11 u 

?~m'W~m:u~l ti'ufie:J 1fl' L(il'jL~!;1~illf1'j-J?I~1-:~m~1tJ'VI'U1 LL tlu'VI~Billf1'j-J?I~1'~ Ltlu 'j::; L u tJu~::;ilm1:u 
Ltlue.J~n?~-:~?~1m'jr~(il(i)J111'lue:JtJ 14 

" " 
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• 

• • 

(n) ('U) 

n~1nm-a~~J1"UB..:J1v1~·n'il~ 
" n1'l~~th1Jv.:J1~ b~Wil~?l1lJ1'lt:l bfl~~'U b~tl n1'Hn~tJ5n~m VI~B n1'Hfl~~'Uo~ 'Vl1\l bfllJ 

'J~VIl1\IVilJV1..:J n-a'ut?i1.:J '1 nu LlJ b~ fl ~'1JB\IJ1 ~\ll'i'lB tJ 1\1 t?ie~ 1 ut1 ~-H U'U fl~ 1n fl1 'l~ ~J1'1JB\I 
'U I , <u 

Polyacrylic hydrogel bb~~ Polysodium acrylate hydrogel 

nJ n~ 1nm'l~~J1'1JB\I Polyacrylic hydrosel 

n1'l~~J1'1JB.:J1~ 1~wiJ~'il~bn~~mn n n1'lbn~unn~m Vl~e~iJ m'l?I~1.:J~uo~ 1~ 1~ 'lb'il'U'l~VI11 \1 

LlJ b~ fl~'1JB\Itl 1 nu riB b~ fl ~'l B'U B?l'l ~'1JB\I B ~ ~ BlJB B n<a b'il'U '1JB\I VllJ¥1-:J n-a''U fl14u B n<a~ fl ( -COOH) ' '\) '\) 

'il1m!u L:Wb~~~'1JB.:Jtl1'il~~\I~~J11:w b~~~~'U 1 boV1l.l1bnu 111 'U Lfl'l..:J11.:Jm~1tl'1JB.:J1~1~'l b'il~ L~tlfl1'l 
bfl~~'UD~ 1~ L~'l b'il'U'l ~VIl1\ILlJb~fl~'1JB\Itl1~lWl'UbB\I (~\l'l"U~ 2A) ' '\) 

Covalent bond 
~- - - -' -- . .. - ,j' . - -/ ---. / -. - . . / -· . - ;) - . 

'1JJ fl~ 1n fl1'J~~th1JB\I Polysodium acrylate hydrogel 

fl~ 1nm 'J~~J11 'U~ fl~ru~tr'il~ bfl~~'U nuVIlJ v.l.:J ni'U~?I1lJ1 'Jt:l bfl~ b U'UU'J~'il~'U 1~ b~ BVll 
" " ' 

t!5n~mnub'U?I b'li'U -COOH L~m'U?I~UtJ:WHJ'~B NaOH bb~~ KOH ~\l'il~b~tlflb'U?I,j'l1 "?11'JbU~8'U 



.. 
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tl1:;~" (Saponifi cation agent) Ll?lt.Jb'\.J~'IJUI?l,i\J:;btl~f.l'iJ -COOH blJ'iJ -COUNa+ bb£;1:; -coo·K+ 

\>11lJ~1~'\.J vh 1m~ L\?11 b\J£;1?1 1lJ11fl~ \?1J11~e:Jch.:JlJVI1f'11£;1VI~.:J\11n'VllUD n~m n'U b 'U?l b~e:J.:J\11fl1~ L\?1 1 

b\1£;1 \J~lJVI:t.ifl.:J n-a''iJ'Ue:J.:J -COUNa + ~.:JVll 1 Vlbnl?li'n1lJbb\>1 nl>i1.:J1:;w)1.:Jtl 1:;\Jmf.l 1 'iJ fl'\.J.f11 f.l'iJe:J fl'1.1 e:J.:J 
\J ' 

1~ L\?11 b\1£;1 b ~e:J 1 Vfm1lJ ~'iJ e:Je:J?tll-1 ~ nm (J 1 'iJbb£;1 :;m(J'iJ e:1 n'l.le:J.:J 1~ lm b\1£;1 b vh n'iJ J1\J:;t:1 nl?ll?loir'U b ·1h 1 tl 
\J \J 

mf.l 1'iJ 1~lmb\J(;l b~e:JI?l~tl1:;\Jmf.l 1 'iJbb(;l:;m(J'iJe:Jn1e!l1?11b\J~ 1 Vfbvhn'iJ L\?lf.IVI:W Vl.:Jn-a''iJ'I.le:J.:J -coo-Na+ 
' ' \J 

\1 :;t:J n ~ e:Jme:J'\.J ~l f.l LlJ b£;1 fl£;1'1.1 e:J.:JJ1 ~ ·:w n11 bn 1?1~'\.Jli:; 1ml?l 1-B''iJ (Hydration) 1:;wi 1-:Jtl 1:;\1 r;1 'U'1.1 eJ .:J 
\J ' ' 

-coo-N a+ n'U 1e! L\?11 b\J'iJ e:J:;(>le:JlJ'I.le:J.:J LlJ b£;1 fl(;]J1 bb~·:n11LlJ b£;1 fl£;1 (){?11 tl\J:;flfl \?1 \?1 b ·1hmmf.l 1 'iJ Lfl 1-:J ~1-:J 
, 'I \1 \J 

m~ 1 tl'l.le:J.:J 1e! L\?1 1 b \1 r;lL\?1 t1 n1 1 bn l?l~'iJl):; 1~ L\?1 1 b \J'iJ (Hydrogen bonding) 1:;VIl1.:J LlJb£;1 ~ £;1'1.1 eJ .:J J 1 

~lf.lfl'iJbm 16 bb?ll?l.:J~.:J1tl~ 2.5 
\J 

2.3 m'ltl'l::f.ln\>li.m'iJ~1'iJnTnn'l?fm • 
U\1\JU'iJ fl 11 bfl~ tl'\.JU tJ 1~ flfl~ \ill'iJ 1 ~\?1 A'iJ b ~ eJ~\):; u e:l.:J fl'iJfl1 1?1 £;11 ti'Utl.:J51 \>le:l1VI 1 1 bb~ ~ 

'I 'I \1 'I 

b~eJ~\J:; 1Vf~'IJ1~offv~1.:JiJtl1:;~'VliTm~~~~ 1~~ 1~1~1b\J £;1 (Hydrogel) ~~blJ'iJ~v~hl-lv1'V11.:J b~vn 
VI~.:J~U1?l'iJ 1\1 bb£;1~ 1~-r'\.J i'n1lJUf.llJlJ1n 1 'iJU\1\JU'iJ 1 'iJ n11 1 otlb lJ'iJl?l~~vfi blJ v1bfl~ v'\.JU f.l b ~vfll '\.J fllJ 

'I , , 'I 

n11tlr;1 ~tl~ v CJU CJVI~vu t1 r;1:; r;11 tlotl 1 b ~ eJ.:J \11 niJ.Uv~ f1 v iJ~ n~ru:;~ b tJ 'iJ lm .:J ~1-:J \>11~ 1 CJ?l1 lJ lJ ~ ~ 
' ' 

?11lJ1 1fl nmn'\.JJ1 bb£;1~ bb ~51(;)tl1VI11 1~ 'iJtl~mrumn ~1lJ1 1f1U£;1 ~tl~vtl~tl 1~b lJ'iJ1:;CJ:; 1 btl'\.J~tl 1~ 
b lJ'iJb 1£;1l 'iJ1'iJ bb£;1:;~1lJ11fl btl'Ui'n1lJ~lJ~'iJ 1 'iJ~'iJbb(;l:;i')l'\j fllJfl11~.:J'Vl£;11CJ'1.1 eJ.:J~'iJ 1~~ bb~1~ l~1b\J(;llJ 

' ' 
.U v~ vti Av 11m bb ~.:J bb(;l:;'\.J1.:J'I.!u~~iJ'1.11 t1 1 'iJ'V11.:J n11fi'1iJm1lJ?l1m1t:J1 'iJn11~v f.l~m ti'V11.:J~1m~ 
~1 vh 1 Wo:Jb lJ'iJlJ\il':ifl'\.J~.:J bb l~~tllJ 1 m:;f.l :;CJ11 ~.:JJ'iJll1VI1flb 11?11lJ11fi~.:Jbfl11:;VI1~ L~1b\J£;l;ff'iJbeJ.:J 1~ 
\11 n~ vfi blJ v1n11lJ'IJ1 ~ n \1:; b lJ'iJ B n'V11.:J b~ v n~\1 :;?t1l-111fl(;l \?1 ~'iJ'Vl'iJ 1 'iJn1 1~fi t>1 M-r~~ bfl~ v 'U u (J ~ 

' ' ' 
~1m1t:1~v t~~£;11 t1 1~'V11.:J~hm~ Bn~.:Jc'J.:J blJ'iJl'~~~b tJ'iJ:Dm n'U~.:Jbb 1\?1~ vlJ ~.:J~.:J ~r;1~!>ivfl rum~'l.lv.:J 

' ' 
~'iJ~1VI-r'\.J fl1 1b ~ 1:;U(;l fl~.:J 1 'iJ 1:; (J:;~'iJ bb~:; (J 11 ~'iJlJfll1lJ~lJ'\.J 1 ru~.:J bt e:J!>iv fl1 1b \J~ ru b~ '\.J L\>1'1.1 eJ .:JVi'IJ 

\J \J v 

bb£;1:; 1 vr~r;l~f\t>1~~1~mn:IT''iJ u~J'iJfl11b\>l~tllJl~l?11~ L\?11b\J£;1\11fl~vfi blJv1511lJ'IJ1~~.:J 1~-r'\.Jfll 1lJUtl lJ 
' 

bb£;1:; Mr'Un11~ mn1~CJ n'iJ e:J~1.:Jfll1.:J'1.ll1.:J1 'iJ'1.1 ru:;-d 1~ CJ~vfi blJB1n11lJ'IJ1~~fl mJ1lJ 11 i1 'iJ n1 1 
\J 

b\>l~t~l-11~l1?11b\J(;l Mbbn bbU.:J b'IJ(;l(;]L£;1?1 bbr;l:;m .:Jn11lJ'IJ1~ blJ'iJ~'iJ m1~n~1~'\.Jl1bbU.:JblJ'iJ~vfiblJ 
\J 

e:J1n11lJ'IJ1~~ut~lJu1m1 i1 'iJfl11 b\>l~til-1 1~ L\?11b\Jr;lmn~?t~ b~v.:J\11 m lJ'iJl\>lfi~'U~iJ11A1fl n ~1m 1fl 
' ' \J 

Vl11 ~ ~ 1 tJ .n 1 tJ 1 'iJ tl 1:; b 'V1 f'1 bb (;] ~ ~ eJ tJ ?I £;11 tJ 1 ~ b eJ .:J \>1 1 lJ 511 lJ 'IJ 1 ~ ~ l tJ fl'j:; '\.J 1 'iJ fl11 blJ \>11 '\.J eJ f\ '1i lJ '1.1 eJ .:J 

bb'UflVib~tl El?t\?l bb(;l:;b~~ 17 ~.:JblJ 'iJ :Dml>iv~.:Jbbl~~tll-1 
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2 .3.1 tltifl1Ufl1Jn11U~Wltlcim.J (Controlled Released Ferti-Lizers, CRF) • • 
tJ t.JmtJ A:un wu6'1~tl~ m.1 ~ eJ u t.J~ ~~(Yl ~'Ubv:ie:J 1 Vl?Jlm "aflA1tJ A:U nw\J6'1~U~e:Jt.Jlil(Yle:Jl'VIl 'j 

q 't 't 'I 'I 

M bb6'1 ~v111 Vf~'111\91-rtJLil(Yl eJ 1vm (Y1 'j '~ (Yll:!J~ eJ '~ m 'j 1"' 8 m 'j A1tJ A:ut.J~m rum 'jU6'1(9)U ~ e:Jt.Jlil(Yl e:J1VIl 'j 6'1'1 
' ' ' 

~~'U 1'Uvmi'1llnl"a:tim'j1-ffrhJlTtneY,m~~ 2 rh ~'l:tifi111JVI1Jlt.J~ l'ltl'U ~e:J controlled released 

fertilizers (CRF) ('\J8fldtJA:U nw\J 6'1(9)U~e:Jt.J) bb6'1 ~ slow- release fertilizers (SRF) (Ut.JU6'1(9)U~e:Jt.J 
' " " lJ " 

oU1) ~'liiml:UVI:!Jl tnb(Yln ~l'l tl'U lii''lu) 

2.3.2 tltitl6'1(9)UcieltloU1 (SRF) • 
'\] t.J~:ti nl'jU6'1(9)U ~e:Jt.J61(Yl e:J1VI1'je:Je:J nm.Ulnll'\Jt.J bA:ti-0'11 tJ bb~1dJ?J11Jl"aflfl1tJ A:U eJ(Yl 'j1 bb6'1~ 

" " q , 

'li1'1 b 16'111 'U m-aU6'1(9)U~ eJ t.1 El1VI1 'j 1alm nun b ~ e:J'I ~1 n eJ(Yl 'jl m 'jU6'1(9) U~ e:J t.~:ff'U mJ nuu ~~ t.!Jll t.J'U e:J n 
'IJ 

b'li'U m1:u~'U'Ue:J'I~'Ubb6'1~n~m'j:u '1Je:J'~~~ 'UVJ~8~'U btl'U~'U ut.JtJ'j~bJlVJ-d 1albbn m~t.JV'Je:J4m6'1~1~~ 
' ' 'IJ 

(urea - formaldehyde) 18 'Ue:Jn~1n-dir'l;;;''l bn (Y11al1l~t.Jfl1tJf)1Jnl'jU6'1(?1U~e:Jt.J b-de:J~t.!Jllt.J 1 'U~~b tl'U 

~t.J~6'1~6'1lt.J,Jl1al~'l (high solubility) bb~bfl~e:JtJ~1b~(?l~t.JHbv:ie:JmtJf)1J (control) nl'jU6'1(?1U~e:Jt.J 
(release) ~'lflm~8nl1 "Ut.!fl1tJfi1Jnl'jU6'1(?1U~e:Jt.J (CRF)" ~1'U'IJt.JU6'1(?1U~e:Jt.JoUl b'li'U m~t.JV'J6'1e:J4 

'U " 't , '\1 

m6'1m~~ b tl'UUt.J bAil~«'~ bml~~:ff'U 1 Vld.J ~ l nm~t.J ~:ti?JJl1"1'16'1~6'1lt.J,Jl1al?J'I bb~ b~ e:J~l'U m~m'U n 1 -a 
• 'IJ 'IJ 

~i'\(Ylbb~1 b tl'U~8iJ?lm'V'l6'1~6'118,Jl1al~l (low solubility) bb6'1~U6'1(9)U~e:Jt.J 1 'U 1mb~'Ue:Je:J nm .ff1m:u 

?1Jl1'V'lnl16'1~6'llt.J,J11al ~'lb~t.Jnll "'IJt.JU6'1(9)U~e:Jt.JoUl (SRF)" b~e:J~e:J'Inl1b~8n'IJt.J 2 '1JU(?ld'j11Jtl'U . ' 
b~t.Jnl1 "SRF /CRFs" ~1'Utlt.Jbbe:J:U 1:u dJt.J:UVI~e:J'IJt.J m~t.J ~ ~?l:U?ll'jiJtJ ~'~ (inhibitors) b v:ie:Jv111 Vfu t.J 

, , 'U , 

b tl'Ul.J'j~ 1t.~'1l'lhie:J~'111al'Ul'U~'U 1"'8 bu'Wl ~e:J~l'~ t'~1 'U~'U~iJLJ 'j~~ 1 'U m-abb61 n b LJ~t.J'U bb fi(Y11e:Je:J e:J'UUl'U 

1 

' 

11oJ 1f-i1uil ·ltn iio1.J 
-4;----

iJu nz clnuotu.n 

-atl~ 2 . 6 m-atJ61 "'u ~ eJ 8 i5 l(Yle:Jl'Vi1 'j~ 1 m~"''IJ t.J~ b fl~ e:JtJal1 t.J'W e:J~ b:U e:J4 1) ,J 1'li:u b i11 u1 'Ub~"'il 8 2) 
'\1 , 'I 'I 

tl16'l~mt.J~t.J 3) bn"' bb 'j'llii''Um t.J 1 'Ub~"'~ tnb6'l~b~(i)~t.J'V'le:J'IIil1 ( bu'V'll~?ll'jbfl~e:JtJU 'j~ bJlVleJ6'1 n~ Alkyd 

coating) 1 'U 'j~ t.J ~?1(9)Vl1 t.J:U1 e:Jnl?i bn "'1al?l e:J'IV11'1 ~ eJ ~1 bfl~ e:JtJ b~ "'u t.Jbb(Yl n u t.J~'IVJ~~ n e:Je:J nm 
' ' ' 

b~t.Jn--i1 n6'11n~:ub Vl6'11 bb~~l ~1bA~e:JtJ iJ'ItJ'jn~ nl'jU 6'l "'u~ e:Jmn"'~ln m-abb -w~) 1 9 
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2.4 i1 'il <5' fl~iit-~61~ e:~ rn -a~.:~ bA -a1 ::'t.ne:r 1m b'il 61~·:w n -a::u1'U rn -a'V'le:~iih:u e:~ fl wu.a''U bb u uvf~ bb -a~ ~61 
1 'Uf11'a~'l bfld1~vt1e:r blilWili;'l~lCJ mnn'U f11'a~e:J~ b:IJe:Jfl db'1loU'Ub ~e:J 1 m~~e:J~ b:IJe:J1bfl 'a-:1~1 'ltil1 

'li1CJ (Network) ul)n~CJ1f11'a~'lbfld1~1.1\J~iie:J'lrhh~ne:J'\JVI1;'11CJ?h'U Ae:J :IJe:J'Ue:Jb:IJ€14 (Monomer) I'll 

~b~llul)n~C.J1bb'\J'\Jbb'a~A1;'1 (Radical initiator) bb1;'1~?11'ab~e:J:IJ'1Jl 1-:J (Crosslinkins) 

2.4.1 :Ue:J'Ue:Jb:Ue:J ~ 

:IJe:J'U e:Jb:IJ€14~1 m 'Uf11'abtil~CJ:!J 1e:r blildb\11;'1 \J~rfl e:J 'l iivt~~-:~n-a''U~iifll1:1J'1J e:J'\Jtl1 (Hydroph ilic 

sroup) 6/t-:~1e:r lm b \11;'1~ b\91~ C.J:IJ\11 n11 e:J'U m11 B4 b vt~hth ~iivt~~'~ noU'U?11:1J1 'a fl~\1~ bfl lilU lJ n~C.J1 vt~e:J 
?1~1-:J'W'ULi~ bflii n'\J lm1;'1n i;'l'IJ e:J-:Jtl 11v1 vh 1 ~?11:1J1'afllilliltl1b oil1:1J1 btl'\J 111 'U 1m-:~~1-:J1911'li1C.J'IJe:J.:J 1e:r blil'a b\11;'1 

' " 
1vi' 6'11vt1''\Jlle:J'Um:IJB1~1 oUt 'U'l1'Ul~miiiAru?I:IJU~V11-:J lfl 'a -:J?1~1-:~~6'11A'ru~e:J m 'atl1m1 oUt 'Ub\91 ~CJ:IJ 

' v 

1e:rllil'ab\11;'1B'U1vi'bb rl ~l'U~le:J-:J1l~e:Jf11'abnlilul)n~C.J1 (Acrylic function sroup) bb~~~l'U~ii 
fll1:1J'1Je:J'Utl1 (Hydroph ilicity) 12 ( 1'1-:J~U~ 2. 7) £1t-:J?11:1J1'afle:JB'\J1CJ 1 'Ubb~~~~l'U 1vi'l'l-:~d 

Acrylic functional group 

for high degree of reactivity 
Hydroxy group 

for hydrophilicity 

n) vt~~.:~n-a''U'IJe:J'Ie:J~fl~~fl (Acrylic functional sroup) 

vt~~'lnoU'U'lle:J'le:J~fl~~fl (Acrylic functional sro up)Ae:J:IJe:J'Ue:Jblle:J1~iivt~1liJ~~ e:Je:J~ n'\J 

rn1'Ue:~u1;'1(cH 2=cHcoR , b~e:J R f1e:J -NH2 , -NH-, -oH) \J~iifll1:1Jle:J'l1l1'Ufl1'abnlilu!Jn~CJ1 
b~e:J'l\11 f1tJ~'IJe:J.:Jb'ab"llbb'U'U"Il (Resonance stabil ity effect) (\il.:~~u~ 2.8) b~'a1d1m1ue:Ju~\J~'lilCJ 
1 ~bb 'a~~~~ bfllil~'Uiifll 1:1Jb?I~C.Jd (stability) l'l'IJ'U:IJ e:J'Ue:Jb:IJe:J1~iimJ~ 'I noU'U'IJe:J-:1 e:J~A ~~A~.:Jiifll1:1J 

" 
le:J'l b 1'Un1'Hnlilu!Jn~m 

!\r-~ 
R H2C=C-C- OH 

I 
H 

\.o= ;::y,- I I 
R-H C- C'-'- C- OH 

2 I 

H 

.. 
·o= 

I 
R- H C- c =c - OH 

2 I 

H 



•' 
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'U) Hydrophilicity 

VllJVl.:t n'iJ'U~lJfldlll'?.l t!'Uth (Hydrophilicity) \l~vllVItll~1 'Unl'l?i~l.:t~'Ul}'J~Vll.:t bfllJ fl'U 
'U 

Llll~n~'UEJ.:tJl ll~l1m~n~'UEJ.:tJl\l~bn~~'U5~ 1~ 1~'ll\I'UnuJl1ll b~n~i1~ hl~n v1l1 ,Xln~m'l~~Jl 
'I , 'I 'U 

l.U llll m C.J 1 u LA 'l.:t ?i ~l.:t \?ll ~ l C.J'U EJ .:~ 1~ 1~ 'll "~ 1~ C.J m lll ?i llll 'l fl1 u m 'l~ ~J l'U EJ .:~ VllJVl.:~ n'iru vl iJ 
'U 'U 

m lll'1l tl'UJ l tllVI l nVIlJVl.:t noU'U~lJAllll'?.ltJ'UJl?illll 'lfllfl ~~'UD~Vll.:t bAil nu Lll b~ n ~Jl1vlll l n 
'U ' 

Allll?illll'lfl1 um 'l~~iuJln\l~m n\?llll 1 tlvi'lC.J 
'U 

2.4.2 ~l'.H~Bll"ll'Jl~ (Crosslinking agents) 

1~ C.Jvi'l1 tl11 t! 'U t! lmd'U t! .:t ?i l 'll ~ t! ll'U ll.:t ~1 if \1 ~vi' e:J.:t iJ "ill'U 1 'U VllJ Vl.:t n 'iT 'U (F unctionllity 
'\J 

group) ~?illll'lmnmJljn~C.Jl'V'leJ~llleJ41'll'lloU'UllUu'l"l~ll'l~ri'~1vi'EJ~l.:tueJC.J 2 VI~ ~.:Jl~e:J 
lfl ~'Llll n~ CJ l bl~ l" ~ bfl~ nl 'l b ~ tlllfl 'U'l ~VIll'l ?i l CJ Lsll'U tl'l'V'l tl~ llle:J4ln~ l U'U LA 'l.:} ~l'l m~ l CJ?i lllii ~ 
~'l bfl ~tl~l CJ?illlii~~ lfl~~ utfu \1 ~v\'l1 ,Xi'?i ~~~'llA'll~~iJ A ru?illD~1 'U nl'l'Ullll?i'llb ~ ~lJfldlll 8 ~VI ~'U 

' ' ' 
nl'll ~e:Jll'Ull.:JtfuiJ~.:Jll uu mC.Jm'V'lll~ ~Vll.:t lAiJ nl'll 'Ll~ C.J'Ull 'Ll~.:t'Ll~mru'Ue:J.:t?il'll ~tlll'Ull.:t 1 u m 'l 

~.:tlA'll~~tfuiJ ~ ~ ~e:JA ru?illD~Vll.:t m C.J.fll'V'l'U e:J.:t 1~ 1m l\1~ \ll n nl'l~m-n-ff e:Jll~ l~ll l~ll l~C.Jl nu ~ ~ 
' '\J 

'Ue:J.:ttl~m rull~ ~'?.lu~'U e:J.:t?il'll ~e:Jll'Ull.:tvliJ~~~ eJAru?tll'IJ'~ lU'V'll~'UeJ.:t 1~ 1~'ll\l~ 1~mu'V'll~e:J ~l.:J ~.:J 
' 

nl'll tl~ C.J'Ull tl~.:t Aru?ilJD~ m'l'Ullll?i'lll~~~ n'l'!ru~'Ue:J.:t LA 'l.:t?i~l.:t'Ue:J.:t 1~ L~'l l\1~~~'1 bA 'll~~\ll ml u.:~ 
' 

~.:! LA'l.:t~l.:t \?ll~ l CJ \llf1 n.:t l'Ul~ CJ ri tl'UVIU l-d'1vi'iJ nl'l'll CJ'll'U l~ C.Jl nu f1l 'l ~ f1'\'fl ~~'Utl.:t tl~lll ru'U tl.:t ?i l 'l 

l ~ e:Jll'Ull.:t ~.:~'\"lUll ?i l 'll ~ e:Jll'U ll.:ttf uiJ e.J G1 ~ eJ A ru ?ill '\J~ m 'l'Ulll l?i'lll~ ~~ n'l'!ru~'Ue:J~ 1~ 1m l\1~ ~ 
' 

~.:t lA'll~~"lml u.:~~.:t 1m.:t~l.:t\?ll~lC.J :it.:~ m'l~n'l'!lm'l1 iJ?tl'll ~e:J'Ull.:t~~l.:J'?.lu~nu~~C.J~.:t?Ju hvl"~ 
'U 

1 iJ?Jl'l l~e:Jll'Ull.:t~~l.:t'Uu~ nu 1 'Unl'l~.:tlA'll~~'UeJ.:t 1~ 1~'ll\l~vl~.:tlA'll~~"ln uu.:J~.:t LA 'l.:t~l.:J\?ll~l C.J 

L~CJ\I~vllnl'l~n'l'fl~.:JVIll~ 3 '?.lU~ ~tl N,N'-methylenebisacrylamide (MBA) ethylene glycol 

dimethacrylate (EGDAM) ll~~ glutaraldehyde (GA) 

\llf1f1l'll~CJ'Utl.:J Cheng ll~~Aru~ 20 1vi'~n'l'fl U~lllill'Utl'l?il'll~tlll'Ull'l N,N'­

methylenebisacrylamide (MBA) vl1 'U m 'l~.:J bfl'll~~1~ L~'ll\1~ ml\l?itl'Ue.J G1 n'l~Vl'Utl ~l'll U'U 

'l~'U'U'Utl.:J l.Q tJVIl'U tl'l?il'lb ~tlll'Ull'l N, N' -methylenebisacrylamide (MBA) vliJ~eJ~ ru?illD~'U e:J.:J 

1~1ml\1~1~L~'ln6illllB~l'll~~1~?tL'Ill~C.Jll (NaHMC-g- P (AA-co-AMPS) I ~~lbbG'l'l) :it.:J'V'l'Ull 
'\J 

'Ll~lll ru'U tl'l?i l'll ~ tlll'Ull'ltf'U \1 ~v1l1 ,Xl n~ l tl~ C.J'U ll tl ~ .:J A ru?tlJD~Vll'l m CJ.fll'V'lll~ ~Vll 'llAiJ1~ 1~ 'll \1~ 
' 

\llntft~ 1vi'v1l m'l~n'l'fl~ru?tll'\J~1 t~m'lnmnuJl'UeJ.:J 1~ 1~'ll\l~e.J~tl'lln!J'il 1~1~'ll\IG11~ 1~'ln6il lll5 ~ 
l'll~~L~?iL'Ill~C.Jll (NaHMC-g- P (AA-co-AMPS) I ~mll~'l) tft~iJtl'l~~VlB.fll'V'l1'Um'lnmnuJl 
n~ 1~m'l~.:JlA'll~~ll?i~'lli1m'Llvl 2.9 

'U 

Kanaan ll~ ~A ru~ 21 1vi'~~ 'U l'U eJ 'ILA'V'l eJ ~ lll B4 'Ll 'l ~ n tl'U vll CJ 2-hydroxyethyl 

methacrylate (HEMA) bb~~ by 1-butyl-3-vinylimidazolium ch loride (BVImCl) lb~~lJnl'ltif 

?il'll~tlll'Ull.:Jl~tlll'Ull.:Jnu N, N'- methylenebisacrylamide (MBA) \llntfm1l1e'JL~'ll\l~~ 
~.:t lA'll~lll1 tl tl'l~C.Jn\?l1 t~vi'lt~m'lll 'V'lVl C.J1 'Ul~e:J.:J'Ue:J.:J m'llwn?tl'l~lm'V'l 'l~uuul'\J~Jl l~C.J Btl mru 

' ' 
~lf1l'lbb'V'lVl8 l'1i'Uf1l'l~'llltl'U?il'l~llll l~f1~~iJtl'J~\Iltl'V'll~ 

' ' 
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COOl! C=o 
I 
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COOH C=O COO!l llzC.:::,._ /C, /C, /C, ,-o;;:.Cll~ I ~c ~ 1\ ~c~ 
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H,C-~-CH1-S-OH 
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-.. ~ 1 N~~~'V' .. _ M_n_,,-
~ ~ '-II II - -OH 

I 

~ Copolymer cll<lins 

~ ~ ~ .. - · .. ~ • _ /- · ~ Hydroxymelhyl Cellulo5e Sodium chains 

Chemical-bonded laterite 
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~tl~ 209 n~1ntli)n1cn1um1~-:JLfl11~'VI1~1~wil~1~1~1fl<aLll6m'1f~~1m'l1'1fL~tJ ll NaHMC-g-P (AA­

co-AMPS) I ?1~1bb~.:J 20 

~11 b ~€lll'lll1.:! b€lVl~U 1n~ fl €!~ 1~ bll'Vl1fl'1 b~(;l ( EGDAM) ~ fl ru~l!U~ fl11llEJ~'VIcJU b ~ €!.:! :U1 fl 
' ' 

th~fl €l'll~l tJ 1~L ~.:~ b~U U€lfl:U1 n-d~ fl~ru~~'1l€l'LIJ1bb~~fl11ll~~1'll€l.:J~11b ~€lll'lJ11.:J'lJU~d8.:~~1 tJ 1 ~ 
-r~~~~.:~Lm1 ~thlu~flru~l.lu~1 u m1~ ~.a''LIJ 1m n~u L 'VIm~~ :u ~1.-h 1 'Ll L uul'~ ~ L uu ~l ~~ .a''ll 

, , 'U , 'U 

1~ mu~1~€ltJ1.:! ~.:Jfl11U1 EGDMA b~€lb~€lll'll11.:Jfl'll 1 ~~ bll€l~€l~fl1~n €lcJ1.:! bnmll.:J1Ul~tJ~lU 
1'VI~L~tJ1fl'llfl11~.:Jbfl11:-; '\.HeJ1~1L :U~~1tJ EGDMA LUU~1L~€lll1tJ.:J Xu LL~:-;flru~ 22 1~vhn11 
~.:Jbfl11:-;~~1~~-a'm1fl~€l~bll€l~~L(;l~tJll H (AN) /bBVi~u 1n~fl€l~ 1~bll'Vl1fl'1L~~'~ (EGDMA) Ltlum1 

'U 

b ~€lll'll11-:J 1 u'Lli)n'1t~1 Ln~L uu 1fl1 -:J ~1-:J(;11'1i1tJ~1um1~.:~ Lfl11~'VI1~tJ m~mum1~B~Lll B1 wlliu 

Lb'li'LILL'll1U~€ltJ M~n~1'Ll'1mru'll€l.:JeJm1~1Ufl11b~€lll'll11.:J EGDMA 'Ll1mru 100 ~.:~ 60% e.J~ 
'Ll11 fliJl1 n11L ~ €lll'll1l.:J~e.J~ ~ €JeJ(;111~1Un11'll1ll LL~ ~ n11 b 'Ll~ tJULL 'Ll~ .:~~u~ ehih b ~ 1~ 101~1L :u ~ 
~,:j bfl11 :-;~U1l.J1Vl~~ €)'\J ~~.a''IJVJU€l~bb~~ 1B1'1fb Vl€l~lJ 'lJ€l.:J n11~~-a''IJ b uu 1 U(;11l.Jbb '\J'\J ~1~€).:) bb~.:J b~ tJ ~ 

'U 'U 

fl1~'\J1Un11~-:lbfl11:-;~~1~~-a''Ubb~~.:J1U1U~ 2.10 
'U 'U 
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-atl~ 2.10 m:;u'Jurn-a~-:Jbfl'al:;~r;ll\il\il.a\J~ln'l"'e:J~bl.Je:d~u;l~tJl.Jtl (AN) I be:JV1~u1n61Ae:J611\il-
" '\J 

blJVIlA~b61\?l (EGDMAf2 

Cesar bb61:; A ru:; 23 1 tii'~ m~l?ll'a b ~e:Jl.J'llll-:J be:JVl~'U 1n61A e:J611\ilblJVIlA~b611?1 EGDMA u1m 

~-:JbA'al:;~ 2-hydroxyethyl methacrylate 1tii'btl'ULA'I"'e:J~bl.Je:J4'lle:J-:J (EGDMA-co-HEMA) L\iltJ~l'U 

m:;mnrnoa'l"'e:J~bl.Je:J 1 Wifiu L\iltJ~rn-aHtJ~m ru EGDMA ~bbl?ln~>h-:Jn'Ubb61:;AJll.Jb ~l 1 urn-amu 

1'11-:J nu ~l m.m rn-a~ n'l'fl'I"''Ull f1l11oU?Il'Jb ~e:Jl.J'llll-:J~I'il-:J nu~-:Je-.J61fl e:JAru?~JJ'u~m-amlJ 1 uJ 1 bb61:; , 
'I"''Ull bfl\il m tl~ tJ'Ubb U61-:J~ n'\ofru:;VIl-:J~ru~l'UlVltJl ~-:J~-:Jbml:;V!b\iltJ 1 '~"~~ bl.Je:J 1 W11iu bb uu e:J'Ul.J61~?1-a:; 

.. , '\J 

'llm bti61 Ll-l 1 Ubl-le:J4bb?l\ii-:J 1 u-atl~ 2. 11 
'\J 

() 

,_)l_ ~Oil lf () 
. Hf.\1.·\ 

111'0 

poi~(U;l)MA-n~l l E.\1A) 

-atl~ 2.11 n11~-:J bA 11 :;~?\'lV!-ru LA1-:J~l tJ'I"' e:J~ bl.J e:J4~~ 1'\'ll'a'U~-:J ~.:! bA 11:;~'(\il tJ n 1 :;u'Ju n 11 
" '\J , 

'l"'tl~ bl.Jtl 1 Wlfi'U~ btJ'Ue:J'UlJ61~?11:; 23 
'" 

?ll1b~e:Jl.J'llll.:l~e:J n61m-r61~hwi ( GA) ~rn-a 1-ffe:J 81-:J ni'l.:!'llll-:J UtJ lJ 1-ff btl'U?I l'a b ~e:Jl.J'llll-:J m-a 
'\J 

~-:J bA 11 :;Vl1e'l 'lmb~61?l'lV!-ru m-a1-ff-:Jl'UVll-:J ~h m-a bb 'I"'VIEJ GA b tJu'll e:J-:J b Vl61'J~e:ie:Ju~ eJ ruVI.nD~e:J.:l Vll.i 
' '\J '\J 

Vl.:!~u Ae:J 1\i!B61~1e'ltii~ ~mi561~11'l1\il-atil ~?llm-amil\iltJn fi~m?I-:J b ~l bb61:;?1lm-at1?1~l-:J~u5:; 'lm1 
'\J ~ '\J 

b61'Utilnu'Vl~Vl-:J niu M f1l1 H'?ll1 b~tllJ'lJ'Jl.:l GA ~:;l'i'e:Jwh tll) fi~m1 'U?I.fll'l"'fl'a\il b~tJ n'iltll) fl~tll 
acetalization nd\il b tJur;l1 d-:J 1 UVll-i1e'lme:Jn'B61 bb61 :;561 ~1e'l~ n 2Q e:Jci l-:J hnml.J-:Jl'Ul-.ii' tJ ~l'U 1 mu 

'\J v 

b~ tJ J nun 11~.:! bA 'al:;~1e'l L\il'a b ~ 61 til J tJ GA ~1-ff b tJu ?ll 'Jb ~ tllJ'lJ'J 1-:J Su~ .:ll'Ul-.ii' tJ n tl'U nV!U 1-:Jd 

Sekhavat Pour Z bb61:;Aru:;25 1tii'~-:JbA'al:;V!be'JL\ii'Jb~61'Ul 1 'UAe:JlJ L'\'11~1?1 bl?l~tJlJ~ln carboxymethyl 

starch-g-polyvinyl imidazole nu L'l"'~hU61 bbe:J61ne:Je'ltl~ (PVA) bb61:;~'J'U C-J ?Il.J Fe30 Q 1u?ll'a61:;mtJ 



20 

m~'UB~fl!?l1~~-wm':l?i1'H~€l:lJ'1Jl1-:J fiB fl~!?l111~~11J#i (GA) 'UBfl"il1 ndiJ-:JiJfl1':li'lm~11"lru?J~u~ 
~ , 

nl':l~~stl'U'1JB\l11J l~':lb"il~~tJB~bb~~ fl1':lfh~~ l~VI~VIU fl 
'U 

2.4.3 tl5n~tJ1~e:J~b~Bfl WlloU'Ubb 'U'U'V'J~bb ':l~A~ (Free-radical polymerization) 

tl5n~tJ1~1J~ b~Bfl Wllotl'Ubb 'U'U'V'J~ bb 'J~A~ b'\Jutl5n~tJ1WiJ~ b~Bfl Wl.lotl'U'1JB-:J~B'UB b:l.JB~~ 
b tl'U?i1':ltl':l~ flB'U~1:W~~ffll (Unsaturated compound) VI~B bu~:JJB'UBb:JJB~(Vinyl monomer) 

1~tJtl5n~ tJ1 "iJ ~ b~~ ~'U ~~ tJ fll'J?i ~1\lfflT)B\lll~ Btl 5 n~tJ1~ b tl'U bb ';j~ A~ (Radical initiator) bb~~ 
bn~tl5n~m~B b ~e:J.:J ~.:J"il~:Wn1'Jb ~:l.J:l.J e:1u m:J.Je:J~Vi~~wt.htJ b -rr1~tlmtJ?i1tJ 1'1i~e:J~ b:l.Je:J~~:Wffi'l1B'l1l~ e1 

tl5n~m (Reactive chain end) ~e:JB~ ~\lbtl'U(;\'1bbVIU.:J~leJ-:J b~vfl1':lbn~tl5n~m (React ive site) 

"il'U fl'J~~\l fi.:J"il~ tJ~ bb~~ 1 'Ufl1'J b~~~'Utl nn~tJ1~eJ ~ b:l.Je:Jn Wllotl'Ubb 'U'U'V'J~bb 'J~rl ~ "il~~e:J\llJ ffll~b~:l.J , , :;.J 

tl5 n~ tJ 1 (Initiator) ~ \l ffll ~ b~~ tl 5 n~ tJ1 ~ "iJ ~ 1i "iJ ~ b tJ 'U ffll ~ b ~ :lJ tl 5 n~ tJ 1 bb 'U'U bb ';j~ A~ (Rad ical 

initiator) ti1-:J~1~fl~1l:l.Jlbb~l.rr1\l~'U 
bu~~e:J'Ue:Jb:l.Je:J~(Vinyl monomer) ~"il~bn~~e:J~b~e:Jn W1lotl'U~1'Ufl~ 1ntl5n~tJ1 bb'U'U'if 

"il ~ ~ e:J \l :W VI~ R ~ :W ~ ru ?i ~ u ~ b tJ 'U VI~~ \l B b ~ fl 1?1 Hl 'U (Electron withdrawing group) 

bb?i ~ \lti\'.:J':itl ~ 2.12 b ~ e:J-:J "il 1 flVIlJ~.:JB b~ fl!?l 'JB'U "il~'lil tJ b ~~Ad 1m?i ~ tJ 11 ,X n'U fflll v'l1l~ vtl n n~ tJ 1 
'U 'U :;.J 

bb 1~1'1~~ bn~~'Ub tlmJ~:l.Jl"il1flb 1 l'llbb uu'll (Resonance effect) ~-:J:JJB'Ue:Jb:J.Jv1~utJ:JJ1 -&1~ bbn VllJ 
'U 

B~l"l~~fl (Acrylic functional group) AB 1Tu~ (CH 2=CH-R) "il~~vn'UVI~I"l11'UvU~ (C=O) b'll'U 

el~l"l~~fl bb~~eJ~\"1~~~ 1:JJ#i btl'U~'U 

H H 
C=C' 

H,. ' c =O 
I 

NH 2 

Acrylic acid Acrylamide 

2.4.4 n~1nnTHn~tll)mt~1'We:J~b~e:l'flW1loU'Ubb'U'U'Vfhb':i~~~ (Free-radical polymeri-zation 

mechanism) 

n~ 1n'1Je:J.:Jtl5n~mY'Iv~b~vfl 1b'11oU'Ubb'U'U'V'J~bb 1~1'1~ :W 3 ~'U!?lB'U fiv ~uBuuvibv.a' 
(Initiation) ~'Ultl':ltl1bflotl'U (Propagation) bb~~ ~'UbVlv~iku.a'u (Termination) ti\'\ld 

fl.) ~'UB'UUVlbeJoU'U (Initiation) 

~'U!?lv'Udth~flB'U~ltJ 2 ~'U!?lv'U fi v~'Ubb 1m tJum1n1 b u~ffi'llv-:J bbb ':l~A~ 1. ~-:J?i1:l.J11Ci'Yl1 
1~VI~1tJlB b'll'U fl111-b'rn1~~B'U (Thermal) bb~~fl111-b'bb?i-:J (hv) 

1-1 ~ 21 
Initiator free radicals 

~'U~?ieJ-:Jbtl'U nl':ib -rr1'1'11tl5n~m'1Jv-:Jffi'l1v-:J 1lbb 'J~A~ 1. n'U:JJB'Um:J.Jvn ,xbn~b tlu 1:JJ b~ ~~~:W l"ll1:l.J 

leJ \l b~vtl5n~tJ1eJ~~tl~1tJ (Radical reactive center) 



.. 0~ f 
1 + H c= c 

2 c~ 

'IJ.) ~uhh'lllLn'iru (Propasation) 

X 
I • 

r-H c- c 
2 I 

y 

21 

dJu~ut11Bu~hJ b61~61\9l'"l1 eJ-:J b~Bunn~m~ b'U'i.Jbb 'l~ri'61~ Ln~~u 1-cH 2c.xY ~,oiJ,vhun n~ tJl 

ti'-tJ11Buml-m1B~l-:J~B L~B-:J Ln~ dJu(lltJ 1'1ivm~ L11B1~:iJ\9l-:rJB-:J 1lLL 'l~ri'61~B'll5n~tJlB~~'ll61ltJ 
(Radical reactive chain end) 

~~ f 
I-H c-c H c= c 

X X 
I I 

I-H c- c-H c-c · 
2 I 2 I 

y \: 

2 1 2 I 
y y 

A.) ~'i.JbVJB{:iJb'l.JoU'i.J (Termination) 

bU'i.J~'i.J~'i.JMI fll'lb ~11'/J'i.Jl ~'IJ eJ-:J(Il tJ 1'1i'l"lB~ bll eJ{ fll'lbn ~ b VleJ {:iJ b u-iJmJB-:J fll'l'\"l B~ b11B1 Wlf 
' 

'irubb uu'V'J~bb 'l~rl61(1l11l'lmn~ 1~ 2 bb uu 'lt-:J~'i.JeJ~nuAllll Ln~ n~ (Steric) 'I-1~B'1J'i.Jl~'1JB..:J'I-1l.J bb Vl'i.J~ 
~ ~ ~ 

X bb61~ y ~-:JU 

1.) bVleJ1:iJLu'irubLUU'll11\9ll (Couplins) 

Ln~b~Bbb'l~rl61~'ll61ltJ'1JB-:J 2 (lltJ1'1i1m61f16111l'll11\9llnu vh1~ 2 (11tJ1'1i1m61n61~n1~-:J , ' 
b'OJ~ruL~u 1t11'll11LU'i.J 1 111b61f161~:iJtl1m1n111b61f161(1-:J~'i.J fll'l'llllrl'i.J'OJ~bU 'i.JbbUU head-to-head v , , \1 

X/""""\ r----... X 
I \ I 

.1'\J'V\1'--H C- C" + • C- C H --vvvv 
2 I I 2 

y y 

X X 
I I 

.1'\J'V\1'-- H C- C- C- H C --..fVV'V 
2 I I 2 

y y 

(Steric) ueJtJ ,_,~mtJu,_,JJ~:iJ'1Ju1~b~n 
~ 

2) bVleJ1:iJL'l.JoU'i.JbbUUbbt11fl\9ll (Disproportination) 

bn~b~eJ:iJfll'ltJltJ 1®"1VI'l b'OJ'i.JeJ~t11eJ 1J'l~'l-1l1-:J 2 (118 1'1f111b61 f161~:iJbb 'l~rl61 Vll 1 m~'l"leJ~blJeJ{?feJ'I 1m61 f161 
' ' 

~:iJAl111tJ1l L vi1L~11 1~tJ'll611 86'11 tJ 1'1i~t1 ntJ!tJ 1®" 1mb 'OJ'i.J eJ~t11B11BBn1 tl'OJ~:iJ 'Wun~fi~VI B~ Lb61~ 8 n 
~ ~ ~ 

111L61f161'<il~:iJbo'l"l 1~-w'un~b~tJl1 u 1A'l-:J(I~1-:J 
' 

~(f) ~ ~ ~ ~ 
-~ ~~-CH,~ -c=~ + H~-CH,-

~-:J,i'i.Jfll'lLn~bVleJ{:iJbU'iJ'l.JbbUU'if'<il~bnVI1umru~'l-1l.JbbVl'i.J~ x Lb61~ Y ~:iJm111Ln~n~ (Steric) 
~ 

mn Vl~m uuVll.J'1JmV~1 Vlru 'It -:J 1l.J?~111l'lmn~ L VJB{:iJ b u'iruLb um111\9l1 nu 1~ 1V~ tJvt'11 tJ bb~ lb VlB 1:iJ ~, u 
~ v 

'iJU'OJ~bn~~'i.J~-:J 2 bbUU bbt11beJfll?f~'OJ~bnV!bb UU 1V~1Jl n flllrl'i.J,i'i.J~'i.JrlUTI'l'l11'/Jl~'1JeJ-:J1JeJ'i.J BblJeJ{ Lb61~ 
?IJlll~'IJB-:Jfll'lbnVI'l"leJ~blleJTI Wll'iru 
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2.4 bbU'I (Starch) 

bbU-:J (starch or amylum) b'U'U'I'fi:l~bll€l4511:1J'1l l ~tl1::;b fl'Vl?ll 11"l l ~1u1~b1'111'1'1JUI'IVI,j-:J 
tJ 1::; n Bu ~ 1 t.1 V!Ul t.~'U €1-:J n~ 1A ?1 ~lu 1um n~~ €l nu~ 1 t.1 ~u n::; 1n ~ 1A ~ ~ n c slycosidic bonds) 

" ~-:J'Y'le:J~ bb'1!Am1~(;]~~l'U 1 Vlt1it:J~I'1:1Jl~l nYl'1l~ b ~ t.Jl~1 offnn d'lu'Y'l~-:J-:Jl'U bb~::;'Y'lum n1 uYl'1l'Y'llnirue.J~-:J 
(potatoes), -ffll?ll ~ (wheat ), -fflll'V'I\?1 (maize corn), -ffll (rice), bb~::;iJwfltl::;V!~-:J (cassava) 

bb u-:Ju~?l'VlB~::;b'tJueJ -:J~'U l l 1:Uihmb~::; 1:U~n~u ~1:iJ~::;mmll bU'UVI~mbB~ne:J~e:J~ 16 

' 
11'1mbU-:J~muu?ll1'U'Ul1'1l1lb~n~1VIru ~?lli11Yi'l1tlf1€l (C6Hw0sln (1?11tl~ 2 .13) ~-:Jb~€l :IJ~€l 

1 <lJ '\J 'U'U 

'V!Ult.Jf1~ ll"l?lb -ffl~lt.Jtl'U~ltJ~'UD::; a -olycosidic l inkase ~m4u€l'U\i\'l bb VIU-:J~ 1 'U€l-:JV!Ult.Jf1~ ll"l ?l 
" ~ " 

tl'\JAl4U€l'UI'i l bb VIU-:J~ 4 'U €1-:JV!Ul tJ n~ ll"l?l~ €l ~ ()1'11 tJ ~l'UU ~l t.J'U €1-:J 1m~ n ~ bb u -:J ~ ::;~ anomeric 
'U " ' 

carbon (CI) ~-:Jll-:Je:J~1:U1~~unu 1m~~~~'U 1 

H O H 

vl-:J,f'Ubb~m~l:IJb~~~'U€1-:JbbU-:J~::;~~l'UUm t.J ~~r]ru?l:IJ'\J~~~li (reducing end) A€1 bbU-:JVI,j-:J 

l:1Jb~ ~~~::;i1~lbb'VIU-:J reducins end 1 ~lbb'VIU-:J l:IJb~~~bbU-:JbbU-:J€l€lf1bU'U 2 '1lU1'1VI~f11 1'1l:IJ'U'Ul\?1 

11lb~nmb~::;~n~ru::;m1~1'1b~t.J-:Jtill A€1 €J::;1:1J1~?~ oo-25%) ~-:J i1'1l'Ull'lb~mb~::;~M-:Jnlu?ll'Ul bYlt.J-:J 
' 

b~mi'Bt.~ bb~::;€)::; 11l 1~b 'Y'll"l~u (7 5-so%) ~-:J~'Uu l\?11 Vlt1i bb~::;~ M-:J nlu?ll'Ulmnmt.~ €ld:IJ 1~?1 bb~ ::;€)::; 

11l 1~b'V'IA~'U~Aru?l:IJ'\J~~bb1'1f1~l-:Jnu27 vl-:Jbb?l1'1-:J1w~n1l-:J~ 1.1 
' 

f)::; 11l 1~?1 f)::; 1:1J 1~ b 'V'II"l~'U 

1. u1::;n€Ju~lt.J 11l b~n~n~ 11"1?1~~€1 n\.!b uu l.l:IJb~n~n~ 1A?~~~€ln'U~lt.J~un::; a -1 ,4 bb~ ::;i1 
' " ' " 

b~'UI'11-:J~lt.J~un::; a -1,4 f1l1bbl'1nn-:J~lt.J~un::; a -1,6 

2. ~::;~lm1l1~u€lt.~n1l 2. ~::;~lt.~ul1~~n1 l 

3. b~mK1l1uul~::;~All1l-ffu'Vf'ul'!u€lt.J 3. offu'VIUI'I1llmb~::;1?1 

4. 1 ~~ulb~unu?ll'j~::;~lt.J 1e:J1B~u 4. H~:t.h-.lbbl'l-.l'VI~€l~Ulmmbi'1-:Jnu?ll1~::;mt.J 

1e:J1€l~'U 

5. ~:IJbb~l~-:J H~::;~util1 buul'ubb~::;bb~'Ubb ~-.11~ 5. h1~utill bU'Ul'U bb~::; bb~'Ubb ~-.1 

u eJ n~ l n~bb U-:J~1~ ~l nYl'1l bb~~ ::;'1Ju ~'~ n ~::;~tl~m ruB::; 11l 1~ ?1 €)::; 11l 1~ b ~ n~u ~ bb\91 n ~ l -:J nu 

?l:IJ'U~~l-:J1tlbb\9lf1~l-.1tl'U 27 vl-.1bb?li'I-:J1'UI'll1l-.1~ 1.2 
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'UUliltLth A'11:1.JbUtle.J~n 'lru'VIJJ~m~Lnlil tJ1~1ru<J::b.J1ml (%) 

(%) L~611~1tlt'lJ<ti'tl ('C) 
._,or,· 

33 ~f)'ll 60.7 23 

~T)?'~~ 36 63.5 23 

·i!-m'H1itn 37 6G.S 

·v·nt'l-n 37 72.2 25 

il1l~~1 38 70.0 17 
,, .,. 
"vl'l~l-'H'i 40 71.3 27 

Amylomaize 15 - 22 86.0 55 75 

r;11~ 26 70.5 28 

lJ1.JrJ -5~ 28 67.3 22 

1J1.JLY1f'\ 38 70.0 20 

lY-u GIT\J :;l""~ 38 66 .0 18 

2.5 tl1'15':i ':ill "ll1~ (Natura l rubber) 

tJ1'lli':i':i:W'U1&iVl~mn.:J'V'I1':i1~-:rum n 1~m ~1 n&lutJ1-:J'V'I 1 ':i1?11tJ-wu5 Hevea Braziliensis 
' 

hw 1rn.:J?l~1'1'Vl1\l bfl~'VB \I tJl .:Jli ':i':i:W'U1&i AB cis-1 ,4-po lyisoprene tb~nBU~1tJVlU1tJ'VeJ\11eJ 1'tf'V'I~'U 

( C5H8) ml'im1mu umt.J m 1 (bbuu l'li(il':i\1) b ~B\1~1n~1uth~ nBU'VB\ItJl\lo':i':i:W b tlu 1~ 1mfll'~ue:Ju~ 
hJ~.ff1 ~'~,)\,~tJ1-:J~\111~111tJ1~~1u~lV'hl1~111tJ~hJ~.ffl b'liu bU'U~'U L~m'tfu Ltlul'i'u 1~tJ~1hJtJ1-:J 
n':i':i:W'll1&imm'l?l~1'~ m':i~~L~tJ\I~l'VB'Il:w bll n11 bb uu e:J~ru~1u bbl'i1 um.:JM111~ 1:wLI1 nll'VB'~ tJ1'1 

' .. ' 
?11:W1':it1~~ b~tJ\1 ~1rie:Ju-1i'1'1 b tlu':i~ LU tJU~ e:JruVl.fl:iJ~1Vl~B b~ B t1n~~?l1ll1':it1 Lil~~ ~n M nl':ibil ~~ ~ n 

' " " 
b ~B'I'<il1 nB illVl.fl:iJ ~1~ ~v111 ~ tJ 1'1 bb ~\I:!Jl n~u bbl'itl1BillVl.fl:iJ?l \I~'U tJl.:J n~ ~Btl'Uil.:J bbll~ n~U~ ?l .fll'W b~:W 

, 'U , 'U 'U 'U ILl 

tJ 1\1 ~~~r111 :W'Vl'U'Vl1 ul'i B bb ':i\1 ~ '~ 'Vl'U'Vl1'U 1'1 eJ n 1':i~ n'V 1 ~ Lbll ~ r111:w Ji'1u'V11'U 1'1 eJ n1 ':i-U' ~ tl?l'I:Uu tJ1\I 
"" 

o':i':i:W'U1&i~J1VlUn 1:wLilnll Lu~tJ?l.:J BtJLU'lil.:J 200,000 fi'l 400 ,000 Lbll~~nl':im~~1tJ~1'VeJ.:JJ1VlUn 
' 'IJ " 

l:wbll nllnl1-:J:!Jln vl11 ~tJl.:Jbb~\lbfl'U hJ~~~'tJ1 hJ bbth':itJl~tJ(il ':i.:J ~~tXe:J\I~nl':iU~tJl\1 rieJU~~~'tJ11 tJtoff 
' 'IJ 

1 um~mum':i~~(il ~.:JLfl~B\I~B~1m um':iu~t.J 1 -:J 1~ tJ ~11 tJ~~ 1 iLfl~B'IU~tJl'I?IB\111 nn~\1 ~n~ru~ 
" 
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Q. Q.l d d if 

'VI'U'VI 'J'W-:ll'W 'J'il I'J'VI bfli'J'J"ll eJ ,:j 

Riyaja n bb 61~rH\J~ 7 Hi'~~ bA11~'1-1vreJ~hlle:J4e-Jrt:IJ'.i ~VI-.h~ en~ 6'.i'.ill'111~ bb61 ~bb '\J ~ilu~ht.J ~VI~~ 

( rubbe r-g-modified sta rch, NR-g-ST) 61 1VI'rm111 tlth ~ ~ nlii1 off~1 'Uiil1'U fll'.i bm~m b ¥im tJ ul'rt ~ 
br1~ e:Jumu r1ll fll'.iu 61\91u ~ e:mu m.J b~ CJ n611n1 'Ufll'.i b\91~ m.J bbr1 tl "llmr1~e:Juu CJ m~mbrt\91~ ~~'.iu~ 2.15 

't 'i 'U \1 'I 'U 'U 

Plfl'l:f1rll1llrt1:1.Jl'.ifl1 u fll'.iU61 \91U~e:JCJ CJ b~CJ bb61~ m '.ibb\91 nrt611 CJ'VI1~~lm~ ~u1Tvw~ bll eJ 4br1~ e:J'UUCJ 
'U ' 

rt 1m '.iflmu r1ll rn'.iu61 \91U ~ e:1 CJU CJ M~ bb61 ~rt 6118 1'1111il~ 1 CJ 1 u ~u b Vim~ rt m bri rn'.iu11 t11 off -nu lil1u 
' ' 

-~ <Jh' ~~sava starch 

NR·g·St • Urea 

'.iU~ 2.15 bbr1U'Ilmr1~ e:J'UU CJ m~CJ'U e:J~ ~ e:J~ bll e:J4e-J rtll'.i~VIl 1 ~ CJ1~6'.i'.ill'111 ~ bb61~ bb '\J~ilu61 1U~VI~~ 
,. 'U 'I 'U 

(rubber-g-modified starch, NR-g-ST)29 

Suherman bb61~1'1ru~ 30 ~~bA'.i1~'1-1~eJ~bll eJ4e-Jrtll'11eJ ~bbD~ bb61~~eJ~eJ~ r11~flbb eJ,;a\91 

(Starch/ Acrylic Acid) 61 1VI -ru b\'1 ~ e:J'UU CJ U61 \91 tJ~ eJ c.Joff1 b ¥i e:JU11 tJ1 off~ 1'\.J 1 'U f11 '.i b fl 'l:fm b\91 CJ vi1 f11 '.i 
' 

b\'1~ e:J'U b~ \91~ CJ b\91 CJ 1-rrb Vlr1Um'J~ ~\911\91~ b'U\91 (Fluid Bed Spraying) ~ fl'l:fill~'Ue:J~ b~ \91~ CJ~~ 1'U f11 '.i 

br1~e:J'Ubbrt\91~~~'.itl~ 2.16 'V'l'Ul1~e:J~blle:J4 br1~eJ'UUCJU61 \91u~ e:J c.Joff1~ bl'l~ CJll 11iliJtJ'.i~~Vl5m~~~1 u fll'.i 
'U ' 

r1l'Ur1llfll'.iU61\91U~eJ CJUCJ ~~iJr1l1llb Vim ~rtll~<il~u11 tJ1 off~1u 1 umr1 bn'l:fm m'.ill 
' ' 

~tJ~ 2.16 b~ \91~ CJ~br1~eJ 'UtillCJ Starch/Acrylic Ac id lil1mVlr1Ur1 Fluid Bed Spraying30 
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it.J1in l\71~-:J bb~~r1ru~ 3 1 bl'l~mJ 1~117lwil~b~mJ 1t.J-:Jbb'U'U~-:J 11"11-:J~l-:JI'IloUltJ"1le:J-:JtJ1-:Jli':i':ill'1ll~ 
' 

bb~~bb tJ-:J:W\.J~TU~'\11~-:J (Semi- lPN NR/ST) b\9l~t.Jlllii'1t.JlBfll':ib'U~t!~tllt.Jl-:J b~~bb tJ-:JJJ'U~l'U~'VI~-:J~ 
~l'Unl':ib~~l~1u61117ltJ1oti1'1'1bb'Vl?tb'lit.Jllb'lle:J~i~bvJ\91 (Potassium persulfate) bb~~ N, N'­

Methylene-Bis-Acrylamide (MBA) b'\Julii'1 ~b~ll tll) n~t.Jl bb~~?ll 1 b ~flll"111l-:J l'llll~l tii''U ~ n'\~l e-1~ 
"11€!-:Jtl~mru MBA ~t!e-J~fll':i\7l\7loV'Utll"1Jfl-:J bb~~b?l~t.J':i.fll'\I'I'Vll-:JI"ldlll~t!'U Semi-IPN NR/ST ~ln 

'IJ 

nl':i~n'l~l'\I'I'Ull'll~mru"1le:J-:J MBA l'ie-~~~fl?tllU~nl117ll7loV'Utll"1Jt!-:J1~117l1b~~117ltJtl~mru"1le:J-:J MBA~ 
'IJ 

b~JJ~u~~?i-:Je-~~ 1 'l1btle:J~b~uiim117ll7l~ll~l7l~-:J ue:Jn~lnd MBA ;-:Jbnl7lm1b~e:Jll"111l-:J1 u 11"11-:J?t~l-:J'1i1t.J 
'IJ 

1m~ 1\711 b ~~l'i b?l ~ t.J';j m'l'l 'Vll-:J m lll ~flu ~~u 
~~uuv11~t.J~?t'U'V11 bb~ ~r1ru~ 32 bl'l~t.Jmb \J-:J:W'u~ltl~'VI~-:J/'I'IB~hu~ bbe:J~ ne:J~e:J~/:w e:Juiill eJ 

' 
~~ 1~ 1 uiim1 t!l"le:Jll'l'le:J~~'~ ~l'VI1''U bl"l~t~uu tJ~m'Ur1llm1'll~l7ltl~e:JtJ 1\ilt.J~mtl~u-:Jlulii'1 tJ b'Vlr1Ur1 m1 

' ' 'IJ 

'VI~mb 'U'U bb~~Pi m~l'VIl?tm1~~ b 'VIlll~?tll 1 um 1~mtl \91 11~?te:J'U?tllU~ m1 \il\il~lltll m':i~ll~l'U"1le:J-:J 
'IJ 'IJ 

r11lll~'U nl':i~ll~ l'U"1le:J-:Jbbe:Jll 1lld1t.Jll 1Be:J e:J'U (N H/) m':icie:Jt.J?t~lt.J'Vll-:J'lilm'\1'1 bb~~ m1tl~l7ltl ~ t!t.J 
1 u 11'11b~'U"1le:J-:JUtJ ~ln m1~ m~l'\I'I'Ull'll~mru"1le:J-:J'I'Ie:J~1 1'11~ bbe:J~ne:J~e:J~1 uu l1 'UI"l t!ll'\l'le:J~\91 b ~ll~'U l'i 

' 
e-~~ 1 '11m1\il\il ~lltll mlll?tllll1fl1 u fll':i~ll~l'U'Ue:J-:J mlll~'U bb~ ~mlll?tllll1fl1 u m ':i~ll~l 'U'U e:J-:J 

'IJ 

bbe:Jll 1ll b ut.Jll 1B e:Je:Jul'i ril b ~ll~u eJ ci l-:J h n \9llll m':ib~lllle:Ju iille:J ~~ 1~ 1 uiil'i e-~~ vh 1 '11m 1\il (il ~ll J l 
'IJ 

1"11lll?tllll1rl1 um ':i~ll~l'U'Ue:J-:J 1"11lll~'U bb~~mlll?tllll1fl1 u m ':i~ll~l'U'Ue:J-:J bbe:Jll 1ll b Ut.Jll 1e:J e:Je:Jul'i 

ril~\il~-:J ;-:Jbbtl':ierul'llll'll~mru'Ue:J-:Jlle:J'Uiille:J~~ 1~ 1 uii~b ~ll~'U 117lt.JmtJ'VI~-:J~ln~-:J~ubtJunm so 
l'u '1'1'\Jll~e:J t.J~ ~m':i'VIl tJ 1 tl'Ue:J-:Jtll'VIumb~~r11lll?tlm1r~1 um1cie:Jt.J?t~l t.J'Vll-:J'1i1m'1'1"1le:J-:J'I'Ie:J~ bll eJ ~ 
ul1 t!l"le:J:W'I'I e:J~~'~ b ~ll~t! e-~~ m1~ mnei'l'l ':il m1'll~ \ilU~e:JtJ 1 u 1m b~t! 117lt.J m11?i1 utll~'ll':ill"l~ l n 

1e:Je:Jfl'U\9llm~t.J ~b 1~l~nl'VI'U\7l '1'1'\Jll'u t.Jiii'1e:J cil-:J~bl"l~fl'U lii'1t.J'I'Ifl~ blle:J~u l1 u l"lflll'\l'lfl~~'~ l'iei'l'l':il m1 
' 

tl~l7ltl~e:Jt.J 1 u 1mb~'U~lnlTU tJ~hJ1\il bl"l~e:J'U 
' 

Xiao bb~~r1ru~ 33 ~m~lfll':ibl'l~t.Jlll?l\71\71\?loV'Utll~lmbtJ-:Jotll1 1 '1'1\71 b yjfl 1 oti'V1e:J'I1ll b~\?lUtJ 117lt.J 
't'U , , 

-:Jl'Ul~t.Jffilii'Plm~lbb tJ-:JoUl1 1 '\1'1\?l~l'itl~mrue:J ~ 1ll 1~?tbb~~e:J~ 1ll 1~ b'l'lfi~'U~bb\91 n~l-:Jtl'U 117lt.J'I'I'Ulll?t\7l \il\il 
'" 

i'Utll~lmb tJ-:JoUl1 1 '\1'1\?l~lJtl~mrue:J~ 1ll 1~?1?1-:J nll ~~ btl'Ul?tl7l'V1e:J'I1ll~~n1llii'1mb~~l'?tl7ldf!-:J?tllll ':ifl 
'U 'I , , 

1 oti nm 1 um1'll~\iltl~e:JtJUtJ 1\ilul'U~-:J 45 i'u 
' 

Rashidzadeh bb~ ~ fl ru~ 34 1\il iK -:J bfl 1 l ~~1~ 117l1 b ~ ~"11 eJ -:J 1 'll b~ t.J:w e)~~ b 'U \91-n':il vJ ii -'1'1 eJ ~ 

e:J~I"l~~mbe:J~\il-1fl-'\l'le:J~t!~fl~m 1llii (NaAlg-g-Poly (AA-co-AAm)) bb~~ 1~117l1b~~ 1fi~Ut!'\l'l~b 1~v1 

(eli noptilolite, CL) fle:Jll'\l'le:J~'Vl'Ue:J-:J 1'1lb~ t.Jll e)~~ b 'U\91-n ':il vJii-'\l'le:J~ e:J~ fl1~ n bbt!'ll\il-1fl-'l'l €!~ €!~ fl ~m 

1ll~ (NaAlg-g-Poly (AA-co-AAm)/CL) 117lt.Jfllilt.J"1l'Ud'Unl':i'l'lfl~bllt!1 WlloU'Ubb 'U'Ue:J~l;j~B?t':i~ ~mn 

fl1lll?tlll l 1r11 u n l 1'll~ \iltl ~ e:J t.JU t.J"1l e:J-:J 1~ 117l 1 b ~~ fl e:J:w '~'~ eJ ~'V11 uJ l b~ ~~u 117l t.Jb tl~ t.J'U b Vi t.J'U 1~ 'VIll-:J 
' 

'~'~~~m':illnl':i'll~\iltl~e:JtJ~tJ~bfl~e:J'Uiii'1tJ 1~1mb~mb~~ 1ll11ilbfl~e:J'U e-~~m':i~m~lbb?t\71-:Jtii'-:J~tl~ 2.17 

'\1'1'\J'll u tJ ~1ll1\il ~ lt! m 1 bfl ~ eJ 'Ul'i B\91 1l1 u m1tl ~ 17l'll ~ e:J tJ b ~1 n'ilu tJ ~ ~ lt! m 1 bfl ~ t~ 'U 117l tJ 1 oti b 1 ~ l 
' ' 

bYitJ-:JbbA 20 l'u bb~~'\1'1'\Jll'\l'l~~m':ill m1tl~\iltl~e:JtJ~tJ 1utll b ~1n'h m1'll~\iltl~ t~tJ~tJ 1 u~u 
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~tl~ 2.17 j;,Jflf11"J~mnrr;n:ui.'I1:Ul'H11'Um"J t! G1~tl6'imJ~tJ'1JeJ'I11J1~wilf1 NaAlg-g-Poly (AA-co­

AAm)/CL34 

Oiao b bfl~l'lru~ 35 ~n~1f1l"Jb\i1~tJ:ul'i.'l~~~.a-'U~'~til~':iJ lmbu.:~i.'l1:u'1lu~ (bbu.:~.U1l1'1'j~ bbu.:~l!u 
'" 

~~tl~VI~'I bbfl~bb u.:~l!ue-J~.:~) b ~eJ 1.U'!Am~:u b~~tl tlbb'U'U~:Ui.'leJ.:J.ffu 1~t~.ffu~VI~'I~eJ beJVlm'1lflf11fli.'l bbfl~ 
'I , 'I 'U 

.ffu~i.'l eJ'I~eJ bb u.:~ ':iJI n f1l"JV1 ~ G1 eJ.:J'I'j'lJ';h li.'l ~ ~ ~i'U ~.:~ t1 1~~~ .:~ bl'l"Jl~VI1~Suiil'll1:!Jb uu "J'I'j "J'Ui.'l'l '1J'U ~~ 
'I'U 'U 'I '\J 

'1l eJ'I "J'I'j"J'UiJ'IJ'Ul ~ b~ n iJ l'lli:U i.'I1:!JI"Jfl1 um"J~~.a''Utl11~m n hifl ~fll ml1l~ tJbU'I'jl~ mh.:~ ~.:~11.'1 ~ ~ 
'U 'I '\l , 

b\i1~tJ:U':iJ1 mb u .:~l!mJ~ .:~ b U'Uli.'l~~~~i'Utl11~m n~~~ 1.'1~ bbfl~iitl"J~~VJ5m'\'j 1 u m "JUG1~tl6'1 eJ mJ tJ 
'I \1 'I 'I 

1~tJ 1inf111 um"Jt!G1~tl6'1 eJtJtltJ 1~u1ufi.:~ 90 i1l:u.:~ 
' 

R~ · . maize 
Gel~ 

cassava 
potato -SAP 
-SAP 

Starch Ethy l 
-SAP cellulose 

~tl~ 2.18 m~'Ul'Uf1l"J~'Ibl'l"Jl~~ starch-based superabsorbent polymer (SAP)35 



• 

• 

ci 
'U'VI'VI 3 

~q 0 ~ Q Q..l 

15~1 b'W'WnTa'd:Utl 

epJmrum1~Lfl~eJ.:J~B1LA';il~~m';iVl~~B.:J 'JU 

Scanning Electron Microscopy (SEM) JAM 5410 LV 

Fourier Transform Infrared Spectroscopy 
FTIR 2000 

(FTIR) 

Differential Scanning Calorimeter (DSC) 823e 

Thermal Gravimetric Analysis (TGA) TG 8120 

x-ray Diffractometer (XRD) X' pert- MOP 

Universal Testing LR SERIES 

Lfl~eJ.:Jotl.:JV11"1Uti:I.J 4 l'llLL VIU.:J HR-200 

~m.J6'fqjqjln11"1 (\so temp Vacuum Oven) Model 282 A 

LV1B1:uB:i'JL(ileJ1 (Thermometer) -

-=' . . 
bfl'JeJ.:J Magnet1c st1rrer -

Ul~m~unm -

27 

..:::., v iJ' .:::::. 

'U'J~Vl~t:-J~(il 

JEOL 

PERKIN ELMER 

MEDLER 

RIGAGU 

PEl LIPS 

Lloyds 

A&D COMPANY 

FISHER SCIENTIFIC 

-

-

-
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\?11';i1.:!~ 3.2 i.'l11bfl:W~H1 'U n1 1bli1~CJ:u~·nnhm~'U 11J b\?1 'H-;u(l bb(l::; n11lbf11l::;~f11';i'Vl\?li.'l€l'U n1'i 

tl(l \?ltl~ e-wtl CJ 
' 

ai "" 
. 

"""Q..l 'i,.l ""' 

~1\ilu "1Je:Ji.'ll1bfl:U flll:UU~i:'lVlB m~Vl ~ e.J(lli1 
' 

m1 bbe:J'U~ u Yl\?1 ~'l"l 
1 Cassava starch 100% " 

'l"l(llCJ ~ltl\?1 

2 Acry lic acid (AA) 99 .5% ACROS -ORGANICS 

4 Polyv inyl alcohol (PVA) 88% ACROS -ORGAN ICS 

60% d ry Thai Rubber Latex 
Natural rubber (NR-latex) 

rubber content Corporation 

5 Ammonium persu lfate (APS) 99.8% Sigma-Ald ich 

6 N,N'-Methylene-Bis-Acrylamide (MBA) 96% ACROS 

7 Ethylene glycol d imethacrylat e 99% ACROS 

8 Glutaric dialdehyde (GA) 25% ACROS 

3 .3 n1';ibb U';iel li1';i16h'Utlel .:!6h'Utl';i::mltJ&hvrrun1';ibVI~tll.J 1eJ b~Wil6'1 CSt-~-PAA(NR!PVA) 

1 'U n1 ';i bb U';i e1'm1 ~l'U '1J e:J'l ~l'UU 1::; n e:JU (feed composition) 1 'U n1 1 bli1~ C.J:uh b\?1 1 b -;u (I 

CSt-g-PAN(NR!PVA) 1um1Pln~lfl~'l.Q' 1~vhm11-li'i.'ll1b~e:J:U'Ul1'l~l'il'l"1JU\?ln'U 3 "1JU~ bl(l::;Yh 

n11bb 'lheJ'Ui.'ll1 b~e:J:U'Ull'l~ b VllJl::;i.'I:U 1 'Uf111~'l bml::;Vl1el b\?11l'l(l CSt -g-PAN(NR!PVA) ~lJe.J(l\>le:J 
flrui.'l:uu~'U'El'l1el hm-;u(l 1 'U'll'Ul~C.J-d1~u1Mnl::;~ b Vlm::;f.'l:u-;ulnf111l~C.J 1 un~:u'Ue:J'll~C.J'Ue:J'l l 11 
' ' 

u1mPi n~1vie:J 1\?1 C.Jtl~mrui.'ll1~~e:J'l %1 um1vhui]n~mtil'l lli.'l\?l'l1 um'l1'l~ 3.3 

611u~ 1 n1';ibbU';itn:U1tu~1b~en.J"ll11.:J 

est NR PVA AA APS Crosslinker Crosslinker Emulvin 
Code sample 

(g) (g) (g) (g) (1-.JL) type wto/o (phr) 

CSB-Mx 7.50 5.00 5.00 5.00 150.00 MBA 1-5 0.125 

CSB-Ex 7.50 5.00 5.00 5.00 150.00 EGMA 1-5 0.125 

CSB-Gx 7.50 5.00 5.00 5.00 150.00 GA 1-5 0.125 

VllJltlbVl!'j x = wto/o of crosslinker 
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3 .4 ,!'U~e:J'I.Jn1'H~ ~m.J 1eJ blil'H~~~-:J bfl 'J1::~ 
1 Unl'j b~~CJ:w 1eJ blil';ib~~ 11?lilm'j bb tbe:lutl~m ru'Uv-:Jiii'l b ~tl:W'Ull-:J bb~~'\.h~ uw1 bb~~flTU fl:W 

' 
eYml~lU'Utl-:J?i1')~1-v1um')~'lbfl')l~Vl11?i'bb n Cassava starch, Acrylic acid, Polyvinyl alcohol 

bb~~ Natural rubber 

" 
• .Uu~eJUnl';ib~~CJ:W Cassava starch sraft w ith polyarcylic acid (CSt-s-PAA) 

i-:Jbbtl'llJ'Ui.~1tl~Vl~'l (CSt) 7.50 n1:w ~~~ l CJiii'lmll Dl 40.0 m l bb~~b~h.J?i1';i;;,~;;,1c.J 
b"llb~CJ:w1~1il'jeJn1'1ltil (NaOH) flllm.rr:w.rru 40% 1vwtllVJUn mu1~b.rrlnu~vruVJ.n~ 40° ~ud1VJ 

' " 
b'lh.Jb"ilm~1'U"Ii (btl~CJ'U"illn~'Ull~'UdJu~16'lbb~~:iJml:WVlUiil~'l) b~:W acrylic acid 5.0 ml ~tl1u 
?im~lii'lCJ?il';i;;'1~;;,1CJb"llb~CJ:w1~VJ'jeJn1'1ltil (NaOH) flllm.rr:w.rru 25% blilCJtllVJUn bb;;'1~mumc.J1~ 
'\J'j'jCJl ml'11 u t~'jb~'U b tlu b 1 ~ 1 30 u 1V1 ~ 1 mfub~:w bbv:w tmu c.Jm ~ v1.a'~ b vJ (?] (APS) ~'~ b tlu li11'1b~:w 
tli)n'1c.Jl bbi;l~?i1')b~tl:W'Ul1 ,m:J 1u?il'j~~mCJ~?i:w bb~lvh nwvm~ b:wv1 ';ib'1liub tlu cs t -s-P AA 

" 
• oU'U~tl'Unl')b~~CJ:W natural rubber /poly vinyl alcohol blends (NR/PVA blends) 

tl1Ll1 CJl'l.rru~:iJtl1m rud1v CJl 'l bb ~'~ 60% (DRC 60) mtl1'u?im~All m tlu mlil-~1'llii'l CJ 

1 ~bbVl?ib;ziCJ:w 1~1il';itln 1'1ltil b~JJBlJ~~'U (Emulvin WA) ~'lbtl'U?il';ii;llil bb ')'l&i'l~l b ~vtlv'l tl'Unl';i~'U!ill 
'Uv'ltl1m'lo'j'j:!J'1J1~ bbi;l~~?iJ.Jnu?i l'j~ ~;;,lc.J~v~bu~bvi;lnv~mh.rrJJ.rru 2.5% blilCJtl1VJun mu 

tl ~1 'l?iJ l b?i:W tl~ vruVl.n~~tl'l b tlun ~l 1 il b:W'l 11?1 b tl'U?il 'j~ ~~ l CJ ~ ?im~Vl'J1'1 CJl'l5'j'j:lJ'1Jl ~ nu . " 
~v~bu;;,bbvi;lnv~tl~ (NR/PVA blends) 

• ,!'U~tl'Unl';ib(?]~CJJJ 1eJblil';ib"il~'Utl'l (CSt-s-AA)/(NR!PVA) 

b~ 1CJ:w 1~ tm b \1;;'1 (St -s-P AA)/(N R!PVA) m CJ 1vi' ?i.flll ~ b~ CJl nu blil CJPi m~l ~;;'1'U€l '16'11') b ~e:Jl.l 
'Ul1'l~bb(?]n~1'lnu 3 'llUiil bb;;,~tJ1mru'Ue:J'l?il')b~tJJJ'Ull'l~bVl:!Jl~?i:w.Jf'l 3 'IJUVJ er~'jl~l'U~bVl:!Jl~?i:w 
1 'U nl')~'l bfl'jl~Vl1~ blil 'j b ~;;, er~ 'jl~l'U bvJCJtllVJUmhVl1'U m 'j~'l bfl ')l~Vl1eJ blil 'j b ~;;, bb?i VI '1 Iii' 'I VJl'jl'l~ 3.3 

blilCJbVl?il';i~~;;,lCJ~G'l:W 'Utl'l NR/PVA ~'11'U?il';i~~~lCJ'Utl'l St-s-PAA Vllnl';i1~vJe:J'ltllnll'lbb;;'1~ 

ve:Jn~b~'Ue:Jvnlii'lmbfi'?i1uhm"il'U 30 mV1 ~lmTub~:Wbbe:J:Wb:wbiJCJJ.Jb~e:J1-a';;,bvJ(?J (APS) bb~lvhmTI''I€J 
~b:wv1hb'1loU'U~mtlubl~l 3 ilbl.l'l ~vruVJ.n~ 50 oc mc.J1vi'm')CJlnll'11u1mb"il'U b~e:J~'U?ilil 

• 'U • 

tli)n1m b VJ~~(?]i\'ruo/i~'~1 'Ub ~~Vlbbnl bbi;l~t111 tlvu~~ ruVlJJ~ 50 oc btlun;;,1 9 i1 t:w'~ bbi;l~t111 tJ wd 
Ll1Bn 12 i11JJ'l b~vnl~lil?il'j~tJ'lVl~'lbVl~v1 ~;;,~~lc.Je:Jvn 1 tJnuJ1 bb~1t111 tle:Ju~vi'e:Ju?irurul m1>1~ 

'U , v v 

e:JruVJ.n:iJ 50 °C btl'Ubl~l 24 ilb:W'l "il~11ilbb~'UVj~:w1~1mb"il~ ,r'U(?]e:J'U1'Unl';i b(?]~CJ:W1~1V1Wil~ (CSt-
• " 

s-AA)/(NR!PVA) bb?ilil'l\il'l';iU~ 3.1 
'U 



• 

AAmonomer 

+ 

NR latex 

Mixed solution of 

(NR bend PVA} 

PVA 

+APS 

M ixed 30 min, nit rogen purging 

Stirred constantly 

ot room temperature 

CSt-g-PAA hydrogel 

6i1'U~ 2 n1'abfl~ B 'Ub~Witltii:Jb~tl . " 

Stirred under n itrogen 
gas protection for 3 hr. 

CSt-g-PAA hydrogel 

Mixed so lution of 

(NR bend PVA) 

30 

The mixed was stirred for 3 hr. 
at 50°C under nitrogen atmosphere 

CSt-g-PAA(NRIPVA) semi­
IPN hydrogel 

m~munl'HA~ e:Ju blJW~~tJ~ b~tJ~l tJ 1~ 1mb\l ~~~\l bml~'V1 bl'l~v:w1 m~~u~e:J-:J tl i)u~ m-a 

bbi.'IWI\l~\l"J"U~ 3.2 -ti'-:JbiJ~nJtJm~tJ 45 n-r:w (b~'U~Tul"luunm-:Jtl-a~mru 3-5 ~~~b:W I'l"J") \l lmlw.hiJ~ 
'U q 'U 'U 

~tJ1tl1~1'UbA~e:J\l rotatins drum vhm11~ml:w~m..!~~ruJJ~ 70 ± 2 oc dJublm 10 '!..!l'Vl Ul 

1~L~1b\l~~~\lbfl':il~vi1~ (CSB-X) 15 n-r:w o~~lum~ue:Jnu~tJl~\l1 tl tJ\lu1nrue:h'VB\l blJ~Ut!tJ b~t! . " 
b'l~h..! bl~l 5 ulVi \1~~\l bnl'l1~ll\l~:m~ L~"J"b\lmlubm~~~u'1b l rue:ll'Ve:J \lblJ~UtJm~tJ Vl~\l\ll mlu 1 u 

• 'lJ 

~'UIPle:J'U~ 3 UlUtJ~bA~e:J'U~ltJ1~1~1b\l~ (UCSB-X) :l.JlbA~e:J'U~l tJi.'ll"J"~~~lmbl n 'll~lmJIPl"J"l~l'U . 
1:1 ~ e:Jru.fl~~e:J\l b ~e:J\l~Vll 1 ~e-!~IPl.fl ruo/i:iJml:Wfl\l'J"U {;)le:J tll\l~ bA~e:J'U,f'U\l~:iJvr\l Vl:W~ 3 (;)l e:Jtll\l . " " 
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1\1l~~ri UCS8w-M2 UCS8w-E2 ~~;;'1::; UCSBw-G2 <it-:J~-:Ji:'llll~·re:J ~l-:J.if~::;H'?Il'H~el:IJ'1J l l-:J1'Unl~ 
~-:J~rm::;~~\>ll-:Jn'U A€1 MBA, EGOMA ~~ ;;'1::; GA l'lllli;hti\'u ~~ ?11i1 -:Jtii'-:J~U~ 3.2 

" 

lfCS Bw-X f~rtil i zer 

lJ('~.;B-X fertilizer 

3 .5 .1 m~.W!;l'il\hem6i'n~ru1eil:V~·wil~\1l1 m'VIf'IUf'l FTIR 
\) 

~'VI Au A FTIR 1-tl'Vl ?I ~1.1 ~€1 n~ m~uh ~ t1 EJ'U iJ'U €1-:J riu ~::; n BUVI~€1 hJ ~ ;;'1 n;;'1 '1JB -:Ji:'l l ~ m tJ 1 'U 
" ' 

1m-:J?~1'l-:J'1J€1-:J1eJ11i1~~~;;'1 <ltwhm~l'li1\1lltJ~A~€1-:J Pekin-Elmer Attenuated total ref lectance 

Fourier transform infrared spectroscopy (ATR-FTIR) i:'I~Un(;J.Yll1\1l~ l nm~l'li1~l 'U l 'U 16 ?l~~n 'U 

vit~lii'ltl~l-:J Lli1tJ'lil-:Jnl~i:'l~~n 'U = 4000 to 650 cm·1 ~ resolution of 4 cm·1 

3.5.2 m~1~f'I~1 :::'Vfb fl1 .:! !;1 1'1 ·:H~J~n1M1-ifmrl'Ufl XRD 

~ n'ljru::; 1m -:J?~{l-:Jfll11l ~ U'Ue.J~ nVI~€1 B~t:U:iil'UJ'U t1nlli1Lii1mA~€1-:J X-ray Oiffractrometer .. " 
(XRO) ~~€1 PHILIP i'U X'pert-MDP Lli1tJiii'li11ii'l€1~1-:J~~~'U1eJLii1~~~;;'1~~1J '1J'U11i1 2 x 2 em ~~~l 

Ul ll1l l-:J1 'U~~vi'Ull-:Ji:'l1~1ii'lt~~1-:J vh m~l'li11ii'lt~~ l -:J~~~'U~~ll~~ ~-:J~t~ruVI.nlJ~t~-:J'lil-:Jm~l'li1 28 = 5-, " 
55° 

3.6 nTa.W !;l'il\hem 6i'n~ru1eJ11i1·H'il &l~h v SEM 
\) 

~'VI AUA Scannins Electron Microscopy (SEM) ~U'U~'VI A UA ~1-tl?in'jjlLA~.:J?I{l-:J'Vl l \l 
~;;'1.lllAVI~e:J~ n'ljru::;~ru\'i1'Ul'VltnLii1 tJ~::; 1 ~.zr Bll&l~ n'ljru::;'Vll·:Jn l tJ.lllY-1 A€1 ~n'ljru::;~'Ue:1l (surface) 
' .. " 
LA~-:J1l.:J(;Jl~l tl (network) ~~;;'1::;Allm U'U~Y-I~'U'1Je:J.:J1eJ Lli1~ ~~;;'1 ~ n'ljru::;'Vll\lnltJ.lllY-I'lJB-:J 1eJ 1m ~~;;'1 

" ' 
1\1l~ l n n1~lbA~l::;~Lii1tJ1i~A~e:J\l scannins electron microscope (SEM) ~~B JEOL i'U JSM-

5410LV 
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3. 7 rn~fim~mUJU~ b.V..:Jfl11:U~eJ'U"lleJ..:J1e:r11il·wil6l~hEJ TGA 

Pin~1~t]~fn':l:l.lfll1:1Jb?l~m'Vl1'1Wl1:U~€l'U'1Je.J.:J1e:r1mb':u~ fl e.J:U 1 ~~'Vl~l mfl~e.J'I Thermal 

Gravimetric Analyser (TGA) ~~e.J RIGAGU it~ TG 8120 Thermoplus blilCJtil'liltil'le.JtJ1'11e:r11il'Wil~ 
1~vnTm.h~mru 4-6 m~ bb~~m':i~L'U aluminum cucrible ~hJil~htllil bb~lfle.JCJ'll 1'1L'Ubfl~e.J.:Joti'.:~ 
fll1:U~e.J'l.J~ilm1:u b?t.:~ (thermobalance) bb~~1~fll1:1J~e.J'U~e.JruVtflll 25 °( Ci.:~ 650 °( ~lCJeJ\91~1 

" ' " 
10 °C/min mCJ11ii'm':lCJ1 nl~ N2 ~eJ\91~1m':l1Vt~ 40 ml!min 

3.8 m~fim~n~q~m~:u1 um~u1:uli11"1JeJ..:J 1e:r blilWil6l 

3.8.1 'Vllil~eJ'U":illilm:U11il~th;l:ulil6l (Equilibrium water content, %WC) bb6l:::f11~'U1:Uiii'1 (% 
' ' 

Mass swelling) 

'111 bb~'U VJ~lJ 1e:r1wa~~ til'lil bb~'UVIIil ?le.J'U"ll'U 1 (;I 30 x30 lJlJ. ~1'Ul'U 3 ~'U bb~li.:~J 1'\ltU f1 

bb~'UVJ~lJ1e:r11ilwil~~'~ 31m~ tl1Vtun~1n~b~CJ.:~numn~?llil bb~~utrVine.J~tl1VtUm~lJiii't! bb~lbb'li 
' 

til'l€ltJ1.:Jbb~uVJ~lJ1e:r1(;1wil~1uJ1 Dl tJ~mlil~ 25 ml ~€lruVtnlJ~e.J.:J bU'Ubl~1 2 u1Vi":ilt~m~vi'.:~ Ci.:~~lil 
' " ' 

?llJiil~ b€l1bb~'U 1e:r11ilWil~e.Je.J nmBe.J nm.a'u~lCJm~lil1~me.J .:~ b ~mh~'liltl1~~l'1J€l.:J bb~'U 1e:r11ilWIJ~ bb~l 
' 

'l111u-8'.:~J1VtUn~1mfuoti'.:~J1VtUm~e.Jiiltl1VtUn~btJ~CJ'UbbU~.:J1tJ %water content bb~~ % mass 
" 

swe llin~ rhwru 1~';i)1f1?\lJn1':l~ 3 bb~~ 4 mlJ&i'1~'U 16 

%WC= [(~1.-Wd); wsJ x 100 (1) 
" " . 

W5 ~e.J U1VtUf1bb~'UVIIil?\e.J'UVt~'lbb'li'I11ViLlm~1'1tl'U 
" " wd AB u1VtUmb~t!'Vllil?le.Jurie.Jt~bb'li'l11 

Mass swelling(%)= [(m, -m0 )1m0 ] x 100 (2) 

b~e.J m 0 ~tl tl1VtUf1'Ue.J'I1eJblil':lb~~bb~'l 
m1 A€l tl1VtUf1'1J€l.:J1e:r1mb';i)~~mlJtl1 

" ' 
3.8.2 fimn~:uu~n1~~1il.a'u'I1TVi pH ~1'~"1 

Pin~1 n1 ':lmlJtill'Ue.J.:J~ B~ blJ e:d1e:r11il ':lb~~ 1 t1tl1~~ ruJJll~1'1 'l 11il CJoti'.:~tl1VtUf1bb~'U 1e:r11il':l 

b ~~bb~.:J';i)1mft~bb'litil'le.Jt!1.:~bb~'UVJ~lJ1'U?t1':l~~~1CJu~b~€l4 pH 3.o, 5.o, 1.0 bb~~ 9.o oti'.:~J1Vtun~e.J 
~blJe.J41e:r1mb';i)~Vt~'l~1f1~lJL'UJ1 Dl b~€lbl~1fl':l'U 4, 6, 8, ..... , 40 'U1'VlblilCJfn~lill~me.J.:J.a'utl1 

' 
~l'Ubfl'Ue.Je.Jn1tJrie.J'U-8'.:~J1VtUf1bb~lrl1'Ulru %water content bb~~ %mass swellin~ ~'1?\lJnl':l~ 
1 bb~~ 2 

3.8.3 fim~161:1Ju~m~lilliliuJ11 u~1~61~611EJ bf1~€l~~1'~"1lUiil ti'u 
'U 

Pin~1?tlJu~ n1':llillil.a'uJ 11 t!?\1':1~~~ 1CJ bn~€l~~1.:~'llulil nt~ 11ilCJ~~i.:~J1VtiTmb~t! 1e:r11il ':!-
" 

b~~~1mft~bb'litil'l€ltJ1.:Jbb~'UVJ~lJ~?I 1 ':1~~~ 1 mn~e:J~1.:~'lluliln'U1~bbri NaCl M~Cl2 bb~~ FeCl3 ~l'll1lJ 
boVlJoV'U 0 . 9% w/v oti'.:~tl1VtUf1~€l~blJe:J41e:r11il':l b~6'1Vt~.:J';i)1 n~lJ 1 'U?\1':16'1~6'11CJ bn~ e:J~~1'1'lJUiil nm~e:J 

' 
nml'l':!U 4, 6, 8, ..... , 40 t11Vi blilCJn':l~lil1~m€l .:~ .a'uJ1~l'Ubfl'U€l€ln1tJriB'Uoti'.:~J1VtUmb~lr1'1t!l ru 
%water content bb6'1~ % mass swellin~ ~'1?\lJnl':l~ 2 
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3.9 'ii~'Ur11!;JVJ'H11'a~W1"11U'U1 
'U 

m 1Fimnei'm1b ~-rt.J 5n~t.Jlfll "a~ lil 'li'u 'IJ e:J ~ lel' l lil 1b'iiG11 w.Y1 llilt.J 1.ffmJ'\J~lG1 e:J~ Pseudo-first 

order bbG1 :-; Pseudo-second order 36 l\il t.Ji:I:U nt 'a 'IJ e:J~ Pseudo-first order bbi:llil~l'l~r:~:un TJ~ 3 

bb(;l::; 4 

Rt = (1- e - k 1 t), pseudo-first-order (3) 

k R2 
2 c2 , pseudo -second-order 

1 +k2 Ret 

b~e:J Rr fle:J rll nt'alillil'll'Utll~b1G1l~l\l (%) 
'\J " ' 

Rc fle:J rll nt'alillil'llmhVir:~:ulilG1 (%) 
'\J ' 

k1 bbG1:-; k2 ~e:J rlll'l~Vl'IJe:J~ei'ul'i''U 1 bbG1::; 2 mmhl'lu 

t ~el bd G1 l 

Korsmeyer-Peppas kinet ic bbi:llil~l'l~i:I:Unt1~ 5 

b~e:J Mr/Moo ~e:J BVJ'Jlnl'JUG11ilU~e:Jt.J~nm t 

k kp flel rlll'l~VlelVl'Jl 

(4) 

n ~v bG1'1Ju~~nt"JUG11ilU~vmbi:!lil\l~~nG11nnt11JG1vlilu~vt.J 

33 

tll 0.45< n > 0.89 bbi:llil~bUUnG11nm"JUG11il~mm'\J'\J non Fickian tll n = 0.89, bUUnG11nm1 

UG1\il~e:Jt.Jbb'\J'\J Super II transport. 37 

0 • cv .,:J 
bb'\J'\J'illG1m f1rst-order bbi:l\il\1\il~i:I:Unt'JVl 6 



i 

.. 

Mt = kH tl/2 (9) 
Moo 

b~tl kd ~tl rllfl·:J"VieJI'l':il 

b ~tl rllfl\IVi 

Mt = {3 + kln(t) (10) 
Moo 

b~e:J kd fiB fl l fl\1Viei'm1 

{3 fie:J fllfl\l~m1'\J~V~'\J~mJ 

Q.l a ~ 
3.10 nT~'VIV~~e~unTmmnuu1 

34 

~m~nm1nn u1uthlJe:J\11flLV~WiJ~ LV~t~vhm1 1u cl1ti'Wm?t~n LV~ m~:w~1n m1!?i'V~~i'de:J~l\l bb ~.:J 
J1vrun 0.50 1.00 bb~~ 1.50 n-r:w e.J?f:W~\11u~u~1'UU'U'VI1ltitll~tTn 200 n-r:w ~1ntTuvhm1b&i:w 
J1 01 '\J':jml'l1 so il~~~l'l1 vilm1~mmVit~unu!?i'1fl1'Ufl:W ~e:J !?i'1e:J~l\1 ~1:w1~!?i'1e:J ~l \I~\11'\J c1'1t~ , 
'Wm?t&inm otl'VIVI~tl\1~~{1 mnu H~mu.nil~e:J\1 1 'I.J';i~W-ll\lnl';i'VIVI~ tl\1~\I~:WVI 30 l'I.J~~:nm1i\IJl~tJ f1 

'U ' 'U 

1u'<il'lu1ui'ul'il\ll ~lntTuvilm1rl'lu1rub'lle:J1v'1l'I.JI'i'm1nmnuJl~ln?t:wm1~ 11 38 

" " uTvltTnne:Jub&i:wulfie:J Wo 

Jl~tTn~:Wm':ib&i:wtll~\11 '\J w 
" ' 

'l11 ~tTnVii'ul'il\l 1 bb'VI'I.Jiii'1t~ Wt 

3.11 f1l1'VIV~~e:J'Ufl1l:W~1:l.Jl1fl1 u f1l1bbl'ln~611ti'Vll.:J~hm-w 

~ n'tllml:w?tl:l.Jl1fl1 u m1 bbl'l n?t~ lt~'VIl\l~lm'I"'LV~ t~16m1i\IJlVItT n~ b u ~ t~ubb u~\11 u !?i'V~ 
bbe-luhrLV~ ':i b~~ 'lJ'UlV~ 20x20 il~~b:Wm '<il'lm'I.J 5 ~'I.JI'ie:J~tl\l'lil \l':i ~tl~bl ~l'VIV~?fe:J'U i\IJl~un~ 
bbU'I.J e:J'I.J~lntTu'l11 bbe-l'U'VIV~?fe:J'U~\1~\I~'I.J 1 ~~ n~1n~h~u 7 i1 L:w\1 LV~ t1 1-U~u·:hu'\Ju'VI':iltl 1 'I.Jb 'lJI'leJl bfle:J 

11 ':ju'll'l1l'U ~\l~lV1e:J'U ~ 1 l'1HiltJ 'VIV1?f e:Ju~ e:J ru~.niJ~e:J\1 vi1 m 1'VIV1?f e:J'U m1:w ?fl:l.Jl 1 fl1 u m 1 bbl'l n 
' , 'U 
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?lmm thJ1:;tJ:;n~ l VJn 1 15 l'u b~e.Jfl1'UrlTV!'UI'Illm'l11 bb~'UVJI'I?Ie.J'UlJl.a-.nhvn1m~e.Jvmhvli1n~ 
bU~tJ'Ubb tJ~.:j hi flll:U?Illll1fl1 'Unl')bb(il n?lmtJ VJ l.:J ~li1l'V'l Al'Ulru 1111\ll n?l:um')~ 12 39 

' v ' 

biJe.J W 0 Ae.J UTV!Unbb~'UVll'l?le.J'Ub~:U~'U 

(WO-Wt) x100 
wo 

Wt Ae.J tll'V!Umb~'UVJI'I?Ie.J'Ub~m:;tJ:;blm~ l 'U1 tJ 

3.12 Amnm1U!;ll'ltl6'ie~vuvm";jv1uJ1bb!;l:::~u 
' " 

(12) 

nl')Plm.':ilnl')U~~'~tl~m.Jm~t~ 1 uJ1 ulihmh.:~~~lum:;mum')bfl~e.J'U 0.25 n-r:u Ullllbb'li 
'U 

1uJ1 Dl tl~:IJl(il') 100 iJ~~~m 1u'lll1'11?1~d~hJ'):;tJtJtl\1l'll'Ul\11 150 iJ~~~(il') \l lmTuvhm') bnu 

~le.JcJl.:J?Il1~:;m tJ 2.0 iJ~~~(il') ~n~ll?il.:jl (1, 3, 6, 12, 24, 36, ... , 94 .a-11:u .:~) mi'lUl?l l')~:;~ltJ 
~le.Jc.i l.:Jlll~e.J4:uMht~?!l')~ 2.0 iJ~~~(il') Ul?ll')~:;mt~~1m tll'\11V!ltl~mru'lle.J.:~ m~t~ L\1ltJnl') 1-if 

'U 

nl')Plmnm')U~\11U~e.JtJtltJ 1 u~u\J:;vhm')Pln't'1l~lmN 1 ~fl~lWl'UB')'):IJ'lJl~ L\1ltJvhm1 , 
Vl\1l~e.J.:J\J:;1offvie.J PVA ~iJ'lJ'Ul\1lb~'U~l'UI"l'U ~ n~l .:JtJl1 5.25 b"ll'U~b:IJ(il') 811 50 b"ll'U~b:IJ(il1 b~e.J1off 

'U 

b U'Ufl e.J~m.n 'Unl')Pl n'\'11 n1 1tl~ I'IU~e.J tJU tJ tJ b~tJ ~u (ile.J'U bb 1 n \1:; b uum1'111 ~'U~1 'UU'UV11ltJJl 'V!U n 
' 'U 

1.0 filfln-r:u vhm1.a-.:~~le.JcJl.:jb~\1ltltJ~~lum:;mum1bA~e.Ju s.o n-r:u eJ?Iwl'u~u·;huuuVJ1ltJ 
' 

J1V1'11n 100 n-r:u 1~bUu~u~ 2 \llmTuul~utll'V!Un 300 n-rm~:ub~:ubuu.ffu~ 3 b~:uJ1 01 150 

iJG'l~~m vhm1btl\1lvim~mnu~le.JcJ l.:J 10 iJfl~~(il') 'VI~.:J'<illnm1bnu~le.Jc.il.:~b~:uJl 01 b~:u~.:~1tJ1u 
vie.J 10 lJG'1~~(il1 \llmTuvhm1tlbtJ(il~le.JcJ1.:J 2.0 lJG'1~~(il1 'l111tl~e.J4:u~bbfl:;vhm1'V!ltl~mru'1Je.J.:j 
m~tJ L(1)tJn1')1oUb VJAUAtJi-i~bUG'l~fll l :Utlllfl~'U 420 u11 'Ub:Um b'li'Ub~tJltl'Ufl'Unl1Vl\1l?le.J'U 1 uJ1 
'\J 1.1 t,.l 'U 

bbf1:;vh"ll'1 3 "11'1 



... 

• 

Drird 'iandy loam soil 
(3110 g) 

50 tm 

1'\',\ column 
Diametn 5.!5 C"nl: 

liC')B'' 4 X 5 g + so iiiOO g l!!ya 
IOrm dtprh 

-+-- Drkd •mnth lnam .;nil 
(I\..~ (lwlm~ mash· I H) 

L<>achale 

a~tnl Ahsurh.unct" ddt·cliun Culurinj.! td 
___.. 1'hrou:.:h l 'V-vis spct·rrophotomctry 

(wawlt•nJ,:th at 42H nm) 

3.13 Am~1B'Vl5'W6'1Um.Jb~~~bfl~B'U~'J ~ 1u t~Wil6'l~b~~m.J 1~~Bn1Wil~ru b~'U t~~t~'W~n~hJ~1 
• 'U ... 

36 

1 u nTi"Pi fl'l;-1 m1tl 6'l~tl~ m.1 u tJ tJ b~ tJ6'l:::6'l1tJ-li1~:iJe.J6'l viEJ n1 1 b ~ ~ ru b~'U l\1l'1.1El.:J ~u '1"1~ n ~u ~ 1 bb~ .:J 
, 'IJ v 

v11m1Pin'l;-11 um:::rm b ~v1 ~?11:wl'lflf!J'Ufll..llii''m tl'l1 u nwv1~?1EJ'U 11'1~1tJ vllfl1'l'Vl~6'l El.:J t~tJ m 1'l11 , 
~u'l"'~n~u~l u~.:J:iJ vltJ 25 i'u (L~tJ'l::: tJ:::d1:W:iJ n111~u mr1:iJ b wtJ.:J 1-libbvlu tJl..l6'l~ vd1 u n111v-1 

'II , , 'U 

-lil.:J~l.:J6'11~ub vhtYu) ~:iJ~1~Ubb6'l:::fllll..I?I.:J~:iJ'1.1u1~ 1mi' bAtJ.:Jnu v\'1 m 'lEJltJ6'l.:Jm:::m-:J~u~u'l"'~n 
'IJ 

tYubn~mll..lbb~.:Jbb'lfl t~tJ~::::iJbuuutl6'l.:Jfll'Ufll..l 3 m:::m.:J utl6'l.:J1~um~~m~tJ 3 m:::m.:J bb6'l::: 
, ' 'IJ 

bbtl6'l.:J1~UtJ6'l:::6'l1tJotl1 3 vllEl~1.:J (UCSBw-M2 UCSBw-E2 UCSBw-G2) ~.:JVIl..l~ 9 m:::m.:J vl1 
' 

fl1'll~fllll.J?I-1'1.1El.:J~1~U '1.1U1~'1.1El.:J 1 'U b ~mn'U-ffEll.J6'l'1.1El.:Jfl1'lb~l.J~Ufl'l'Vl~6'lEJ.:J ~1fltYUvl1fl1'li.:JUtJ 
'IJ 'IJ , 

m~tJtl~mru 1.50 n~l..l bb6'l:::tltJm~tJ~bfl~EJI'1l tJ 1eJ L~'lb~6'ltl~mru 3.50 n~l..l 1~6'l.:J 1 tltl~l..l1ru'!ti1.:J 
'\.1 , 'U "' "' "' 

~lfl~1~U'1.1El.:JW'!l 5.0 b'!JU~bl..l\1l'l (vl1Vl.:JVIl..l~ 3 'Ill) ~1flUU'Vlfl 15 i'u ~:::vllfl1'lbtl 'UoUEll..l6'l'1.1El.:Jfl1'l 
, 'IJ 

b~~rub~l..l L(>J'1JEJ.:J~U'I"'~n L~tJ~:::v11m'l1~mll..I?I.:J'1.1EJ.:J~l~u '1.1U1~'1.1v.:J1 'U bfl'Ue.J6'le.J~(>J~EJEJn1t~bbvl6'l::: 
v 'IJ 

•th.:JEJ'U 1~bb~.:Ji.:JtllVIUfl ('l:::tJ::: 1t~fll'l'Vl~6'lEl.:J~-1VIl..l~ 45i'u) 
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U'Vl'Vl 4 

Q.. Q.l Q.. tf 

~~fl1'a''J;umb~~'d;u1'HU 

4.1 f1!;11nm-abi1~u~n1t:nv-~e:~~h~e:~ 1 w11-ffu•tm~\e:r1~-ab'il!;l CSt-g-PAN(NRIPVA) 

37 

~u~ 4.1 bb?l ~~n~ lnm1bil~tllj n'1t11VHl~ b~ u41 wv.ffu~ b'U'Ul tJ11ii''llu-11m~·wil~ CSt-g­

PAN(NR/PVA) ;~1 u.ff'Ubb 'in 1 'V'l bb Vl?l b ~tl~vl1VIih~ b tJul'i'l'1 b~lJtllj n'1t11t'J ~(>)bb -a~ ~rl'~m t1 1~r1l1lJ 
1m.J bbiKlbb -a~rl'~~bn~~'U'il:; 1 tlb~1v\'1uljn'1mnu blJ b~~~'llu-lbbU-1~(>)1~~1bb V!U-11~~1un68~'lJD-l'V'lB~ 
bb~nrnl 1r120 bb~ :;?1~1-l~'Uu:; nueJ:;f11~ nbbeJ68~;~'iJ:; 1111~:-J~ (>)Jl ru'f1 b lJ'U nd19f'll'lbfi'V'l B~ blJ eJ4'lJB-l'V'l B~ 
eJ:;fl1~ n bbeJ68~ flU bb U~ 'il1 mf'Ut'J ~(>)Jl ru'f1~ bfl~~ud 'il:; vhtJlj n'1t1 1 flU?11 'ab ~D lJ'lJl1-1 bb61 dl f1l'ab~lJ ?11 1 

e.J?1m:;w;h-l'V'lB~1 TU~ bbB~ neJ~B4bb~ :;CJ1-1511lJ'lJ1~ bn~ b tJut'J ~(>)Jlru'o/11~ 1~1 b'il~ ~-11m -1 ~1-1(>) 1'1htJ 

?11lJii~1 'U~?l~ 9 
q 

50 °C 

3 h. 

~ 
HU HO hH 

\PS [so oc 

~ .f) uo ()' 

OH 
H II 

-c- -c- II \ ;p 

-_, 
\ -<:-- " ·( 

ll' 1>!! 
; 

" l!' t;ll 

/ I 1 -<:--c- -r-
II II H 

HO +Ji , II+ :··· o c·-y "cu, 

COOI-I 

CSt-g-PA •\ 

est macro radk:ll 

1\RIP\ .\ bknd J\ . 

~u~ 4.1 n~ 1nm"abn~tlljn1mm"a~-lbfl"a1:;~'lJB-11~1~1b'il~~-11fl1~~1-1(>)1'1l1t~ est -g-PAA(NR!PVA) 

ffi oU?111?111b~DlJ'lll1-1~ 1-1'1lU~nu 
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4.2.1 n1':i'W6i'illhan~m~ru~1m'Vl~l'Ufl ATR-FTIR 
'U 

':i'\J~ 4.2(a) bb6W1~ FTIR 61bUf1~':il'VeJ~61l':i~~~'U~t-ifb.Jf1l':i~~bfl':il~Vl1e'JL~Wil61~tJ€lt.J?161lCJ 
'U 

Mvn~Li':i':il.l'1ll&l ~e:J bbU~:iJ'U~l'\J~ Vl6i'~ (eSt) 'V'leJ~eJ~A~~AbbeJ~;u~ (AA) C.Jl~ Li':i':i l.l'1ll&l (NR) bb61~ 

'V'lv~l:ru61bbe:J61f1e:Je'Je:J{ (PVA) bb61~':i'\J~ 4.2 bb61~~ FTIR m'\Jn~':il'1Jv~1e'JL~':i b'il61~~~ bA':i l ~v1~Hf61l':i 
'U 

b ~ vll'Vll~ ~l~'1lu~ bb61~ '\J~mru~~ 1~ n'U 

'illm'\J~ 4.2 'il~'V'l'Ull?l b '\Jn~ ':ilf1l ':i~ ~ n~'U bb?l ~'Ve:J-:J ~l e:JtJl-:J 1e'J L~':ib 'il61~ b~1C.Jll 1~iJ61 n ~ru~ 
'U 'U 

A~lC.J\"1~-:Jtl'U ~tl 'V'l'Uy;A~~lbbVlU-:Jb61 '1JA~'UbVhn'U 3300 cm- 1 ~-:JbU'U?lb'\Jn~-rl.Jf1l':i~~n~ 'Ubb?l-:J'VtJ-:J 
'U 

Vl~YlHi'oU'U -OH (Stretching) 'Vt!~Ll.Jb61~61 est bb61~ PVA y;A~~l bbVlU-:J 1150 cm- 1 bb61~ 
1020 cm-l bU'U6'1b'\Jn~-rl.lm':i~~n~'Ubb61-:J'1Jt!-:JVl~Y1-:Jnoti'U e-o (Stretching) bb61~ e-O-H (Bending) 

'1JtJ-:J Ll.Jb61f161'1JtJ-:J est 41
.4

2 ~ll.J~l~'U bb(;l~'V'l'Uy;A~~lbbVlU-:J 2962, 2855, 1667 bb(;l~ 1560 cm-1 

' 
bU'U?lb'\Jn~-rl.lf1l':i~~n~'Ubb?l-:J'Vt!-:JVllJY1-:JnoU'U e-H (symmetric asymmetric) e=e (Stretching) 

'U 'U 

e-e (Stretching) e=e (Bending) ml.l~l~'U y;A~bn~~'UbVl~ld'1ilCJ8'UrJ''Uhl'1li1f1l':ibb'Vl':if161t!~'1Jt!-:J 
?llCJL~ NR b.rrl1'\JbLA':i-:J?l~l-:J'1Jv~1e'JL~':ib'il61 , y;A~~lbbVlU-:J 1140 cm- 1 bU'Unl':i~'U'Vt!-:J 0-H 

(Bendino) bb61~v;A ~~lbbVlU-:J'1il-:J 1750 - 1650 cm- 1 bU'U61b'\Jn~-rl.lm':i~~n~'Ubb61-:J'1J t!-:JVllJY1-:Jnoti'U 
~ 'U 'U 

eH (Stretchino) ~l'Uy;A~ 1365 cm- 1 bU'U?lb'\Jn~-rl.lm':i~~n~'Ubb?l-:J'1lt!-:J~VllJY1-:Jnoti'U e=O 
~ 'U 'U 

(Stretching) 'ill nVl~Al {'U t1 n'll b61 ~'ill n f1l ':i m1l'J vl'V'l t1 ~ t!~ r1'1~ m b t~'ll~ b~ t!~ 'ill':i ru161 n~ru~'V t1 -:J 

?1b'\Jnm1'1lv.:J1e'JL~':ib'il61~b~1C.Jll1~b'\J1CJ'UbViCJ'Un'U?lb'\Jnml'Vt!.:J pure AA bb61~ pure est, NR bb61~ 
PVA 'V'l'Ull H1?1 b '\Jnml'1lt!.:J 1e'J L~':ib6l~A~l CJA~.:Jtl'Ubb6l~iJ~lbb VlU.:J'Vt!.:Jy;AiJm':ibA~t!'U~1JJ rJ.:Jb61'1ly;A~ 
~lbb VlU.:J61.:J~'U ii''Ubb?l~.:J 1 ~b i1'U1l'\J':i~?l'Umlll~lb ~'il1 'U m':ib~1C.Jll 1e'J L~':i b'il 61mll~v.:Jf1l':i 

'U 
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0-H strl' ll.:hin!,! CSt filnl 
~--~ ~~----~--~----~~ 

(a) 

pure PVA film 

P~:_t0...~-

o - tt straf{hlll~ 

/ u,< I V" \ 

1 f ) =<\ \ · I 
t (v vvv-( 11 . " ~c ..rvvv I ~ 
l'iJ C:C l"ndmg -

C- 11 s tr<th: hin~ ~~ 

'C:.O stretch ing 

4000 3500 3000 2500 2000 1500 1000 

Wavenumber (cm-1
) 

1tl~ 4.2 Bt!Vblb'Wl?lb'IJtWl ll'll€!'1 pure materials (CSt, AA, NR bb!;l:; PVA) 
'U 

(b) 0-H stretching CSB-MI 

CSB-M2 

CSB-M4 

CS B-EI 

CSB-E2 

' --r-- ___ .......__\ -· 

\·J" 

v 
CS B-GZ 

CSB-G4 

; ________ , 

C=C bending C=O stretching 

C-H s trNc hin g 
0-1-1 bcndinn 

4000 3500 3000 2500 2000 1500 1000 

1tl~ 4.2 Eiu'l'l·n b llil~ b '\.J n ~>~1mv-:J1~ 11i1Wil!;l~;;r'~ bfl'jl:;~~1-if~ ll b ~m.J'llll'l~'lJUiil bb!;l:; bb '\.J'j'\.J~m ru~ 
'U 

~l'ltlt! (CSB-Mx, CSM-Ex bb!;l:; CSB-Gx) 
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4 .3 fl1'aW61'ilth€lmi'n~ruli1 .. wbVJfl'lJfl SEM 
'U 

~ln m'JPin~lLI"l'a -:J61~l-:JVJl-:J~~ml"l~u~~'lleJ-:J{I]1eJ~l-:J 1e; 1mb~~~b(i)~tJll 1~~tJ 1·u\ VJI"lUI"l 
' 

!1.1 6'.:::.. ~ ' . • ~ v 

n~v-:J~~VJ'a'af'l'Um~nmv'Ubb'\J'\J61€l-:Jn'al~ (Scann1ng Electron m1croscopy; SEM) b~eJ~~n~ru~ 

VJl-:JnltJm~~'U~I'llv-:J1e;L~'ab~~ hi'~~nl'JVJ~~€l-:Jbb61~-:J{i]-:J(;)l'J l -:J~ 4.1 ~nl~-:!'llt!lt! 150 bb~~ 450 

bVil ~lnm~~~b ~u--h 1e; L~'J b~~~~-:Jbl"l'al~'Vl1~ :W~ n~ru~ d]u 1m-:J~l-:J61llllJ&i bb~ ~iJ'a~'J'U'll'Ul~ 
'U ' 

bb(i) mh-:J nu bb~~:W'I.J~mru'1Jv-:J'J~'a'U~ bb(i) mh-:Jnu 1 '\J(i)llJ'I.J~mru'1Jv-:J61l "J b~vll'llll-:J bb~~'1Ju~'1Jv-:J 61l 'a 
'U ' 

b~vll'1Jll-:J~bb(i)n!?il-:Jnu ~-:J'a~'a'Ub'V!~ldb tlu'J~'au~Jl~~bbVJ'an'lillb-ill1 'I.J1ul'61~ 1e;1~'ab~~ M bb~~~ln 
'U 'I 'U , , 

nl'JlbA'al~'v1~n~ru~Lm-:J61~l-:J~'U~h ~'\Jll{I]1€J~l'I1'U'1J~ CSB-Mx series ih~'a'U'1J'Ul~b~f1bb~~ 
' 'U ' 

61Jlb61llv bb~~'a~'a'UlJ'lJ'Ul~b~f1~-:Jb~€l61l'ab~€lll'1J1l-:J MBA mn~u 1u1e;L~'ab~~'1J~ CSB-Ex se ries 
'U ' ' 

~~~'\Jll'1J'Ul~'a~'a'UJu~~iJ'1Jm ~ 1 'V!ru f1ll'a~'a'U~1~~ ln{i]1€J~T~ 1 'U'1J~ CSB-Mx series ~ n~ru~'1Jm 
'U 'I Q.J 'U 'I 'I 

'a~'a'U~bn ~~utfu:WAllll61Jl b61ll m'liunu bb~~~'\Jllb~vilm"J b~ll'I.J~m ru61l'ab~vll'1J1l-:J EDMA mn 
'U ' 

:ffu~~~'~ bn~>d ll~~ n~ru~'lJ v'l'a~'a'Utfu b~tJ-:J;a~bb tJ'Ufl'Ubb~~iJ'lJ'Ul~ 'a~ 'a'Ulll m~ n~ -:J bb~~ 1 u{i]1 eJ ~l-:J 
\l 'I 'U 'I 

'1J€l-:J CSB-Gx series Ju~'\Jll'1J'Ul~'1J eJ-:J'a~'a'U,f'UiJ'lJ'Ul~ 1 'V!rulll n f1ll61€J-:J{I]1€J~ l'lbb 'af1 bb~~~ n~ru~ 
'U , ~ 

~'U~~ l'lJ v'lle! L~'a b~~~~-:J bl"l'al~'v1~l tJ f1l'a1 oV61l 'ab ~ vll'llll-:J GA bb61~ -:!~ n~ru~ .ifv 'U~'\J b tJu.ffu 

~ n~ru~'a~'au~iJ'lJ'Ul~ 1 'Vlrutfu ~~'1i1tJvh 1 'Vlbllb~n~'llv'IJltfu bb VJ'an{l]1 b -irl1 'I.J1 u Ll"l'a-:J61~l'l1~~lt.J'1i1t.J 
'U 'I v 'I 

v\' l1 lXmlll 61llll 'art1 u m 'a~~'li''IJ Jltfu b ~ll~'U 43 b~vil f1l'a b ~11'\.J~ll l ru61l 'a b ~ vll'lJ 1l'l~ m n ~'U ~ ~ 
'U 

~ '\Jll'lJ'Ul ~'a~ 'aut!uiJ'lJu l~ b~ n~'l ~l n {1]1€J ~ l-:J~tim 'ab ~vll'llll'l GA iJ ri l m 'amll{l]1 ~m n~ 61 ~~-:J 
'U ' ' 

iKll~'Ul5n'IJ~n~ru~'a~'a'Ubb~~'1J'Ul~'a~'a'U~1~~lf1bVIAUI"l SEM 
'U , 'U 'I 

CSB-Ml 

CSB-M2 
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CSB-M4 

CSB-El 

CSB-E2 

CSB-E4 

CSB-Gl 



<. 
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CSB-G2 

CSB-G4 

4.4 1LFt 'a1 ::~mJ~'VI1 .:! bfl'i.:J 61 ~1.:J"I.JB .:J1efurml6'1 ~'JEH'VI FI'UFI XRD 

nl'il bA'a1:;vi1A'i.:J?lh:J;uftmA (microstructure) 'llv'l~lv~1'11~ 1t•m;uft~~'l LA'i1::Vl1~~l tJ , 
b'VIAtiA XRD ~'lhi' XRD patterns til-:Jbb?IVI'I1'W~tl~ 4.3 lVItJ1~vl1fl1'abtl~tJ'\JbVltJ'\n:;WJ1'11~lVI'ab;uft 
vfl .ff?l1'ab ~VlJ'lJl1'1 ~Wllii VI rl'U b VltJ'U rl'U 'VW~ bl.J v ~~'I~'Uvfl m 'Unl'avl1tll) fl~tJ1~ El~ b:I.J v ~'a b '11-rr'U ;u1n 

XRD patterns 'llv'lbbU ·UJ'Ui.~1tl:;V!r;r'l (Cst) ~'U 3 y;A?hri'ry~ 29 = 15.1 °, 17.4° bbft:; 23.2° 44 

~'I bb?IVI'Il1 lA'i'l?l~1'1~ft.fl1A'1J v'l bb U'llJ'U~1tl:;V!r;r'l b U'U bb 'U'U semi-crystalline structure bbft:; 1 'U 

~lv~1'1'1Jv'l polyvinyl alcohol (PVA) bb?IVI'Iy;A~~1Aqj~ 29 = 19.4° 45 ~'lbb?IVI'Il1 PVA J'U:\J 

lA'i'l?l~1'1bU'Ubb'U'U semi-crystalline structure b'll'Wn'W 1'W'1Jru:;~ XRD patterns '1Jv'l~lv~1'1 
1~lVI'H;uft~:iJm'a1.ff?l1'ib~v:I.J'1Jl1'1~~1'1"lltiVIn'U 1~Lbtl CSB-M2 CSB-E2 LLft:; CSB-G2 ~'U l1LL?IVI'I 
r;r f1'ljru~v;A~AiK 1 tJ A~'~ n'U lVI tJ tl')1 f1!Jy; A~ 29 t]')~:I.J1 ru 20. oo LLft:;:\Jr;r f1'jjru:;v;A L U'WLL 'U'U Bl'U 

f1l1'1 (broad peak) hJ:iJy;ALLV!ft:I.J (no sharp peak) ~'lr;rf1'ljt\J:;'1JEJ'I XRD patterns til-:Jf1~1l 
?11:1.J1')fiU'I'Uvf11~(;'1 Al1:1.JL U'U amorphous structure '1Jv'l1~ lVI'aL;uft~~'l LA'i1~Vl1~VItJ ti?l1'i 

b~El:I.J'1Jl1'1~1'1"lliiVI rl'U 'UE)f1;u1 nd~'I~'Ul11~ 1mL;uft~H?l1')b~El:I.J'1Jl1'lbU'U GA mA'a'l?l~1'1 b U'U 

amorphous structure :I.J1f1~~VI1 'Uf1~:1.J~lv~1'1~'1?11:1.Jbb 'U'U (CSB-G2) lVItJ 1~1mL;uft~~ b V!:I.J1:; 

~1V1-r'Urn 'iVIV~.a'mJ11~tl~mruwB:;,T'U;u:;~ v-:Jffim-:J?l~1-:J;uft fllA~:\Jm1:1.J hJ L U'U '):; L u tJ'U?l'IVI~ v:\J , , , 
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m1:muu amorphous~.:~ ~.:~db~e:J1VfiJm1:W~1:lJ11fl1um"J~~iuJ1~~.:~,YubEJ.:J ~.:Jb11~1:!J11fl 
~ ~ ~ 

~.:Jbl"l11~vt1~1~wil~~iJI')ru~:wu&huu amorphous ~~.:~11'1 

purr starch 

CSB-1\'12 

CSB-E2 

CSB-G2 

10 20 30 40 50 60 

2-Theta (dcgr·ce) 

4.5 b6lne.~~mYl'V11'1fl'J1:lJ~e~'U~'Je.~ 

TGA bU'Ub 'Vlf!UI"lffi m 'Ufl11l bfl11~~wn:w b~CitJ1Vl1.:! m1:w1Bu'Ue:J.:!'I'lB~h:wB4 ~~n11Vl~~ B.:! 

bb~~.:~vi'.:~ 1tl~ 4.4 'l'lU'hi'11B ~1.:~ 1~ 1~wil~~.:~mru~bb 'll1~111.~mJ'V11.:J bb;;'1 ~bb tl"Je1utl1mru~11b~m.J 
" 

'1!11-:J~.:~ 3 'llU~ iJ'I'l~&im"J:wVJ1.:Jfl11:w1'Bu~l"l~1tJI"l~.:~nu 1~tJ'I'lu~m~ru~'UB.:J TGA bVle:JTI:Wbbm:lJiJ 

n11~~1tJI'11~ 1oo, 250-400 bb;;'1~ 400-600 oc ~.:~1u'1h.:~bb1flliJ~buu~t1Jb~ml1wum~nuBtJ ~.:~1.n~ 
liJ1 flfl111~ I. vttJ 1 tl'Ue:J.:JI"l11:!J~'U 1 'UI'11e:J~1.:! 1.1.1;1~ 1 'U'Ii1'1~~e:J'I \i)~ I. U'U fl1 'i~;;'11 tJI'11'UB'I 1~ 1~ 11. '\i)(;1 

(decomposition) ~l.n~~'U~~ruvtJJiJ'll'J~l.Jlru 250-400 °C ~'II.U'U'I'lq&im'i:Wn11~mtJI'11'Ut!'l~1tJ 
1 '11~1.1. Vl1fll'11 mn 'U 11"11'1~1'1-:J'Ue:J.:J 1~ 1~'i b'liJ;;'1 11'1bl.fl~1tJ 1sd'Uv'l PVA, NR l.bi;1~ ~(;11tJI'11'Utl'l 11"l'i'l~1'1 'l'l'ltl 

~ 

~ 1.1.~nm b(1] 1.1.1;1~ m1~m tJI'11'1i1'1 ~1mfi~~u~ t~ruvt.niJtl'i~m ru 400-600 oc 1~m uun11~1;11 e.J\111 
' " 

'V v'I1A1'1~1'1'll.v~ 1. Vlv4'Vv'l'l'lv~ t! ~ A1~ m1. t~'a~ 

'liJ1 mtl~ 4.5 'liJ~ 1. i4u111 u'li1'1'VB'I fl11~mtJ1'11'1i1'1 ~~B'I'Vv'l1e; 1~11.'1iJ;;'1 'liJ~iJm1m~Ci tJ1~1 
~ 

vt~'l'liJ1flfl11bb tl1t11m ru~11 b ~t!l.J'V11'l'l'l'\Jl1 b~Btl1mru b~1 'i b ~ EJ:W'V11'1 mn~ul'11v ~1-:J1e; 1~ 'i b 'liJ;;'1 

'liJ~lJA11:W b~Ci tJ 1Vl1'1 fl11:w1't~u b ~:wm n~u4647 l.b;;'1 ~ b~B b tl1 tJu b Vi tJ'U~11 b ~v:W'V11 -:Jtl1:w 1ru~ 2 

o/ow/w ~~1'1'llU~rl'U'I'l'\Jl11'11B~1'1~iJm11i~ 111.~B:W'U11'1 GA ~B CSB-G2 ,f'U'IiJ~lJI.~Cim.fll'l'lVl1'1 
1"111:!J 1B'U~:!Jl flfll11'11e:J~1'l~'U e:J1'1iJiiJ~ b ~t!.:!:!Jl'liJ1fl~11b ~t!:!J'U11'1 GA ~1:!Jl'imn~ fl1'i b ~t!:!J'U11'1 rl'\J 

~1tJ 1sd'Vv'l PVA 1\9lmn~'UI.I.;;'1~'Vh I.U'U 1m'I11-:Jm'!i1tJ'Ue:J-1 PVA bb~-lbb 1'1:!Jlfl~'U~'I~'I~;;'11 VlLA'J -1~1-1 
'Vm1e; 1~1b'liJ(;11~m1:wbb~'~bb 1-:J~u b~~tJ1m'l'lVl1'~A11:w~Bu'UB'~1e; 1~'ib'liJ;;'1~.:~~~u4849 
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4.6 n11'\.J'"J:lJ~'d"Ufl-:J1eJ1~ 1b"<iJ;;'tl'UJ1 
4.6.1 n11U'd:JJ~'d"Ufl-:Jbb~'U1eJ1mb'il;;:tYJ~:JJ (%Mass swelling) 

1tl~ 4. 6 bb?1~.:Je.J(;1'1Je:J·:rt.J ~mrubbr;1~'1JU~'1le:J'1?111b ~e:J:JJ'1ll1'11'ie:m11Ul:JJ~l 1 mh t~H.Jbb tJ 1 
" 

tl~mru'lle:J-:!?11-:ib ~eJ:JJ'1ll1.:J~ 1-5 wt% bbr;l~tJ':i~ b.flV1?111b ~eJ:JJ'1ll 1.:J~Hfl 'Ufll':i~'l bfl11~VI1e:J t~ WiJr;l 3 

'1JU~ hlbbrl MBA EGDMA bbr;l~ GA ~:nni'in"rJ1fll11-ff?l11b~mJ'1ll 1.:J ~.:J 3 'llUiil ~'Ul1e.Jr;lfll1faln'r!1L!'U 
iJ~n'r!ru~~fl~1wi'u Ae:J b~ eJ1.ff?t11b~mJ'1ll1.:Jtl~mruum.J b'liu~ 1 wto/o 'lleJ.:J MBA bbr;l~ EGDA m1 

'UJ:JJ~T:u~um.J b ~eJ'I'il1nt'T.:~bnlil m1 b ~mJ'1ll1-:J 1tilll.im nun bbr;l~ b~ 11 b ~:J.Jtl~mruil1 b ~eJ:JJ'1ll1'1 b tl'U 

2wt% ~'Ul11 VJfll';j'UJ:JJii'l?! '1?1111 b ~ eJ.:J'il1 mnlil bfl1'1~1'1 (911~1 tl~ b Vl:l.Jl ~?l:lJ !?ieJfll'j'lJ tnt! ill bbl'i b~ e:JiJ 
" ' 

m 1b ~:wtl~m ru?111 b ~eJ:W'1ll1.:J:l.Jl n n11 2% G1.:Je.J(;11 ViAru?t:w1.J~1 un 11UJ:Wii'l'1leJ.:J 1e:J 1mb'ilr;lL!'Ur;l ~;;'1-:J 
' 

b ~eJ.:J:l.Jl 'ill n tl~:w 1 ru'1leJ'I?I11b ~eJ:lJ'1Jl1'1 ~mn~'U'il~vh 1 Vibn 111 fll1b ~eJ:w bt.J'I~VIt.h bb U'U:JJ 1 n~'U 1 u tm .:J 
~1'1m~1t1'1JeJ.:J 1e:J blil1b'ilr;l vh 1 Vl'1J'U11il1~1'UL!'Ub~ n;;'l'l~'l?leJ~fl~eJ'I tl'IJe.J(;1'1JeJ'I SEM fll1b ~eJ:lJ btl 'I~ 

" ' 
VI'UlbbU'U:l.Jlnbfl 'U 1 tJ 'il~Vh 1 mfl1 '1~1-:J~Pmh tJ?I1:lJlJ~L!ub~nr;l'l ~'I e.J (;l!?ieJ fll11illilslf'UJ1L!'U;;'1~(;1.:J 20 

" 
bb;;'l~b~mJh fll1b tl~t.J'U b Vlt.J'Uii'ltl ti1.:~1e:J 11111 b 'ilr;l~1-ffu~mru?11 1b~ti:W'1ll1.:J~ 2 wto/o bVh tl'Ubbl'i 

1'11-:J'llUiiltl'U ~'U l 1ii'lti tl1'1~iJm11-ff?t11b~ti:W'1Jd1'~ GA AeJ CSB-G2 ilrilfll1'Ul:J.Jii'l~?1'1 5500 
" 

o/ow/w b~eJ.:J:l.Jl'ill nfll1b~ti:JJ'1ll1.:!1'llt! GA ~n'r!ru~1~1'U~iJ'll'U11il1 VlruL!u'il~'lht.Jvh 1 m:Wb;;'ln;;'l'lleJ.:J 
\.1 " QJ , 

J1L!ubb V11n ii'1 b .U 11 tJ1 u bfl 1'1?1~1'111'1~1 t.J'lht.Jv\'11 Vim 1:W?11:l.Jl1C11 u m 1'lillilslfuJ1L!u b~:W~u43 b~ eJiJ 
" 

m 1b ~:wtl~m ru ?111b ~ti:W'1ll1.:J~m n~u'il~~'Ul1'1l'U11il 1~ 1U~uiJ'Uu 1~ b~ n;;'l.:J b ~ ti.:J'il1 nm1 b ~ ti:W 
" ' 

'1111-:J~:l.Jl n~uv\'11 Vl1l.imm1C1 bb V11nii'1 b .U11 m~1u 11'1 ~.:Jv\'11 Vi~1 fll1UJ:WillL!u;;'llil!;N 

.... (c). 

SIMJit 

~ .l;';Oit 

r 4000 

] JSOU 

~ JOO(I 

:;:: 1500 

2000 . 

1:"-00 

" ' 

"" (b) • 

~ 

::::: JSO 

"'" ·-
F:CI)~L\ 4.·unrent ('•/., n /n) 

-r-·--· -·-··-;·-··---.-----·r · .. ·~-·-··-·-T-----···r----r··-----• 

I 2 J -l ~ 

G .-\ conu:nr ("'/ uw / w) 

.. ·• 

~tl~ 4.6 m1~fll1:lJ~:lJ~'U61~VIl1'1 %mass swelling nutJ~mru'1JtJ'I?I11 b~eJ:lJ'll l1'1 (a) CSB-Mx 

series (b) CSB-Ex series bbr;l~ (c) CSB-Gx series 



4 

~-----------------r 700 

5000 

~ 4000 

"" = 
~ 3000 

~ 
~ 

i :woo 

1000 

0 • 

• • 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
~ a • 
t 

e CSH-1\12 

+ CSS-t:2 
CSB-Gl 
pstudo first ordt'r 

I 0 IS 20 25 30 35 40 

Time (mi n) 

JOO 

2()0 

100 

46 

1tl~ 4.7 m1Ylrr:n:w~:w~u~h~vri1.:~ %mass swelling nu b1G't1 (u1Vi) 'UB'I1®"1~WilG'l~1.ff?t11b~B:IJ 
"' 
'U11'1~1'1tlU~U~:IJ1ru 2wt% bbG't~b~Uf1'i11fl~b'li!:IJ1~tl'U?f:IJfl11':iJG'IU'V'lG't~1?flil{ 

1tl~ 4. 7 bb?f~'lf111Pi fl~1':iJG'IU'V'lG1~1?flilfl Uf111~~stl'Utl1 ~'l':iJ~1.hK1 Btl1'1ffi .ff?t11 b~B:IJ'U11'1 
"' "' ~ 2 wt% :IJ1bUU;;l'mVlU'UB'I1®"1~1b':iJG'tffi.ff?t11b~B:IJ'U11'1~1'1 nu ':iJ1flf111Vl~?feJ'U'V'lU".ll 1®"1~1b':i:JG't~'l 

3 ;;11eJtl 1'1lJ'V'l~~f1'i1:1Jf111~~stl'UbUu1'Lllil1:1J?f:IJf111 pseudo-1st Order 1~C.JlJ~1 R2 
:IJ1flfll1?1:1Jf111 

pseudo-2nd Order bbG't~ ~1 R2 'UB'I pseudo-1 st Order lJ~1b'V11n~ 1 ~BU<ii1'1:1J1fl (R2 >0.988) 

bb G't~ bb?f~'11'1'11il111'1Vi 4.2 

m11~~ 4.2 ?f~U~1f111~~-a'u~?f:IJ~mbG't~~11"l'I~Bm1 (k) 'UB'I pseudo-1 st Order bbG't~ pseudo-

2nd Order models 'UeJ--1(;)1eJtl1'11®"1~1b':iJ G't CSB-M2, CSB-E2 bbG't~ CSB-G2 

Model 

CSB-M2 pseudo-1st Order 

pseudo-2nd Order 

CSB-E2 pseudo-1 st Order 

pseudo-2nd Order 

CSB-G2 pseudo-1 st Order 

pseudo-2nd Order 

" . 
4.6.2 f\11~~~\nhVi pH ~1~ "l 

500.35 

541.54 

547.68 

543.52 

4877.80 

5564.70 

kl = 0.3214 

k2 = 0.001 

-4 
k1 = 8.32 X 10 

k2 = 0.2983 

kl = 0.2149 

-5 
k2 = 5.25 X 10 

0.9987 

0.9882 

0.9987 

0.9927 

0.9882 

0.9531 

1~vhm1Pin~1 'V'l ~~m1:w fl1 1~~.rruJ1mtJ 1M'Mn1~ pH ~1.:111~m~Bn 1oiJ(;)1Btl1'11®" 1~1b':i:JG't 
CSB-Mx CSB-Ex bbG't ~ CSB-Gx b UU ;;l1 bb VlUVl ~?I B'\J b~:IJ 1~ tlbb ~ ;;l1 B ti 1.:1 bb~U 1®" 1~ 1 b ':iJ G1 yj ~ :1J 1 u 

?fl1G't~mm.Jiflblflu{ pH 3.0, 5.0, 7.0 bbG't~ 9.0 ~Bru1.1!.n:IJ~B'I':iJUboiJ1~?f:IJ~G't bb~TU1bBlbb~U1®"1~1 
, \J 'U , 

b':i:JG't BBnm.a'u~1tlf1'i~~1~f11B'Ib~Bfh~'~J1~~11.i!U1'UB'Ibb~U 1®" 1~1b':i:JG't bb~1'1.111 ui.:~Ll11.i!Ufl bb~1 



47 

ri'ltnru %Mass swelling ~-:J1~t:.J~bb?f~-:J~.:J1tJ~tl~ 4.9 \J:;b{1tJll pH 'lJe:J.:l?fl':i~:;~lmJvkv-Je:d:iJ 
t:.J~m:;'Vlu~m.h:;~'VlB.fll'\Aj'lJe:J.:J~~.vuJl'lle:J.:J1ell~':ib\l~ 1~8 %mass swel ling 'llml'lle:J~l-:J1ellmb\l~ 

'U 

\J:;:iJ~TUe:J8 b~e:Je:J~1tJ?tl':i~:;~l8~:iJ pH ~l bb~:;:iJ~l b~1l:I.Jlf1~tJb~e:J~l pH 'lle:J.:l?fl':i ~:;m m~l.l~tJ 
b~e:J.:ll.l l"illf1f1l':i neutralization le:Je:Je:JtJ H+ \J:;:iJtl~ l.llru~~~.:Jb~e:J-:J\llmn~ deprotonation 'lle:J-:J 

Vl~ carboxylic 1tJ acrylic acid ?f l81'1lil:;:iJrnlm UtJ le:Je:Je:JtJ~~~-:J ~.:Jf1l':i bU ~8tJbb tl~-:Jtl ':i:;~.Q'\1:; 1 tJ 

~~ f1l':it:.J~nntJ'lle:J-:J'\J':i:;\J~ b Vl:iJe:JtJntJ ~.:JtTtJ~.:JtlmJe:J\1 m':i"El~l'll'lle:J\I?fl8 hilL~:; b UtJt:.J~v'h 1 Vfm':i~~.vu 
' 'U 

tll1~~ ~~-:J 50 l~8'V'j'Ulf1l':i~~.Vu~\l~~bn~~tJ~ pH 7 e:Jl\lb~e:J\I:I.Jl\llf1fll l :U?fl.l~~'lle:J-:J 1Be:Je:JtJvh 1 Vi 
?fl8hiflnt:.J~n1Vie:J~l-il\lntJ 1tJ'Vll\ll'l':i\lntJoVll.l b~e:J pH 'lle:J\I ?fl':i~:;~l 8U'V'Jb vle:J1~~~\I V!:U 

'U 'U 'U 

ca rboxylic 'lle:J\1 acrylic acid \J:;1tJL~l.JU~:I.Jlrultl':il'le:JtJ b~e:J\I\llnt:.J~'lJe:J\If1l':ibn~ltl':il'le:JtJ 
(protonation) bb~:; bb ':i\I'Vll\11 vloWl?ffll'lcJ (electrostatic force) 'lle:J\Itl':i:;~b~l.l~tJ~\11 tlt:.J~nntJeJ e:Jf1 
vh 1 Vf?t l8 hlbn~ m 1 El ~ e:1 e:1 nm n~tJ bb~:; ~ .:J t:.J ~ 1 Vi?tl:l.ll 1 e1u ll.ll'll Hi' b ~l.lm n ~'U ~ \ltTtJ ?t l 1~:; ~ l8 

uvlbvle:J1~ pH 7 ~\l bn~m':i~~.Vutll1til~ \l~~~ bb~:;':ie:J-:J~-:Jm 1tii'LLri~ pH 5 LL~:; pH 8 l'lll.lG'll~'U 
Lb ?f ~\1~\l':iU~ 4.8 

'U 

3-10 

210 

I 
i 200 

180 

6 

pH 

- a- CSR- )11 
. .;,. ... C'S B-'11 
~- C:$B-:'\J4 

10 

J-10,---------------------------, 

320 

300 

200 

]8() .. 
6 

pH 

·-·~·-· CSB-E_. 

10 

-1000,---------------------------, 

J~OO 

3000 

~ 2!'00 

-~ 
~ 1000 

11500 
"" 1000 

!'00 

(<) 

......... - --- -- .. ---

6 

pll 

.. 
- _ .... --·-- . 

~'··-,, ~ 

~("~8-(;t 

~ CSB-G:! 
~- CS&-~ 

10 

~ '\_) ~ 4.8 n':ilvlf1lll.l«l.l'WtJl5':i:;Vlll\l %mass swell ing nu pH 'lle:J\11ell~':iL\l~'tf'iJ~ (a) CSB-Mx (b) 

CSB-Ex LL~:; (c) CSB-Gx 
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4.6.3 m'l~~~'UJ1b-u6'1TH'l::mmn~B(;)1-:~"!lu~n'W 
" 

H1~mnV'l'] ~ m1wn 1~~<ll'tnh1J EJ.:J 1vl\Yl'l b~~ 1 'W~11i:1~m CJ bn~ B'llU\Y\~1'1 'l l\Ylm~ Bfll\Y\CJ 1 -if 
l'llutl1'11t~1\Y\1b~~ CSB-Mx CSB-Ex bb~~ CSB-Gx b'\Jul'l'TVI\Yl~El'U l\Y\CJbb'lil'llm.h'lbb~'W1t~1\Y\1b~i:1Yl~lJ 

1'W~11i:1~i:11C.Jbfl~El 0.9 wt% 'll"i:l'l NaCl MgCl2 CaCl2 bbi:1~ FeCl3 ~~ruV!JJih~u'l ~'WboV1~~lJ~i:1 
bb~TU1b"i:l1bb~'W 1e! l\Y\1b~~ BEl nlJ 1iu~hCJ m~m~mu'lb ~urh~\Y\J 1~ ~lV!U1'1JEJ'Ibb~'W 1e:Jl\Y\1 b~~ bb~l 
•t11 h.Joti''ltl1 V!Uflbb~~A1'Wlru %Mass swellino ~'11~t:-ml'l'l1i..l~ 4. 9 ~1mi..l'i'lU'i1~1 fl11\Yl\Yl<lrutl1~~ ::> 'V 'U 'U 

~'WB~ nU'lJU\Yl'll u 'I~ 11~ ~~ 1 CJ bfl~ u 'W'j~fl1'llJ fl11'UllJ I'll~ ~~unu1Y'l ~ bb~ ~i..l1~ ~'1lu'l1u El El'W ~ 
bb\?1 fl~1 'I n'W l\Yl CJ'W'U'i1 b~ Bi.J1~ ~'ll El '11 EJ EJ EJ'W'll EJ'I ~11~ ~~ 1 CJ b ~lJ~'W ~ ~'Vh 1 Vl~1 fl11'UllJI'lltf'W~ \Yl i:1 'I 

' 
mlJ~11ii'U~u1i..ld NaCl >MgCl2 >CaCl2 > FeCl3 l\Y\CJ1uuu'W1'W~ 11~~ i:11CJbfl~B~~boV11 i.J d')VI 
coordination nuV!~~'InoU'WmCJ1'W~1tll'llblJb~fl~ b'li'W Vl~ carboxylic bb~ ~ hydroxyl 51

-
50 

" ' " 

~tl~ 4.9 fl1'lbi..l~tJ'Wbbi..l~'1'1JB'I %mass swelling 1'W~11i:1~mmn~u'11U\Y\~1'1 'l 'Ue:J.:J1e:J1VI1b~~'1JU\Yl 
a) CSB-Mx (b) CSB-Ex bb~~ (c) CSB-Gx 

4.6.4 fl11ti1fl~'UlJ11i.J'1 
1i.J~ 4.10 bb~VI.:!fl11~ fl't'f1fl11ti11e:JlVI1b~~lJ1fl~'UlJ11 m 'Wfl11\Yl\Yl<lJUtl1~1VlmCJfl~'l b ~El 
" " 

'VI\Yl~u'Ui..l1~~'VIBi11'i'l'1le:J 1t~ l\Y\1b~~~~.:~ bA11~Vl1~l1lJfll1lJA.:!'VI'W~e:Jfl111 oV~11~m m.!e:J C.Je:J tl1\l11l\Y\CJ 

b~€1n1-ifl'llutl1\l1v1\Y\1b~~ CSB-M2 CSB-E2 bb~~ CSB-G2 ~\lbtl'UI'llbb'VI'U1'Ufl11~fl't'f1'1le:J'1~11 b~EllJ 
'1Jl1-:J~ bb\?1 fl~1-:Jn'U ~1flfl11'VIVI~El.:J'i'l'Ul1 Al1lJ~1lJ11fl1 'Ufl11VI\Yl<lJUtl1 '1JEJ .:J 1e:JlVI1b~~~ 3 l'llutl1\ltf'U 

" 
~\Yli:1 \lbb~~ bb u11 ulJ 1 u fl11\Yl\Yl<lrutl1 Mi:1 \Yl ~\l b~ uti 1m n ~um H~1m n~u l\Y\CJ'i'l'Ul1i..l1~~'VIBi11'W 1 u 

" 
n11\Yl\Yl<lTUtl1'1Ju\ll'll€1tl1.:! CSB-M2 CSB-E2 bb~~ CSB-G21'U1e:J'U~ 5 m)~ 62.2 1% 58.13% bbi:1~ 

" " 
53.12% 'll"i:l\!~1 b~Wil'U e.J~ fl11~fl't'f1.Q'bb~\Yl.:J 1 Vlb ~'Ul11e:JlVI1b~i:1~~\l bA 11~~Lf'U~Aru~lJD~1 'Ufl11\Yl\Yl 

' " <lruJ11~20 1 u'llru~ b~mnu niJ\Ibb~\Y\'~1 Vfb ~u 1~111e'l l\Y\1 b~~Lfu~Al1lJbb~.:Jbb 1\1~1m1ml1n~um1 i~1 
1~Vlm CJ1B'Ubb~~'lilCJ~\Y\1~ CJ~ m11 i'I1'W €in~1u52 
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•• 

1~ EJ~11 UYl~~ m·nmT~n mnutl1111 'U 1f'l 'a'l?fh~,1wil~ilrn1:w~:w~'UBrl'Urhm"J'U1:1Jiii'1'lleJ'I 
1~1~·wilfl ~'\J~ 4. lla-c bb?f~'IYHl~m"J:Wfl1"Jnmnutl11'U~'U'llB'11~1~·wilfl'lltJ~~1-:J 1 '<ll1flfl1"J~mn 
Yl'Ul1Yl~~m"J:IJn1"Jrlfl btl'Utl11 'U~'U'll€1'11~ 1~"Jb'<llfl CSB-X ~'l?f1:1JU 'U'U,f'UiJ;;rmH1.!~~mi'1E.Jf'l~'l rl'U rl'U 

~'U~hiilm"Jb~:IJ 1~ 1~"Jb'<llfl (control) ~eJilm1vJm"J~qjb~mh;l'lTflf'l~1EJ 1rl'U bb~'<ll~~'~Jb~mhvni'n 
UeJE.Jfll1~'U~1l-11~b~:w1~1~"Jb'<llf11~m~m~:w'\J"J~:IJ1ru1~1mb'<llfl'<ll1fl 0.5 n-r:w 1'\JbU'U 1.0 bbfl~ 1.5 

n-r:w Yl'Ul1 n1 "J?f rub~ mhvni' n f1 ~fl-:1 vt~Bfl ~ 11BflU E.Jvt~-:~~ eJ b~ eJ'IJ~m ru'lJB-:11~ 1~ "J b '<llfl:IJ1 n~'U '<\! ~ "v 
?i'l ~.m 1 t~\ ~:w'\J"J~~VIB.fllYl1 'Un1'irl mnuLl1m fl~'UtT'UbeJ'I bbfl ~ 1 m'\J~ 4.11 d U?f ~-:~'\J 'i~~VIB.fllYl m 'i 

" 
rlnLn'ULl1b '\J~ EJ'UbVi EJ'U'i~VIl1'11~ 1~'ib'<\lf1~1'1'lltJ~ rl'U 1~E.JfllVI'U~ 1 ~lJU~:IJlt:\.!1'1'1~ b Vll rl'U 1.0 n-r:w 

Yl'Ul111i'1Btll'l ~'U~ b~:IJ 1~ 1~'ib'<llfl'lltJ~ CSB-G2 U?f~'l b 'IJB{ b~ml1 'U n1'irl fl btl'U tl11 'U~'U~'U?f .:1 fll1 
" 

CSB-E2 bbfl~ CSB-M21'UVIfl'li1-:ib1fll'll€1'1flW)~ 
' 

U'i~~VIBmYl1'Ufl 1'inmfiuLl11 'U~'U'1J€1'1~'11~ 1~'ib'<llfl~'l 3 lil1mh'l ilth~~VIB.fllYl:IJ1flfll1 
b~mVivu nulil1mh-:~~'U~1l-iilm'ib~:w 1~ 1~'i b'<llflf1 .:~1 '\J 1~mb?t~-:~ri1m"JnmfiuJ1fl~fl'~B~1-:~mn n'J1 

50% mv1'U'i~EJ~ 7l'U '<\11flfl1'iVI~?feJ'Un1'irlnLtl'ULl1~'1VI:IJ~bU'U b1f11 30 l'U bbfl~b'\JeJ{b~'Uiil1'Ufl1'i 
nmfiuLl11'Ul'U~ 7 bbfl~ 20 'llB-:J1~1~'ib'<llfl CSB-G2 B~~ 75.2% Ufl~ 24.0% 1'U1~1~'ib'<llfl CSB-E2 

" 
€1~~ 65.7% bbfl~ 17.5% 1111€1~1-:1 CSB-M2 €1~~ 65.0% bbfl~ 17.2% '<\11floVB:IJfldbb?f~'11~b'~'Ul1 

" " " 
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fll'H&i:JJ 1®"L~Wilm1-:J1 u1 u~h..t:u~·tht.J 1 Un1'inn btl'Utl11 u~u 1 ~Yl'lJJu 1~ .ffu'i~ LtJ'lJU:U1 ntl1 M€1~1-:J:lJ 
u'i~~VJ5m~ uB n:u1 ndc!-:J'lil t~1 ub~B-:J m 'iu-ruu'i-:JV!th~u 1 ~:lJrn 1:w'li:w~u b ~:w~u ~ -:Jt:.J~ 1 ~Yl'lJ 

' ' 
~1 b~t.J'l~1'i €l1V11 'i 1~:lJu'i~~Vl5i11~:lJ1 n~Ubb~:;:JJ Al1:JJ b Yl t.J-:J~B bb~:; ~'~ vu :u 1 n m'i P1 m·n-ff1 -:J~u bb~ ~ '~ 
1 ~bi1u111®" 1~'ib:Ufl~~'~ bA'i1~v1tfu:lJu'i:;~VJ5m~~:u~~1 :JJ 1 'irn11u'i:;t.J n(Pl1.ff-:J 1u 1 u~1um 'ibmr(Pl'i 1~ 

lO 

10 I~ 

Tlmr (lh•ys) 

80 

20 

10 IS 

Time (days) 

4.8 nT~~eJ!'.l616'l1!'.1Vl1'l~hm"W 

20 

- • - CSB- .\12- 0.~ 
.... .... ( 'SU...\12- LOg 

- • -· CSJl.Ml- 1.~ 
• Conlrol 

25 .10 

- A - CSB-G2-0.5g 
- • - CSB-G!-l.Og 
- A- CSB-Gl-L!'g 

• Control 

10 zs 30 

so 

~ 
.2 60 

~ 

E 
~ M) 

~ 

20 

(d) 100 

80 

lO 

' 

10 I~ 20 

10 

Time (d•)·s) 

--+ - CS!l- t:2-0.5g 
+ CSB U 1.0g 
+···· CS:S.-£2 -I.Sg 
v- Control 

30 

---• ·-· CSB-:\U 
+ CSB-£2 

··· • ···· CSB-Gl 
IJ< Control 
S:uuplt> 1 g 

.10 

1 umr1 nl'ibn'l~(;l'i 1®" L~'ib:U~~~'~ bA'i1:;v1:u1 n~B~ b:JJB{~-:J bA'i1:;v1Ju bJb uu~ut.J:w b~ €l'l:U1 n bJ 

~1:lJ1'iC1 ~ €l t1~~ 1 t1 1~ Vl1-:Jo'i'i:JJ'lJ1&i bb~:; v 1 :uu11 u~ m'i ri v 1 ~di ~:w~ vhmri nu ~u 1~39 :u1 nil ru V11 ~ 
" v 

bn~~u ~-:JU1:JJ1~-:J1Ul~ tJ'lJ B'l n~:wl~tJ'lJ B-:J b 'i1 L~t.J 1~-w'\iUu1 m 'i~-:JbA'i1:;V11®" L~'ib :u~'lJU~~~1m 'iC1 
" ' 

~Bt.J~~1t.J1~Vl1-:J~hm~ CSt-g-PAN(NR/PVA) L~tJ:lJ n1'i b ~:w~ B~ b:JJB1o'i'i:JJ'lJ1&i AB bb ihilu 

61'1LJ ~V!~'l bb~:; tJ1'15'i'i:lJ'lJ1&\ b ~ Bu-ruu 'i-:J\"1 ru~:wu&\1 U n1'i ~ eJ t.J~~ 1t.JV11 -:J~hm~ bb~:;Ad1:lJ fJ ~VI ~U 
' ' ' 

(;) 1 :lJ~1(i]'U Al1:lJ~1:lJ1 'iC11 u m 'j ~ €l t.J~fll t.JV11 'l~li11~'lJB'l1®" L~'i b :u~Ju €)1 :u:u:;~UB ~ nmhulU'lJ B'l 
" 

~~UV1~8bb~:;~m~bbl~Av:w b'liU ~ru.IJ:lJ pH Al1:JJ~U V!~B ~1'ieJ1V11'i~B~1u~U bb~:;eJ1:U~l:lJ(i'l 
Aru~:wu&i'lJv-:J1®" 1~'ib:U~ 44 

' 
:u1 n t:m n1'iPl mn e)(;) 'i1 n1'i~ B t.J ~~ 1 t.J'lJ v-:J1®" L~'i b:U~~~-:J bl"l 'i1:;v11 u ~utfu 1~v\' 1n 1'iVl~~ B'U 

bUunm 120 l'u bb~:;1~t:.J~m'iVl~~v-:J(i]-:J'iu~ 4.12 :u1mu:u:;~u111®"1m b:um~-:J~1:w'lJu~di~m'i 
" " 

~Bt.J~~1t.J 1u~u 1~btluv~1-:J~bb~:;bb~~-:J~~&\m'i:wm'i~Bt.J~mt.J~AA1t.JA~-:Jnu 1~t.J 1 u'1h-:Jbb 'in (0-45 
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l'u) eJI>l')1 fll') cJmJ?Ifl1 tJ'lJeJ'I hr 1(i1 WiJfl-;;J~ li'l (i1 ~'UeJ 81.:~ YJ (i1 b ~1 bbfl ~ ei'~>~ ') 1 rn ')c) eJ tJ?Im tJ -;;J~fl(i"lfl .:~ b~ m! eJ tJ 

1 u'1i1.:~~?1eJ'I ( 45- 120 l'U) {;]1eJc!1.:~~ije)m1rn')cJeJtJ?Ifl1 tJ 1~~~?1(i11 u'1i1.:~ bb ')n~ 45 l'u A€! CSB-G2 
' 

eJI'I')1f11')cJeJtJ?Immfumnn-:h{;]1eJcJ 1.:~ CSB-M2 bbfl~ CSB-E21(i1tJeJ\i1d1f1l')cJeJtJ?Ifl1tJ'lJeJ'I~'I 3 

{;]1eJcJ1.:1 Ju-;;J~?I e:J(i"lfl~€1 'I tlU~1 nWU1~(;]11e! 1(i11b -;;Jfl1 'U bbl'im:; (;]1 eJcJ 1 'I ~.:~1 u{;]1eJ cJ1.:~ CSB-G2 bb?l (i1'1 

rnlm~(;]1~?1'1~?1(i1 vi'.:~Ju-;;J~ijfl1 1~~umn~?l(i11 u{;]1eJcJ 1 .:~~.:~~.:~e.J fll'i eJ rnlb-;;J~ru b~U 11'1'lleJ.:J-;;J~'UVl~~ 
'IJ 'I 'I Q.J , 

1u~u1~~ 

1(i1 tJ nfl1nfl'lJ eJ'I n1 1cJ eJ tJ ?16'11 tJ 1ei 1(i1 1 b -;;Jfl1 u n1 IPl n't11d fl1(i1l11 'UI~ tJ~ bb ') n -;;J~ b tlu n1 1cJ eJ tJ 

?16'11 tJ'lJ eJ'I ?11 1tb ~ n eJ U B'U'Vl ~ ~ m tJ 1 u 1fl 1 .:~ ?1~1 .:~ ~ 1.:~ 1'11'111 tJ 1ei 1(i1 1 b -;;Jfl b 'llu bb tJ .:~ iJmhtJ ~VI~'! ~ eJ~ 
eJ~fl~~ fl bbeJ:V(i1 bbfl~~ eJ~11D fl bb e:Jfl neJ ei eJ4 bbfl ~ 1 u'1i1.:~ 60 l'U?I (i1Vl1tJ -;;J~ b tlu rn 1 cJ eJ tJ?Im tJ'lJeJ'I tJ 1 .:~ 

' 
oll~'ll1~1 u 1fll'1?1~1'1 ~'1bb?l(i1'1eJI'II1f1llcJeJtJ?Ifl1tJ~off1fl'l b ~eJ'I-;;J1ntJ1'1511~'1l1~Ju ijJ 1Vl1!n 1~ bfl nfl 

' 
~?!.:~v\'11 VI~ eJ.:~1 off b 1 6'1 11 urn 1cJ eJ tJ?Ifl1 tJ'U1'U 53 rn')cJ eJtJ ?lm tJ~ b fl(i"l~'U 1 u (;]1 eJ cJ1.:~Ju -;;J~ b~~~'U b~ eJ 

'U 

{;]1eJcJ1.:~Ju 1~-rum1~~'U v\'11 Vl-;;J~'UVl~tJ1 u~uJubfl(i1f1l')b-;;J~rub~u 11'11111~ bb?l(i1'11 Vfb ~u1 1 {;]1 eJ cJ1 .:~~ij 
' v 

flt:U?I~u~1 'Uf1ll(i1(i1-a'Utl1111i'~~?l(i1fleJ CSB-G2 bfl(i1cJeJtJ?I6'1 1tJ 1 'U~'U 111i'~~?l(i1 54 
.. 'U .. .. 

0 

20 40 60 80 

- • - CSB-M2 
+ CSB-E2 

- A- CSB-G2 

100 120 

, Time (day) , 
·rtJVi 4.12 rnlc!eJtJ?ImtJ Vl1 '1;g1m~'lJeJ'I1ei 1mb-;;JflVi cJeJtJ?Ifl1tJ 111i'Vl 1'151 ')~'/J1~ 
'U 

4.8 nT~tl~~tlcimru~1'UJ1 bb~~1'U~ 'U 
' 

v\'1 rn!Pin 'tf1nl ')Ufl(i1U~ eJtJUtJ 1 'UJ1bbfl ~ 1 'U~'U 1(i1m~e:J n 1 <ff{;]1e:Jc!1.:~~ijflru?l~u~ f1l') 1 t!(i1(i1-a'u 
' ' 'U 

J1~~~?1(i11'Ubbl'ifl~?l11b~eJ~'lJ11'1 MBA, EGMA bbfl~ GA lllvl1f11')bfl~eJUb~(i1UtJCJb~tJ ~.:J-;;J~1111 
' ' 'U 

{;]1eJcJ1'1Utlbfl ~eJU{;]1eJcJ1.:~btl'U UCSBw-M2 UCSBw-E2 bbfl~ UCS Bw-G2 1'11~6'\'1vi'u -;;J1nJuu1b~(i1 
' 

u mfl~ eJU Ju 1 tJ Pi n 'tf1 rn 1tJ 6'1 (i")U~ eJ tJ 1 u J 1 bbfl ~ 1 u ~u 1(i1 tJ fll')U fl(i1 tJ ~ eJ tJu tJ 1 u J 1vl1 rn 1Pi n'tf1~ 
' ' 
?l.ll11~eJrunDVfeJ.:~ btlunm 120 .a-11~.:~ bbfl~Pin'tf1rnltJfl(i1U~eJtJutJ1u~ubtlunm 30 l'u vi'.:~bb?l(i"l.:J 

' 'U ' 

1ultJ~ 4.13 bbfl~ 4.14 1'11~~1vlU -;;J1ndU~ 4.13 -;;J~b~'Ul1b~(i1U tJtlb~tJ~hJ111i'bfl~eJu lli'1tJl?l(i11ei 1(i11 
'U 'U 'I 'U .. 

b -;;J fl bb ?I (i1 .:~ rn 1 tJ 6'1 (i1 tJ ~ eJ tJ tJ b ~ tJ eJ eJ n m ?I .:~VI u Vi ~ .:~ 9 8 o/o m tJ 1 u 1 ~ tJ n 16'11 1 .rr 11 ~ .:~ bb 6'1 ~ b ~ eJ 
'U 'U 

bU~tJU bVitJunu{;]1eJcJ1'1Utltlb~tJ~ bfl~eJulli'1tJ1ei1(i11b-;;Jfl~'l 3 {;]1eJcJ1.:~ UCSBw-M2 UCSBw-E2 bbfl~ 
' 'U 

UCSBw-G2 ~Ul1ell'ld1f1liUfl(i1U~ eJtJm~tJ 1uJ1J'Ufl(i1fl.:JeJcJ1.:~ij,)'mi1A'ru 1(i1tJ~ nm 8 .a-11~.:~ ~.:~ 3 
'U v 
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bb'lnlii':w~':il~b~:w~ubtlub;u.:Jb~um-:a~m11.'1lmn~u Ll'lm~m11.'1l 36 i1lm 5mlm1'lJG11'l'lJ~e:w 
bvhnu 38.7% 49 .7% bbi.'1~ 53.2% t?nmh~i'u bbG'l~V!~'l':illn 72 i1lm eJ!?l'llb~1'1Je:J.:Jnl1'lJG11'l'lJ~ew 
UCJ':il~G11'11.'1-:Je:J~l.:J~um;hri'ru ~.:J~eJ!?11lnl1'lJG11'l'lJ~e:JCJCJb~CJ bVhnu 81.9% 83.3% bbi.'1~ 89.6% 

' v " 

!?ll:Wi.'1l~U bbG1~~b1G1l 120 i1L:!J.:JVfU-:lleJ!?l1lnl'l'lJG11'l'lJ~e:JCJ~mvhnu 86.9% 87.3% bbG1~ 91 .6% 

m:wi.'\'l~u 

':illn m1~ m~l~u-:ll?t:w0~1 unT~I'll'l<iruJl bbG1~ Lr11-:J?I~l.:J'1Je:J.:Jbe:JLI'l1b ':i!G1~Ul:!Jl bfl~ e:JU b~l'lu c.~ 
" ' 

m~mru~t:-JG1(;)e:J nl1DG1 e:JI'l'lJ~e:JCJ Ll'lCJ 1 u'li1'lbb 'jfl'lJe:J'l nl'lDG'll'lD~ e:JCJ be:JLI'l1b':i!G1~ brl~e:JUU'Ub~I'!UCJ CJ b~CJ 
" ' " 
':il~l'll'l<iruJl bn 1'1 n l'lm:w li11 bbG1 ~G1~G1l c.~ c.~ b~CJ e:J e:J nm~ l'U 'l~1'U'IJe:J .:Jbe:JLI'l1b ':i!G1 ~.:JJum1m:wlil1'1J e:J.:J 

'U 'U 'U , 

be:JLI'l1b':i!G1~?1-:J':il~?le:JI'lr1~e:J.:Jnu5u~?~1l n l1Di.'11'l'lJ~ e:JCJ~b ~11 u'li1-:J bb 1n «.:J bfl!?lb~':ill nml'\I'J~~ml:wiu 
" 

?1-:J bbG'l:;'Ue:Jfl':ill ndm11.V?tl1b~e:J:!J'lJ1l'l~(;)l.:} tl'U 1 'Unl'l«'l br11l~~':il~'Vh 1 mr11'l?l~l.:JJu(;)l'ltl'U l~w 
" 
':illn nl1~mnd~u1l li11e:J~l'l~1 otl?ll1 b ~e:J:W'IJ1l.:J GA Jubb?ll'l'l e:lmlfll1fll1DG11'l'lJ~ e:JCJm~c.~~ b ~1~u 

" 
e:J~l'l~UCJ~lri'ru e:Jl':ilb ~e:J'llJl':ill nli11e:J~l'l UCSBw-G2 ~eJ!?l1lfll1U1:Wiil1~?1-:J~?II'! 55 .43 b~m~lfll1 

v " ' 

bD~CJUbVic.~unuli11e:J~l'l UCSBw-M2 bbG1~ UCSBw-E2 ~1otl?tl1b~e:J:!J'IJ1l'l MBA bbG1~ EGDMA ':illfl 

-irmJG1~~m~l ~u1lm11 otl?ll1b~e:J:W'IJ1l.:J~(;)wuul'l tl'u~t:-.~G1(;)e:J~n~ru~1~1u 1 u 1m.:J?t~l.:Jbe:JLI'l1b':i!G1~-:J 
" " ' 

t:-.~G1vh1 ~Alfll1m:wlil1J'UG1I'lG1'l bbi.'1~':illflnl1~n~l':i!G1'U~~H'1l?l!?141 u'lJG11'l'lJci e:JCJCJ b~CJ 1 uJlLI'l c.~ 1-rr 
~ " 

bbUU'iJlG1e:J'lYl'lV!:!JI'l 6 bbUU'<illG'le:J'l ~u1TV1fl?ll11'11e:J~l'l UCSBw-M2 UCSBw-E2 bbG1~ UCSBw-G2 
' 

b uu 1 D!?ll:!J bb uu '<ill 1.'1 e:J'leJ'U lilu 1 ?ll:!J l1CJ e:J Bu l c.~ n 1.'11n n l1'lJ 1.'1 Vi'lJ ci e:J c.~ c.~ b~ c.~ 1 utll Ju~u e:J ~ nu r11l:!J 
" " 

b-iJ:w.Uu Ll'lCJ~Al (R2 = 0.96, 0.98 bbG1~ 0.99) bb?ll'l.:J~.:J1'lJ~ 15 bbi.'1~!?1l1l'l~ 4.356 

" 

,-, 
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fU 
• L C'S B"· :'1.1 1 

; . 
: . 

oo~~~' 

• lC!:>Bw- [ 2 

flnt ortll'r· 
O.IJ ~-.---,---~--r----~_:::~=------,-- 'r-t-·-----;-- ·-··--··-r--~~--.----!----.----·---:· 

0 • ~ ro ~ a ~ tl ~0 ¥.1 60 81_l 100 120 

·r imt" ( ia) Tiau (b) 

~1v~1.:~il ~:.~ Model parameters 
' 

R2 

Korsmeyer-Peppas n 

kp 

First order R2 

UCSBw-M2 kl 

Zero order R2 

ko 

Higuchi kinet ic R2 

kH 

R2 

Parabolic diffusion b 

kp 

Simple Elovich R2 

kH 

R2 

Korsmeyer-Peppas n 

kp 

First order R2 

UCSBw-E2 
kl 

Zero order R2 

ko 

! 

~ 1 
OA 4 

''- ~ -i • ... r csB" -G! I 
j h: orsrut,• t rPtppa j 

0 0 
J,t.• Fia- ~1 ar drr 

~. -~··-~~-~- •• r 

o m • oo ~ ~ ~ 

T im1•( b ) 

1uJ1 1u~u 

0.9668 0.9717 

0.7509 0.8722 

0.0284 0.0362 

0.9725 0.9773 

0.0179 0.0350 

0.9368 0.9650 

0.0094 0.0245 

0.9131 0.8402 

0.0824 0. 1036 

0.9052 0.8136 

0.0000 0.0000 

0.0824 0. 1036 

0.7535 0.7893 

0.1575 0. 1562 

0.9587 0.969 1 

0.6478 0.8722 

0.0466 0.0371 

0.9899 0.9736 

0.0209 0.0362 

0.8793 0.9628 

0.0098 0.0251 
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Higuchi kineti c R2 0.9364 0.8384 

kH 0.0871 0.1031 

R2 0.9306 0.8115 

Parabolic diffusion b 0.0000 0.0000 

kp 0.0871 0.1062 

Simple Elovich R2 0.8167 0.7856 

kH 0.1681 0.1606 

R2 0.9495 0.9887 

Korsmeyer-Peppas n 0.6100 0.7509 

kp 0.0575 0.0987 

First order R2 0.9882 0.9867 

kt 0.0235 0.4482 
UCSBw-G2 

Zero order R2 0.8427 0.9383 

ko 0.0102 0.2854 

Higuchi kinetic R2 0.9378 0.9098 

kH 0.0914 0.1232 

Parabolic diffusion R2 0.9322 0.9481 

b 0.0000 0.0000 

kp 0.0914 0.1232 

Simple Elovich R2 0.8361 0.8676 

kH 0.1768 0.1837 

TU~ 4.15 bb?l\il'leJm1rn~i.J(l\ili.J~m.Jm1tl 1 u~hJ'1JB'II'i'lB~1'1Utlm1tl~bA~B'l.lvlltl'.r)?l\i11~1m 
'U 'U , 'U , 

b~(l UCSB -M2 UCSB-E2 bb(l~ UCSB-G2 bVltl'l.ltl'l.lf11~i.J(l\ili.J~Btl~1fH~\i1Utltlb1tl~hJ1vi'bA~B'l.l 
' " 

~1 f) f11 ~Vl \i1 (1 B'l 'W'Ul1 eJtil ~1 f11 ~i.J (1 \i1 i.J ~Btl 1 'U~'U,r'U~ 1 f)l1 f11 ~i.J (1 \ili.J~ Btl 1 uJ 1 B ~ 1'1 ihr m~1 rl ~ 
b~B'I:IJ1~1n 1u~u~~iim11J~'UVI~B1Btl1UBtl n11~B~1 utl11\iltltil~'l ~'IJu m~i.J(l\ili.J~m.J 1 'U~'U~~ 

" 
'liltl (1\ilfll ~rn~bb(l m i.J~tl'U~~VIl1'1tl1 bb(l~Utl ~'lvi11 ~eJti1~1 m~i.J(l\ili.J~Btl 1 u~uJu(l \11(1-:JB ~1-:J:I.Jl n 

' 
t:-.~(lf11 ~Pim~1 bb?l \11'11 ~b ~u-J1 eJtil ~1m~i.J(l\ili.J~ B tl'llB'I b~\ilUtl m~tl 1 'U ~uJu?I-:Jfi'l 90% mtl 1 'Ubl(11 

' " " 
b.Wtl'lbbA 10 l'U 1uV11'1til~'ltl'UoU11J 1wil'JB~1'1 UCSB -M2 UCSB-E2 bb(l~ UCSB-G2 bb?l\il.:JeJm1f11~ 

i.J (1\ili.J~ Btl~~ 1 f1l1 1\il tl'W'U l1eJ'Um1 f11 ~i.J (1 \ili.J~ Btl l'U~ 3 b'Yll tl'U 2.2%, 2. 6% bb(l ~ 14.8% 

ti111J~1~'l.l bb(l~eJm1rn~i.J(l\ili.J~Btlm~m ~1J~'Ub~e:Jbl(11l.J1n~u 1\iltl~l'U~ 10 eJti1~1rn~i.J(l\ili.J~Btltl 
" " 

b1tl b'Ylltl'U 31.3%, 27.3% bb(l~ 37.1% bb(l~Vl 30 l'U bVlltl'U 67.6%, 68.6 66(1~ 78.3% (9111J~1~'U 

~1f1t:-.J(lf11~Pim·n1mi.J~ 4.16 'W'l.ll11'i'lB~1.:J UCSB-G2 bb?l\il'leJt11~1f11~i.J(l\ili.J~B tl~?l'1~?1 \il briB 
" " ' 

bVltl'l.ltl'l.ll'i'lB~1'1 UCSB -M2 bb (l~ UCSB-E2 t:-.J(lf11~i.J(l\ili.J~BtlUtl.Q'W'l.ll1?1B\ilflflB'Itl'l.lf11~ 
' 
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b tJ~ tJ'Ubb tJ ~.:I 1A'l.:J?i1l.:J'1J B.:! 1e'l1~'l b~~ ~lJt:-J ~ (9\B Af:lJ?ilHJ~ nl'l B:WJ'l ~ .:JlJ Allmhfl ru(>\ B fll'ltJ1utJ'i.:J 
'I 'I v 'I 

~l f1 fl l 'l~fl~l e:Ji ~tJ'1J v b?i'W B fl~ 1n fll 'itl~ ~tl ~ v tJ~ Al ~ll ~~ bfl~~'W'1J B .:1 UCSBw-X 
" 

tl'i~flBUii1ltJ 3 .frul'lv'W .frul'lB'Wbb 'lfl Jl~~fl~'lim ~l hfl u .ffu bb 1n'11 ~ l mfuJl'li:wt:Jlu ~~ b ~l1 tlt1-:~.ffu 
" 

~ 2 ~.:J btlu.ffu'1JB.:J1e'l1~'lb~~ ~lmfu1e'l1~'lb~mil~m'lm:w~l~'W bb~ ~'li:w~l'Ub~l1tl~ b~~tJtJ vh1~ 
" ' 

b~~tJtJm~mil~ m'l~~~ltJnuJl~b ~l1 tJ bb~~.&u~ 3 ?il'lmvtl'l~~flntl~~tl~BtJ~.:~~~u~lu'l'Yl'l'W 
't 'U 'U <IJ 'U 'I 

'IJB-:1 1e'l1~'l b~~ bb~~.a:'Ubb lfl'l135 1 'Ufll'lbfl~BU~lB ~l.:i#lltlbb lfl'llb uu.ffu~ 3 Ju bb lfl'll~bfl~BuJu~~ 
'liltJ~~fll'ltl~~tl~BtJ tJb~tJ 1 ~.ffl~-:1 'liltJ 1 ~b~~UtJ~~l'Wfll'lbfl~BuJuA.:J'itlbb~~?il:!Jl'lmh 1 tJ1 -ff1 'W 

" ' " 
f1l'lbfl~m 1#1~~.:~ bb~~ ~l n nl'l~fl~l~~'W'Yl~l"1l?il'l4'1Jv.:Jtl~~tl~BtJm1tJ 1 u~u 1~ tJ tibb umh~B.:J 

" 
~.:JVI:W~ 6 bbUU\ll ~B-:1 'YlUllVIfl~lB~l.:J UCSBw-M2 UCSBw-E2 bb~~ UCSBw-G2 bU'W1tll'lllJ 

' 
bbUmh~B.:J Kormeryers-Peppas l~tJ:Uril R2 = 0.97 0.96 bb~~ 0.98 fll n bvhnu 0.87 0.87 

bb~~ 0.75 mmh~u l~tJAl n Al~v5mtJn~1nm'lbb'Yl~'1JB.:JtJb~tJ1u~u ~ lflt:-J~fll'l VI~~B.:J'YlUll 
" 

bUu1tll'll:Wf1~1nm'lbb'Yl~bbUU non-Fickian 55 (Al n B~'l~VIl l.:J 0.5 (\'.:~ 1.0) bb?i~ .:J~.:J 'itl~ 4.16 bb~~ 
" " 

"" l'll'll.:JVI 4.3 
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Jo.: ot,lllt'~tr Pl"J)p:t ' l>.: nrMIIt'~rr l'stpiHt<. 

Flr!>l urdtr o.o .,_..• ~--,--~-'.,....·11"1-1 ••_·dt-~•· -..-' 

+ l( S8ll -E! 0. 1 

10 " 10 " ,. .w " 

4.9 An~1i:-.J6'1"lleJ-:JtlmFJ~Bu UCSBw-X (;]e:~m-ab'iJ~rub~UL(;l~'tJVi"ll ' ~ 

m-a~m~1e.JG'l"lle:J.:J UCSBw-X {;]e:Jf11Wil'1ruL~u L(;l'1Je:J'II'i''U'V'l1n~'UI'l1bb?ll'l.:J~'I'itl~ 4.17 ~'~ 
v v 

'V'lu-.h b~B1oV~le:l~1'1 UCSBw-X tlUf11'itlG'lnl'i''U'V'l1n ~'UlJBVl5'V'lG'ltole:lf11Wil'1ru'1le:J.:i~'U'V'l1nv~1-:ilJ v v 

umh•i'ru Ll'lt.J11ii'v11f11Wl\?1G'le:J.:itlG'lnl'i''U'V'l1mtJ'UblG'l1 45 l'U bbG'l:::1~tl1mrutJmvhn'UA~.:Ib~cn 'il1f1 
v v ' 

f11'iVl l'lG'ltl-:1 'V'lUl11 'U~l e:J~ 1-:~~iim'itl rutl 'i'llii'lt.Jf1111itlt.J UCSBw-X ~'U'il:::v\'11 Vfl'i''UVi'1lii f11'i 
' ' 

L'il1ruL~u L(;l~?I.:Jn11m-a1iL~I'ltlt.Jm~t.J~hJLA~vu LLG'l:::'V'l1n~1iut.J~ltJ~ 1.:~ UCSBw-X 'V'lUl1~'UVi'1l 
v 'U 't 'V 'I 

~'Urn u~~b~t.JlbbG'l:::fhl'i''U~'UiiA11:1Jbb~ 'lbb -a.:Jmnn11 ~.:~'il:::~.:~bn(;lbi1'U 1(i)'il1mtl~ 4.18d 
v 

'il1f1e.JG'lf111l~t.J 'V'lUl1f1111oVtlt.J UCSw-M2 UCSBw-E2 bbG'l::: UCSBw-G2 'V'lUl1lJBm1f111 
' 

b'il'1rub~'LJL(;l'1Je:J'I~'UVi'1l (Al1:1J?!.:i) bVhnu 34.4%, 32.9% bbG'l::: 34.4% (;11:1JG'11~'U (L~mV1t.Junum1:1J v v 

?l'lb~:IJ~'U) bbG'l:::'1Jru:::~l'i''UVi'1l~1~L~I'lU t.J m~t.J~hJ1(i) bA~e:Ju'il:::iieJ'm1f11'ib'il'1rub~u L(;le:J~~ 21.1 o/o 
'U , 'U v 'U 

bVh~'U 'Ue:lf1'il1ndt!.:J11il~mn'1l'U1\?1 '1le:J'11u'V'l1n'V'l'Ul1 'V'l1nvfl?iumf'l~e:l'U UCSw-M2 UCSBw-E2 bbG'l::: 
' 

UCSBw-G2 Al1:1Jt.J11'1lt1'11u'il:::b~:IJ~'U 18.6%, 13.8% bbG'l::: 19.4% (;11:1JG'f1~'U 1'U'1Jru:::l'i''U'V'l1nvfli 

L~l'lut.Jm1t.Jh1LA~vu'il:::iim1:wml'1lv'~1uL~:w~'ULVit.J'I 9.7% Lvh~'U LLG'l:::e..~G'le..~~ml:w ('V'l1n) ~Lnu 
' v 

b~t.Jl1(i)'il1f1f1111iut.J UCSw-M2 UCSBw-E2 bbG'l::: UCSBw-G2 Lvhnu 37.8 42 .56 bbG'l::: 40.5 nr:w 
' 

1?11:1JG'f1~'U b~tlbVltJ'Utl'UI'i''U'V'l1nvfl?itJ t.Jm~t.J 1lJLA~tl'U 1Vle.JG'le.J~(;le:J~~ 20.75 nr:w bVh~'U 
' v v 

'il1f1e.JG'lf11'i~m~n bb?ll'l-:11 Vlb i1'Ul1Ut.J~~1'Ufl'i:::'UJ'Uf11'ibA~e:l'U (UCSw-M2 UCSBw-E2 bbG'l::: 
' 

UCSBw-G2) ~'Uiitl'i:::~Vl5m'V'l1 'U f11'iAl'U A:IJ bbG'l :::'IJG'l l'ltl~ e:Jt.J?I1'itl1Vl1 'i~~1 b tJ'U\01 e:J f11 'ib 'il~ru b~ 'U L(l) 
' v 

'1Jv.:~Yi'1lbbG'l :::t!-:~'1i1t.J 1 'U m-ann Lnu?~1-av1Vl1'i v\'11 VIVi'1l?~1:w 1'ir~ 1Mu?~1'i v1Vl1 'i~ b Vit.J.:~'V'l v(i)G'Jv\?1 'i::: t.J::: 

m-a b'il 1 ru b~'U L(i) bbG'l :::'V'l'Ul1U t.J m1t.J~ r1 mr1~ e:J'U (ill t.J 1~ L\?1 'ib'il G'l~.:~ 3 ?~m S'Uiitl'i:::~VJ5m'V'l1 'U m 'i 
v 'I 'U \1 'lJ 

tlrutl'i.:Jf11'i 1m 'U L(i)'ib'il'U G'll'lf11'i 1m 'U Lmb'il'U f1l1Utltlb~t.J~1lJiim'ibA~tl'U 'il1f1f11'i~f1'\~1~-:i?!'itl11ii' 
'I .. 'U q 

11 b~l'lut.J~~1'U m:::m'U m'iLA ~vu (i)lt.J 1~ 1mL<ilG'l,f'U ?~1m'ir~'1ilt.J b ~:wtl'i:::~VJ5m'V'l 1 'Um 'itlG'll'ltl ~v t.J 
' 

'1le:J'!Ut.Jm1t.J bbG'l:::vh 1 Vll'i''UVi'1liiA11:1JL'il1ru b~'U L(i) M~bbG'l::: 1 Vfe..~G'le.J~(i)~?l.:~ n'J1Vi'1lvfl iut.J m~t.J 1 'Utl~m ru 
, 'U v 'U .. 'U 

~b vhn'U ~.:ls'U~-:11?11\?1l1 Ut.JbA~e:J'U(i\'lt.Jl~\?11~ Ll'l'ib'iJG'l'il1 f1 l~\?1~~-:lbA'i1:::Vl1#!1 'U-:11'Ul~t.Jd ~1:1J1'irJU1 
' ' ' 

• 
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':itl~ 4.17 f11'H\l~rub~'UL~'1leJ\l~'UY(1n (a) fl11:U?l\l~b~:U~'U (b) Al1:Ut.J1l'1leJ\l1'UY1~f1 (c) 
u v ~ 

U~:lJ1 ruthvn1 f1'1J eJ\lY1~f1~ bfl'U 1\9l bb~ ~ (d) fl1Y11ii'leJ ~1\l'll el\l~'UY1~f1~vl1 f11~VI ~~tl\l b 'iW'UtlllilJ 

• btl~t.JubVit.Ju bb~~ Y1~nffi~ut.Jm~t~~hlbA~eJu ' ~ 

• 
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1. ?ll:IJl~fl~'lbA~lt'\.He'Jl~'.ib~61lA~·rh:~m'lilmLUUbbVl~fl?le:J~ Cassava starch graft Acrylic 

acid Natural rubber blend Polyvinyl alcohol (CSt-g-PAA)/(NR!PVA) 1 ~ tJ ~ l 'U 

mtm'Ufll~'We:J~ LlJe:J 1 wl!.a-u 11?i'~l L ~~ 
1. 11?i'?tmlt~L 'V!l-llt?tl-11 um~~'~ LA~l~'VI11'l1~~ L~61~1-U'?tl~ L~e:Jl-l'llll.:J~~l.:J'Uu~ nu L~t~?ll~ 

d 
b'Ue:JlJ'lJll.:J MBA 2 %w/w EGDMA 2%w/w bb61t GA 1 %w/w 

2. ~i'lmh.:J~11?i'~lflfll~~.:JLA~lt'V11~fil11'll~~b~61~ MBA 2 %w/w EGDMA 2%w/w bb61t GA 

1 %w/w iJ %Mass swelling ~.:J~'l 501 550 bb61t 4950% l'lllJ~llii'U 

3. ~ln m~Pi m~l~flHnuiVJm 'Wu1ll'i'lmh.:JiJ~'W~'U~L ~e:JlJnumnmt~ 1 u~u~~l'lle:J.:JI'i'le:J~l.:J ... "\) ' 
~.:Jvh 1~L uu 1 'W~.:J~lwru LlJL61 n61'lle:J.:JJl11?i'fln~~~uL .rrl1 tJ1 u Lm.:J?I~W1le:J.:J 11'l1~~L~61 , " " 

4. ~l n m~Pi m~n LA ~.:J?I~l.:J~61mAI?i'lm VJAUA XRD 'WU'ill'i'le:J ~l.:J~~'~ LA~lt'VI11?i'iJLA~ .:J?I~l.:J , 

. " 
5. ~lfl fll~fi fl~l?llJU1iVll.:JfllllJ~e:J'U 'WUlll'i'le:J~l.:JVi ~'I bA~lt,U'UiJAlllJ b?l~tJ1Vll'l AlllJ ~e:J'U 

~eH1J'VI.fl:iJ?I.:J 290 bb61t 510° c , "\) " 
6. ~lfl fll~fi fl~l nmnuJ'l1 'U~'U'WU'"ll~'U~iJm ~b~lJ 1e'llmL~mluiJthti1VJ6.fll'W 1 'Ufll ~nfl bflU 

JllJlflflll~'UffilJ11?i'L~lJ 1~ l~~b~61 
7. ~ln m~Pi n~l m ~~e:J t~?lmt~Vll'l~lmw1le:J'~ 1~ 1~~b~61~u1l?tlm~fl~e:JtJ?I 61l t~e:J ~l'l?llJmru 

" 
1-lin61lLYltJ.:J 120 l'u 

8. m~Pin~lfll~L~ ~ru L~u Ll'l'lle:J.:Jili''U'W~n~u1l L~~iJ tJ~~l'U mtm'Ufll'i LA~ e:Julli'lt! 1~ 1~ ~L ~61 
v ' 

tfu ~t'lil tJ L ~lJtl ~t ~VJB.fll ~ 1 'U fll ~tl 61 ~tl ~ eJ tJ 'll e:J.:JiJ tJ tJ L ~ tJ v'il1 ~Y1'11~1-li L l61l1 'U fll ~ 
' " 

L~~()JL~u ll'l'Ul'U tfu 11?l-ru?ll~e:Jl'VIl~~L Ylt~.:J'We:JI'l61e:J~~ttJt m~L~~()J L~u Ll'l 

'llelbii'I'Uelbb'Ut 

1. Ant.ht L:iJmhd1VJB.fll~'lle:J'lfll~bA~e:JU 1 'U~~I'lJlCU'n?I~Vlltl b ~~ltt.Jb~tJ61~GlltJ 11?i' b ~lbb61t 
' "\) 

2. Al~vll fll~U~tb:iJ'Ullbb lfli'VI~e:J 1~1~~ b~61'liltJ 1 ~Ln~ fllTU~e:JtJ<ffllJlflflll n'U 
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