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ABSTRACT 

Synthesis of superabsorbent polymer was prepared from Krueo Ma Noy, Malva nut and 

Cassava starch and Acrylic acid (AA) in the presence of ammonium persulfate (APS) as an initiator and 

N,N-methylene-bis-acrylamide (MBA) as a crosslinker. The absorbency of the products was dependent on 

amount ofKrueo Ma Noy, Malva nut and Cassava starch, reaction temperature, amount of the crosslinker, 

concentration of NaOH, amount of initiator, initiation time and saponification time. The maximum water 

absorbency was achieved under the optimum conditions of Krueo Ma Noy that found to be 1 g of Krueo 

Ma Noy, reaction temperature at 80°C, 50%(v/v) acrylic acid, 0.001 g MBA, 3M NaOH, 0.01 gAPS, 

initiation and saponification time at 15 minutes. The dried and finely powdered product showed the 

maximum water absorbency of 824 gig. The maximum water absorbency was achieved under the 

optimum conditions of Malva nut that found to be 1 g of Malva nut, reaction temperature at 90 °C, 

60%(v/v) acrylic acid, 0.003 g MBA, 1M NaOH, 0.05 gAPS, initiation time at 15 minutes and 

saponification time at 20 minutes. The dried and finely powdered product showed the maximum water 

absorbency of 619 gig. The maximum water absorbency was achieved under the optimum conditions of 

Cassava starch that found to be 0.1 g of Cassava starch, reaction temperature at 90°C, 50%(v/v) acrylic 

acid, 0.005 g MBA, 1M NaOH, 0.1 gAPS, initiation and saponification time at 15 minutes. The dried and 

finely powdered product showed the maximum water absorbency of 592 gig. 
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1.1 fr;n~nntuyun~'fItJl'UtH~1'l.!1'\UJ 

'" "'" <IlIJ' , 11]"'1 '" """'" ~ 'I""" ~ 'ViVltl1JV'H1,:jtft':il~11 t1Jffl1Jl'H'ltlVtlfft'l1t1 1f1 lfltl,lt1..JVI'W V'Utu'U ffll'H~ ! 'HtOfllJty111'IJfJ~ 

~'U 1ltO ~JfJl'H91rl' i,:j '\.ll1Jlff01':i i1,:j1m 1~ l1'Vi vitt1J V{ ~ffl1J1':it'lV Vtlfflt lt1 i ~ ffl11 -r'U'Vi Vit11JV {. .. 
<1/ f! c. tllJ,J: 4 de <II ~ tI Q.I tI J Gl!il ~ 
ff,:j1f1':i l::11,h ~lflVl'ViVltt1JmV1J 'U 1 'Vi'ifVl'Ul1J lNff1JO'U'ViV!.'H1JV':i ff ,:jim 1~11 'U VO" 10"~'if1t1 t11 'Vi Vlt• 
11J V{ii mu ff1JU;;UVt!tYlt lt1 i ~ll~1 u,:j~v,:j'lhmff~1Jft Wff1J U;;'IJ fl,:j 'Vi vit11JV{i1,:j1ft':i l~l1i 11'ii 

fJw ff1JU~~flJl'~fit,:j~'U ft,:jJ'UVl'if~'\.l11Jl1~,:j1~'UVl'if~iiff1J'U~~1JJl ,T'Ufiv 1ft':i ,:jfffl,:jii11~'ifV'U 
Jl L'li'U 11~'~mvocjfl.'l (-oH) l'U~91':i1ftHfffl,:j fl'Ui~uri u{j,:j l'U ~,:jii,:jl'U1~tI~'\.llVl'lt""v,:j~'U~ 
11'1'U 'VivitL1Jv{1Jn ll'ifl;; ...ht.lijiWtil 'Vi VitL1Jtli ':iL9r'i'Un'U'VitlitLlltl{ i1,:j1m 1~ l1 "'U i ~Nit91.tiwcyj'fitl 'ViV 

" itLllV{~flCill'\.l11l10 (superabsorbent) 1'lf'U starch phosphate-graft-acrylamide/attapulgite (Zhang, 

Li and Wang, 2006), starch-g-poly(acrylic acid)/sodium humate (Hua and Wang, 2008), chitosan

g-poly(acrylic acid)/organo-rectorite (Uu and Wang, 2008), chitosan-g-poly(acrylic 

acid)/attapulgite (Zhang, Wang and Wang, 2007), carrageenan-graft-poly(sodium acrylate) 

~ "" (Pourjavadi and Amini-Fazl, 2007) Ul.'l~ agar-g-poly(acrylic acid) (Wuttisela et aI., 2008) 9mJ 

" " fJWff1J1l';;f)1':i~flc]f'U'\.lTl.h~1J1W 138.3 - 159.6 0-r1J 'lJtl,:j'\.ll~tl 1 oi'll'IJtl,:j'Vitlittllv{mi',:j LVlftUfti'U 

'" """ ".. "" 1:II"'f ~ 1 0 "' ,,:: 11] j/""f)1':iff,:jtft':il::11'Vitllt11Jtl':iVl'Utlll 'ltfttl graft copolymerization CJf,:j 'Uf)1':iVllf)1':iff,:jtml:::11'U'U 1f11J 

di !1 <II. dd' .tQ -: Q tllI)!iI' ~ " ~ " 
f)1':i fl'0'ln lJ""tl91 N"1 VI 11 Nl.'l91Vf)1':i ~flCJfll'U1'lJtl,:j'Vitll.'lt1JV':i t"UO Nlt'IJtl,:jft111Jt'IJ 1J'IJ'U 'lJV,:jffl ':i 91,:j91'U 

fl111lt '!!1l'!!'U'lJtl,:j1Jtl'U tlL1Jtl{ 11~1l1W'lJtl,:j~t~1l1J iifl~ tllt1l.'llUl.'l ~ f.l ru 11 fJii'1. 'W f)1':i'tinJ ~ i15lJ1 1~v 
" l1ijfl~tIluu~,,::tflyu-h'Um~'U1'Uf)1':i free radical copolymerization U~ffl1J1':it'lfh1'U 'Un tllf)1fl' 

. " 
11091Viiitltlocjf,,,'U'~ (Pourjavadi and Zohuriaan-Mehr, 2002) 1f1t1fllm':i~flCJfll'\.l1i:Ju910~Nn'U 

tld l,:jiiirtlfflfltyfi'Uf)1nhl1ijfl~tll~'Untllf)1fl''lJtl,:j i 'U 191':i t,,'U trlmJ~1J1W 'lJV,:j ff1':i~ L~mJijfl~ til 

1l1mfhm tI 

". " 
,:j 1 'U 1~ tlU ~,:j flO'I;J 1i1"~tI~ H "1 Vi ii Nlt ~tlf)1 ':i i1,:j 1ft ':i 1::; l1'Vi tl it 111 tl {" fI '\.l",1 OU{j,:j JJ'U.. 

ffl11::: 11 ti,:j 111110 "tl,:jUl.'l::;tfI~tl11 1J1U'tit) i~Hf; l1~1JlwVl'ifVltl,:j~'U ~w11 fJiJ'lJv,:j f)1'jlflfll1ijfl~ til 
t ,JJ , 

1.1~1J1W'lJtl,:jffl':i1~tlll'IJ11,:j ft111l1'!!1l'!!'U'lJtl,:j NaOH 11~1Jlru'IJtl,:jffn~!1lJ1.1ijfl1t11 nm'IJ,(),:j,j'U1t11l
" . . 

l1ijfl~fJ1tt!.'l::t1ltl'IJ tl,:j,j'U Vh1.1ijfl1mo'Ut'Uff tVltl11 lfffll1::f)1':i i1,:jtm l:::l1Vi,,:: vh111'1tJI'Vi tlitl1JV{ fIfi .. 
jI ,J! jI I 

'\.ll1.1~ lllw1l10Vi"lfi 'UtlO" lOU Nit91.tiWcyj''VH)itlllV{~fI '\.llVii~ffl1l1':it'ldVtlffl.'l1t1' ~Vll,:j'lbfl1'Vi ~,:j 

11'1'U iJ91 ':i ~tl~,:jtl1f1~tl1J i:J riv i 11'1fl"1J lt~'l;JVll,:j~'U ~O~,:j U,:jL1'1 'U f)1':i 1.1 ':i::;11 UfI~'U VI'U i, 'U 01':i Nit 91
• 

http:1f1t1fllm':i~flCJfll'\.l1
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4..1 _t tl .4QJ

1.2 lflQlJ1~U-3A'U8'H1Uli)tI 
4g; tI ~ tI..cSt d, <v"1fJ1 Q 4911~'" 

1. LVi fl1H l fI 'n~11'rH),"&lJ fl 1~ flC)fll \.m.n nflVfltrfHIlVfl1 &fI fI H '1f1 mVi ~1nVi'1ffl fl~ rt'U fl1V 
'II 

fi1'1 'nfll1tflfltJ~mV1Vi6al1l6 '11C)fi'UU1J'Ut1filCJiH1~flf1U'U'U Solution polymerization 

~ ~ M QI dl=t I fJI: ~ tI Ci : 

2. LVi 6 nfi'kl1u ~ ~V'YIll H1'1 fI 6 fll1 ~llUI'll tJ ~VimUll61 'C]fil'llllU1111 n 

It .. tI 1 Y '" tly: ')J
3. lVi611f111~'H'Hl f1H1'1'11~'IIfl~Vifl1'1111m~1l'U1fil1V Infrared spectroscopy 

a.C!\ " Q,I~ ~Cl" .
4. lVifl11f111~'HfJW1'1'll'UfI'Ilfl.:JVi'UFnfil1V Scanning Electron Microscopy 


.c!l " _1~Q.U!\.c::ld" q,J ,,~

5. LVifl 1'1'1 1~ 'lIfi flfil1'1fl~'Il fl~u~ 'Uflfll 1 LAllfl'ff6filfl1'1fl.:Jn 

Q,t 

'U 'H 1'1 n"lfI 1f1fl~rt'U 

6. t~fltJ1:aiJ'U 1 0 't1n'kl~m~'U1'Ufll1f11.:J1f1V1fY11'1'fl1~1V'lIfilflfil1'16~ 

<.v tI ~ tI a,,~a a" _~QI
1. fll1'ff.:Jlf111:::11'rU)f1111flHllnVi'1f'YIfl.:Jrt'U f1fllf1Hl'Hlll'UflV 'Hll1n~fl~ U1'1:::UU.:Jll'U 

"htJ::an;.:J 
• v 

2. ffn'klliJ~iv.yjiiH1'1"6fll':in.:JlfI11:alViflalllfl1~ll'U1 
'" IQ ".Q. a" _~ a '" I.4 QI tV

2.1 u1111ru'llfl.:JVi'1fflfl~rt'U (lf116'Hll1'UflV 'Hll1fl'iUH U1'1::l1U~ll'U1'1'l1J:::'H"~) 

2.2 ~ru'HfJiJ 

2.3 fI11111;i'1l;i'U'Ilfl.:Jllfl'Ufllllfl1 (Acrylic acid; AA) 

2.4 tJ1111W'Ilfl.:J'ffl11~flll'll11~ (N,N - methylenebisacrylamide; MBA) 
')J ')J 

2.5 f11111L'Illl'llU'Ilfl~I'U'ff (NaOH) 

2.6 tJ1111W'Ilfl~1'1'l':i11~lltl~mvl (Anunonium persulfate) 
v , 

2.7 n"1'1lfl~,j'U11111tl5mV1 (Initiation time) 
v 

2.8 l1"l'U'fI~'Ii'W";l1ISmmn1Jl1Jff (Saponification time) 
v • 

3. flfil1'1'6'U'Hltl11Jlruih.yjVi6alllfl1'C]~cj'UH 
'" tI Y .. tI')J::P

4. 1tfl11::'H'Hl1m.:J1'1'11.:J'Ilfl.:jVifl1'1111fl1~1l'Ul~ntJ Infrared spectroscopy 

.Q tI ~.c::\io"QI<IIC:l

5. 1Lf1n::'HfJW1'1'll'UfI'Ilfl,n~mn~1V Scanning Electron Microscopy 

_I 'i' .J , , v ....
1.4 lJ1::: ItJ'lfUllA1Yllli)::: Y\11J 

~, .Q ')J ..;.i')J I. i
1. lVill\!1'1f11'Y11.:JlfY11:l1n~ 'HIIflVi'1f 'UflfHmJ 

2. Haflftrucvi'1'1'l11l1mh'tli~tl1:::lV'1f'W1~ !,s'U ~U~llJ'l 1'1'l':i'C]filfl11114u 

3. Haflftrucyj'~ '~'ffl1J11miflV1'1'f11V'YI1.:J;hmVim1:: ilirlfli'I1'lfifilllf1l1'14~fl~~IA1filcl'611 
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2.1 'HjJlfl'il8~ (Malva nut) 

..c:t~ dQ Q 4.e!l 

'H 1J1 fHm'UJ 'if0'YI 'W f.J1J 1'HI fI 0 flfI 0 'Vfl 'YI~fI1tJ (Pungtalay) UfI: UTi 0 'I (Sumrong) 
J. 
'.110 

'" .14 olt ~ iil4 iii J '1.'1 "" d",
1Vlf.J1fl1tr\9l':iflO Scaphium Macropodum Beaum Sterculiacea IlJ'W ~1Jf.J'W\9l'W '.I10'U'Il'W ~'WlJ1~l-Ul'UVlll 

., 
fl1111.l\f'W1;!'1 "l~'WI9IHU"~1;!'1 1J'j~1J1\U 30 40 11JI9I'j ~'Ui'W'H"lfJ~,m1f1 t'h'Wi'HqJlwl1f1 

., '" 1. ... ., ... _I4 ~_ljlI 
19I~1'WOUfIl\W'I!'H'WU I9Imll'Yi1~011flU'\.J11J:'Hfl1fJ 1J'IWJfI~'U"'j 1'.111i1'W 'H1J1 fl11U'IlJ'j:flU'U ~ lJI9I111 

., 
fll11UleHfI'jl9l 77.56 %, fl1111.l\f'W 10.20 %, tt1'l 8.07 %, 11J'j~'W 4.47%, U"~l'lliJ'W 0.10%, 

.I_I" 4.11 ~ ~.r't ~ _I iii [ 1
0'lfllJ'j:flO'U'HflfI'IlU'I'H1J1f11JOU10 fll'j 'U ~@JlfI'j~9f'lfll'j l'U ~81f1'jfllJ'j:flO'Ufl1tJ'W11911f1 llU'Iflfl 

d "I iii • 
Ifl1I1 ~flUfl arabinose 42.60%, galactose 27.91%, rhamnose 26.01%, glucose 2.10%, xylose 1.13% 

JI ", I •""'.1 ..::t .4 fQlJ}
Ufl~ mannose 0.26% fI'I'W'W'W11911f1 llt"fl"tflfJ1 L-arabinose 'Il0'l'H1J1fHJO'l 1'lf01JI9IOfl'Wfl1fJ 1,3. ., 
glycosidic linkage CI1Jli 2.la) (Somboonpanyakul et at., 2006) 'H1J1f11J0'l1~'\.Jt1Jfli'W'Il11~'j1~ 

.4 J} d ~ d.4 0 0 " <V J)d : d 

11J" Ufll111l1JflfI'If'W 'W Ofl1Jffn!1JOfl (Mucilage) 11 1'W1'W1J1 fI Vl1 i 'H tr11J1Hl~ 0'11911 lflfl i 'W'W 1 1J 

Q.I : c9: ~ QI~ QI: d.e:t «ii ~ 0d 61 " 
fl111Jtr11J1'jfj i 'WfI1'j~fl9f'U'W1fj'l 40 50 mllg 9f'lf.l\Utr1J'Ul9lfI1'j~fl9f'U'W1VJfI 1J'IllJ'W!'H~N"VlVl1 !'H 

4 ~ ~ fI c 0 i iii A 1" Q rI QI o'dd QlQi
'H1J1f11J U'I\lfllflU fIllJ'W~U "11J0';i1i'j 'jll'.l11 191 'W11J1 'ifl~O"flfI1'j '.I1~O"!1JO'jtr'1!fI'j1~'H'YI1Jtr1J'UI9I 'W 

Q,f: QI tI Q (1". I w 

fll'i~fl9f'U'W1 fI1'jff'llrl'n:m~0"111U'j'j111 (copolymer) 'j~'H11'1'H1J1f1110'lfl'U poly(acrylic acid) 

OH 

a if' 

~Ho4 
o OH 

-0 
:HO--~-;"""'" 

OH 

~~~H 
HO OH 0 HO 

c 

b 
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2.2 ui1,uJutil1halQ.:J (Cassava Starch) 
.. 

u{j~:w\rdnJt'VI"~ Vi 111 l'illfli1iJ'Uffnjt'VI"~ "fl1:lWtd~J'UH{I ff'tln lumutJ'U ifllNff~1fJ 

_'4 QI 0 ... 1 QI ~ ~ A, CI.d.a.dd' "JJ d 
U1J ~11 'U fflu t 'VI n 

Q.1 

~ 'il ~ l1J'U 'Yi 'lfl ff1 1:1! fl 'il 'illflfllf1 ~ t 1'U U 6 fll llU{ll 'l1 U U l'lll 11f11f16 'U 'til {I \l fl C)f ~ 

lf1Hff~l~'tIU{lU{j{liJu~hilt'l1"~ il1:ifle1J~1fJ 2 rh'ufle 6:i111l'C1ff (amylose) u'CIt~n~111 lm'Yifl~'U 

(amylopectin) m::111 1'C1ffil1~flU1J~1fJ111mfJ'CI'tIU~fl\11f1ff~Uf1'Ul~'UfflUVl11~UlI~Uf1'U~1fJYf'U1it 
1,4 U'CIt 1,6-g1ycosidic linkage (lil~ 2.1b) 

.:!I y
2.3 &f1'Ul't'i'1l1UUfJ (Krueo Ma Noy) 

... 'JJ ~'t... d .:, ~ 11 ... ... '" ='t ':.1d. d.

ImU'l1lJ1'UUfJ 11J'U'Yi'lfl'l'Yi1Jl'l1 Lt 'UfI1f1~~1'Uuumllu~m'Uu 1I'C1fl1:lWttlJ'UItl11'CIUfJ'tI'U 

~ll1ih t1J!~f.n lil~Ht1Jl1'J'Ulil111'\l1f1ut1J!tlJlJ~'UtI~ tlJfl~H 5.6 - 6.6 lC)f'U~11l~1 tin 6.9
.. 

7.61C)f'U9111l~1 't1ul11JLlnt'VItl~11Jij'tl'Uff'll1~1'C1Unil1tlJ1W 1 iJ'CIftll1~1 ilflfl'lll'VI'Ulml'U 'VItl{lllJ 

ij'tl'Uilflfl'l1l'l1'Ulu'l1'UlIlflfl11'V1Ul1lJ ij~Ul'l1~1l'lU1fflff~{-h Cissampelos pareira Linn. Var. 

'1 d c:v ~ 4: 'j/hirsutus (Buch.ex.DC.) Fennan U~ 'U1~ff MENISPERMACEAE 'CIfl1:ltU::::'Yitff'hl'tlU~lmU'VIlJ1'UUfJ 
II )I f • t1 'JI 

.:!I 0'" oOtllJ 'JJ .:!I 'JJ'" "" lIJ 'JJ 0' 'JJ 0 ""... ='t 91'" ~ 'JJ
flU 'Ulf1'Ul1 ~~'illfllmU'VIlI1'UUu 'lIUl1~ n'il::::111 'VI'Ull1f11111'V1U~"l~'il'Ufl'CIlm1J'U1'U'l11m'il'CI L~ 

4. '" d..t 4. ~ ~, (V.P IV •

'mU'VI1I1'UUfJlIU~f1il1~flU1JflU ffl11'Yifl~'U (pectin) ''lfUlI~Ufl'U~nfJ'Yi'U1i:::: 1 ,4-glycosidic hnkage 

'UU~ galacturonic acid (lil~ 2.1c) 

2.4 flt)'flm'ltn~t.lilmfJ1"'0a''1I6"wvium.J1J9fllcilA'l~flt)HlI'U Solution polymerization . .. 
11 fin1enl1iifi 'U n11 iT~ Ifl11t11''YiU iill1 err'(l~'I11flU fl11In~'Yi Uiium1u1J lJ uti \! 'CIi) ff1 t 

"," ... SI 

(Free radical Polymerization) C)f~ij 3 'Ii'U~U'Ufl6'1j'U111111 ttl (Initiation) ,j'Ufl11UNlttl (Propagation) 
t1 jI t1"'JI" ,

U'CIt'li'Uff'Uq~1 ttl (Termination) 'UUfl'illfliliJ~ljVfl 2 'Ii'U~u'Ufiu ,j'Ul~UlI'tI11~1l'CIt,j'UVi11J~n1Ul 

f11JL1Jff 

... I.QQ-Q I QI 9J 'jI 0 6J. " ~ ~..d 
U{JmVl (Initiator) 1'lf'U fl11ff'CI1U~1'UU~ (NH4)2SPs ~1fJfl11111U'U l'l1 mlflflUti\!'CIUff1t C)f~ 

ffll11'.im~lVilil6n1Ulf1lJ'YiUft'lIu11inll'lf191 (Natural Polymer; NP) lnfll~'UU'4\!'CIf.iff1t~1U~11 

i'Ufln'nflilnmUl~l'Ilj1~fI';jUfl9f'CI 'UU~'Yiflft~lIu11inll'lf191 (ffllfl11~ 1) cb~U'U1I'CIf.iff1~~1u~i1rl' ~ ~ q~ 

,rtuVililfin;fnf11JlIU'UUtllU1 (Acrylic acid; AA) 'il~Vilfl11~U~~ (graft) lIu'Umllu1'C1~'il1J'W'YiUft 
d ..::::. d 

tllm1inll'Jj'l~ (NP-grafted AA radicals) (ffllfl1111 2) 

http:Buch.ex.DC
http:CI.d.a.dd
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~O:

t800C 

•
R-OH + 2804" ---........ R-O

(1) 

(2) 

:', Nt 1lJ~jJl tI 
2.4.2 'U\Ull'UlNICU (Propagation) NP-grafted AA radicals 'il:!: Lt.ll~1l1'\l1"l1l6'U61116jU'Q:l:: 

''JI "'" "OJ '''LI "" ~ 1'..1 .I
~6~1lJmjl~1l"l1l6\.l6111'e)j~1~6 UJ~'Ulfl~llJ\.lt'lfl 9fVllJl1'\l'U 

COOH ~ COOH COOH COOH 

R-O-CH2-t) nCH,=-~-bH----."" R-oiCH2-bHtCH'-~H 
., .. 
U~~, 4-''' 4 W' 

2.4.3 'U\U'JUi{fUCU (Termination) 1f1~ 1~ 2 !llJ'Ufl6 UlJ'Uj111~1 (combination) U'Q:l::UlJ'U 

~ tlw Q.I 

~ ff'YfHl'W 6 'j 'If\.l1'U 'If'U (disproportionation) 

w4 W' 4 QI q ~ " 1. U'U'U'j111~11f1~m'l'l111~1'\l'e)~6'4~'Q6ff'l::: 2 ~n U'Q:::lfl~fl1'jff\.l"l~'\l6~~~ 

16~'1In~ltI'U 1 ffltl1'lf'W6ill:U6f~ijfflflfll1 
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" . 
2. U'U'Ufiff'W'.i 't)'\'wfi'Un.Ji'U tfl~;;'Ullj't)'t)~~'t)lJ'U't)~ isl~'H'iI'U 'iJlfl't)~2J'Iiiff'n: 

'U't).!Jfflr.J'WtJilnHlf'Hd.!Jtfl gtl'U ~101'l1iJ.!J tl'U...lJflijff'j:'Utl.!JVflffl0'UtJ.!J'Wtlil~lJtJl til"L~ 'U 2 ffl (J1cJf'Wtlil 

:, 4 A, l' tipQ

2.4.4 'U1Waf81J'U1H (Crosslin king) fl1':it'ti''t)lJ'U1H':i~'H11~ 2 ffl0 CJ1'W't)'1tlJ't)Hl1rJffl'.i 

..\, .. 4 'I !II"" 1 !II, ..\ :'",,,'1
t'ti'€JlJ'U1H t'ti''U N,N-methylene-bls-acrylanude (MBA) t'W€J !'HtMl flHff':ilnl~H'HCJ1~tl~'Ul n!'U 

lfl'j~ff~l~i~ 

(3l'IOIiu JXlI~jc~d chain). 

, 

~o 

") 

HN 

o 
2R~ ~fO~.lOOH., ~ ~,R 
~ J:: ~~"if"~-----. 

n H H ~OR 
n 
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(another poly~crylic acid chain) (another poly~crylic acid chain) 

· ·· · · · · · 

~o ~o 
HN) HN) 
HN 

NaOH 
HN.. 

o 

RO 

<;''''' Q J :
2.5 'fl1~a"lH'Ue~'rU,al1Je1ij~tn 

: QI" ..:a 11: " :" QQQ QJ'p :'lJ1\lfl~~c]s'lJWlU'nf)lUllf)'.i ~~'IJ11~U\l::"n)lI'H)'IJ 'IJ 1~1UU{]mU1 'm~'.i 'If'IJ Ut11'IJ 1111 ~t'l flt'l 

tl~ hl~~'il~1l1!fi~i'IJ1i::'ff1~'.iL'il'IJ !fi~H~'IJ 1flHff~1~ff111iJ~'Uf)~J1 (ltJ~ 2.2) 
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, ~ 

_Cilf' <v.qAt, 0 

2.6 1J'iI'ilfJ'fI"'Nt1flf)ftl'~VlUl 
QI.:JIl1:!' : Q "1Ij/'JI qd Q,I d ~ Q .Q <I

il'il'ilVVl1JN(I~~m'i~fI'lJl ~1i'lJ1V lflfl1V2 Vlq'tJ~f1~ ~91'ilt'i1 L'lJm'iUWI'VW(lt1J~m1J1J 

~'lJ1Jnijff'i::: (Free radical Polymerization) un: Flory's theory .'" 
2.6.1 8ft'lll11'Ufln'flfl'Wf)Q'~0imJ1J01!\tt1Dtn~ 

~[M] 
v 

.A 1 '4 Jd Q d 
l1J~ V fI111Jfl11 C]ft'Jj':j'iln'lJt'il(lV'Uv-:I'VW(ll1Jij'i (average kinetic chain length ofpolymer) 

!II '" .t[M] = f1111J1'U1J'U'lJ'Uij:j1J~'lJm1Jm 

[I] = fI111Jl,j'1J,j''lJ'Uij:jffl'i~1~1Jtlgmvl. .,. 
fllf1,rYim'Vn::'Uij~;r'lJ~t~lJ1CJf (initiation) 


, " 

fllrH'i1t'il'VI1:'Uij:j,j'lJmmfilCJf (propagation) 


. " " 
kd = fllf1':I'Yit'il'VI1::'lJij~;r'lJii'lJ"lfl1CJf (termination) 

'illflff1Jm'i ~91'ilm'i lnfl'VIijill1Jij{'U~:jtlgmfl1'V1ijill1J~h lC]fi''lJU1J1Jmm ~t1(I ~'lJ ~gti1J 
v JI <I Q ~ <IC:lQQ JI" I Cl d' d 

f1111J 1'U1J'lJ 'lJ 'lJ ~:j1J~'lJ tH1J ~ 'iUa::tl1n l'i1Jt1 tl mVl t1191~:jm 'i f1111Jfl11'lJ ~:jfflvlC]f'VI Vat1J ~'i1I1fl fl 

'JI 'l Y. 'JI 'JI .t '" 'JI 'JI 'JI ... ..;. _I "'...'" 'JI.A 'JI .. 
fl~.;j L'Jjfl111J1'lJ1J'lJ'lJ'lJ~:j1l~'lJ mll~'illlfl Ufl t'Jj'f111111'lJ1J'lJ'lJ'lJ~:jff1'i'i1'i1l1Jtlmfl1'lJVV 1'lJ ij.;j 'illflt11l1 

ffl'i~1~1It1amfl1111fl ''lJ'i::1J1J ffl'i~I~lIt1gmel1'i1::';,t1amfl1ti'lJl~:jlf1f1lrJU inactive radical ~:j'l''h 
'JI,. 'JI. ~'JI ....t .!lH actlve radical 'U'i::1J1J(lflU~V(I:jVll''H lfl'VIVallltJ'ifflV lC]ftf'lJ 

2.6.2 Flory's theory 

v.rv • 

. 
veN0 = fI1111'H'lJ1UthJ'lJtJ:jtfl'il<!ftJlI'lJ11:j 
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V JQ d I • 
2.7 f)~t),;j'il~nnf'l'Ut)'~f)\'llt)'UU1111tJt),;jml\'l (Scanning Electron Microscopy: SEM) 

91 a'Q c:I 1 IjJ Q 0' Q,f ~ ~ 
f)€l fl-!J lj}€l'YI '.i '.i fl'1I flmf)m flll U111J fffl-!Jf)',j 1~ i ')j' ill f11'.i ':atn 1~ '\1 €l fl'I'.I(U:::: '\ItHl'fli ~1'\1fl-!J. 

Q.I 0 " JQ. d ,
2.7.1 l1Df)fl11nHm'IHHf)Dt)~'iltln11f'1'Ut)Ulf)\'l18'UU1111tJ8{1f)11\'l 

f)w¥hnll '\Ifl~f)~fl~lj}€l'YI'j',jfl'"J01~f)~'.i flllll1J1J ffO,;jfl'j l~UfffN '11I nJ~ 2.3 1~m~1I. . ~ 

I 0 Q Q d .d 0 "d ~ Q d ~ ...~ G( jlQI t Q d ~1i(" 
'illf)Ul1€l,;jmt'U~flmf)~'H)Wlf~'YImU1V1f.1€l~Omf)(p\1flll'l'ft1lJt111 tl1f)1J'j~1J1J f)'fI1Iflmf)(P\10llVi t~•.. 
"1 f)U '111;; ~ fi wi! ~ lj}~ \l f) d,;j.Jl 'Wffll 11J'vHh "1 fl111I mi 11 O'~ f)~ 'H) 1I" ~ &-hu! 'fill i:Yl 11J1 111 

r~ff (condenser lens) d~t1Yhllff)~1I01~fl~'Jt1l1fl'flltJ1~1I,hO'~f)91'H)U mi,;jlj}lmfu~101~f)mOli 
lj):l:\l fltli'1J'J~fl:l: hhiffl~m'flll ffif)~l(P\Q (objective lens) 'fI,;j itl11l1 Fh~1mh~ '\1~,;jlj)1f)~1 
""d '" I 0'1"""",,<1 "" "" .1 ~ 
flt'flf)~'Jflll\lflf)',j1'fIM1J1I~1fl[Jl,;jlj):l:Vll mtf1~flL€lf)~'Jflll'VJ91[J~1I (secondary electron) '\Ill C]f,;j .. 
fftytylW lj} lflOl~fl~'iOll'VJ~[J~iJUlj}:::\lfl,jllYlf) !m:::utl€l,;j,tll~lI fftytylW Vl H Ot~ fl'fI'J OU mfu'fI:l: \l fl 

111itlff~l,;jl~lIml'f1JlI"o1Vl'Jl1f1'"JVlioitl 
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..""Q.I dd if 
2.8 -11'U1ilfJfI&fUl1"8~ 

'1 ,,'!! .cI ~ tI tI Q tI :QI Q,I 

Fatang et al. (2006) L~nm:nm'H\WHJ1JUa~'VH~'iI1J16mHl'hltu'IJ6~VHHH1J61~~CJj'UU11Jln 

" 'il1mt11~1Jn 1~fl'il~Yilm'jt~~fl1J'VHlilLlJfll~~cH'l.Jlh1J1mh1Jtl5nlll1 copolymerization 'illn free 

radicaI1~flnl'm'jlvJ~ Sodium acrylate (SA) a.:j'lJ1Ju11.:j~n~.:ji.~ potassium persulfate (KPS) t1~'U 
ffllltt1Jtta~ N'N-methylene bis acrylamide (MBA) tfl'Uffl'H~61J'lJdl.:j l~fl;)~Yilml~'jd;)fffl'lJ 

. ." 
ff.fl1d~ lim 1J 1~ ff1J 't'U m'jt~~ fl1J'W fl i111Jfll liri.:j Ha ~flOl'j~~cMmllflfl tl~1J1tu 'lJfl':jUil~1Jn tll1J1tu 

'lJfl~ acrylic acid (AA) tll1J1W'llfl.:j~blLtlJ tl~1J1W'lIfl.:jffl'jt~fl1J'lIdl.:j f1dl1Jt~'Unal.:j'IJfl.:jlJfl'Ufl 

t1Jfll ua~~w 'I1lJiJ'Ufl~U ~n~ fl1 ;)lnHaOl'j'Yl~ a fl~'W'lJ ':hff.fl1d~ ~m1Jl ~ff1J~ flm'j'Yl~a fl.:jii fl 't~ 

uil.:j1Jn 3 nllJ %AA 30.0 nl1J ~dlLt1J 0.150 nl1J ffl'H~fl1J'Udl.:j 0.025 nl1J f1dl1Jt~'Una1~'Ufl~ 
. " " 

lJfl'Um1Jfll 85% Ua~flW'l1flij'IJfl.:jUflmrJ1iifl 60 °C '~'Wfli1L1Jfllli~~cHm.'.h1Jl'i'l''Yl~~~ 750 n1'1JI 
q IU 'kI 'U ~4 

" . 
n1'1J ua~~~cHmhtl'j~tlllifltu'l1flij,rfl~i~ 279 n1'lIIn1'1J lflflntl'j~if'Yl~m'Wm'jml~~~~ 67%.. . .. 
'illm!'U i~ffn'hl1'11~vh ni'U~dfl1'YlflUfl FT-IR Ua~ffmn'll'U lf1'IJfl.:jfl'4mflua~tin'hlw~l'Wl'U 'lIfl~ 

'" "51 "" ..6 J''1 51 d ,
'VwaL1Jfl'j~1fl1'Ylfl'UfI Scanning Electron Micrograph (SEM ) GJI~;)lnHa')f L'I1m'U11 sodium acrylate 

'iI~n'.nvJ~'lJ1J polysaccharide 'lJfl~uil.:j1Jn 
, Ydl ... "..."...." y.el • .1 "51

Prasad et at. (2006) ~ft'n'hllm'jff~tfl'jl~'I1Ua~'Wl);'iI'Umnan'l:lW'IJfl.:J1'U'YlQnn'.nn~~1fl 

polyvinylpyrrolidone (PVP) ua~ k-Carrageenan ~QnmlvJ~~1fJ PVP t~mlllJlff~H hydrogel 

1~fl1~1J'illnOl'm'nvJ~1'Uua~ k-Carrageenan ~dfJ PVP 't1Jffl'ja:a1fl~ pH tl'j:1Jltu 7 tl6nlf11'i1~ 

tn~'iJlnmmNl.:Jff'1JlmnvJ~n'f1dltt1J~a~alfl1rl'~iifl potassium persulfate lrlmh'Wfli111Jfll~~ 
4 -: 0 ~ tI W' tI 9J .::! Y 91 ~ 
GJI1J'U l1J1n1J1'Y11Oll'W l);'iI'Ulfln an'hl W'Yll.:J 1fI 'j.:j ff'jl.:J ua ~f1dl1Jlfftlfl'j 'Y11.:jfl11lJ 'j fl'U ~dm 'Ylfl'UfI FT

\3 • • i I 'I •.1.elA

IR, C-NMR ua~ thermogravlmetnc ~fJlJ'jlntlUtl'lJ'lJfl.:J IR UtllJ L'I11J'IJ'U'Yl 1661, 1465 ua~ 1425 

em· 
l Hfffl~i,rtlfldl PVP U'Yl'H1vdiu lf1Htfh:''lJtH polysaccharide 'illmfuYilOllffn'hll~dfJ 
~ 1 ~ 4 crt .t:::\ QI t:I~ J.dt d QI 

mfl'UfI Powder X-ray Diffraction 'WlJdl!n~IHafl LUf-Ia~.fltuCVH'WlJlJ1n'IJ'Ul1Jm'Ylfl'lJnlJ 

polysaccharide ~hj\lnmlvJ~'Ufln;)lniffJ.:j'W'lJ';h1'Uua~ k-Carrageenan 'iI:mlvJ~1~'t'U'j:~'lJ~l);~ 
~ ~y ~ • ~y

f1fl agar-graft-PVP t~1J1ntl~ 62.5E% ua~ 125G% ff1'U k-Carrageenan- graft-PVP !~ 65.5E% 

J' "" " dl: '" ~ :~y .1 51 eI 
ua: 131G% 'Uflmnn'U 'Wflal1Jfll~flGJl1J'Ul1J1ntl.:JUff~.:jfldl1J~ 't 'UOll fl~'Ul !~t.l.:j'IJ'UU1Jl;)a~~1J 

d .el 51 • .eli 'el ••1" a 111.1'1 Y I 1 " 51 dA

f1111JU'U~UH'Yl'Ut)fln11 polysaccharide 'Yl 1J1Jmlnnn~ffl1J1'j(I'Ul Lu L')fU'j~ fl'lf'U'Yll~~l'U')fdn')f 

fnff~l 't'U1ft'dm'j1Jtifmgt) 'Yll.:Jm'jlO'hl~'j~L~fJdtimidv~Jl m.:J'iJa'ih1'Ylfl1 m~~l'Ufl11Jt)mnnif• 

fJ.:j ffl1JlltlU 1'Wfli1L1Jfll~fl~1JJ11Jln'tl't~U'Yl'U collagen ''U ff~fl~ 


" Pourjavadi, Sadeghi ua~ Hosseinzadeh (2004) i~ffn'hll'V'1q~n'j'j1JOl'jlJd1JUl f1111J 

, ~. ~ , .?I .el ••1 "51 
dfl.:J n\Plfl!namta:mfl111JtlJ'Un'jfH'lJff'Ufl~ carrageenan 'YlQnmll1~~dfJ polymethacrylamide 

t~'U'V'Ifli1t1Jfll~~~1JJ11J1n~~~GjflJJllJ1n l~fJfltu:~1~fJ '~Ul kappa-carrageenan (kC) 1J1 

AI'" .1 "" 4 iI ~ '" " dl: "ilJ'j 1JlJ1.:J'YlHLfl1Jt'Wt)'iJ~ffll.:jtlJ'U'Wflat1Jt)'j~~CJj'1J'UllJ1n L~flm'j graft copolymerization 'lJt).:J 
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. .J 1v
methacrylamide (MAM) ~~'U'U substrate 1'Wfn'Um~'lJ1'Uf11~ alkaline hydrolysis tJf-3 ''If 

ammonium persulfate (APS) 1~'U free-radical u~::i~ N'N-methylene bisacrylamide (MBA) til'U 
• JI , IJI iI 

tYl'H~mJ'U11'l ~lnU'Uflml1iJ~~v~H1 Viih·m~tlnn~~i'lJ'lJl'UB'l'V'iBIlu,ml~~c)flJ'lJnnnvt'lJ11 . .. .. 
tYfI11:Vil11lJ1::tYlJ~ Bnn~~i'lJ'IJ l'U B'l'V'iBIl1lJB1~~c)flJ'IJ llJlnU~~n1'j n 'jl~,fflB i ~t1'ilJ1W 'II B'l 

~ ~. 

y y , 
MBA 0.005 moUI, MAM 0.52 molll, APS 0.027 moUI, f111lJt'UlJ'U'U'UB~ NaOH 1.5 N, 11~1 'Uf11'j 

-ihllBtl1Vl 90 'U1ViH~~~rulliJi1i'Uf11nl111BmVlflB 85 °C ~'l'V'i'lJ11lJ't.JtYllJl'H.. ~~i'lJJ-I'~il~ .. .. 
435 nllJInllJ i'U n l'HU 1~tYB'lJfl11lJ ~'UB'lf11'j'lJ1lJ'lJl'UB·rn BIl1lJ B 1 ~~c)fmh lJ1n ~~vhnn 

91 1I ! "JI, 

~ 'j1~ tYB'IJ 111'1 V'lJ1ViV'lJ 'j ~1111'lf11'j'lJ 1lJ'IJ 11'U'IJ lntl'UU~:f11~ 'lJ 1lJ'IJ11'U'IJ 11 nSBViu~n~l~ fl'U A. 

Pourjavadi U~~f1W~ 'V'i'lJ ';i1m'j'IJ1mlli uJln~u~~:tn~'~1~1n11m'j 'lJ1lJJli uJl1f1i1mdB'l'illfl 

QI I ':,;. 4~ J 
B~'jltY1'U'UB'lm'j'lJ1lJU1~:~~~'lllJB ionic strength 'UB'ltYl'j~:mmn~B1'V'ilJlJ1n'U'U . .. 

Athawale U~~ Lele (2000a) flfl'!nil~~vViih·,j~~Bm'j~~i'lJ'lJl'UB'l starch-g-(acrylic 

acid-co-acrylamide) vh'~l~tJml~~ acrylamide Utl~acrylic acid1.fil '1I'uull'l.fil11'V'i~ tYl'j'il~lJ 
_I ... ·""'" "" 1 "" '" ""'1$1"", .,j "" uijmfJlf1B UBlJ lJ!'UfJ tU1~'j~ lJB'UB1lJBnl 'lfflB acrylamide U~:acrylic acid tYl'H"lfBlJ'U11~f1B 

N,N'-methylene bisacrylamide tYfI11~~~~r.(~flB 1I1lJ1ruull'l.fil11'V'ifl 2.0 nllJ ~WlliJij~vh1-H' 

l~t.H~tl 95 °C n~1~vh1-H'ln~!~tl 60 ulVi acrylamide 1.0 nllJ acrylic acid 4.0 nllJ lC)fB1n 

mmllJ1UV '\.JL~'j~ (CAN) 0.008 llJtl/Ilfl'j tYl'j~1~mJ'U11'l N,N'-methylene bisacrylamide 1% .. . 
U~~ 1~1'lJtY NaOH 'V'itlIlllJBlu-H''l~fli'IJUl'~~~Vi'l~ 510 ni'lJ/ni'lJ . .. 

Wu et al. (2003)'~flfl'hllH~'Utl~11~ hydrophilic Vil~U"'1~~i'lJ'lJllJ1nl~fJm'jml~,f 

~1tJlIBn1fJl'V'iBil1lJB hlC)fiu'j~11':iH acrylamide Uil'llJ'url~'l1m:::H~ kaolinite mnl'Hml~..1 

Superabsorbent(starch-graft-acrylamidelkaolinite) l~fJ'-N uil'llJ''Url~'l 3 fli'lJ tYn11~lJlIfin'ifJlflB 
.. .. 

eerie ammonium nitrate 5 ni'lJ ua::: kaolinite 0.2 mol 'illfll1UVl~tYtl'lJf11'jfl~cM'lJih lflV'lJ1H'l 
~ 

JI , I t JI 

Superabsorbent Composite O.1g tl~mfJ1U'IJlfltlU 1000 mL l~unm~htY~ 8 %11lJ'l 'illflUUmtl'l • 
1jJc:,: d a;:vill QI

U~1"lf'lUl11Ufl Htl'Utl'lf11'j'j1lJflU'Utl'l -CONH2, -COONa U~~ -COOH C)f'ltYllJ1HI~flC)f'lJU1'fl. . .. 
;in11'11~ hydrophilic l;iv11 ViljfJWtYlJU~1i1U~1~~cM'lJ'lJ1B~m;'1lj~~'jl'UB'lm'jHtYlJflB 8:6:3 (

CONH2• -COONa 1m::: -COOH ) 

",)1<11 • .1" )I 111-11 "'.. }t '" Gao et al. (1998) t~ffn'hllm'jmlf'1~ acrylonitrile 1'Ul tu 'UB'4'V'iU1:i'UB'lUlJ'l 3 ''If'U~ 

14$1· <t V;}!
tflUn carboxymethyl starch, hypochlorous acid starch, aldehyde starch 'j1lJfHfl11lJl'UlJ'IJ'U'Utl'l 

tYn 1 l~lJlIBn1fJl 1I1lJ1ru acrylonitrile 111m rut! 1l'l u~:::~1d -all Bn~fJl~n Htl~tlfl1'jm 1~~1 f1'V'iBil 

llJBl tY1'j11~lJlIBn'ifJlflB potassium permanganate ~~'V'i'lJ11Um;'lfh1Ufl'Utl'lull'lU~~BU.yrt..J1r'UB~
• 

Uil~.fi111 'V'i fl f111lJ1oU'lJoU'U'U tl~ tYn'i1~lJlIfin'ifJlt!~~ ~ru l1lJi1'UB'l m 'j 1n~lIBn'iVl nH~ ~Bfl1'j 
m 1~,f1 f1'V'i Bil1lJ B 1 tYl 'j 'i1~lJlI Bn'ifJl potassium permanganate l.1'1lJ1'j f:\ 1~uVl'UtnS B Ce 4+ 

A Q • 
l'Utl~'illflmlmf:\flml.. 
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. 
lIt1t1"" 3 

.A «I 
lfl'H)..'llJ8 

d'j/ 

tl'\18 
•'J'U 
q 

FT-IR spectroscopy Perkin-Elmer Spectrum RX.I 

Scanning Electron Microscopy (SEM) JEOL JSM5410LV . .
4 Q.f ~ 0. , 

lfl'J8..'l'jf..'l'nf\''UtllJ 4 \9I1U'\1'U..'l HR-200 A&DCOMPANY 

3.2 tfl1Iflilihi1.Un11t1f1QfH 

(1111H~ 3.2 ffl'ilfl)j~Hf1.'Uf11'J'nfl(ltl\l 
.,. 

ffl'J1TllJ ff\9l'J lflHff!1{I.. ....... 
lIHm 

Sodium hydroxide anhydrous pellets NaOH CARLO ERBA Reagent 

N ,N'-methy l-ene-bis-acryl-amide C7H ION20 2 SIGMA Reagent 

Diammonium peroxodisulphate (NH4)2SPS CARLO ERBA Reagent 

Acrylic acid C3HP2 ACROS ORGANICS 

II JI II , 

f1'J8\1ml'U18t1mnm-Wtl 'i1Td1'Ul-W8<fhn'Ul~tllJl111f11'J'nt;1tl8..'l 

o 4 " QJ "V d ~: ..;v
'Ul1Tl'J8'\11J1'Utltl I f1'JlJ 1If1 t'\1tl~lVtlfl t\9llJ'Ul 5 mL f1'JtI\lf11mfl'.itl'\1lJl'l·HJtltltlmnm~tl 

'j/ 'j/ d d , '_10
fI'dl'JYfl't111111\1!fl'Ul~tl'nYfl'U8t101J1 1l'nlf11'J 'nfl tl8\! 

lfiIVl~tI'lI~ln{j~ 
• II 

i,mi1..'l 5 01lJ (l:::tlltl'i11 50 mL i'l1'fl11lJftl'U 80°c tn'Unm 10 'Ul'Vi 



-------------------------

13 

cv tI Q tI I ~ ~Cl ~ 

f11'Hl·ml'n::::11'VUHUlltl'n111 (co-polymerization) 'lltl.:l .... tlClV:rH:I'HlLV9f" (poly(acrylic 

acid» 'U'W lfl1\1fff1\1L~Cl'llV\I""V~t1l61tinll'Jf1~1"mhtlilm[J1'J:wh.:l""v~tllVlti'.i'.ill'lf1~ n'Uff11 
, j,I, t 

lLllltlilmtl1Utllll111iitlllltlvlim'rl91 (ammonium persulfate) hnl1n"'W 5 iJCl~~911 ,htlilfilm 

i " ".J ""_I d" ~i 'Wl1Cl691'11"Cl6.:1 l1fl1l11HI'W'VI~W"'UJll1J1:ll1W 70 V\lffW1fClL9ftlff....1611n1'W (stir) l1J'Wnm 15 
" ., 

'W111 L-n6lh i ,rLfi,,'rl~m~tiCll111~L~"l6n~Cl (hydroxyl group) 'lltl\l .... 6~L1l6ltinll'lfl~ 'illnl1'W 

191~[Jllffl1Cl:Cl1fJF·mm: ..f'h.:lff1'JL~611'll11.:1 N,N'-methylene bisacrylamide (MBA) i'W6:fl~lnm 
~"1l6'W6t1l6{ (acrylic acid monomer; AA) 5 iJCl~~9111vtm~Vll'll1l.:ll:1111.:1ffll.l lGJi'll6'l .... v~ 

6~fll~mV~fl (poly(acry1ic acid) ~~L~L'ilCl~ih,nl!W~lrt'W~6'W lh1~Cl~'~Ltltl'W~1mfl~V.:Itl'W 
• , I jI t ", 

NCl 'lYll~Wl1fJiJ,rV.:I1rt'WnCl1 1 'W1ll L~mi111~'Wllfh,,rn'UnICl 'illnl1'WlhL'ilClll ,~.yhtlilfill.l1n'U 

ff11Cl:Cl1tll9fl~l.Ill'~"l6nL9f~ (NaOH) tlllll91l 100 iJCl~~91l Lvtvi,rlm.:lfffHl~Cl~L~ijtll::::~ 
'VI 1\I 1vJvh~.:I .... f611'il~~'ltJ"tl1:t~'U1mLCl::Cl'U'll6'l imClflClJ1 'Ill 1 tli,rfl1111f6'W~ flWl1 fJiltll::::lllW 

II , : JI tI , 

70 6\1ff1L9fCl1;l.Iff Lrt'Wl1Cll 15 'W1ll u11tl~l\1lhl.lU1n"'W 3 fli''l fli''lCl~ 100 iJClflfl91lL-n6~HLmi~ 
"" ,( ,fJJ ~ "', t <C\Q '"11l .... 6cU1l61 (homopolymer) V6n'il:::: fl .... 6ClL1l6'j'j111 (eo-polymerization) 'il1n'W'W'Wl.... 6ClL1l6l 

, .JlI}"I'L1oi" "" ".J "" "" ~ ':'1 Ai" "i"nll'VIl" l1J'YI1 l1Ul1\1"1l.1tJV'U'VIflWl1fJll 70 6.:1ff119fm9fl.lff l'U'Wl1Cl1 24 'lf1 11\1 L.... V l1L'ilCl .... 1Vll 'Jf ., ., 
.:I1'W i'W f111tJ flci'UU1111Vfl1l11;'/'W 

3.4 fl1~lYt Water absorbency (QmJ 

tI I JI " 

2. 'U111~1l.1U1n"'W 100 mL ~'lil'lH 
, II I tI , I 

3. i'.:IUll1l1n....VflL1l61l1tj"iMllU1ll11Cl1 1, 3, UCl~ 24 i'11m 

., . ., 
5. U1l1\lntJ"i'U (QH2o) 'llV'l.... 6f1LllVl tJ"U1fflll1'Jf:1fll'W1W L~t1'J'W ~1'W1'W 

., ., .. 
ni'1l'llV.:IU1~6U111l1 mrt'W n i'1l'll6.:1....Vfl1ll61tj"U1 1 ni'll ~1[Jffllf11l 

.. . 
tllll1WU1l1f:1n""ciu.. .. ffi 2 -ffi) 

ffi) 

I <J1 "tI 
• 0 QI Q tI 0 I 0 

1116 m 1 = 'W111'Wn'llV\I....6ClLllV1tJ"'W1nV'WtJfl'W1 .. ..., 
o Q,I Q '" 0 QI 0 ~ 

~ = 'W1l1'Wf1'llV\I....6Cl111Vltjfl'W111".:Jtj"'W1UCl1 



14 

. .. 

04 .<if '" ""'''''' , 11'3.5 m1Rfl1:l1lJ99U'f1'i1NilgJtlfll'f,l'il'Ul 

I 'JI , , 

fl11fffl1:nij tg ~fJ'i1nf;~~ UflU ~lJll1t'Vh.n11 ffm1~fl1'jVl~iHI~ii ~~Y11'~~tlfttlJ tlf~1lJ 

0"1j1 '" "1j1..' .
(copolymer) ff1lJ1<Hltl~'U1 !~lJ1flVltl~ !~Ufl 

I 't'f
• I"" "I jI "" '" "i !!'I '" <!t , jI ,.., "I i jI. I'" "I

-lJ1lJ1W'Utl'lW'lI'VlU'Ul'W 0.1-2 mlJ !~f.lf111JfJlJlJ~,\HJtl'i.! lHVllfl'U UJtl ~lJ'J.lllW~'lI' 
, t 'JI , • , iJ • 

VItl~n'i.!ii'~tJllJ1Wfl11 tl~tiuu llJ 1flii~~ ~'nl1tJllJ lW'Utl'ln'll'VItl'ln'i.!ii '~ijlllY1ltJfinlfJ1tiltl 

ffmnij~~ml~ ill 

-f11llJt,rlJ.,j''U'Utl'lffl'ilt~lJllfimfJ1 7.40xl0'
3 
M - 0.15 M 1~Uf111JfJlJij"~U~'i.!1~tl'hfi'i.! 

, I I iJ I 

lritl '~f11llJt.,j'lJ'l1'U'Utl'l ff111 tllJll finlUliil~1l1lJlW flU tl~ti1Jihlllflii~~ ~'1'll1f111lJ t'l1lJ'l1'U'U tl'l 
I f 'JI I 

ff1'Jl tllJllfimUlii i~ijlJTthtlfinlUltWtlffmnij~~Ut:1~ i tJ 

"" '" .,. 'i !!'I "'ijld' "''''ljl,,,,
-~W'1fJlJ'Ufl'lfl1'Jff'ltm1~11 60-100 fl'lfl1!9HltC}fUff !~Uf111JfJlJlJ~"Utl'U 11tVl1fl'i.! llJtl ~ 

I ", 1 I 

flW 11 flij'U fl'lfl11ff'l 1f1 'J1~ ,.fii'1,r1l1lJ1ruflU~flti'IJ'thlllflii ff~ ~'1'lllflW11 flij'U fl'lfl1'i ff'ltm1~,.fii
" IV <u q II: 'U

" .
'~illJ1Y111lfimUlliltlffmnij~')Ut:1~ , 11 

" . . 
-!1~11 'i.!fl11Y11tJ{jm Ul'Ufl~'li'i.!111lJ tJ{jfilUl 5-30 'i.!lii lf1 Ufl11JfJllij",)uV'i.!1,rl'Vhfi'i.! 

, jI, f " , 

trifl i ~t1~1 i'U fl11Y111l {jmUl'Ufl'l 'li'U111lJ tJfi m mii',r1l1lJ1Wfl1'i tl~ti'IJ'llllJ1flii~~~'1'llln~11 'i.! 
'JI 'JI ,I • 

fl11Y111lfinlUl'Ufl'l'li'UltllJll{jmUl~i~illl1Y111l{jmUltwflffmnij"')Ut:1~ '11 
jljI d' "i !!'I",A,jl'OI A"1j1

-fl1llJl'UlJ'U'U'Utl'llJfl'i.!fltllfl'i 40-100% (v/v) !flUfl1'IJfJlJlJ~"Ufl'U VilVl1fl'U llJfl lflfl1llJ 

" " cidG} ".. IQ Q.I:.d II!! 0 " " tfd'1 ",1l'UlJ'U'i.! 'U fl'llJ fl'U fltll fl'JVl ! l1lJ'illlWfl1 'Jtl~C}f1J'U l111flVl tl~ "'1'U1f111111'UlJ 'U 'U'U tNlJfl 'i.! fltlJfl'JVl I~ 'i.! 

lllvh11 {jmUl1v7flffmnij" ')Ut:1~ i 11 

-f11llJt'l1lJ'l1'i.!'Ufl'l N,N-methylenebisacrylamide (MBA) 7.4Oxl0·
3 

M 0.15 M l~u 
., , 'j/ • 

f111JfJlJijtg,)U6'i.! '~l'Vhfi'i.! ,rifl i~fl11lJ!.,j'lJ.,j''i.!'Utl'l MBA iii,r1l1111Wfl1'itl~cif'lJ'tl1lJ1flii~~ ~'1'll1 . " .jIjI ... llJjI", •• 1"""""" ... ~ !!1"'<v"1.1f1'111U'UlJ'UU'U6'1 MBA 'YI !~UlJ1'Y11u{)mV1tl'Wf1fl1l1u~llUtlfllU 

" .. 
-n~l ''Ufl1nhllBmUl'Ufl'l'li'i.!fl1'JUHltJi 5-30 'Ul~ 1~Uf111JfJlJij~')U6'U,,rl,t-hfimrifl'~ 

'JI, 'JI • 

nM''Ufl1'JY1lll finlU1'Ufl~'li'i.lf11'J UHltJiii '1,r tJllJ lW fl1 'Jtl~cif1J'lll111flii tlfl ~'1Uln~ 1'1'i.! fl1'JY11 
'JI f 'JI I 

llfimUl'U fl~'li'i.! fl11UHltJiii '~ijlllY111lfimmlWflfffl'l:nij ~ ,)uti~ , tJ 

jIjI 'i !!'I ",A,jI,,,, Aijl jljI
-fl11lJ!'UlJ'U'i.!'Utl~ NaOH 0.1-2 M !~Uf111JfJlJlJ"'Wfl'i.! 11tVllfl'i.! !lJfl ~f11111t'Ull'U'i.!'Utl~ 

NaOH ~, ,r1l1lJ1W fl1'J tl~ti'lJ'tillJ1fl~tl~ ~'1'll1f11l11t,rll'l1'U'Ufl'l NaOH ~i~iflJ1Y1llliimmlv7fl 
ffflll1ij~,)Ui1~'ll 

" . 
-nml'Ufl1nhlliifi~m'Ufl'l'li'i.!vhllBn~mn'IJ NaOH 5-30 'Ulii 1~Uf111JfJlJiJ,,')u6'Ul,r 

1 iI I 'JI 

rrhfi'i.! trifl '~11~1' 'i.! fl1'Jvhll{jn~Ul'Ufl'l'li'i.!Y1ltJ{jn~mfi'IJ NaOH ii'~1l~lllWfl11tl~ti1J'll1111fl 
, 'JI • " t 

iitl~ ~'1'lllnm''Ufl11Y111lfimU1'Ufl'l'li'UY1lll{jmtnfi1J NaOH ii'~ijlJ1Y1lll{jfi~UltWflfffl1l1ij".iju 

i1~'1l 



15 0Vl~, 1V4b40 
"" • 'I' v ... o. v 'I' "IV

3.6 f1ln&fl11~'H'Hl&ft"Hft'1H'U0~'ft0t1A1J81n1J (copolymer) ill£l Infrared spectroscopy &il£l&'If 

... 
&lIf1Uft KBr pellet 

.4 J ~ A~'J,I. • 
3.7 f1l111fl11~'Ht.lWft'1J1I\t1'U0~'ftUFfJill£1 Scannmg Electron Microscopy 

f , " , 

l-rimill fl'lHl1U'U ~flllW~~t)-:ll 'Vl1lJ ~ tN'Vl fJUnJ fJfj 111Vi~itimllL~lf1 flVi tlitti'U'Vl fJUlllV f 
til, )1 1 

j111Vi~itimhL~-UfJfll1tlit 1~Vflfl1l11f1H'ffrl~~"mfl-rilJib~0'HY11~'l'U£h~l1nl~~'lJV1V1;l~ ~1V 
4: ric:.. d , • ~ 

lfl1fJ'i~"'Vl11fflJ0mfl~H)lJU'U'U'ffV~flnit (Scannmg Electron MIcroscopy: SEM) JSM 5410 LV 

ilJ JEOL litui<itffflfflvHh 15 kV n,,::i<itlfl~0~~11'i11itU'U'U61~fl~1fJlJm::I~~lt'ff~fl~'U (Back-

scattered electron detector) 

, "" , 
f1'l1l~1fJU1~ 

" . , 
ufli'1vWMlJl11iUlIflfllllilVi 5 mflf111flflllll1 2 i1f111flfl1l1 2553 ~llJ1lJ 44 fllJ 

. " 
til10f1l it,,::Ufll~UlJ nl '11 i'1J1.j~jj~f111110~f111 ff~ Ifl1l::l1'Vl0 UIII0 f ~ itClfUUllllfl 'ill fl'l1l1 1fl 

Q o;J 

f111lf1'U 11'U1111'U0\1" 
. " 

Um~UlJ ~0'lJihmll i uti l1 mJ~~fll1110-:j'Vl fJUlllVf~itcJ1l1illlf1fl m'l::flli ~fI~UlJU i uu9i 
"" 1'" "'I" '" .:"::'Vlf1'1:1~ ~VlIlf1Wcrlf111l'11f1~UlJUit-:j~11l'i'Vl 3.3 

J?V2 
,-!£\ 31 

~"CL 

Tuk
Rectangle

Tuk
Oval

Tuk
Rectangle
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1fi1m.h~'U: 1fi1U1h~ttl~fJlJ h1 
1fi1Ulh~llJ: 1fi1Utl'.i~1~w:.mlJl~lflIfi1mh~'U 
1fi1U1hfl1'UfllJ: 1fi1Utl'.i~fl{j~ 

..... iSiAI '" "'''lSi' SIfl1 '.i L{lf)fl 'lft;jlJ fl'.i ru fl1 '.i 1 'PI L~Hml{j \! fl ~ tl {j U"~ 

1'HlJl~fflJil'U1~Qtl'.i~ff{jvlU,,~tljlJl~'.i'tl tl{jffl'.i ~ ~~ 
~1{j 

..... iSiAI ... "'''lSi'1. flU nUlfl 'lft;jlJ fl'.i ru fl1 '.i 1 ~ L'PI tltn{j l'HlJ 1~ fflJ 

2. fl1'.it~tlfli ~ffl'.i lfliJi,rfftl'PIfl~tNil'Ufl1'.i 
" " ff{jlfl'.il~..rffl'.i iWU'UfltllJir'U "l 

. 
Q,I QI o.d!l IIJ} SI A.I SI d. iSl"llil'

Vlfl'l:! ~ fl1 '.i ~ 'PI VllU"~ ff'eJfl11lJ 'H lJ lU'tI 'eJ lJ" fll'~ff'.il{jfl·nn~lfl'tltllJ"Vlfl1'HlJ'PI 'H L'PItlUl{j.. 
\!fl~'eJ{j 

VI'" fl 'l:! ~fl1 '.i YWl fl'.i ru '" 
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.d 
'U1111 4 

IV A, Q..I t1 
4.1 ~fl'tHl!~'lJ6~~Hl~ilWon 

4.1.11f1'l~tffNl1l~flUJill'W (Physical structure) 

ltJ~ 4.1 lfl'j'n,.h~Yll'lmVml'j (Physical structure) (AI) H~'lih..j-ffl'U~l1~'l (A2) lWtJi\UJtl{~'-.nJ 
I ~ Q d. QI : 

f1tl'W~l1'Wl (A3) Yltl[lll.Hl'JnlJl1[l'l~l1'Wl (Cassava starch-g-poly(acrylic acid)) (B 1) l1lJlf1'11tl'l 

.<:::::t. ell 1 : Q tI, Q.I : 

(B2) l'Jtl[lllJm'JdlJf1tl'W~l1'Wl (B3) l'Jtl[lllJtl'J'JdlJl1[l'l~l1'Wl (Malva nut-g- poly(acrylic acid)) (Cl) 

.tI 91 .::::::. ti" : .c::::. cI I Q.I : 

Imtll1lJl'WtlCJ (C2) Yltl[l!lJtJ'j'JdlJf1tl'W~l1'Wl (C3) l'Jtl[lllJtl'j'jdlJl1[l'l~l1'Wl (Krueo Ma Noy-g

poly(acrylic acid)) 

, '" '" "'''' '" "l ~ d '" <O'd "I d
'JdlJf1m~tl[ltl~flHlf1ltJ9il1 (Cassava starch-g-poly(acrylic acid)) 'II~ ll1llJl1l'JtlClllJtl'J""'Uld ('ilJYl 

, " , 
4.1A2) !'II[lYil~'IIlf1m'J'Udmhll'WI'll[l~'Uld1"" ('JtJYi 4.1A3) 

'" 

http:lWtJi\UJtl{~'-.nJ
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l,H'Illl1:1~!fl':i 1~'I1''VH1~!'JJtl{:iJ'JJn'lJ'VH1~ tJ~fl~~flWC]~ (Malva nut-g-poly(acrylic acid)) 'D~ '~l~Vl 
I I SI I 

~~\lUlru~~m~fJ,:j~~)'W OtJYi 4.IB2) 1~(1Yi'~\nnfl1':i'lJ1'JJ'l.hrh.JI\)(1i1'IJ111tr (1tJYi 4.IB3) 
'" 'U 

, 'jI I I 

lfl~fJ'I1111UfJeJ1"llflfl1':i '1.111 'lJ'lJfJ~1'i 'W lfl ~m'l 'JJ 1UfJl'Jlllf1'W~1l'J'W 1ml'W \)~,~ l \)(1 ii'1~ tn (~1l Vi 
o QI cI.<::). rI I QI ~c::)..t:::). C), 

4. ICI) 'W1'JJ1tr,:jlm1~'H'VH)(1I'JJfJ':i11'JJn'lJ'VHmtJ::;m(1mfJ9!~ (Krueo Ma Noy-g-poly(acrylic acid)) 
I I iJ , 

'il::; 1~1~ ~ ~ ~\l1iltu ~ ii' I'H ~fJ~ ~tJ'W ('j tJ Yi 4.1 C2) I'D (1 Vi Hi' 'ill n n1 'j'lJ 1'JJ'I.111 ~ 'WI 'il ~ ~'IJ 111 €\' (':i tJ Yi 
'U 'U 

4.1C3) 

4.1.21m'HJhrt1l.:jlflil (Chemical structure) 

OH 

Al 

BI ;-----O---P°~ 
~ H~2 
/'~o-f0 OH 

H~2 
OH 

l , , 0 '"''"'' ''[~'''''''' ' ,'" 
., O H I-IN) s*;

HO 
a, 

. 
H :-l~() 

° , 0 ').0 COO! COON '~ ' 
sO ., ~'-/" / 

11 - 1/1 Inf
HO 

H,co~11 ~()
6~O H HN 

> 

~ r-- --1OO~~:' ' 
H cooc rr·1II III 

, C2 
,;0 HO 

~'lH14.2 1m~tr~1~'Vl1~lfliJ (Chemical structure) (AI) 1fl'j~trr1~'lJfJ.:jl!iJ ,nj''W!;htJ::;ml,:j (A2) 

'1 !V '" 0'. '1 g.I

tflH€\'':i1.:jl~fJ~I'JJm':il'JJ (Cassava starch-g-poly(acrylic acid)) (BI) tm~€\'':i1~'lJfJ~'HlllmlfJ~ (B2) 

'1 !V '" 0'. '1 !V "" !V
!flH€\,'j1.:j~fJ(1I'JJm':il'JJ (Malva nut-g-poly(acrylic acid)) (CI) !m~tr':il.:j4Hl.:jlmfJ'l1'JJ1'WfJl'J (C2) 

lm.:j1;l~l.:j'VH)i'1!1JtJ{~J1J (Krueo Ma Noy-g-poly(acrylic acid)) 
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"f)'I:lW~1m ,nYh~'V1l'llf1lJ'Ut) ,mll'liJ'W ~htl~'I1"'l ull'l!lI'W lwi"\llJtJ{'UtJ'lf)~ 1m"~lJ'U'W l~ 
, " , 

llJl'flfJ"1'11 t1!lJ I:! 1'1 'j~1l-ufitJ (C6H1Ps\ l!ll'llJm,l1tJl1'Wil'W!lI'W anhydroglucose unit !~t)lJl9lt)n'U 

~1tJ~'W1i~ a-glycosidic linkage ~fI1{'lJtJ'Ul9lllmtl'l~ 1 'UtJ'l'l1tl1tJf)~ 1f1ffn'lJfl1f'lJtJ'Wl9ll!m,J'l~ 

4 'Ut)'l'l1,J "Wf)~ 1flff~tJ~tl~ ltJ (~tJ~ 4.2Al) lrltJ~1'Uf)'j~'lJ1'Wf11'jf)'jl'~1?i' (graft) ~1tJ poly(acrylic 

"",d -~"'i3l""'" "'?Iacid) ~~\1f) graft 1'1~'V1'11'1qJI hydroxyl 'UtJ'lHlJ'llJ'U m-ml'1flWCVI!lJ'W Cassava starch-g-poly(acrylic 

acid) ('jtJ~ 4.2A2).. 

, ' , 
ct I Q.I jJ ... Id ~ I

arabinose 'U'U'l'l11J1mHN !'lftJlJl'1af)'W~1eJ 1,3-glycosidic linkage (~lJ'V1 4.2Bl) llJtJm'Uf)'j~'lJl'Wf)1'j 

f)'jll'l19l' (graft) ~1eJ poly(acrylic acid) ~~\1f) graft ~~~'11~ hydroxyl 'UtJ'lull'llJ'W i,rH~I'1i1wcv1l~'U 

Malva nut-g-poly(acrylic acid) (~tJ~ 4.2B2) 

91~ Q .c!I IQl9I Q.I

'WtJtlfltJ ffl'jl'Wfll'1'W (pectin) l'lftJlJ<fltJf)'W~1tJ'W'W1i~ 1,4-g1ycosidic linkage 'UtJ'l galacturonic acid 

... 1":::: ~ , .. .I" v Q.d I 

(~lJ'V1 4.2Cl) llJtJm'Wf)'j~'lJ1'Uf)1'jf)nnl'1 (graft) ~1tJ poly(acrylic acid) 'il~\1f) graft 1'1~'V1'11'1qJ 

.~ '" 931 "" '" "'?I .1'"hydroxyl 'UV'lUlJ'llJ'W ~'I1Hftl'1flWCVlllJ'W Krueo Ma Noy-g- poly(acrylic acid) (~lJ'V14.2C2) 

,d 
V11".iN'YI 4.1 fffl11~f11'j'V1~fttJ'l'UtJ'l Malva nut-g-poly(acrylic acid), Krueo Ma Noy-g

, " , 
poly(acrylic acid) llft~ Cassava starch-g-poly(acrylic acid) Yi~~c15lJl'h1J1f)Yi-q~ 

tJ~1J1W Anunonium persulfate (g) 

3131 ' ()f11llJl'UlJ'U'W Acrylic aCid %VN 

tJ~lJ1W MBA (g) 

31 ~ 
f11llJl'UlJ'U'W NaOH (M) 

" . 
l1m'UV'l~'W~l~lJtJBn1 til (min) 

l1 m'U tJ'I ~'W vhtJ B n~ tlln'lJ l'lJ ff 

(min) 

irill1~ 

om 

0.01 

70 

50 

0.005 

IS 

15 

1.0 1.0 

0.05 0.01 

90 80 

50 60 

0.003 0.001 

3 

15 15 

15 15 

619.80 824.86 

Utl-llJ'W 

tYltJ~'t1~,:j 

0.1 

0 .1 

90 

50 

0.005 

15 

15 

592.19 
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nut-g-poly(acrylic acid), Krueo Ma Noy-g-poly(acrylic acid) Ull~ Cassava starch-g-poly(acrylic 

acid) l~'U 619.80 f)hJ/f)~lI, 824.86 f)~1IIf)~1I um: 592.19 f)~1IIf)~1I ~111~1~'IJ 

. . 
_______ 1~;~MU1UO~600 
(§:

(§:. 


,..,
" ,, t ",I .... " ..... _-

- -. - - II"1hJJurlltJ~Mli"~ 
,;:: sao ...... 11111n~6~

<;: 

'7 400";:' 
, ;;:: 


r.> 

~ bll 300,iG ~ r.> 

~ ~ ,?;' 
'~l" 200 

<haS 
." 
r.> 100
iF' 
<;: 
,~ 

:;:: a<hoS 
o 0.5 I 1.5 2 2.5

•
lhll-wm~fJ~tlJfJ{1inlJ'b'l9i (g) 

E~"thAtyl'Uf)1'jf) 'nw~ (graft) poly (acrylic acid) "t'l~'IJ'U~tl~llltl{1i'J'jll'lil~f1tlf)1'j~~l~ 

'l"l~ lr:i ~rl"t'l (free radical) \llf) f)1'j m~enih1~'Yltl fi III tl{1i 'j 'j lI'lil~U~ f)~'U 1i~lf) ~ tl'U 1I"t'l V"ff'j ~~ 
• 'U 

ltl'l111'Uf)1'jlf)~tJ~f)~1'J1~'I1~lB~'jtlf)ci"t'l (hydroxyl group, OH) "Litl'l~tl~llltl{1i'j'jll'lil~ ~WHl~ 

llltl{1i 'j 'j lI'lil~~l ~f1 tl 'I1111f) \l tJ ~ lfl ~ tl11111U tlI'JU"t'l~U il~ lJ"mhtJ ~'11 ~~ J:-I"t'l "Li tl~ tJ~lI1ru~ tl ~ III 

if ~ III d.:::t. I QJ Q.I : 

tl'j1i'j'jll'lil~ (0, 0.01 , 0.05 , 0.1, 0.5, 1.0,1.5 U"t'l~ 2.0 mll) 'VlllJ:-l"t'l~tltJ~'jlf)1'j~~9i'IJ'U1"Litl~ x-

Malva nut-g-poly(acryiic acid), x-Krueo Ma Noy-g-poly(acryiic acid) U"t'l ~ x-Cassava starch-g

poly(acrylic acid) U"ff~'lI'U~tJ~ 4.3 ~~-5~'jlf)1'j~~'l1iJJ1\l~l~1I~'U lrltll~lItJ~lI1ru"Litl~~tl~lll 
, ", 

tl{1i'j 'jll'lil~\l'Um~r1'll11'-5m If)1'j~~'l1'lJ'I11"ff'lrY~f1tl llJtlHtJ~lI1ru "Litl~u1J'l:iJ'U dltJ ~ l1~~ 0.1 f)~11
'U 'U .~ 

1~ 466 f)~lIIf)~lIlritll~tJ~lI1ru"Litl~lfl~tl'l1l11UtltJ I f)~111~ 472 f)~lI /f)~lIUll~lrltJl~tJ~lI1ru"Litl~ 

11111f)'\)tl'l I f)~111~ 401 f)~1IIf)~1I 
, " , 

dj tll ~tJ~lI1ru"Litl~~tl~llltl{1i'j 'j lI'lil~ 0 f)~11 ~iJ11-5~'j If)1'j ~~ 'l1iJt'hll1f)Yi1:Y~f1 tl 490 
'U • 
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persulfate) 'il~m~ EJ 1111'\ r1'VHlilllJB {'Ii) )lJ'b'l~ln~fllm~fl~ ':l!~'W vl~ It) ~fi''" (free radical) '\11 

JJ5mEJ1~mhJlJB'WmlJB{ In~fll)I~BlJmVl)::;'Hl1-1 2 {Y1EJ1ci'VHlilllJB{ ~1t1{y1)I;BlJ'lJ1H I~B'l,y 
" In~ 1m-1{y~1,dNll'H'il1flir'W mJm{tJElfle1f~mJB~lJB'WB!lJEl{ acrylic acid (-COOH) 'il~()fl

~ ~ 

?I - +09~:Y i1 Y&9
saponified IlJ'W carboxylate groups (COONa) m ~'H'ITllJ1)()~~'W11'IJ1lJ1 'W flH-rr)l~CJ!~ ~'U 

" " 
'l1'W ~ mJ'w carboxylate groups (COO-Na+) ll'" ~ HO-H+Ell 'ill nfl f11) ~ ~t1 ~ n'W lB ~ (Attractive 

Q./Cli dt9v~ ~ d' .::::!o 

electrostatic force) IW~f:-l'Clflfl'W (Electrostatic repulsion) IlJB ~'HJJ)lJ1ru'IJtl~'Wtl'ClllJEl)'Ii))lJ'b'l<n 
• v iI I I 

IVtlJ~'W (>0,1 fli'lJ U'Cl::; >1 fli'lJ) -eJ<n)1f11)~~~mJ1'il~'Cl~H'\.:Jli!B~'il1fliJJIVt1Jfl11mT'W~'lr1tltJ)~1J1J
~ 

IW ~ i JJ.,j ~ 'lJ11.:J fll) I'fI ~ tl'W ~ 'IJ tl-11lJl'Cl ~ 'Cl 'IJ tl.:J 'I'Hl illlJtl {'Ii)) lJ'b'l ~i 'W fll) 'vhJJ 5n1EJl tl1J vJ~ ll) ~fi'" 

l~lJJ{U (free radical initiator) (Rodrguez, Alvarez-Lorenzo and Concheiro (2003) 

700 

~ 
~ 600 

.. 
.)!: ,,,,-,,- - - ..... ~ .. .......... 

... "" ........ 

0.1 0. 15 0.2 0.25 0.3 

tlllJlru'IJV~ APS (g) 

;::,
'cr>c .. ...... lf1Jlfl~()~

500 .......
.,. .... 
~~ ... ....400,;;; ... " 

;::, "................... ="~,. ,. 
"" 
~Z :;300 .....r-> 
;::: ;::l 

.C" 200-Q:;: 
~o;;.. 

r-> 100 
c 
~ 


';:r 
 0;<:
),°S 

0 0.05 0.35 

lltllJ 1lJl'WVlJ IJJ El{~mvJ<n (ammonium persulfate, APS) t1J'W {yl) 11~lJ JJ5 n1 {j1~':) 'il::; 
.d 0 '1 Y -=>" -=> "'.?I 0,1"" '" '" '" .J 9 0.1 .

lViUV1U1 ~'H'I'W'ClllJEl)'Ii))lJ'b'1<nll<nfl<n1IlJUl"I)1l'j~fI'Cl (free radical) Ifl~'lJU l'Wm~1J1'Wfll'jm1l"1<n 

1'f1'WElilllJtliWlJ'~'W (graft copolymerization) 'Cl~1J'W'WBi'lllJtl{'fi'j'jlJ'b'l~ iu)JJ~ 4.4 IltY~':)J:-.I'Cl'IJEl':) 
" 

~ 

ll~lJ1ru APS (0.05,0.1, 0.5, 1, IW~ 1.5 fli'lJ) 1J'Wtl<n'jlf11)~~~1J'\.Jl'IJtl,:) x-Krueo Ma Noy-g-PAA, 

x-Cassava starch-g-PAA ll'Cl~ x-Malva nut-g-PAA 
" . . 

tl<n) 1 f)1 'j ~~ ~tJ111lJ1f).y) {Y~'IJ tl.:)'H lJ 1f) 'il El':) lfl~ tl'HlJ1,!BVII'Cl~ !Ill ~iJ'W nl JJ ~ 'H ij.:) IlJ B 111 
<lJ • 

" 
JJ1lJ1ru APS (0.05, 0,01 1l'Cl~ 0.1 f)1lJ) \9l1lJ~1~1J tl\9l)lf11'j~~~1J'\.Jl'IJB-1 x-Malva nut-g-PAA, x-

Krueo Ma Noy-g-PAA 1l'Cl~ x-Cassava starch-g-PAA ~B 619, 631 1l'Cl~ 592 fl1lJ/fl1lJ \9l1lJ~1~1J 
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~!'lJtl"11 !9l~'W '\J tl-!lfll 'j m li~ 1'1 (graft) 'lJ tl'W VL'lJ tJ {!L~~ i'W fll 'j Ln~ fll 'j 'Jl'lJ Ifllfl iJ Ifl lLtl-!l (Self

termination) '\Jtl-!l~11!~mJ~n1vl (Athawale and Lele, 2000a, 2000b) !rltJ1~tJjmw APS l:1~~-!l 
>I 

-e~'j lfll'j~'fI~1Jl11~'fI~-!l
" 

700 

j",. '" 
~ 600 

''''' c 
500 

"7 

~~ 
,;:: 400 
'" on

.Z 
~ 

::§9 300 
;::: 

·u,: .~ 200 
'" 
<"""••;t 
"7 100'"i? 
c 


';t 
 a 
~ 

••;t 
50 60 70 80 90 100 110 

~Wl1!Jij'IJtl~'I.I~mlJ1 COc ) 

persulfate, APS) fll'JUI'lf1vr'Wli::;~'\Jtl~ acrylic acid H~::;fllm'W~m::;~lV'\Jtl-!ll9l!~V'lJL~~'jtlf)L9l<Fl 
, AI "':;I '" & '" 

(sodium hydroxide; NaOH) 'j::;'I-111-!lm::;1Jl'Wfll'jj;y1JtJ'W'Wl"I!f1'lf'W (saponification process) 9l-!ltJ'fI'jl 
, " , 

fll 'j! n'fl tJB nj Vl'W tJ ~!'lJtJ h !9l0J5'W (polymerization reaction) ~::;!oW'lJ ~'W!~ tl'QW '1-1 iJ iJ '\J tJ -!ltJ BiHV1 
I II, 1 I 

!l~'lJ~'W!!~~-!l''W'jtJ.y; 4.5 fllm'flf)~l'\JtJ-!l APS !1lJ.y;tlW'I-1fliJtJ'j~mW 60 tJ~fl'l!9ll:1!~V~ l'Wuil-!llJ'W.. . " 

blltJ::;'I-1~-!lH~::;'I-1mf)~tl-!l ~fJW'I-1iJ1JtJ'j::;mw 70 tl-!lfl'l!9lm~V~ 1'Wlfl1tJ'I-1m-WtJV v.l~'fI.tlWc.,1~::;!n~ 
I SI iI I I 

!~l:1.y;1I~f)'l:J W::;L'lJ'W!~l:1 1'l-1l:1d 1'W ih ,yh 'h1'1:Jmm'j t:ll~ti'fl'jlfll'j ~'fI~1Jl111~!~tJ!oW'lJ fJW '1-1 iJ1J'lJtJ ~ 
" 

tJBnjvl (> 60 tl-!lfl'l!9ll:1!~V~) ~l'Wl'W'\JtJ~ APS 111'lf)~lmf)~'W 1111~fll'jf)nwl'1 (graft) '\Jtl-!l poly 
, v v I iI I 

(acrylic acid) 1J'W'Wtl~I'lJtJ{1i':i'j'lJ'lfl~!Yi'lJmf)~'W ri-!lv.ll:11 ~til'l'jlfll'j'fl~~1J'th!oW'lJmf)~'W ~'W m~~-!l.. 
~tJW'l-1fliJ 80 tJ-!lfl'1!9ll:11~V~ 'lJtJ-!l!f1~tJ'I-1m-Wtl£HW:;;~tlW'l-1fliJ 90 tl-!lfl'l!9lm~Vj;y 'lJtl-!luil-!llJ'W 

q ~ q ~ 

" I • I iI 

blltJ:;;'I-1 ~-!l!!l:1:;;'I-1m f)~tl-!l ~ :;;1I-e1'l'j lfll':i ~'fI~1J<lh~ -!l.y; ~~!~tl!oWlJ fJW'I-1 iJ iJ'\J tl-!ltJBn1 Vl~'W (>80 tl~fl'l 
" ,.d d 0 Q.I Q.I QI 0 ~ Q.I 

19lm9lV~ Ul:1:;; > 90 tl-!lfl'Wlil:1!9lV~ I'Il'lJl:1l'fl1J) tll'l'jlfll'j~~9l1J'WH:;;l:1'f1l:1-!l !'Wtl-!l~lf)tJl'I'jlfll'j 

!n'fl tJ nnjtJlj;y ~mf)~ tlW'I-1 fliJ '\Jtl-!ltJ n njVl~~ Ii~ r.m1~~l':i ~:;;m VlIml'lJ'I-1i'1'f1 j;y -!l1111 ~f) 'j:;; 1J 1'W fll 'j'kJ q, d..J ~ <uqJ <u 



23 

~ t e! ~QQ d JQ 

YHl i1 tlJ tJ 1 ~ tCJf91'W 	 (polymerization process) 'U tJ.:JlJ tJ'W tJtlJ tJ~" 'W 'U'W ~'W ~~ 'U tJ.:J '\J ~m EJ1 tfWlt ~ 1'U 'U 

'U tJf)~lf)~~~ru 'H fJi1~Yl 1l~'Vl1 (llEJ1m .:l~~l.:l'Hclf)'UtJ.:l~ tJi1tlJtJ {Ti~ ~lJ'l11~ 

1000 . . 
_ ~?1H)I1 1Jl1.HlU(§:, "" 

,~ 800 .. .... . l11Jlfl~O~<= 

"';:
"7 

600 
... ;;:: 

'"'ri 00 
qZ ~ 400 

1='"' .~ 
.~>" 

I, 
I 
I, -- .... ' -. ..~. ~ ....~o~ 200 

"7 ,I 	 --, 	 ----------- ....r '"' c;: 

';:1 
 a

;<:
).o;! a 0.01 	 0.02 0.03 0.04 0.05 0.06 

U~lJlru'IJtN MBA (g) 

'j/ Q 	 til d V I ..J : 91 
1 f1 'j 'l ~ 'j H 'U V'l ~ tJ" t lJ Vn llJ (copolymer) t11 'W 1m ·Hl:i 1 'l 'j 1 'l U'H CJf 'l ~ ~ 'W 1111 'W 

'" ,
1m 'l1:Y~1'l ~1'W 1'W'U v'!tJ l!'U'l! '\J vell 'W I'lr:H~V1J'\rJ1 'I n 'H 11'!1:Y1tJ191 PAA 1'l1t~tJlJ'U11'!1:Y~l'!oW'W 'Ii ~ 

" 
n'lJ~ltJ lCJf graft-PAA ~~'UtJ'!'\J~1Jlru MBA (0.001, 0.005, om, 0.02, 0.03, U~~ 0.05 f)~lJ) ~tJ 

" flm1m~~~cll'lJtJ1'UtJ'! x-Krueo Ma Noy-g-PAA, x-Cassava starch-g-PAA Lt~~ x-Malva nut-g-

PAA U1:Y~'!l'W'j'\J~ 4.6 
'U 

" , 	 " QJ <1.10 d 	 ~ QJQ.I QJO 

tJm 1f11 'j~~CJf'lJ'Wl1Jlf)'Vl1:Y~'UtJ'!'H1Jlf) l1tJ'!f1tJ 0.003 mlJ tJl'I ~ 1m~~~CJf'lJ'W1'U tJ'l x -Malva 
". " 

nut-g-PAA ~tJ 616 f)i'1J / f)~lJ trltJt-rilJ'\J~1J1ru MBA fll'l~lm~~~~'lJJ1t-rilJ~'W\9I1lJ!'\JJhtJ 
" 	 " l1'Wm~~'l'\J~1Jlru MBA 0.003 f)i'lJ tijtJ'\J~1J1ru MBA 1Jlf)f)11 0.003 f)i'lJ fll'l'j1m'j~~cll'lJtJ1'UtJ,!

" 
"j , IQ ~ 'l ~'l ~ 1Ii'.:i1 <9 iii 'n 	 0

x-Malva nut-g-PAA ~~M t'WtJ'l1l1f111lJ~1J1ru MBA 'WtJU'Vl1!'H !m'l~'j1'l !lJ!lJ'ULll~ 11'1 !lJ~l1Jl~t1 
" 	 , , 

l~fll'l'j1f11~~~tJ1!~ (Liu, Wang and Wang, 2007) ~fI11~Vl~Vl~~'UtJ'!'\J~lJ1ru MBA ~tJ 0.003 
, " 	 ,

f)~lJ I~'j1d1lm 	'l1:Y~l'!~l'!!mVl~~~'lJ't.'hHiJ f11'j 'U u1u'UtJ'!1 m '!1:Y~l'!tl1" 1'U'Vl1'!1'I H n'W<U'llJtijtJ 
'U 

" ~'lJtJ1 Flory's (Flory, 1953) 

" , 	 " 
tJl'I ~1m ~~~ ~'lJtJ11Jl f)Vi~~ 'UtJ'!!f1~ tJ'HlJlUtJ tJ~tJ 0.001 f)i'lJ BI'I ~1m~ ~~~'lJ tJ l'UtJ'! x"q 'U 

4 <I.J <I.J 	 I d QJ 

Krueo Ma Noy-g-PAA f1tJ 775 mlJ/mlJ t'lf'Wt~tJ1f)'lJ'HlJ1f)lltJ'l 
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" . " 
51'l11f)1'HJ~ctl'U'\hJJ1n-vibl~'\ltJ~t!iJ~JJ'W ~liJ~'I1~~fitJ 0.005 nflJ 51'l11f111~~ctlml1'\lfH 

~ Q.I QI , ~ Q.I 

x-Cassava starch-g-PAA f)tJ 592 mlJ/mlJ !'If'W!~(l1n'U'I1lJ1mltJ~ 

4.2.5 mmW'lJeJ'l-HH'lJeJ4 

[000 


800 
 . ..... l1IJln~o~ 

.... t··600 , , 
0;, " \1I \,3> 
;::> 400 ,

'lO> , 
....... _-----....

200 ---- -"*1 

o 

....... 


20"' 30"' 40" ' 50" ' 6C 70 80 9C 100 110 

Acrylic acid (%) 

an1J 'Il.u!'J'I1~~~~lYltlJ~l'l1 f 'Um ~'Ul'W f11'J f11'J ~'ml'J l~lf'Vw~!lJtJ{~llJ (copolymer) fitJ 

f1l'Jl'l tJ~~ (graft) lJtJ'W D!lJ tJ{a'll iJm,J'\'~tJ~!lJtJ{1l 'J'JlJ'lf1~'Il1 n~iJ~ 4. 7 U'ff~~ ll1'!~w,ja'tJ'~'lWJllJ 
91 9.I.c::i dd 'Q.I -: .& IIIQ.I 

!'\llJ'tJ'W acrylic acid (AA) '\'l 40%,50%,60%, 80% ua~ 100% '\'llJ~al'ltJtJl'l'Jlf11'J~~9i'U'W1 9i'ltJ\9l'J1 
iI ." , • iJ. 

f11'J~~ctl'lJ'\11'll~!~lJ~'W djm~:IJ!iJtJ{!~'W~ acrylic acid ~'W'Il'Wm~-n'l~'l 50% 'UtJ'luiJ'lJJ'W~liJ~'I1~'l 
. " . ~ <J} d Q.I <V 0 .<::::i 

ua~!mtJ'I1:1Jl'W tJ(l ,\1 60% 'tJ tJ'l'l1lJ1fl'lltJ'l tJ\9l'J lf11'J ~~9i'U'W 1'ff 'l'\'l'ff~ 
'U 'U, 

. " " 
n'l poly (acrylic acid) CJl1 m<fll1'j)~~11l1'5\9l'J1f11'J~<flctl'U'I111~~~'W (iJ'J~:IJltl! 50%) (Zhang, Li 

. . " 
and Wang, 2006) ul'ldjD!~:IJ %AA :IJln~'W (> 50% AA) 'UtJ'luiJ'lJJ'W~liJ~'I1~'lUa~!fl~tJ'I1:1JlUe)(J 

• iJ I , 

Vi 60% AA 'tJtJ'l'l1:1Jlfl'lltJ'l) rJl'l'J1f11'J~<flctl'U'I11'll~fitJ(l'lrl<fla~ !'I1tJ'l'lllnliJl~lJfl11lJ'I1i!<flll1'Wl 
" " 

m ~'U 1'W f1l'J'VH)~!:IJ tJ I 'J !9i~'W (polymerization process) '1 'W'1J'W f11 'JiY'W'~<fl'UV'liJ Bn~(ll 
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11 11 
4.2.6 fl11'lJ1'U'lJ'U'U.'\H)'lI'UtT 

1000 

800 

o 2 3 4 

• •••• 'tflJlOUtJ1 

5 

mll.H'li'lJ'\j'W'\Hl~ NaOH (M) 

" , ,
':iiJ~ 4.8 Uft~'lrH,\fI11'lJI'I1'lJ'I1'W'IJ'O'l NaOH 'IJ'WDI'1)lfl1)~~cU'IJ-Wl d'i'OIYl'lJrll1'lJI'I1'lJ'I1'W 
~ ~ 

~ I"" 1 ... "I + ~ J' OJOJ :

'IHl'l NaOH lJ)'lJ1U!'lJ'O'l 9H~U'lJ l'OtHl'W (Na ) IVUJ'IJ'W (Wu et ai., 2003) e:J1'1)lfl1)~~9f'IJ'Wl'IJ'O'l x-

Krueo Ma Noy-g-PAA, x-Cassava starch-g-PAA WJ::; x-Malva nut-g-PAA mY~'ll'W~,j~ 4.8 
", , 

DI'1)1f11)~~cU'IJ-Wl'lJlnVib!~'lJ'O'l11'lJ1n~'O'lliJ'01~fI11'lJI'I1mj''W'lJ'O'l NaOH 1 M DI'1)lfl1) 

QJ: d::.Jdttd 'j/'j/ ~Q.I 
~~9f'IJ'W1'IJ'O'l x-Malva nut-g-PAA 1'V'l'lJ'IJ'WI'lJ'OI'V'l'lJfI11'lJ1'IJ'lJ'IJ'W'IJ'0'1 NaOH ~'Wm::;'Yl'l'Ol'1':ilf11)~~ 

~ I' ~ 

cU'IJ'Wl~'lb!~ 619 n~'lJ / n'f'lJ liJ'Ol~ NaOH 1 M Vifll1'lJI'I1'lJ'I1'W'IJ'O'l NaOH 0 M Dl'1':ilf11)~~cU'IJ,jl 

~lft~ 230 n'f'lJln'f'lJ 1t1'O'l~ln ';hmjf11{'lJ'Onc]5i1n'IJtl'l acrylic acid (-COOH) ~::;lllt1n saponified
q ~ ~ 

I~'W carboxylate groups (COO'Na+) 1~uH NaOH till l11'b1'lU 1CJi'V'l'Oi1I'lJ'O{11liJfI11'lJ~'W'O'Ob1' 1'lJ~ 

f1Ill'1nvl 1'ln'UJ1~ 'O~~1'W 'W 'On ~'l~~Jll'111'lJ11 'W 1m'lb1'rl'l'IJ'O'l'V'l'O i11'lJ 'O{"l~u'Ou fl11'lJ~'W '0 'Oft 1'lJ~n 

~::;~~Jll'111'lJl1'W 1f1'lb1'rl'l'IJ'O'l'V'l'Oi1I'lJ'O{jl'lJ (copolymer) tl~'lJ1U! 19fI~U'lJl'O'O'O'W (Na+) ~::;I,j~U'W 
ftlU 1CJi'IJ'O'lmTW~ (graft) P AA 111'iJm 'lrl~mn'lJ1)t1~JU1U1m'lbfrl'llri'OiJf11)~~cU'lJJl lri'Otl~'lJ1U! 

~ 

19fI~u'lJl'Otl'O'W (N/) 'lJ1f11n'Wl,j (NaOH 2 M) tilll11'ln~II)'lrl~n'IJ'O'l,j)::;~(J'IJ'lJ'O'l -COO' tilll11' 
q 

" 
(copolymer) (J~(J'lIl(J::;DI'1)1f11)~~cU'IJ,jl(J~(J'l1'11'lJl,jl'i'lU (Fatang et ai., 2006; Liu, Wang and 

Wang, 2007; Wu et ai., 2003) 

" f11';j~~cU'IJ'lhGY 'Hl'fl 824 n~'lJ/n~'lJ 1'11'W1~Uln1J'YI'lJ1mHl'l 
~ ~ q 
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". . 
eJ~'J 1fll'J~~&''\J'I111J1f1YibY~'\J eJ,m1J~iJ'UdleJ1,*m1'lJl.,r'lJ.,r'U'\H)~ NaOH 1 M eJ~'J1fll'J~1I

'" . '" 
QJ: .::!:.~lt~ 9131 ~QJ 
CJi'\J'U1'Utl~ x-Cassava starch-g-PAA ~YnJ'U'\.H'lJtJ!Yn.Jm1lJ!'UlJ'U'U'\JD.,'l NaOH 'il'Um~'Vl.,'ltl~'J1fll'J~~ 

" &''\J'I11bY~bY~ 592 f1f'JJ/f)f'lJ 1'li'U!~~lfl'\J'Yi''JJlf1'ileJ~'" . 

1000 
~ 
(P 
;::j 

' ''' c 800 • ...... 111J1m:lV-l 

'7 

~~ ~ 
"ro 600 .,.-- -:..... 
~ 
;::j CD 

'"
,"" . ..- '" ,z :5> 

~ ;;::;;:: ..~ .... - - ___ ...-..a400'1? "."/-'" . ........ .... ",
-u:;: ~ . . ...,. .....~OS .,. 
~ 200
? 
C 

';::t 
;;:: 

~ OS 0 

0 10 IS 20 25 30 35 

nll1'IJil~~U~I~lJ1J~mtJl (Ulli) 

, ".
ll11i 4.9 !lm'UeJ~.,j'U~!1lJJJ Bf1~ ~l'UeJ~!!1J~iJwhJJ~ 11 tl~ !fl~ eJ11'JJl.w'mit![j ~11'lJ1fH) eJ~ 

.::i : l1JjI jJ jJ d Q.I QQ.IOJ 

radical) 'VlbY1'JJlHl[j~m~'U1!~ APS ~eJ~ fll 'Jfll1'JJJ eJ'U 1'U fll'Jll~f1m!lI'U CJim'Vl~U'J~fl [j (sulfate 
.

radical) 'ill f1ir'U 'il~ 1JJ~~leJ1eJ~~eJlJh 1~'J l'il'U 'il1f1 -OH group '\J eJ~mV19511 tlf1'U eJ~'Vi eJ ~~lJ eJ{11 'J 'J lJ 

'Jf1~ (R-OH) vh1~lf1~eJ'I-nJ[j ~bY'J~~leJ~11''U f11'J lf1~JJBf11V1~11~h~ 'J eJf191[j (-OH) '\JeJ~YW~!lJ 
eJf11 'J 'J lJ'Jf1~~~ eJ'\.PJ[j~bY'J~~leJ~ '1lif 'il~'Vl1JJ BfW m fl'\JlJ D'U eJllJ eJ{lf1~ f11 'J~eJ~~ (graft) lJ eJ'UeJllJ eJ{ 

i JJ'\J'UYW~!lJeJ{lJ'J 'JlJ'Jf1~~~ tJJ~ 4.10 

R-O·R-OH + (1) 

COOH 
I 

R-O-CH2-CH 
• 

(2) 
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• :v II 

tllfl~,jYi 4 .9 Ilbl~~(hi\,1'Wnm'U(l~'1l'W~!~lJ,j5f)~V1 (5, 10 , 15, 20 !l~:;; 30 'WlYi) YilJr-m 
" " • g.I , 'JI I 

~m)~'Jlf11'J~~'lfUtJl ,}~Ul1tl\91'Jlf11 'J ~~'lfUtJltl~!VilJ~'W tJ~l~i'l'l dJtJl11nm'UtJ~'1l'W~!~mJ5f)~V1 
iJ I ~ , " " , 

lJ1 fl~'W tl'W m:;;'1'1~ G~ 15 'WlYi tl~ iJ el~ 'J 1fll 'J'fl~ 'lfUtJ 1 bl ~ Yi~~ !iJ' tJ~ 111fl!lJtl hi!1m'U tJ ~'1l'W ~!1lJ'" ". 
Q ~Q ~ J ~ d q ~ SJ ~ ~ oJ 9J 9.1 9J..lt dQ.I

,jtJmEJll~lJ'UW'JtltJ"ll1:;;l'tJ'Wf11'J !'I1mlmtl'W!~lJ'U'W 'll"~ APS ~tJ~hmlm(l'W!~tJlt~fl~l!1J'W 
• ~ I " 

'lf~lyj\9lU'J~f1~ (sulfate radical) !lJtll,rnm'U(l~'1l'W1!~lJ,j5f1~EJllJ1fl~'W (> 15 'WlYi) el~'Jlf11'J~~'lfU 
: I dJ. 91' ')) ~ ~ Q 09"' ..::::.Q.J 

'W 111 :;; 1'1 (lEJ"l ~~b1 ~ !'W (l~ 'illflfll':i ~ 'I1f111m tl'W!~lJlJ1fl'U'W 'il:;;!f1~f11 'J U\9l flWJ'lJ tl ~ APS 'Vll! 'VII fl~ tl'WlJ ~." 
~ ~ 'J:;; ~1(l~ 111'W fll 'J !f1~,j 5f)~ EJl nUlJ tl'W tl!lJ tl {lJ 1 fl~'W 'I'l11,r!f)~f111lJ 'VI iJ'~1,j!~ lJfl11lJ 'VIiJ' ~ i 'W 

" " 
m :;; Ul'Wf11'J polymerization 1'W'1l'WiY'W'tl~'lJtJ~,j5n1 tJ1 

4.2.8 !11:l1'\J~'l.fr'\.!fhtJ~mmn'IJnril 


f11 'J !~lJmllJ<fi'WtJtJ~ llJ~fll 'W 1m ~bl~l.,'j'Utl~ PAA ~ ltJ l'll"!~vlJ 1mltJ'W (Na\ons) ~1~ 

. " 

'illflm:;;Ul'W f11'J'I'l1,j5n~VlnU!U~ (saponification) l~tJ1~ NaOH !1J'W f11'J !VilJtllPl 'Jlf11'j~<fl'lfUtJl 

'lJD~'VW~!lJ(l{ ~~,j5f11tJ1'IJ(l~ NaOH f1U'VI~fI1{Utlfl~~fl (-COOH) 1'W lf1Hbl~l~~mlyj~ (graft-

PAA) l1:;;l,rrl~~n\Ucn!1J'W'VI~fI1{U(lfl~Ib1~ carboxylate groups (COO·Na+) !!~<fl~1'W~,j~ 4.11 

(Liu, Wang and Wang, 2007) 

** NaOH 

•NP-O n mn 

COOHCOOH 

x-NP-g-PAA Partially saponified x-NP-g-PAA 

Superabsorbent polymer 

. " 
~tJfi 4.11 '1l'W'\'11,j5f)~EJlnUIUbl'IJ(l~ x-NP-g-PAA (Liu, Wang and Wang, 2007) 

" rlb1'U(l~nmf11'Jyh,j5f1~EJlnU!Ubl (5, 10, 15, 20 !l~:;; 30 'W1Yi) U'Wel~'Jlf11'J<fl<fl'lfUtJl'IJtJ.,'j
'" 

x-Krueo Ma Noy-g-PAA, x-Cassava starch-g-PAA !l~:;; x-Malva nut-g-PAA !!bl<fl~l'W'J,j~ 4.12 
'" 

!ritJ1~nmf11'Jyh,j5fH(J1n'lJI'lJ bllJ1fl'l'l11,r'VI~fI1{'lJtJfl~W\9l carboxylate groups (COO·Na+) 
.,; .1 

!~lJ'IJ'W (Wu et aI. , 2003) 
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1000 
3:' '" 
;:l 


''''<;: 
 800 .. 
~; 
'", 

«) 600 
;:l bii 

,.:; 3 
;J '"' i= 400'!? 

.~::: 
a.o~.. 

200'"'r 
<;: 


';:I 


1<0;;'" 0 

...... l1lJlfnHH 

~ .... -- . ~.... 
,," : '" '" "

A": ... .:- :e- ----~T~.1 
• ••• ~. III •• •• ... ~. 

0 to 15 20 25 30 35 

, " 
ltJli 4.12 nm'Utl'l 'U'tn11tJ urn tIlfl'Ul'l.H1''Utl'lU1J ,UJ'tHl1tJ~'\1 ~'l lfl1 tl mJ1.wtlfJUrI~'\11J1 f1 '\l tl'l 

Vm1f11':i'fl 'flcU'UJ11J1f1~'ff'fl'Utl'lU1J'liT'l-HhU ~'\1~'l '\11J1mJtl'lUrl~lfl1tlmJ1.wtlfJ lritJ 1~ '" . 
" 

nmf11':i'l'lltJuiHfJ1l'U'ff 15 'U1Yi Vm1f11':i'fj'flcUmJ1'UtJ'l x-Cassava starch-g-PAA, x-Krueo Ma 

'j) Q.I d .ct , I 

Noy-g-PAA HrI~ x-Malva nut-g-PAA 'fftl'flflrltl'lf1'U'Vlt)'hlt)'Utl'l Flory's (Flory, 1953) 'Vlf1m11l 

" " 
tJ':i ~ ~ 'U 'U 1m 'l 'ff~1 'l ~1'lU'\1YitJi'lllJtJ {'U tl'll'll'fj 'flcUmJ11J1 f1 (superabsorbent) ii ihrw'U -fifl'U '\1 ~'lftJ m'b 

Q.I Q d I ~ old 
(hydrophilic) U':i 'l H1:I f1 (Electrostatic repulsion) 'U tl'ltllrl f11'l ':i tl'U ':i ~ '\11 N tJ ':i ~ ~'IJ'U Yi tJ rlllJ tJ ':i 'VlUI'l f1 

" " 
-W'U 1i~U rI~ '\l~1iu ':i 'l~ 'U tl tl'ff 1lJ~m ~wh::j1m 'l'ff~l'l~ l'l!l'I1fl'IJ'l-J1 ~'ltr 'U 'lfU'flUrI ~ ~ 1'U 1'U 'U tl'l'\1lJ 

'" 
" " 

'lftJ'lJt-'h (superabsorbent) 'IJ'U 1m'l'ff~ldl'l!m1iHrI~tlf11':i'fj'flcUm11 
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4.3 Fourier transform infrared spectroscopy (FTIR) 

1~HJ~1 hll!~11'l'l f1tJ f)'l'll~ FTIR L~ \J l'l'l f1tJ f1 ~ tJ eJ lJ 1~'l \J f)1:i ftmlll1 ~~ 'l n'i\J m £J 'h-l 
" 1m'l'(1'h~'U€)'l'W€)~!lJ€){~~9flJtlllJlfl (Lanthong, Nuisin and Kiatkamjomwong, 2006) 

" 

4.3.1 FTIR spectra of natural polymer 

%T 

O-CH, Stretch.ing 
O-H Stretching 

s: 

C-H Stretching C-O-H Stretching/'---
C -O-C bendingO-H Strerching c-o Strerching 

-!4000 wavenumber (cm ) 400 

~tl~ 4.13 IR spectra of natural polymer (a) 111J1fl1l'B'l (b) If)1'Bl1lJ1U'BtJ (c) ll{j'liJmhlbml~ 

'" flll ru~Vlf161H)'ll1lJlfl1ltJ'l (ttJ~ 4.13a) (Srichamroen and Chavasit, 2011) tJ 'nfllJVlf1~ 
vll!!l1'1-i'l 3430,2930, 1254 !!~~1055 cm'! 1 ~ltJVlf)~1911l!l1'1-i'l 3430 cm-

l 
'W1J11lll\J O-H Stretching 

'UtJ'l11~13~:i'Bfl~[l'l\J lm~'(1'~l'l'UtJ'll1lJ1flutl'l Vlf)~1911Hl1'1-i~ 2930 cm-! 'WU11l~\J C-H Stretching 

'U'B'll1~UtlC1~C1 (alkyl) Vlfl~1911Hl1'1-i'l 1254 cm-! 'WU11l~\J C-O Stretching U[l~Vlfl~1911Ul1'1-i'l 1055 

cm-!'WU11l~\J C-O-C bending 'UtJ'l~\J'jj~lflC11fl~~fl (glycosidic bonding) 

"'flllru~Vlfl'\JtJ'l!'i'l1tJl1lJlUtJ(J (ttJ~ 4.13b) (Singthong et aI., 2003) 'l.hlfllJVlfl~1911Ul1'1-i'l 
3430, 2938, 1634 U[l~ 1104 cm-! l~£JVlfl~\9h!l1'1-i'l 3430 cm-! 'W1Jl1lll'W O-H Stretching 'Utl'l 

11~131'l:i'Bfl~C1'l\Jlfl:i'l'(1'fl'l'Utl'llfl1tJ'1·nJ1UtltJ Vlf1~~lUl1tl'l 2938 cm-
l 

'W1Jl1!1I'W O-CH3 

'<::::::!. cI d cd 0 I -1 
Stretching 'UV'll1ljllJYlmVm'l'lV:i (methyl ester) 'Utl'l galacturonic acid 'Wf1'l'l\9l1Ul1\J'l 1634 cm 
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'W'lJ111~t..I C=O Stretching 'UN carboxylate group (COO') ll(1~Ylfl~~l11'Ht1-.'l 1104 cm'! 'W'lJl11~'W 

C-O-C bending 'Utl ,nh.J1i~ ln(11flcli~n (glycosidic bonding) 

~n'I:Jtu~Ylfl'Utl,mil'nJ'W~h,j~'H~\l (t,j~ 4,13c) ,j·nn{)~fl~1911Ul1t1-.'l 3200-3600, 2932, 

1155, 1078 11(1~ 1016 cm'! 1'f1v~I'l~ ~hmt1\l 3200-3600 cm'l 'W'lJl11~'W O-H Stretching 'lJtl\ll'I~'~ 

'fI1tln~(11'W 1m\lti~1'l'UeJ'll1il'liJmh,j~11~\l ~1'l~1911Ul1il\l 2932 cm'! 'W1Jl11tJ'W C-H Stretching 

'Utl'll1~l1tl (1f1(1 (alkyl) ~1'l~19111mt1'l 1155 cm'l 'W'lJl11~'W C-O-H Stretching V;f1~191111ml'l 1078 

cm'! 'W'lJl11~'W C-O Stretching U(1~V;1'l~19111mt1.:j 1016 cm'! 'W'lJl111l'W C-O-C bending 'lJeJ-.'l.yr'W1i~ 

In(11I'lcti~n (glycosidic bonding) 

4.3.2 FTIR spectra of saponified poly(acrylic acid) 

%T 

a 

O-H Stretching 

--- - ---...

CH 2 bending
N-H bending 

C-H Stretching
b 
~-" r -",-- --7/"'<:--

CH 2 bending 
O-H St~:hmg ~ C H St t h' N-H bending - re c 109 
c 

'\,., 
N-H bending 

C=O Stretching 
O-H Stretching C-H Stretching 

4000 , I 400wavenumber (cm ) 

, , ,, . 
~t1n 4.14 IR spectra of saponified poly(acrylic acid) YiiJ e)~l'nn1 1 ~'fIcif'lJ'\.'h~ Yi~'fI1'f1v'lliJ (a) l1il\l 

iJ'\.HhU~l1~'l (b) lf1~tlmm!eJv (c) 'HlJ1ml eJ 'l 

. " . 
~n'l:Jtu~V;f1'lJtl'l saponified poly(acrylic acid) YiiJe)\9l 1 1n11~'fIcif'IJ'l11~l1rr'fl 1'f1vllliJl1il'l 

iJ'\.Hh,j ~ 'HE-.'l (~1l~ 4. 14a) 111iJl fl ~eJmJ l t!tlV (tll~ 4,14b) u(1 ~ ll1iJm,J1mJtl'l (tll~ 4,14c) 

,j11nuV;fl~19111mt1'l 3463 , 2922, 1728, 1562, 1452 U(1~ 1160 cm'!1'f1vYlI'l~ 3463 cm'l 'W'lJl11tJ'W 

n11i'W'Utl'l -OH- Stretching '\J tl.m~ acrylic acid l'U 'C'I'lvlq$'W'€l~tJ.HJf V;f1~l'iltmt1'l 2922 cm" 
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l'l'l.dll~'U C-H Stretching 'Utl.:J'I1~el~f1~ (alkyl) -Wfl~1P1111'11,j.:J 1728 cm'! 1~'U C=O Stretching 'Utl.:J 

mjfl1{'lJtJf)91~f)'lJtl.:JlJtJ'UtHlJtl{ acrylic acid (-COOH) -Wfl~1P111m,j.:J 1562 cm'! l~hI N-H bending .. 
'lJtl.:J'I1lJmllJ~ (amide) l'U 1f1':j.:J{1'~1.:J llJmn~'lJtl.:J N,N-methylenebisacrylamide (MBA) ~.:Jl~'U'ftl':i 

.. q 

'" I 1 I "" .. 0 '1 'jI "" !Ii I & : \I] 9-',[ 1 !Ii \I] !Ii '" .d1'lfelJ'lJl1.:J':i~'I111.:J 2 mv 'lil'ltJ{lllJtl'J 'I'l1 tmn~ 1f1H{1'':il.:J'jl.:JH'I1'li.:J~~m!1 hi f1H'1:Y':il.:J t~ l'IfI'Yl 

1P111m,j.:J 1452 em'! l'I'lJ -h~'U -CH -bending l~'Uf)1n~'hI'lJtl.:J'I1~ -CH-CO- group 'hJ'ftlt'J lCJll'ltlil 
2

d' d do' · 1 I d I Q,I 

llJtl 'W{l:;;l'IfI'Yll'llU'I1'U.:J 1160 cm l'I'lJ1111l'U C-O Stretching f11'lJf.]f)'lJ O-H in-plane bending 'UtJ.:J 

'I1~fI1{'lJtln91~ (carboxyl group) 1'W poly(acrylic acid) 

4.3.3 FTIR Spectra of Krueo Ma Noy-g-poly(acrylic acid) 

~. 

'/~~,~-
C-O Stretching 

l'\-H beuding 
CH, bending 

v~-------- --~----~----------

~r ~ C-O Srretching 

N-H beuding 

O-H Stretching 

.,- 

r-

C-O Srrerching 

C;:O Stretching N'H bending 
CH~ bending 

C-H Stretching 

,14000 \'-:\l\'~l1JImQ_~I (em) 4CC' 

, ."
ll1n 4.15 IR Spectra of Krueo Ma Noy-g-poly (acrylic acid) Yiiiell'l'Jlf)1'J~l'lcU'lJ'Wl (a) 824 n~lJ/ 

n~lJ (b) 541 nflJ/nflJH~:;; (c) 220 nflJ/n~lJ 

Q.I Q d.c:1 Q,I <lI -: 0:::1 ~ 
{In'EJru:;;l'IfI'Utl.:J Kn!eo Ma Noy-g-poly(acrylic acid) 'YllJ tll'l ':ilf)1'J1,]I'l'li'lJ'UllJln'Yl'q'flfltl 

824 nflJ/f)~lJ Li'Jln{J-Wfl~ihlm,j.:J 3426,2922, 1562, 1454 H~:;; 1162 cm'! (~Li~ 4. 15a) ~n'EJru~ 

-Wfl'lJtl.:J Krueo Ma Noy-g-poly(acrylic acid) ~iielmlf)1':i'fl'flcU'lJlilLil'Unm.:J~tl 541 f)~lJ/n~lJ.. 
Li':iln{JVlfl~~lH'I1,J.:J 3466, 2930,1566,1458 H(l~ 1162 cm'! (':iLi~ 4.15b) U~~~n'EJru::::-wfl'Utl.:J.. 
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I ~. • 

Krueo Ma Noy-g-poly(acrylic acid) YiiJtJl'l'j1f11'j~I'lcB'ml11!tltlY1b'[l'lfitl 220 flflJ/flflJ lh1fl{]l1I'lYi 

911t!'liU..:J 3508,2930, 1728, 1552, 1458 L!Cl~ 1162 cm-
t (~iJ~ 4_15c) 1I'ltll1I'l~1'l1t!'liU..:J 3426,3466 

, , " 
!lCl~ 3508 cm-

t ~1J ':h!~'WflW~'W'Utl..:J -OH- Stretching Y1'l-lt!\91fl~1..:Jf1'W'Utl..:JYl..:J1'W lm..:J~~l..:J!I'l~tl 
'jJ ~ .o:d 0 I -1 ~II . 

'lilJ1'WmmCl~ acrylic acid ~1'l'Yl'il1!ll1'W..:J 2922 !!Cl~ 2930 cm ~1J11!u'W -CH- Stretching 'Utl..:J 
, , 

IQ.I ~ ..:::1 dOl -I .::;:td Q.I 

'I11q!'e)flI'lCl (alkyl) ~1'l'Yll'llttl1'W..:J 1728 em 'UrN Krueo Ma Noy-g-poly(acrylic acid) 'Yl1ltll'l'J1f11'J~1'l 

Q.I : 'jJ did ~ cI.Q~ dI 

'151J'W l'W'e)tI'Yl1!l'll~1J 11!11 'W fl n ~'W 'U tl..:J C=O Stretching 'U tl..:J 111q!1'l1'J1J tl fl'15Cl fl'U tl..:J 11 tl'W mlJ tl'J acrylic 

acid (-COOH) ~..:J~51'l ':i 1f11 ':i I'll'l cB'mf 11J1fl ~ ~1'l!!Cl~iJ l'WflCll..:J 'l-l~1Jt! t11Jf11 ':i ~'W 'U'e)..:J c=o 
~ q 

Stretching -W1'l~911!mU..:J 1562, 1566 !!fl~ 1552 cm-
t ~Ul1!~'W -NH- bending 'U'e)..:Jl1~m'lJ~ 

9, "', ~~I '" (amide) l'W !I'lH~'J1..:J !lJ!Clf;]Cl'U'e)..:J N,N-methylenebisacrylamide (MBA) '15..:J!u'W~1'J!'lf'e)lJ'U11..:J 

I I cia jJ Q <jJ I .J :\fJ$' 'JJ lfJ"c:S doQ I

'J~1111..:J 2 J;1'lCJ l'15~'e)Cl!lJ'e)'J'Ylllmfll'llm..:Jml~'Hml1'11..:J~I'l'W1l1'l'W lm-Hl'Jl..:J ll'l ~1'l'YlI'l1!m'W ..:J 

1454 !W~ 1458 cm-
t ~1Jl1 -CH2-bending !~'WflW~'W'UeNl1~ -CH-CO- group lwntllqj~tl~!lJtl{ 

!!Cl~-W1'l~1'11!!l1tl~ 1162 cm-
t ~1Jl1!~'W C-O Stretching 1'l11J~f11J O-H in-plane bending 'U'e)~'li~ 

~ Q 9 
1'l1'J1Jtlfl'15Cl (carboxyl group) b'W poly(acrylic acid) 

4.3.4 FTIR Spectra of Malva nut-g-poly(acrylic acid) 

%T 

O-H Srretching 

<::: 

CH, bending
!?- C-H Stretching 

_____v-----..-~ ,_____~~ 

r 
O-H Stretching 

CH, bendi.ng 

C-H Stret{h~ng 

/--~-----

C-O Stretchtng 

c-o Stretc.hing 

CoO Stret-ching 

C-H Stretcbing O-H Stretching 

4000 

, ,"
l'lHi 4_16 IR Spectra of Malva nut-g-poly(acrylic acid) YiiJ5WJ1f11'JI'lI'lcB'1J'W1 (a) 556 flflJ /

<u 

flflJ (b) 401 flflJ /flflJ t!Cl~ (c) 205 flflJ/flflJ 

http:bendi.ng
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l 

• SJ, 
W d .de::! <V Cv' Q d ~ 

Clfl'iHUlt:'Vifl'UtJ,:j Malva nut-g-poly(acrylic acid) 'V1lJtJ'fl'Jlfll'J~'flC]jU'W1:1Jln'V1&!'flfl'el 556 

n-r:JJ/n-rlJ tJ,)lnfJVlfl~\?llU'YIU,:j 3471, 1456 bbl,l:;: 1160 em'l 4.16a) 
SJ 

Malva acid) 1111 'W mn.'l fi tI 40 1 n-r:JJ!fl-r:JJ 

19111mU'l 3459, 2926,1456 H'&!;;; 1160 em 
l (ltJ~ 4.16b) Malva nut-g-poly(acrylic 

lSi, • 

acid) 'Ylihl'fl'J 1fll 'J 'fI'fIcJrU tJ lllmrVi iY'fltJ 'J 1fl flVifJ'ViI911!b 'YIU'l 3446, 1458 U{I::-; 1160 cm 
'I 

'" q 'iLl 

4.16c) 1'flfJVifl~1911!mu'l 3471,3459 Ul,llt: 3446 cm'l 'Viu":h!lI'Wfll')J'W'U'el'l -OH
" . 

bl'flflI911'ln'W'UV.;JV1'lL'W lf1'J.;JiY?l'l!fI!tJ'YI:IJllrtJtlU~::-; acrylic acid Vifl 'Yl1911U'YI 11 'I 2922 H~::; 2926 cm 

'ViU1111l'W -CH- Stretching 'UtJ'l'YI~Ul;1fil;1 (alkyl) Vifl~~l!!'YIU'l 1456 Im::-; 1458 cm'l 

'I 
em 

, if 

'ViU11!1I'W C-O Stretching mu~nu O-H bending 'UV'l'YI~m'Ju (carboxyl group) 

i'W poly(acrylic acid) 

t:i Q..I 'l ';lI c:f ~ v: ~J ~ 
4.4 N1;lfl1'nmllUlflllW:;:iP~'l!'fI'J~(f'aH'lJB,nllm\jB1;l~lIB'a~fI"1I'IJ'Ulmf) fl1mnfl'Ufi Scanning 

Slectron Microscopy (SEM) 

Q w d I W d.Q rI v : f d 
flll;1'l'U fJlCJ'Vl U'f1 fl'fl1'lfl'W 1'll:JJ'U'Wl'fl'U tJ'l!:JJ'fl'Vi'eW!lJtJ'J ~ 'fl"llU 'Wl:lJlfl 'WU 11'Vl'YI:lJlfl 'il tN 4.1 

!fI~el'Yl:lJlUtJ(J ('JtJ~ 4.17D) l!1,l:;:u1J'lilt-J1:htJ::-;'YI~'l (:itJ~ 4.17F) iJilfl'tJru::;!lI'W,)'Vi,)'WUl,l::-;iftJ~liJ
QJ <:u 'U q 

P.AA) l!i;'l::-;!ritJ~1'Wfll'Jmn41'1 ~1(J poly(acrylic 
. " 

LtJ')tJl14.17C ,..itJi1!:JJtJ1iJm1:lJ111'Wn'l'JtJiY'l~tJ iJU'fl,)lfll'J''fl'flcJrU
Qj q; q, Qj '<.i 

¢ 
" 

'" 
, ",d{ "". 1l d

'Wl:JJlfl'Vl&!'fl 619 4.17D 'il;;;::JJ'W'W~1fltJ'W'lJl,m I'JU 

~ 'J} G] d IV Ji.c:.a d 
flHtM poly(acrylic acid) l,l'lUtJ!fl'JV'YI:IJl'Wt)I'J t'W~tJ'Vl 4.17E l,lfl'tJru;;;:'VitJ~1:JJfl11:JJ!1J'W 

4.17F 

!lIh1'lJv,m1J'lihnhtJ::;'YIil';H<Jf'W!~!,J1nu!fl~tJ'l1:1JltrmJ (graft) ¢lltl poly(acrylic acid) l,l~ 
. " , 

UtJU1J'liJW,11tJlt:'YI il'l i tJttJll 4.17H iJ~fl};jru:;:;bll'W ';l'W ~ 'W bl'l iJO'fl'J lm'J~I'1951JtJ lmnl1 &!'fl 592 fl -r:JJI 

n-r:JJ i'Wri1W'lJV'l~tJ~ 4,17B Ul;1lt:ttJ~ 4.170 poly(acrylic acid) 'Vwi1 
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"" <V(A) 11ll1f11leJ'l, (B) PAA, (C) Malva nut-g-PAA, CD) If)'Hl'Hll1'WtJlJ, CE) Krueo Ma Noy-g-PAA, 

(F) !!1l'lil\!bhu~m1'l, (G) PAA, (H) Cassava starch-g-PAA 
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'\Il! lVl'\l6 'Un~i1lfU!t'l~'\Il! lVl'\l Cl~l'W ll!'nJ~ 
'"" 'Wfll;H'iH)'i 

~ 

4.16 '\Il!lVl'\lt)~l'W1'l,! (I...lm)'\Il!lVl'\lMeJ~iIli'l (11m) 

l11J1fl~V'l 79A 338 

<I~ <I'" 'VHHHlJV'HHlml~l1 136494B 

Malva nut-g-PAA 101472C 

... 
lm Vl1lJl'W 

~ 
VI:JD 504 86 

Krueo Ma Noy-g-PAA 601 47E 

Hll-:JJJ'mYl1bl1~'l 483F 156 

.. <I<I~ 

'WV(lllJV'Hnlml~l1G 141 18 

Cassava starch-g-PAA H 484 145 

. , v 
... 1 C) ~ Q d'9J ..:!:t Q rI .d2 0 

fll'J lJ 'J ~llJ'W 'YlflfJ~ m ~D1'W fl WYll'l1'YltllfYl '1'1'l 'J ~ 11:J'li~'Yl~(IV'l l'J V'l'WvmlJV'J ~ ~9flJ 'W 1 

I 9J d jJ .1 9J ~ I .ci .0. <va.

lJlflYiVVI:J~(1 ltJ 1~'Yll'l:jhf1l'W 'il1fll11J1fl'il V-:J 'fI11:J1'f1'Yl'fl(lV'l'Yl ~'J 1'l'U'W'W 'J VlJ'Yl'l'f.]lJVtJUDI'l fll'J 

-ffll1-rDm U(l~tTfll~tJ'W '1'llJl'H1lm1flfJ~m~D1'Wfll'J'Yl1'llWJlfY1~1'l{'UV'ltTfll~ I:J'W I~ 10 l1flfJ:t 
" v 

I~Hfi 11flfJ~fll'J bY'llfll'l l1flfJ~ fll'JIPl'l ~lJlJ~~ 1'W l1flfJ~ fll'J flll1'W'fIll(l:t'fl1DfJlJIPl1HtJ'J 11flfJ ~fll'J l~ 

~'fl11lJl1lJ 11:J~m,mlm:t (I'l~tl~'JtJ H(I~l1flfJ~fll'J 'W mm uHVI:J(I~'U tl'ltTfll~ tJ'W ~ ~1'W U(I~ III ~1'W" . 
IflWcr1fll'JtJ'J~ljJ'W ~'llrltlyj 'il1'JW1l'f1I:Jf1l'W'J1lJUc11 'WD11 h'll~I:J'W~ii~V~ltl'fll'Wfll'J'I'lltJB,j~fll'J 
lflii tTfll~ I:J'W iil1flfJ:tfll'J bY'llfll'l~~ ('JtJ~ 4.18) ~'l~tl'flflc1V'ltlm1'W 1~1:J~~1'WlJ11'WflWW\PlJ'W1 

'" 
l1flfJ~m~D1'Wfll'J'Yl1'l1'Yl1:J1fY1~1'l{ (VDm'J'JW Hl'Ylv-:J, 2553; 'W'il~ lJ 1'WJJ'1:J, 2555) ri1'Wl1flfJ:t~. , 

Hfl'W X lm~llliifll'J'J~Dl1,J1fJ'\IV'lUfl'W X U(l~ Y -ff111-r'lJl1flfJ~fll'J~'fI'I'llU(I:tStl'fl11lJ111J11:J~m,m , '" 
" ", 11 1 • 

tT'W lll'W l1flfJ ~ m ~ 'lJ1'W fll'J 1'YlmfY1~1'l {'Ii'W -W'W ~ 1'W eJ5'l'li'flUV-:J tlD '11 'W 1~mn 1:J1r1Dl1flfJ :t 'Yll'l 

1'Yl1:J1f1'1~1'l{1 'W 'J 11:J1'1111flii~ ~1'WlJl~'l f1 ci 11':11 11flfJ:tm~D1'Wfll'J 1'Yl1:J1f1'1~1'l{~'W ti~lJti ~l'W~V 

v , 

1Pl-:J~lJ1J~~l'W ('Y'il~ 1J 1'W111:J, 2555) lll'Wl1flfJ:tYitTfll~I:J'W'I'llf1~Il'W'WI~t!tleJ 
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D 

l tl~ 4.18 ~eJtJ~~'UeJ ,nrfU~tJ'W~~Tt.Hl~~Uh]~ltJlmlJ~f1l'ah~!iJ'W (a) 'l'iflll~fll'HY~!fWl (b) 'l'iflll~ 
" 

fl1)I9l~~:U:U~ll'W (c) 'l'iflll~fl1)fhl1'W~!m~m1JfJ:UI9lJuU) Cd) 'l'iflll~flW1~ (e) r1flll~flWY1~~eJ~ 
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. 
dJel'yhll'jru lUI9lCl:::~n'hl:::m:::'lJl'Uf11'jV11'l1V1Vlftl~r.1 { H~m'j l~m~~'f1'l~'ll9ltJ ~hJiJ 

~ 

4.5.1 fll'HT\llfWl (Obervation) 

nu 1J elm lV~~~VV'f1'UtJ'l ~'It!'U ~'l~1lJ1) \)'iY'l1f1~ ll'l'~'l i 'Ul91'lfirufl1'VHlCl~tJ1lJ1tl.! 'il1nf11lm 'jll1'11'• 
QI.do <lI ~ iJ d I 41 't I 

'Um) v'U ~'l1f1\?lHltJelll~'f1 nflel'UU"~l1"'ltV1'Ul mlm) iY'l1f1\?l~'l!! ~'f1'l1 'U \?l1 'j 1 'I Vi 4.4 ~m::: 4 .5 

\?llllih~1J 

. 
'" 'Ull 

: ~ 
'Ull1'Um1Jl 

~'Ul1 

4 

12 

10 

12 

6 

20 

4 

3 

5 

2 

3 

5 

89 

34 flln'Y'l~n\?l 
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"<V 'l/V a IV Q 

fll'HT'11flVI ~1tHllHYI fl 't11Nt'YI 'U1 

100 

94 

.. " 
,rm1m..rd'J'wlmllft)v(;1::; 89 (\P11H:J'Vl 4.4) bYllJ1Hl~,:jlfl\P1~1~fJlJrim4~~t111~hwlli 

fJU'Ulv'li'fJlJ(;1 ih.:rm1m4IViv,:j 23% ~,:j1Jl..!'Viflfl1'j~,:j1fl\P1I~'Wfl1'j(;1,:jmllJ~~ll1'W l~llri ~l'W'Wt)flfJ1~
" 

" " 
,rm1 Vm1,:j'l1'lJ~ bYl'lJ1'jtl-ff,:jlfl\P1~1~fJ'lJ'l1rr,:j~~t11'~

" 
l~v llifJUi.J1v'Ii'fJ'lJ(;1'l1~fJ(;1,:jmllJ

" 
QQY d QJ~.d I dQ,l Q.I Q.I j./1I I 

fl ~ I'll 'W 'U fJlqJ (;1 (\P11 'j 1,:j'Vl 4.5) ~,:j 'W 'W 1'lJ fJ'l11fl1!~ (;1V'Vl fl'l:l::; fl1 'j bY,:j Ifl\P1 ~1fl fl1 'j bY,:j Ifl\P1 m fJ fJ'lJ fl fJ 'W II(;1::; 

'l1rr,:j~~Jl ~lm~t1fl::;ll'W'WYffl'l:l::;fl1'j~,:j1fl\P1!'VhtliJ 94 ('Jtl~ 4.l8a) ~,:jfl::;ll'W'WjHlJ1fl !'W'jl::;!~'W
" "" 

Yffl'l:l::;~'W ll'W~,rm5 V'W iill(;1::;,:jl'W l~V~l'W i 'l1tY~Ylll~VltliJYffl'l:l::; m ::;iJl'W fl1 'j'Yll,:jl'Yl Vlff1bY\P1{~ 
bY'j1J:hYffl'l:l::;ifl~'WYffl'l:l::;~~ lV~,:j,rm5 V'WYllfl::;ll'W'W'~bY,:j. " 

.. 
4.5.2 fll':i~'1'tn.n.J~&il'U.. 

~lflflWl.h::;!lJ 'W 1~V,,rirm1 V'W~,:j bY'lJlJ~]l'W ~lfll ~'Vl61~V~,:j fi 1'l1'W~lJ1 ~lflfl1'j Yl~ (;1 fJ,:j~,:j 
m 1l'!J,:j,rm5 V'W I~'W 5 flci'lJ 1~Vll~(;1::;flci'lJYllfl1'j'Yl~(;1fJ,:j hw '1~~'l5~fJ,:j~'W'l5il~I~Vltl'Wfl fJ'l1lJ1fl" .. . " 
~t),:j 1l~t1~'lJ1W'IJfJ,:j MBA ~l,:jtl'W !'I1fJ,:j~lfllliijirm1 V'Wfl'W '1~ 1P1,:j 1 \l'Yl61~v'l1~fJfllmlJl~t11~ 

" " ~fl~fJ,:j ~,:jir'W~,:j 111iiirm5 V'Wfl'W i~~,:jbY'lJ'lJ~ll'W l~~fl~fJ,:j ll~djfJ~\ll'j Wlml'lJ bYfJ~fl~fJ,:j'IJfJ,:j 

1\l'Vl61~v~irfl!~ V'W!~ V'W tliJ ml'lJbYfJ~fl~fJ,:j'IJ fJ ,:jbY'lJ'lJ~ll'W 'W iJ 11 lliii,rm1 V'W ~ ~,:j bY1JlJ~]1'W 1~ 
fl(;1fJiJfl~lJ h'Yl61~V 1l~\llfl\P11'jl,:j~ 4.6 iiirm1V'WffJv(l::; 50 ~,:jbY1J'lJ~ll'WiJl,:j~l'WbYfJ~fl~fJ,:jtliJ 

1~'Yl61~V (~t1~ 4.l8b) 1l(l::;irm1v'Wft)v(l::; 43 ~~,:jbY'lJlJ~ll'WllibYfJ~fl~fJ,:jf)iJ l\l'Yl61~V ll(l::;ii 

irm1 V'W ~1'W"rfJV~fJV(;1::; 7 Yi 
,
llil~V'Wfll\P1 fJiJ '1 'W'Ii'fJii 

" 
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." , 
Vll';lHn 4.6 fll)~'l~JJJJ~511'W1Jlflfll';i'YJ'PH'Itl,rYifhrn.J'Plh1' 

4.5.3 ilfl'H:::fI1';1jh'H\A~ua~fl1'UfJ1Jfl';unh 

trif) ilTYi'W 'Pl fffll'W fll) rufll'j'YJ 'fl1.1f)-l~ 'lfl "i II11-lil'fll' tJw1J'W 5 flri JJ 1'fl fJHI'l r:'I:t fl riJJ Yllfll '.i 
'" q • 

, " 
'YJ'flllf)~ l~l'.tl~~'l5rlf)~t;1'W'l5iJ'Pl!~cr:Jn'Wfi1mnJlmH)~ UI'l1l'1JJ1W'Uf)'l MBA 1'l1'ln'W ~~il''W ~Jull'.i~'W 
. " 

fitlfl~f)~fiif) ll'1lllW MBA I,}'ill~ hYl6l~1I'i1W,hll'1JJ1W MBA UlPlfll'll~il'W so1'lil''W'illflfllJ1<ij(J~'l
~ q 

L----------------4----+------
41 93\ 111llfl1Jf)'l 

I 0 

• 'Wl 

t iJ r, :if 

~lU 'l.h1Pl1JJfitl fl~el'lfiieJll'1lllWiJ lYi'Wtl ~tJJ eJ1Yiff~!fl '.i 1:t111tl'fl'PlcM1I1 ~ ~_:jt!U1IY11l f1lJ~flll 
~ ~ ~ 

lSi. 'jJ t f 

fld'JtVlJJ 1TIYllfll '.i Vl'fl~f)~")UlPltl'WYi 7 !1J'W")'WYi t!fll~ CJ'W~tl_:jU l'WeJ~!JJ eJ1m1'lfi b1'l!ml:tl1"1tl1ll 
v , li I • 'V 

Vl'flr;(eJlI~'fltlll'fltl'i1-:j'WeJ~lJJtl{m1'lJJl'l.h:l:1ll\,U 0.1 fl:i'lJUll::::U'11l11Ul'W 24 'i111JJ--lu~Ji',n1111t!fl 
¢. o'd : d ~ 

'U f)'l 'Wt)1:HJJ m Vl1l1JJ'W 1 f)flfl H 

111iit!m~CJufl'Wl'PllPlf)lItlfl U1.1:ttrfll~(J'W!·mJft:l: 9 (\ill)l_:j~ 4,8) !tr:'l:t'illfl,jtllJr:'I~ 
" " 

~ 

, 

~ 

l'il 'l~I'WflrrwvnY:h trfll~tI'W~mJ(;j~ 11 nll1'W'Pl\~hllllJ\~\mm::~lull'JlPllJJ!1J'Wff'l!~('nn\J 
"" " ~'l t!'W t!fll~ tl'W ffl'W 1'1m 'ilHCJflfl11lJ HlPlfl~VJ;i :t'WJ1~ 2 ~lull'Jil1lJ!~ 
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~1H'l.hVl1lJ 

OJ «t 

~1'U1'U'UfH~ITU 

11 

f1'U 'HltJ'tl:; 

-: iJ 0'11111 fHHl;J 'W1 'Q m ru 3 7 

l1lnfl'ilt);J 2 5 

11111 fl'il t);J 2 5 

~ 9Jl1lnfl'iltJ;Jflmm 'Ul'U. 
-: 

'Ul fl1'1i'U~ 

9 

7 

20 

16 

: iJ 0' ,
'Ul fl1'1i'U~ 'Q mru19n:J "1 4 9 

-: 
'Ul 13 29 

4 9l~\91tJ1J 

" ~l~ Irlih!'UI~'U1'11LLiJ ~1'1''U l~i 'lf1'11lLiJ~ f111JrllJ lL ~~Umj fl'U ~tJfl~:i: 2 1~1:U fl'UlL~'fI;J jih'flt)1J. 
" <fl;JU'U 1'fI flfl1~ 'J1lJ l~iJumj fl'U rl'U i'flnll1'U'fI<fllll1hl'1''UlL~:i:1'1111iJ ~ mlJ1 ~tl fl~tJ;J lL~ 

, ," 
OJ 

nll1'U'fI1'1111iJ~rll1JrllJi~()fl~t);J!mm~ 961~aUl111l11film~fl'IJt);Jl1;J 31'11tliJ~ i~~l'Ul'Ut!mjfl'U
• OJ 


I V I I 


YiNlwflrucr1l1flfJdn'flflm~fl 32% (liJYi 4.18c) 

4.5.4 'Ylfl'tl:i: fll'J1V1 

'illflfmiJ~nlJ'U ~flfJ~f)111'f11'f1tJi"rum~ tJWi1t)fl!-MviJ mruf)1~l'f1~nll1'U'fI i"rl 'UmHll• 
" v j.I I 

f)11'Yl'fl~t)'l~;Jlrl11 :i: 11~ai1llJtJ{'fI'fICjflJtJllJlfl~.:j 6 '1l'U\91tJ'U rm f)1~l~fl<fl;Jll~'fI.:j!ml1~l;JYi 4.9 
'" 

" ~ l'U1'Ulrm~tI'U~!iltlfl1,r'lv\'t1~l ~ \J fl91t1 ~ OJ 

'IJ'UVlt1'U 
t1umw.,j q 

~1'U1'UfI'U 
11

'YI ~t1t1ij~ 

1 11~t)'fI'Yl'fl(1t)~ 4 9.09 
, <i 

lllJm(1flfll'Um~ (magnetic 6 13 .64 

stirrer) 

11~t)'fI'Yl'fl~t).:j 30 68.18 

dt 0 'j)

bmtl'l'Yllf111mV'U (hot plate) 13 29.55 
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.. .., 
'U'UVltl'U 1l1'U1'Ui{fII~~'U~A~elfl1,r}~elcil ~\lfI~tH 

d 
11 

f,"lUfI1W 
-Ul'U1'Ufl'U 

\I 
'H)~'t\~ 

2 '" 0' 
1JfllntJ 1 29 65.91 

3 
d ' : 1~ lmtJ\l1J'U'U11'l~ lJ 41 93.18 

4 'U 1m'll'lflJvl 
<u ., 18 40.91 

5 m~']jtJ'U 41 93.18 

6 
91
\9\tJ1J 
'" 

23 52.27 
, 

q 

!u't\~ 23 5l.77 

, " 

'il1nm ~ 'Vl'f1 'tYtJ1J 111'11fll~ tJ'U liltJn Q'lln ~ cll'Vl Ellfl'l'tY\9\ 1rwtJ lJl'l'l 1m ~ 'Vl'f1 (\tJ\l i 'W'IJ'W \9\ tJ'W ~1\l "l 


d ~ ~I 3J ~ Q.I ~ 31 Gt 9Jd "'G\ .c::i 

'lJ'W1'f1!~nflmlJ'W~tJU~~ 93 ~tJ\lMlJlfltJ'Wfll~U'W~tJU~::: 66 t'lfUfllnm t'Wm~!\9\~fJlJ'tY1~(\:::mUI'l'tYlJ 

fI11lJl.v1 i'il1lJt:lnlPi'tJ\l i'W f11~ i~tJ'llmrn'~un'" . 
I'" :iI I I 

~:::~1JiJ1i ulJftnfJ 1 t!fll~ fJ'W ~'W!fI UtlU!fI 'ifeJ\lUn1{j !1~i'W'll~1J~nwu rWtJ\l 'il1n.veJ~lfl'f1Vi 111fi'f1Yl~ 
iI ii, I 

m~fi~ (free radical) ~'Wi'WiJ~fijU1 ~\ltr'WnWVi'tY1~ftlJ~ml1Jmmfl''il:::'I'l11,rYl~m~fim~eJfJ~tJ 

iJ~fijfJ1 
.,'" 91 G\91191 Gj Gj~~I,J",., oJ 91 
'Wfll~U'W~eJU~::: 59 t']jU'Vl\lumfl'Wm~ !'Wm~m'W'tY1~~:;;mtJ t'l11lJ'W!'WeJl'f1tJ1n'W 9J\lt:ln\9\eJ\l.,

" , . 
i 'WVl~nm~ !1~i 'W iJ~1J~m ~{j 111 eJ\l 'il1fll~1'O:::11\lVli'l eJ'f1 'Vl 'f1(\ eJ\lU'W!fI'iftJ\l'l'llfl11lJ~eJ'WU~:;;m'W 'tY1 ~ 

~\9\ l'WiJ~ \1\l1~mi\luJJm~nm'Um~~\l'il:::mlJl:::'tYlJ~~'f1 u~:::m~'I'lliJ~njEll~i,rfhiJ'f1vl~m~fi~ 

im:::uuu'f1 'O:::'I'l11 ,rlfi'f1iJBn~fJ11~~nl1~:::1JUlt1'f1 

11m~ fJ'W ~mm::: 14 'I'lliJ~njEll i 'W~eJU U'Vl'W~'O:::'I'lliJ~fi~ fJl1J'W!fI~eJ\lY\lfl11lJ~eJ'W1l~:;;m'W 

"11 ~ "I '1 91 d "I '1 ., I., ~ " I 
'tY~lJ 'f1tJm'l"l~1lJ fI11lJtJf)\9\eJ\l'UeJ\lm~1~eJf) !'If!mtJ\llJtJ !'Wmn'f11'Vl1f)1J~tJU~:;; 51.77 (tlJ 

d 
'Vl 4.18d) 

4.5.5 rlfI'l:l:::m'll1VHltl-:J 

fI:;;1l'Wm1nfJ:;;m~'Vl'f1(\eJ\l1~'01~ru1'01f) 2 "h'W l~!1n m~ !ileJf)i.~Q'llmci'm~ 1'f11~mh\l 
" " 

lm.n:::'tYlJ U(\:::f11~ lileJf)H'tY1~ lf1m,r'tYeJ'f1f1~tJ\lflUm~ft\llm1:;;11'tY1~i'W'IJ'W\9\eJ'Ut!'W "l bl1Vl11Jbh'W 

http:fI11lJl.v1
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, 

fll) t~tJtll~tfl~tJ~{jmr'Wlh::;dJ'W!'1h,!t~rrJtl'IJ'tlml::; fll'il~ 
y 

. 
d 

11 

2 

MBA 

4 NaOH 

'" " " 
L'W'lJ'Wl9ltJ'Wir'W "11~tJiJfl'1'i!flml1'!~tJfl'tl.;j'l11l~ 41:Yl'Hl'liJ 

" mh~\lfll'1'tl~'tl-:J 9 'lftl-:Jl'llOlll 7 I9ltl1Jl11m1Jl1fl'lfliNl'llOlll 

fl Jlll!{hht1flI'1'U-:Jlllfl~1:Yfl 't'Wfll'H~tlflHf1:Y1'i !fliJj!itl!~tJ fl 't~ NaOH 111'11 ~\rv'h 'tl1'1111'" . '" . ,; 

acid nJ~f.J'W'lI1fl -COOH !tl'W + Ufl'fl-:J';ilirmjtJ'Wri'ru'lmu (66%)
" 

'" " " till '1 'lIfll'i !f1~iJ5f1~ tJl 'l'W!tJtl ~1'1''W 11111I'W1m~1:Y~1~'1Jtl'l1:YTH,j~\9liltu~1i11'i1~ Na ~-:Jir'W 1:Y1l~'1I'1''W ~ 

flJlll!~lI 'i1 111\1fll'1'tl'l'1JtNfll'J l~tlfl'l~1:Yl'jlfliJ~mJ1J~i'W flnlf1~iJ5n~tJl\9l'j '1tlmnrflfm 

" " 'Utl'l41'W\9ltl'Wfll'iYl~"tNir'W "1 l~wl 

4.5.6 fi'fl1:l~m1rhl,\1W 

fll'Jilfl 'j1~'11'tlfl1:l;;;;fll'i fl TW 'Jtu 1Jlflfll'j fh'l1'W~1'ilYlVfll 'j l\9lj f.Jll1:Yl'j "::;m(j~11 'Il'lI\9lj tJll 

acid 60% 5 mL 1l1fl acrylic acid 99% f11'fltl'IJ'Ufl'lfll'jf11'WJtu~tlfll'l~N~f) 3 mL 
'" 

\91J'IiJ~1l1A'j'lH)'1 acrylic acid 99% 1ll 3 mL Hm::l~llJ10fl 2 mL ~'l111ihrm~!'J'Wfl'Wifl!:UtJ'U1:Y'jiJ, 
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~, ~ 

m~fll1-J1UH'lf1-Jih,W !!~djCl1l1't!fH'1 U1-JlJ1~l~i:l'1-JCll1U'liw~ tJ1-J t!fH~ tJ1-J{f~111~Cl~1~t1f)~Cl~U~'hj. " 
~ 


d OJd d I Q.d 0 0 IQlQOJd ~ 


.\'UtJW~ i:l'~~ 1-J fH ~ (J1-J~'YW~U~':i ~'U1li m':ifl11-J 1tumUrl::;fl1l91 Cl'Ul'Vll'U 'U lJ'U fH 'HJm ClCJJ;'l::; 11 \9l Cl'U• 
t1f)~Cl~ (~11~ 4.18f) U~::;t!fH'1Umll1-JlJ1f1 'll~Cl'U ll{f~~ hi'l'I11-Jl1~~UJJ't!fH'1 tJ1-J ~::;~'1 UW~Cl.:J 
" " 

11~1J1 ill{fl':i fflJi~lJ£1W~Cl.:J'Vlq'l:l~m'\::;m Sfll'U1l.U lrl Cl'UWlm ~11~JJ~~~ 'U'lfW~ tJ1f1'U ~'lf"wt!f1i~CJ 


111m~111U'1~tJ~JJ~m~ ~.:J.yh '1 ~t!fH1 tJ1-J'Ul~mllJJt1-J'tll 't1-Jm':i~Cl'U 

rl1liH)1J (mL) 
fI'U 

1188 2.27 

65 5 11.36 

39 2.27 

8.25 6 13.64 

7.8 4 9.09 

6 2.27 

3 5 11.36 

0.3 2.27 

20 45.45 

, 
o:u 0 ~ 11 

4.5.7 fl1'H)Y1l'11UIl~1:H)fl1nJ't'imtl'IJe>1J1l (Organizing Data and Communication) 

m~ tJ~~liJ1-J -nf)'I:l tm~ ~~m ::;YhU~::;~ClmllJl1lJ1tJ,j'CllJ~~lf1~ 't l1't! fH1 U1-J i:l'~1.:J mwJ~ lf1 
" " , , 

rmf1WVl~J;'lCl.:Jm11~lJ ltum'j ~~cJr'U~ l'Ue).:J'Y'l Cli'l~lJCl {'¥iff.:jIm 1::;11'~llJCl 't ~11~lJ1u! MBA U~ f1~1.:J 
" 

6.82 

28 63.64 

I9i1U11 ~ ~\.JUf1 'U YI9i')!!11 J\9lllJ Hf11-J x 23 52.27 

('J11~ 4.19) 
" 
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tl':i~lvi'Ui'Um':iiI~Nfl':iwJ'~iIlJ1J':iW 
o OJ Q 

m'U1'U'UflA':ifJ'U (fI'U) 
o Q.I q 11 

'ill'U1'U'Ufl!':itJ'W (':it)f.Ja~) 

mf)fl'IJtl'lILf)'U x ILfl:: y (~,j~ 4.19) 6 13.64 

gJ 'VJ'1L1:Y~'l~1tJml 1l'Vl'l 1 2.27 

1~11mtt'UU1:Y~'lf)'H~ 1 2.27 

lJ,jl~tJ'U ~mf)1';i'Vl<fH'l 'fJ'l 1 2.27 

v d ~ gJ 3J' ct' ~ <J} I QJ d Q.I ~ 
'U f)! ';i tJ'U ';i'fJtJ~:: 97.73 1:Y';iVlml'VJ l~ 'b..J1:YlJ'lJ';i ru 91'l'UV'Uf)'W';i 'fJ'l1L1:Y<f1'l <f1'l\P11 ';il'l'Vl 4.12 <f1'l'U'U 

'" 
" I SI I 

lhrf)!~tJ'Ul~tJ'l 2.27% !'VilU'UYi~1'Ulf)ruqff)1';i~'il1';itlI11'UYlf)1l~U (~ 1.JYi 4.18g) 

.,j.'1y) .... N. 5 i \ 
..,... 

1 
0 .0 z.. .. 

" 
0 . 0 1 

C, Oc> S ... 
C,O:)? • 
0 .00 1 

0 112 <i?'7 6 )J 6)q 

<v .c;t 'iI V_I
4.5.8 Ylt111~mWlfl11lJ'I1mfJ'UeJ'Jalla~a-.1'UeJiIllJ 

Uf)!~tJ'U1:Y';i1.J1J{()f)~V'l~'ll1lJ<f1 52% (';i1.J~ 4.18h) ~'l~1\P1V'U'UV'lUf)!1tJ'U 50% fiOlrlV . .. .. 
,j~lJlru MBA l~mJ1f)~'U ~\P1';ilf)1';i<f1<f1cir'lJlfl'il~~<f1~'l lJUf)!1tJ'Ul-WtJ'l 2% l'Vi1J'U~1:Y';i,j'hillf)m';i'" . ., " 

'Vl <f1 ~H)'l'\1lJlf)'ilV'l ~l1:Yl ';i MBA lJ1.J~lJlrulJlf)'il~.yh1'11'm';i~<f1cir'lJ\!11J{"j'VtJ 1.J~lJl ru Yil'\1lJl~1:YlJYi 'il~ 
'" 

" 
f)1'l'Vl <f1 ~V'lVf)1'I r'l llfl~Uf)!~ tJ'U 2% lJ,jll1:Y<f1'l~l\P1 V'U 

http:lJ1.J~lJlrulJlf)'il~.yh
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~ d
4.5.9 't1fl1:l~fll'j'Wmfl'Hll 

. " 
'ill f) f115 flTri'W ~1'il 'YHJl11'Um~ EJ ').J'Ylll..!1 tI l'Hl f115 'Yl ~ cHI ~ 'ill fl m ll'l.yj bY ~1~ ~ 'W1'Wl'lfl'i:l ~ f115 
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..i 
1J'fI'fI 5 

iI1UNi.lfl11'f1fli.lMHi,l:::.ueUUU0UU::: 

5.1 ulUNOm1'f1fl00.:A .. . . 
"" J "" <I "'" .... ,,'U '" '" 'U ""4. 'U1. m1U.:Alfl11~'H'ff0i.l11l81ijYl.lIUllllfl'fltl0t1iIi.lltlyn lYl'fll.:A'lfllll'ff iJlfl'ff'lf'fl8UI'Uflltl 

fli.l'flm1IflYlUiitntl1'ff8ilI1l0"I."'UU1J1.Jgfllcju1~fti.lU1J1J Solution polymerization 

•.1'" "'" '" =~ lIJiI""'''' ""Ii
nTHn1n91 (graft) poly(acrylic acid) M1JtJ'VH)'fmJ el':lti ':I nJ 'If191 9Wil2: tfHf"9111W ct'lt1J 'U 

~ tI, I <V QI 0 " 
l"Iel€HUel11111 (NP-g-poly(acrylic acid)) 'Vt'U11el91nf11HJ~9f'Utl111~1l~'lJel~ Malva nut-g

4 QI QI • •• QI QI 

poly(acrylic acid) flel 620 mll/mll Krueo Ma Noy-g-poly(acryhc aCid) flV 825 mll/f1':1U ml2: 

Cassava Starch-g-poly(acrylic acid) Ael 592 n1U/n1111~tlffmn1J~.utl~Sj~Hl~flf111if~lfl11~r1'VlVH 

Ll.J81~~C)fuJ1t1el 'llll11W'lJel~'HlI1n'ilfl~ ~W'HfJli'\lel\l'llBf11t11 fl11111oflll'\j'tI'lJel\lUeltimllellut1~1'IJff 
t t JI , " 

(NaOH) 'll1111W'IJ V~ff1'iltll.J'llBf11tl1Ut1~ ff11 1~VlI'lJ11\1 t1Cl1'IJV~'litlll1l.J'llBf11 VlUCl:;'litl;i 1 

UB f1l enft'U l'IJ ff 

~ QJ~tQ f x.: .- 4 ~: 
2. m1f1fl'UlifiJiJtI'fIlINi.lYl0m1~1I'Ul'IJ0.:A'ff0i.l11l01t1R.lIUll1lfl 

fffl112:~~~1l~itlf111if\ltfl'j1~..r Malva nut-g-poly(acrylic acid) t1el 'll1111W'HlJ1n'ilel\l 1 

'" "" d iIiI " iIiImll ~W'HfJlI 90 el\lff119fCll9ftlff fI11l.Jt'\ll.J'lJtI'lJel\ll.JeltlVlllel1 60%(v/v) fl11l.Jl'IJU'lJtI'lJel\l1'lJff NaOH 

1 M 'll1111W'lJel~ff111t~l.J'llBf11t11 'll1lJ1W'lJel\lff1'il~elll'IJ11\1flel 0.05 n1l.J ttCl~ 0.003 n111 
'" . '" 

9l1l.J,h~'U nm'IJel\l'litl11111'llBf1lt11 nm'IJV\I'litlvh'llBmtl1ftU'Ufft1el 15 tl111 

fffl112:~~~tl~itln1'iif~lfln~r1 Krueo Ma Noy-g-poly(acrylic acid) flV 'llllJ1flH~Cl 
... jJ '" "" d iI iI " 

tfl'jel'Hl.J1t1elti 0.01 mll ~W'HfJl.J 80 el~ff1t9f,U9ftlff fl1111t'IJl.J'lJtI'lJel~l.JVtlml.Jel1 50%(v/v) fl11l.J 

loflll'\j''U'lJel~tiJff NaOH 1 M ,jll11W'lJel~ff11lt~l.J1j6f11t11 'll1111W'lJV~ff1'it~elll'IJ11\1flV 0.1 n1l.J 

" . " 
Ut12: 0.005 n1l.J 9l1l.J(,h~'IJ nt11'IJfl\l'li'U111l.J,jfimtl11Ul~nCl1'IJel~'litl;i1,j6f1lt11ft'IJt'IJffflV 15 tl111 

fffl11~~~~1l~ttlf111ff~tfl112:r1 Cassava Starch-g-poly(acrylic acid) flV 'll1111wu1:l~Jjtl 
"h'll~'H"~ 0.1 n1l.J ~W'HfJli'IJel~'llBftlm 90 el~ff119fCll9}tlff fl11l.Jloflll'li'tI'lJel~lIfltlml.Jel150% (v/v) 

fl11U'li'l.J'li'tI'lJel\lt'Uff 1 M 'll1l.J1W'lJel~ff1'il1~l.J'llBmtl1 'll1lJ1W'lJel\lff111~ell.J'lJ11~flel 0.1 n1l.JUCl~ 
"'. '" 

0.005 n1l.J 9l111ih~'U nCl1'IJel\l'litll!ill'llBmm 'li'Uvh'llBftlt11ft'Ut'Uffflel 15 'U111 

e!Q.I Q.I: ~ t/.I QI 

'U el n 'il1fl'UtI~ l"I'U11fl 1'1 ':I lf11'j~ 'fl9f1J'U 1'\1V~l"IVt11l.Jel1':1111 (NP-g-poly(acrylic acid» 'iI~ 

~ ~ ,:A..:k d\t 91 91 d 4Q QI

t1~Cl ~1l.Jelll"ll.J'll1lJ1W 'lJeJ~ ff111 'lfeJl.J'lJl1~ 9f ~HCl't1 t~ffV'flflCleJ ~fl'IJ't1f:rtJ{}'IJ eJ~ Flory's network fI €I 
t , , I )I 

lijfll~l.JflJ1l.J'H'U1ut1t1'IJtl~ffTH9fI'll.J'lJ11~ 'il~ri~H~i-ft'L'llt~l.Jfl1111U~-3 i'l1'ft1J1m -3t111~ vm;~f11'j 
" ff'll vuvhflolftl (saponification) rr~Glhl'J1tI Ill'.i 'll ~mJ Hfl~ 'jl III 'j ~~ei'm'hm tl1~11 'il i m~tl1n'W l"Ifl H. '" 
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,., 'jI y , 

llltl{~f>l~ll'Wllllfl~ saponified Ut1'11l~ ffllll':itl~f>l~ll'Wl l~ll1flfl1lYi tllltlltl{~f>l~1l'WUllfl~ III 1 $I 
d I>J d. + " !1I,_1 d. _I l' '" 

Vilfll';i saponified 1'Wtl.:j'il1flfll'j saponified ~t1Ll'Ill Na ions ff.:jHtl 11 ]Jt'V'UJ]J';i~~lI'W1:flV 9fl'ltli:l 

llltl{lflf>lU'j .:jvl'Elflfl'U 'j ~111Utl 'j ~~1I'U fflV 1cUl1 &'fl'lltl ~vwllnJtl{flllfl1111~'UfJtlff l11~fl (osmotic 
. " 

pressure) 'j~1111.:jlfl1fJ"hVfflt11cU'Iltl~l'IiJi111Jtl{'j UlI'1 hJU'lf;jCl'llfJ.:j'Wl 

<;" v "'.X : ... op
3. ~i'I'H"1H'Ilf)~'ff6iUtl61~tI\nilltlmnli'l11~'t'i\>IlU Infrared spectroscopy 

Hi:I~ l~1l1fl IR spectroscopy l-tJ'W fll'jU'U ~'W11~-W.:j ni'U.fl1r,!'t 'U 1 flHff~H'Il tl~l'I tlll!:1J 

tl{1i'jJll"lfl~ (ttJ~ 4.13) 1~mJfl'lJl'If)1l!lltl{1111 (NP-g-poly(acrylic acid» ~~'VWllU,Jt){1i'j';jll"lflW 

1l~t1';j1flD~fl~~lUl1ti.:j 1016-1104 cm" ~~I-tJ'WU(l'Ufll'j~'W c-o-c bending 'Iltl.:jvr'W1i~'fli:l 1fl91~fl 
. " 

(glycosidic bonding) U~1'Wl'Itllll1Jtl{';hll (NP-g-poly(acrylic acid» llltJ'.ilflD~fl~~llL11ti,ru 

L dfJ.:j 111 fl1 fl H ff~l~'IlfJ.:jl'l tlll!U fJ{1i nU'lnwQfltt1~v'Wutl i:I.:j (modified) 1111.:j m ~'lJ1'W fll ';il'ltllltUfJ 

l'.iL9fi'W (polymerization process) 

4. t.lW"tliWi'U6~~'UN11Ii'111:fl~lU Scanning Electron Microscopy 
. " .

dill " .~ dt Q;I oJ 4,.::::::'lo d 

Hi:I'Vl l~ii)lfl Scanning Electron Microscopy (SEM) 1'lJ'Wfll'.itJWJ'Wi:lflEltu~l'I'WH1'Vl 

!1¥1fl~1~fl'U';j~W:iHl'ItlllIUtl{1i'j'jU'lIl~fllll'ltllltUiJ{~1U (NP-g-poly(acrylic acid» If>ltJl1ll1fl~~N 
d Q.J .:. c:. ad d ~ ?I GJ: ... I~ Ij} d 

~:::U i:lflEl tu~ 'Iltl.:jl'l'W H1'Vl 'II 1 'Il';j~Ui:l~ll~ l'I1'W I'W 'eN~1fll11J1fl~ tH IlJ 'WI~Cl t'W 'W 1Il'l'j1~ I]J Cl tlfll111!U Cl~ 

" " 
i'W'W tlfliiff1'j LjjfJfl (Mucilage) ~1'W1'Ulllfl Vi11 ,.rffl1J1';jtl'fftl~~hHi'~1'W'W1 ~.:jiifJtu 1:flfU~' 'Wfll'j 

" ~~i'IJ'Wll$1~ ii'll'W1~tJtpnfl 338 Jlm Ui:I:'Il'Wlf>l'lltl.:j~l'I1'U 79 Jlm ri1'W'fftlllllltl{1111 (Malva nut
.Q Q.I ~ Q dat I A&:!o' 

g-poly(acrylic acid) lli:lfllltu~'Iltl.:jl'l'UH1'Vlllfl11U'Ill'1l'j:lJlflfl111'WtJ.:j'il1flllfll'jmlrl¥l (graft) 'IItl.:j 

poly(acrylic acid) UCl~ii'll'W1~'IItJ.:jtJ'4.f1lfllrJ'U 1.4 l'Yll'lltl~111J1fllltHfltl 472 Jlm Hi:I~'II'Ulf>l'llfJ.:j~ 
" l'I~'W1myIrJ 'U 1.3 l'Yll'lltl~11111fl~tl~fltl 10 I Jlm lfl1tJl1ll1UutJiillflElW~'IItl.:jViufbi:;v'lJIlCl~iifl'l1u 

d'1'U~l'I1uUmJ ii'll'Wl~'Iltl.:jtl'4fl1fl 504 Jlm UCl:::'Il'Ulf>l'lltl.:j~l'I1'U 86 Jlm t'h'U'VwlltUtl{1111 

" . 
(Krueo Ma Noy-g-poly(acrylic acid» ll~iillflEltu~'IItl~Vi'UFh~'II~'II'j~ tm~iifl11UlrJ'Ul'ff~UlJlfl ii 

<:It I ... )I... dl ... 
'Il'Ul~'IIU.:jtl'4fl1flllJU 1.2 t'Vll'lltJ.:jlfl';ifJ'Hlll'UtltJfltl 601 Jlm Hi:I~'II'Ul~'IlfJ.:jll'11'U 47 Jlm 9f~1l 

'Il'U 1~ ~ tgflW;i1 tdtl~ ii) 1fl 1 'U fll'j'Vl f>l fftl'UtrJ'U fll'j~1l1~~l'IfJlltUtl{11Ull1 'Vl~ fftl1J Ui:l~ uil~iJu 
" .

{htJ~1111.:jiillflllW:::'IItl.:jVi'U~b-vi~iJU~1~i1tJlI iifl11111rJ'U1'W1'U iJ'Il'Ul~tl'4fl1fl 483 Jlm UCl:::ii 

'Il'U1f>l'lliJ.:j~l'I1'U 156 Jlm 1'Uri1'U'IlfJ.:j'VWlltUtl{~1U (Cassava starch-g-poly(acrylic acid» ii 
" , . 

IIflll tu~ Vi 'U~1-vi'll1 'II 'j~Hi:I~iifl1111trJU ~ l'I1u U 1 fl ii'llu 1~'Il U~ tl'4illfl -vi 11lU\Pl fl~H 1l1fHt il ~iJ'U 

"htl~l111.:jflU 484 Jlm UCl~iJ'II'Ul~'Iltl~ll'11'U 145 Jlm tl1~Hi:lt"lf'UI~tJ1fl1Jtfl1tll1111UmJ 
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5. 1ArlAiUH'U0-1t1ii'lffifl11lftU~tT0AftDMnU1'U3fl\lliln10-1~'U 
gI ~ d tI " 0 Q. QI~ .:i et ~ tI 4 ':

1fl'ffll'YlflCl{J~ 10 'ffl9f.:J :IJ~tlmw1ll';i'YlflCl{JWI';i{J:IJ'Ylltlg'U9IIll';i tfl:IJl';i {J.:JVi{JClt:IJ m ~fl9flJ'U1 

. 
1 'Ufll';i Vi ltl~,j~f1l';i lf1ii 1flU "l.u'ffll'YlflCl{).:Jl~{J.:Jfll';iff .:Jtm l:t..1Vi{J~h:IJ{Jf~f1191lJlj 

~ 

1:IJ lfl 'il1fl'H lJlfl'il{J.:J 

lrl'U 1fl ~{J.:Jli{J1~U Vi'U -h flfl'hl:::fll';i ff'Ufl~utl'U ilfl'hl:::~,rfI1~U'U fh'Umw cr1flUti ';i::: 1ii'U:IJ lfl~t!fIIti~ 
!'It jf '" .., '" iI iI .1""!'It iI ,rum {)UCl~ 94 ';i{J.:JCl~:lJlfl{)'Ylfl'hl:tIll';i~fl11:IJ'H:lJ1U'\l{Jl;AClUCl:::Cl~'\l{JtYllJfI~tlJ'U';i{JUCl:t 52 tY1'U 

5.2 1JOIU'IUJU'U:t 

1. fl1';i "l~Vl"l1~~N~'U~'U '1 ~iif.lwtYlIiJ~rim'ilCl"l'UIll';iff~tm1:t..1Vi{J~hll{Jf~~91l1J1lJlfl 
2. fl1';i'YlfltY{J'Ul~{Jih 1t1t1';i:tQfl~"l.u'il~~ "l'U fll';iVi11rl'U~'U1'YlUlfntY~f 'Hl{)fh~{)lI'~fl 

• d .1 
tY1t';i'illlJ 

3. fl1';i1.h~liJ'Uf.lwfi 1'YlHm';i'M!fl1tY~1 Ill';i i~'WUCl:t~.:JU1~"'{J1I 

4. fl1';iVi1fl111l~111li{)timllf1~~tYmm,}1I'Hlm:pfi'ill~{)\h'tI'\llfJhH~f.~VilW"l16 
" "1 jI 

5. flfl'M~1~Ufl1';ii<PlJ'Wl~~u~,rfl1~ U'Wl~U'W "l'W ';i:::~'U-M'U1J1ifJlIflfl'M1 tVl{J~Vl'U!l'U1'W1ll';i 

Vil.:J 1'W1~U"l 'W ,}:::~'U1I 'H 11'YlfJl'tlfJ~{J1tltlCl~!~mYi:IJ~ 1'W1'W,rfl1'Yl U1flltY~1 ,rfl1~fJ"ll1'1I1fl~'W 
6. l'Ufll'HtI'W,rfl1'YlU1flltY~1 'U{)f1'i11fl'il~iifl11111'~U1fi'U'Ylq'M~U"'1 ilfl'M:::m~'U1'W1ll';i 

'Yl H1'Yltl1ft'ltY~lnti~'U~~~hi1ty hjB~'HV{J'Ui tlwhfi'W ~~,j'W'W{Jfl 'illf1tY{J'U1flfl11111U'" 1 ri{)'W~h~ 'iI 
~ . 

lll';iflfl'hll-M'U;J1iUlIflfl'Miiln 6 1Hl~fJ'Ufl1';i ~~1l1'iilll';itY{J'Uflfl'M:::m:t'U1'W1ll';i'YlH1'YlfJ1ft'ltY~1 

'~{J~ ';i 1'i1tY{J'U 'hlllni :lJtVil:::ilfl'El:::m~'U1'W Ill';i 'Yll~1'YlUlft'ltY~1'\l{J.:J1';i.:Jii U'W iiNCl1i'Vnfli~lm) dl.:J11 
91 GljlQl d Q Gt 0.1 1 d QI;f Y -d
~1fJflU m'WfI1';iU'U'Ylllll';i'Yl~Cl{J~ t'WClfl'MW:tl"l1'W1'ilfJ1fl'W'W lf1u"l"l1 3-5 1ll';i'YlflCl{J~'il~tY~tlNCl Ill'} 

.J'!'It '" ~ d!'lt ~iI , ~ 
'Yl 'iI Cl {J-3'W 1lJ 'W lVi tI-3'H 'W -3 III ';i 'Yl ~Cl{J.:J 'Yl tlJ'W U'W1'Yll~ t'H I'Yll'U 'U 

7, 1l~lltl'Wfl1';iiilllm';~'Ii'Uflfl'El:tm:t'U1'W 1ll';i'YlH1'YlU1ft'ltY~1~h ~l~tI'U ~fII~'W ff1Wr'U 

'ntl1"111:WiYmi' lflii 'M11'YlUl {)t.h~U{)U 1 flf~~{Ji11'li'U 1'W~ 18 iY~'Hlflll ~~ltl'U1'W1'YlUlflltY~1'\l{J~ 

1'Jfli1 

Old G):vA c:..l1)I" 1I]t GJj/ ~ 4 ~ 
8. 'WfI1';ifJ'W t"l11m{J-3"11-3 t:IJQflfll{J~lVi';il:t t:IJtfltl t"l1 {)1'i11V'l';il~~'UtI';i:::lJlw"l'WIll';i9f{Jtm{J~"I1~ 

,~ ~ 

~i~{JCli1Jl'Vitl~Vi{J~{J~1'U1'W,rfl1lU'W 1 lfll{J~~{J,rfl1ltl'Wfl~ ll~l~tI'U 1,000 fI'W ~-3,r'W ll~l~tI'W{)1'i1 

~~4mflt{J-3i-31Vi"l1,}ViCl{JtI ~~';ilf1l~lfl'h 1,000 'U1'Yl tYllll';i()i~1~~~H~ 10 - 0.001 flfll 
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Assessment of Scientific Skills by the Use of an Experimental Package of 


Synthesis of Super-absorbent Polymer from Malva nut 

({ ~ f/ A 
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~1\1,1~tJtl:ijlq]~1.h::<!~.i'L~e:J1.h::Lil\1,1e:JtJ<1::'lJe:J~Um1tJ\1,~f,hmn~wrlnTnh::dJ\1,l\1, 9 rlnj,/::m::1.J'mm1ym 

1'Y1mfn<l<il{~ltJ'1i<il'Y101<1tl~L~tl~n11~~Lfm::~We:J~L~tl{<il0l.uuJ,mmnn'VImn,;)e:J~ n~~~ltlcil~1.1LLr1UnL1tJ\1,.ffmJ1itJ~l'1nj,/1, ,~ 

u~ 5 ~lm\1, 44 .,\1, mh.i"::LL\1,WiJlnn11<ile:J1J"'C)1~1\1,';iJe:J1Jn1J~m1Lie:J~m1~~Lml::~WeJ~l~tl{<il<il;nmr,mn,;)ln'VI~ln
'II ~ ;..r ~ 

• O~ Lb"::~~Ln<ilW'l~m1~ .In n111.h::bil\1,rl nj,/:: m::1Jd\1,n11'Y1l~1'Y1 tJlfn<l<ilnJtl~un b1tJ\1, 'lJ e:J~11~L1tm~ij-uo~l nOll '\1.nl1til 

tJ~1J~nl1L.,ii 1<il tJH'll'OI '11 01 <1tl~ L~e:J~ m1~~Lml::~we:J ~L~e:J{~<il.u~J'~ln.ln'VImn. e:J~L lJ\1,L"~e:J~iJ e:J1~tJ W1J'"ll rlnj,/:: m1 

~~ Ln<ilL lJ'\1.rlnj,/::~um1tJmh\1,Ln ~Wr1nl1tJ1::Lil~1 n~<I<il0<illlJ\1,111 tJ <1:: 94 111~<1~m~ 1lrlnj,/::m1&iml~'VI~1 U-UeJ~<1 LL<1::<1~, ~ 

-Utl<l1tJ0mlJ\1,1eJ tJ 01:: 52 ~l\1,rlnj,/::nl1~0I'1'l1 LL01::~tlml~'VImtJ-UeJ~01LlJ\1,rlnj,/::~um1rmr,h\1,LmWrlue:J tJ~<I<il0<il LlJ\1,1eJtJ <1:: 2 
'I . qj .. 

Abstract 

This research aimed to determine the percentage of students that passed the evaluation criteria of nine scientific 

process skills by the use of an experiment package of the synthesis of super-absorbent polymer from Malva nut. 

Forty-four grade 11 students participated in the study, A teacher graded answers in a laboratory manual regarding the 

package and observed the students' behavior. The use of the package revealed the scientific process skill in which 

students showed the highest success rate was observation skills at 94% and the skill in which students showed the 

lowest success rate was manipulating and communicating data at about 2%, 

Keyword: Scientific skill Polymer Malva nut 

U'Yll-b 

rlnj,/::m::1Jd\1,nl1'Y1l~1'Y1 tJl\'11 <I<il{ L1J\1,n1::1Jd\1,m1t&1~q)Yi.::'IiJ u1.Y;~nL~tJ\,wli'lhLd'El'V\'l'tll~'l'l1U'lfl'l <!<;rfl.~~;t\1, 

r,h\1,m1i<iln11L1tJ\1,1.il1Jn11<1~iJotil (Learning by doing) 1m~~1\1, (Project-based learning) 'VI1eJm1~1JL<ll::'Y1l~ 
~ 

l'Y1mfn<l<il{ (Inquiry-based learning) <fi~~lLl\1,n<ill~ml~tJln ~ltJ'!Je:J~rln~::q\l~ ') blJ'\1. 2 tJ1::LIl'Y1b.1LLr1 rlnj,/::m::1Jd\1,m1 

l'Y1mfn~<ilfff\1,~\1,iFU, (8 rln~::) b.ibLr1 nl1~~Ln<il (observing) nl11<il (measuring) n11~'lmntJ1:::Lfl'Y1 (classifying) m1'V11 

ml~~~~w!h:::'V\'~h~<lltJ<ln1J<lLtJ<lLL01::<lLtJ<ln1JL1011 (using space/space and space/time relationships) n11H'~l101'!J 

(using number) 'VI1e:Jnl1fhm\1, (calculating) n11~<ilm::tilLL<1::~1lml~'V\~ltJ-D11~<1 (manipulating and communicating 
~ 

data) n11<1~ml~~<ill~\1,'ln-Ue:Jl;i<1 (inferring) LL<1::nT~tilmtJ (predicting) 'VI1e:Jn11Wmmrn (forecasting) Ll<1::rlnj,/:: 

m::1Jd\1,m11'Y1m\'11<lq]{.ff\1,~<I~r.I;.n\1, 5 rlnj,/::: b.iLbr1 n11~~<I~lJ~~1\1, (formulating hypothesis) n11ril'VI\1,<ilUtJl:IJlll~ 
tJD1J~m1 (operational defining of the variable n11nl'VI\1,<ilLL01::m1J~~~lbbtJ1 (identifying and controlling variable) nT~ 

'Y1<ilfW~ (experimenting) LLm:n11~ml~'VI:lJltJ-Utll;i<1Ll<1:::<1~-Ue:J<I:tJ (interpreting data and conclusion) rlnj,/::m::1Jd\1,n11'Y1l~ 

I'll mfn<l<il{rT~ 'lh 1J1V:rmtJ\1,;.n~11(l L;O~1tJ~mlu~'L~:lJLlO1::LLm~<illmj1.ie:J cil~ (l nq'i'o~ b'VIm::<I:IJ (<I:lJLn tJ1~ W1~<!'Y1~:lJl\'1. 
'\I '\J '\I 'I 

2551) 

~ "'" "',d..... 'loo' ~ J "".:. "'" f/ ~ ~ 
';)1 n n11.<il nTH1U\1,~'Y1l \1,\1,w<UJm~<1<1:IJ []'Y11i'Y1l~ n11L1tJ\1,l'1ild'Y1mfn <I<il1 til b~ii \ 1 <115\1,~1 n<il b\1,n11~<UJ\1,lrlnj,/:: 

m::1Jd\1,n11'Y1l~1'Y1m\'11<l<il{~~ 13 rln",:: ~~1\1,n11vr(OlJ\1,lrlnj,/::m::1Jd\1,n11'Y1l~1'Y1m\'11<lq]{J\1, mq'i'e:J~L<il1tJ:IJ n11'Y1<ilO1eJ~ 
~ 

<l11L.,ij EltJmrn ';ijl1nl1tiltJn1J1in11~'VI11JmblO1::um1tJ\1, ~~blJ\1,~n-Uo~ln<il~m.n\1,1'V1nJbl.l<ll:IJT:mi<iln11L1U\1,1~
'I '\J ~ 'II 'U ~ '\I 

<le:J<ilm~'e:J~n1JW1:::1''1iururu~n11I'1n''''LLvi~'1i,~tJ 2542 :lJl <il 11 24 "i1.i"Wn11~<ilm::m\1,n11L1tJ\1,1 1<ilU<lC)1\1,l'1nj,/lbW::
~ ~ . 

'I'\\i,}U~1\1,~OIihm1:IJ1v:erb1tJ\1,b~L1tJ\1,1,nntJ1:::<l1Jn11rn.1~ tlnn1 nJ n~ lV:'I'llL.i ~<illlJ\1, tilLtJ\1, 1nn11!.hmlfl::Ln<iln111~ 
~. ;.J 

http:lJ'\1.rl
mailto:karntarat@hotmail.com
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"'"' t', ...I 

'1'YlUlmR'il"i"m nL'Yll'Ylfl'1"i" 


..... q,.. t:1..... . .:J. 4...0

J1Ul~tJb~tJln1.nln~::n"i"::tnunl"l'YllJl'YltJlfll!mnU"lltJl'lllLfli:J <i11tJnl"l'il<i1nl'lb'l"tJUJbbUlJI1llJ 'J lY-ielY-l(/lJm 

'r1n~::m::'lJ1unl"l'Yll~l'Yl tJlmR'il1 lLfl::i:J nl nh::LljW-lfl'l'\«~L~tJ1.thUdEl'l'\1@11~ 'J t-Ifl nl"l%tJY-IU11 ~nL1tJulj'r1n~:::nl"l 
i~Ln'ilmn~R'il (tlUSl,"l"lru l'r1'YlElJ, 2553; u,11 1J1UJTu, 2555) ll~'r1m~:::~unL1uui:Jml~nl'1'1'\Ul'YllJnl"ll1tJw.r!.lU~or<i1 , 'I' 'I 

• ~.l' d ~ •. I.~ d~ ~ d ~ ~.I ~ d ~ ~ ,.l'
Rl'l'\"lUmtlVlll"ltl~ bl"fV'nLYl1Jfltl'Yln~::nl"ll1lml1JVllllU'lJtl~mlfl:::flJ'lJElG\'1utHltJ'Yl~<i1 (~'lJfll"l"lru b'Yl'YlElJ, 2553) Rl1.tmElVll 

r AI .... <=I t' ~ a .t Q .... i ..... 'i 011. 4..1 ..... d::1 Q.Iq,..

l'l"ElJR1"lElU'Yl"ltJUUfltl'Ylm'}:::nl"l'il~RlJ1J'il~11.t (,,*iJ"l 1J bU1JU, 2555) mn'1 L<i1m~1Ufltl'Yln~::nl"lRJln'il'll~LU1.t'Ylm~::m::U'1Unl"l 

i Yl rn rn ~@1faffu14\.b~lU LUU11n~:~vrfl.I'U.11~~1 tI nil'"n'li~ nl d~.J ~lJlJ ~~ltUL~::l1n'M~nl d~ fl '11lJ~ 3..11 t1~tl3J 6ilb~::f1.JollO ~~U 
oil ... 'U q 

~~ l t1u'r1n~::m::1J1Unl"ll'Yl tJl f11R<i11,TUt-IRlJ t-I RlU ~lVl1ml U1~udll~Vl1JYi 'il::lLnuQJVI1nl"lil1l l'il1u1JU n1J~nl"lLfl i:J1<i1 unl , ~ :oJ 

;ffulU 
~ 
"lUllUU'lJ tl~'ll<i1'Yll1l fl ElJ l~ Ell~~lU~tlnl"ltb lu1'll<RJRlm"l\ll'll1.r~~0'(/lJUllLfl::U "l:: lim'r1n~::m::tn1.tnl"l'YllJ. 

1'Yl tJlfllR'il1 Ll@1l1.tnl"lliUflfJdH'll<i1'Yl<i1flEl~LlJubf1iel~lj EllUnl"lU"l::dJUt-Il1'r1n~::: n"i":::tnUnl"l'YllJl'Yl tJlfllR<111'lJ ElJ~nL1UU Yi, 
fin~llu1"lJl1UUi:J-v miln<i11 1.tnl"lYhu5U~ nl"llf1i:J 

!)iiOl"'1%U 

~nL1uwffu.JliU1Jfin~liJ~ 5 ~lU1U 44 flU 'i\El1Jfil\l11Jl1.tfiiJElunU~nl'LiEl"nl"l~~Lml:::~Y-IEl~L~elf'i\<i1'iimtl 
~ :oJ ~ 

lJln'illn'Vllll n'ilflJ lll1::m1~fl::: lLU1.t1ULL@111:::'r1n~:::1'il ui:JLn ru'l1nl"l1~fl:::LlUW;I~'ill "ll~Yi 1. 
IIll'nlrl1 Ln ru'l1nl"ll~T1:::lmU'r1n~::m:::tnunl"l'YllJl'Yl tJlfll R'i\ 1 

<illLLUWIU: ~"mtl1~Ltl~tmltl 

<ill LLtl1'1111J : ~lLLtl1~Li'lU~~1Jl'iJl n<ill Lbtl1~U 
~ .1 ~ tl d d 
'1Il~u1f11U~1J: '1Il~ 1~fl~~ 

1. nTH~~nH~tJmnrnl11'1l1~1lth~LVllJ1:::fl1J 

2. nTn~DnHErl1IfliJ'lY;t'<'~"'fl.re~num1i~Lml:::iflTrlwlfu<IIeuJu ') 

Ilnnl"'1!),)'U 

t-ISlnl"l1.h:::dJ1.t'r1n~:::m:::tnUnl"l1'YlUlmR'i\1'lJElJ~nL1UmfJ 10 'r1n~::: (nlY-lYi 1) 1<i1unlwn~L~Ellmu1JLYiuul1.t 
13 'r1n~:: n'l"::tnUnl"l'YllJl'YltJ1f1lR'i\{ iJ:::Y-IlJ11 hJL1UUYii:J-vm'h n<i1t MT:i'tilU5u~ nl"lLfliJ UnL1uui:J'r1n~:;nl"liJLn'i\Yi~ 
~JREl<i1f)~!lJn1J~l""l~uYi~l1.t1Jlt1.tnl"l0'(/lJm'r1n~:;m::1J'1Unl1'YllJ"l'Yl tllfllR'i\1 (elu"'1"l"lrn 1ti'Yl!lJ 2553; Uil1 1J1".Ju 

2555) fll"'r1n~:::~um1U"~1"Lnrn'l1nl"lU1::LiJUU!lU~R<i1~eltin~::nl"l,r<i1'YilLLl1::~~ml1J'VIlllU-VEl1Jl1 'LY-I"ll::Um~UU1J1Jfl1.t~ 
q ~ 

LiiUUvllLLU"l.iu'lll"LLnu Y ~~'i\1~'VI.i'nnl"lR11JmlyjLLtil .iElJ"l::uHluLLnu X bLm:llli:Jnl"l"l::U'VIU1U'lJelJLLnU X LL .. :: Y 
q , 

ih'l'\'i1J'Yln~::nl"l'il~'YllLLI'l:::~!lml1JVlmU-Vel1J llJ" Lt1U'r1n~:: n"l::1J'11.tnl"l"l'Yl tllfllR'i\f.zT1.t ~1.tiJ1U ~J-iJ<i1LLUJ nUJ1Ul\lU 

L~[JJn1J'r1n~::'YllJl'YlUlmR~rn"'ilUl'tflLfli~~lum<RJn~llil 'r1n~::n"l::1J'1unl'l"l'YltJ1mR@)f.ffm.jiil~e.JRlU~tl tin~::nl'l" 
~ml1JVl1J1U-Vtl~mL11::11J-VtlR"lUUElU~R'il (mJfll"l"lrn 1'r1'YlElJ, 2553) LLl1::'r1n~::nl"l~Jfl1J1J~iJ1U (1.t'il1 ~l1.t.Ju 2555) LtiU 

tin~::~riflU-V1J~ln~1V1flJun'L1UU ' , d, ' 

mailto:r1n~::n"l::1J'1unl'l"l'YltJ1mR@)f.ffm.jiil~e.JRlU~tl
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D 

m 1 ~lltJiil::'lJll~ttm~ ~lULLiil::11i~1\.tLn'Wr1m1ih::LiJu (a) l1nj,/::nTl~~Ln~ (b) l1nj,/::n ~lU (e) l1nj,/:: 

nT'nil'1'lWilLw::m1Jf1lJ'I'l<;]-JLLih (d) l1nj,/::nw)~ (e) l1nj,/::n1WI~iilll~ (I) l1nj,/::m1~lUlrn. (9) l1nj,/::n11~~~lbbiil::~1l, 
mllJ'I'llJ1tJ'JJlllJiil (h) l1nj,/::n11WimllJ'I'l3.ntJ'JJmJiilLLiil::iil~'limmJ 1Iiil:: (i) l1nj,/::n11Wmmrn

'" "" 
1, rlnjj:: n1~~"Ln~ 

l1nj,/::m1~~ L n~LUUl1nj,/::Y;,znI1tJu1il.h::tn'Yl~lJ~'" b.rLLri ~n 'I'l 'illJn ~U LLiil::~lJ~",lUm11Jlln1ltJiil::L3tJ~'tJ1l~~~ 
J" ~~ tnlJ11r:1 ~~ Ln"l1~~~1m :n~f1C\UllWlLiil::m!J1 rn. 'illn n'ilm1lJ 1~,znl1~"~~Ln~~ltlmJL~ nri ll"LLiil::'I'l~~Lmil f.liiln1111ltJ, 
'l"fUil ttm1tJ"~11<.lVl f1ir~tJt1:: 89 ~l lJl"ir:li~LnOl~11imJr\tm~~Jl1~'h1tJ11i1l~1J1tJ'lilllJiil ij,zm1tJ1<.LY1tJ~ 23% ~~,jwnnn1'l'

o~ '" '" 
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ff~Ln~bU"'n1'Ol~mlll~~L~'" l~l.bn ~l"''''tlmmLil'''L~1Jn1::"n19 ~1".1".ihrltlb'l'lSjtl"'~1~'l'I1tln1!:~lml':; LbOl:L~".ltJ 
ff~bml~~ ".nL,tJ".J~'l'IlI~ mm'(1ff~bn<i1~ltlmJnll"'Oi<il.J1Mt~tJllltl~1JltJ'JitlllOl'l'l1tlOl~mll1f\~LY;".'JitlllOl .,~JUL~m,\l 

~ ~. 
I d ""'.... ......" ~ I ~!'. a.J ~ ""' <v d.dI 

mL"iiltJ'(lm:f!:n1"lI:'l~Ln<i1'i11nnT~<!~Ln<1Jm1Jtl~nll"'LLOl::'l'Iiil~~~m mL"OltJ~::LmWYln19!:m"l~~Ln~L'(l1mJ 94 (1l1~'(l 1a) 'Il~ 

~:LL'\.I".~~mn L~Jl::LiJ"'''''n19::~'''i!1'\.l~UnL1tJ'\.IihLiil::~1'\.11~tJfi'')'\.I1V1ru~YhLMtJln1J''''n19::m::1Jd".mj'(l1~1'(ltJlf'11ft'~fi'i. ~ ~ 

ft'''lu';h''''n19::dLU'\.I""n19::~l~~::LL'\.I"'ft'~ 
v l: ~ 

2. nn1j::n1'i9hli'l3J3J(i1:i1" 


'inn mjU':;Lij'\.lt~ tJ1~unL~tJ"':~<!~~~ill'\.1'i11nh'(l[Jl~uoJ1~rhvmOi~1'i11nmj'(l~ iilll~oJ1~mLLu~un L1tJULil'\.l 5 n~lI 

d ., 

htJLb~0l::n~m11mj'(l~iiltl~1..itJ1iY1'll""tl~~W'llU'ilL~tJln'\.l~1l'l'l:l.nmo~ LL<li1fhnrn,'lJl1~ MBA "il~n". L-ctl1~~lnhHhrnL~tJ'\.I~'", 
1<i1 ~~h'(l[Jl,]tJ'l'I111tilll1111,]tJlc;i(1nc;i11~ ~~J'\.I~~'1l~UnL1tJ"'~'\.Il<i1..f~ft':IJ~~ill".1~(1n~tl~ LL'iiL~e),W'ill'H~lml:IJft'l1<il~~l1~. .
~ 

'lI11~h'(l[Jl,]tJ~UnL1tJ'\.IL~tJ".n1Jmll1ft'11'il~~11~'lItl~ft'1I~~;jl'" ~1Jll 11l~UnL1tJ".~..f~ft'~~~;jl'\.lM~Olll1J~Ol:IJh'(lUl~U ~ 
~ ~, 

UnL1tJ'\.I1tlUOl:: 50 oJ1~<!:IJ~~~1'\.11Jl~~1'\.lft'11<i1~6itl~n1Jh'(l[rl,]tJ (1l1~~ 1b) LLOl::UnL1tm10tJiil:: 43 ~:~ft'1I~~~1".11l 
I:'IOOi~~O~n1JhYl!Jl,]tJ LLOl:;ijUnL~tJ'\.I~1",Ul1tJ10tJOl:: 7 rllllL~um'h<i1l11Jl".'Jiod 

3. rinl!t::m'ifhl-l"\iHbtl::~n1J'il3J~l LltI'i, 
\~ 11 nlVl"'<i1ft'cn'\.lnTnl1mj'(l<i10l11~~~mLLU~Um1m.UU"'5 n~~ t<i1tJLL'ii Ol:: n~:IJ'filmj'YlOiOl tl~1<i1 tJ 1ivh""tl~ ~'\.I'lli).<i1" , , 

L~tJlnU~tl'l'lmn'iltl~ LL'iim:IJlru'lltl ~ MBA 'iil~rl'\.l ~~Ju ~lLL1.hc;i'\.l~(1nc;itl~~tl mlilru MBA bvm:::h'(l[h::1J1r<i111m~lru. , 
MBA LL~n.h~n'\.l ~~Ju'illnmjl,]tJ~,jft',t11~11'l.lijUnL~tJ'\.I~".1<i1<i1tl1J(1n~tl~ ~1V\11Jtil<i1tl1J'lItl,jUm~tJufi'1'\.11V\ru 93% "l::1.J 

, 11 " , 

11v\1I1 n'il E1~Lil'\.l~' LLtI,<11'\.1 

~'LLU'<i11~~rln<11tl~~llmmruJl~~11~LlItlf~ff~L~Jl::V\1~<i1~'li'1JH ~~J"'1J'(luniMm,m'L~~lfi"l'11m,'(l<iliiltl~. . 
. 

~ 

.ff'\.l(i111'\.l~ 7 Lil'\.l.ffu~Um1tJ'\.I~El~\.I1~11~LlIl1fLL'\\~rI~JLrljl:::V\1~1I1'(l<i1<!1l1J<i1<i1Jlt<i1tJi'~~tl~LlIllfLL,\\~1I1Uj::mru 0.1 n1~ 
LLOl::LL-d.Jl'\.ll'\.l 24 i'1t~~LL~1i'~J1V\Un'lltl~~!l~L1Jtlf~1Jd~.J13nrlr~ 

11.1~um1tJ1.t~'\.Il<i1<i1tl1J(1n LLiil::UnL1tJ1.t10tJOl:: 911lml1.JLLiil::~ln'JimJOl~~"l1'ill.n".~r~d'i'~1.Jll UnL1tm1tlUOl:: 11. . 
nlV\'\.I<i1~'LLtljc;i1.tLLiil::~lbL1.h<i11~Lil1.t~~L~Uln1.t <1i~JuUnL1tJ1.tfi'lUdtl1'LbUnmlmL<1Jn"h~,::vdl~ 2 ~lLLU,d1.1.11~ 

~Vl11J~'LLtI,m1J~~UnL1tJ1.t11ltJiil:: 96 nlV1"'Oi~'LL1.hm1.J~~Mrlnc;io~~tl .Jl tlruVillij L1iill ijUnL1tJ".1tltJiil:: 2 
, 'I ~ , 11 

~~ll1J--.hm~lru'lltl~m'L~~ oJ1~M~L~'l::mmru'lltl~ MBA ~~Lil".m'L~~Jmil"'~lLLtI,c;i1.tlllh~lLLU,m1.J~~ LL"::UnL1tJ,,. 

1tlUiil: 2 'l.lL~tJ"'LLft'~~fil~l11J 

~~J".t~tJll1~ddli 11.1ijUnL1u".~".1~nlVl1.t<i1~lLLU'~"'LLfl::c;i'LLtI"lm~1~(1nc;itl~ LL'iinlVl"'<i1~lLLU,m1.J~~lc;i 
~n~11,J1tltJiil:: 96 LrlO1.tlmVllfilbU~U'lItlJJ~ 3 ~lLLu,1c;i~lm",UnL1tm~r-h"'Lnrn~""n1j::dt<i1tJLu~tJ 32% (1l1~~ 1c) 

4. Yfnl!t::m'illi'\ 

'ill nm,t1':Lij"..,., n19:m,l<i1 101 tJ 1'\\unL1u"'L~<lnHotl n1runT~l~~ nlV1"'~1Vll".m,'film''(l<i1 iil <l~~~Lml::~~<l ~ 
£ ~ ~ 1:. " 1~ ~ d 4 

, 
• 1 <'~ .. d . 1 I: ,

LlJ<l,~<i1'l!lJm~lnm 6 'lI"'~<l'" 'illnnl,'(l<i11:'10lJ V\'\.Im"ltJ"'LOllln~umrnl'(ltJ1f'111:'1<i11b~1l~1'(l1n1"l'(l~Oltl~ "''lI'''<i1tl'''<i11~ '1 

'lItl,J nl'~~Lml:~~ tl'i\LlItlf'il<i1oJillJl~l nJ". ~lJlltltlmruum1tJ"'L~lln1itl cil,Jrl nc;i<l,Jlc;iLLn 1-rrm:::'ll<lULv1!l mtl,Jb'il OlLbiil:H 

brlitl,J,j"..Jl~.ml:JJLv1tl"l'111~b~iilij'llm~L~n~<i1biJw~Elt;0l::: 93 10,J0l~m~tlUm1U"'1~tJOl:: 66 Humm)"fl"'n1,b~1tJ~<!1'iil::iilltJ 
~l:'IlJ 

mlw'Jilhlll(1n~tl~l".m"lHtlumrnlc;iLLn UnL1tJmh".1V1nlf,lU":: 86 "l'11t1nmtJ1':Vlll~m,~~c;iul1.tumntlf
'U 'I ,,:.J 

~,J~11.t1VI nlLL~'1".':::"1.J3TfftJ~fi n191 Um1U1.t.rm~tJ n1JL~ill~LLrlld bb~l".tI niMm,ii'L-cttl~'illn'l1tl~l n~rlll Ln~mLL,~.r"v , ~ 

(free radical) ~".luu~n1tJ1 .,~~".m,rI<!1'ff~~<!n1.Jtllmf'l'il::'fill~mLb,~.r0lL~tltJ~tltl~n1tJ1 unL1u".f<lUOl:: 59 HLL11~ 
~ 1 1 ~ :'1 .f d ~.; ~ ~ ~ '1 . 1~ - .f d

tLm~"'<!l"l "'n1,m"'~l"liil:iillU 'l'ILu".Lt1,m~Uln1.4 'l!,J~n<i1ll~mVl"nm"l I.b~ "'u!l1.J~m"l'" Lt1,tl~,lm,1,::11~VlOl<l~'Yl<i1iiltl,J 

1J"'b~~<l~'filmllJftl"'bLOl::m"'<!1,5<i11".1I1l ~,JHLLYiJ LLl.lLVI ~nnl".mj~~'::LVI m:: ft'1Ir1 ~~ bLiil::nwll1u~n1tJ1~1~nllU<i1m 

LL,~.riil1m::1J1.Jtl<i1 'iI::'fi11~Ln<iltl~n1tJ11~~nll'::1.J1.Jbtl~ UnL1tJwfllUOl:: 14 'filuBn1tJ11".~tl1J LL'Yl"'~'::1'11tlnn1tJ11J'" 
L~il1~l'hml~f<l"'LLOl:::nl".ft'11 ft'"l"ut<i1tJll1~1d~ mllJ(1n~tl~'lJtl~m"lL~!lnHL~itl~ijtl1".m,l<i1LYiln1JftltJOl:: 51 77 (Jll~~

,~ . 

1d) 


5. nnl!t::nl'il1li'\,HlJ 

rl::Lm"'''''n19::nl''l'(l~iill1,J-W'l''lrnl'ln 2 fi'l".MLLn nl'L~tlnHtlumrum'1<i11~tlcil~bVl:IJ1::<!1I bLiil:::n1,t~onH 

m1L~Jjl,\\<!tl~f1 ~tl~ nlJm,~~ Lml:::~m,lwff".~ tl".J1.t '1 ~lVl11.J~1".n1"lb~'tl nHl~i€l~~ l1J"'U1::Lij"'L-d"'b~ tJln1.J""n19:nl, 

101 .Jl~~"nl'1~tJ~1J--hum1u",ftl[J0l~ 23 L~tlnHlltlmnrn1''Yl<i1iiltl,Jlc;itlcil~(1nc;itl~, . 

http:brlitl,J,j"..Jl
http:lLLU,d1.1.11
http:mjU':;Lij'\.lt
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7 


acrylic acid 60% 5 mL 'inn 
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1,(] tll.n~Vlf ~~,f'U.T,~L1tl'U.m,~~ b('l1:IJ1~ii ih n·mJ"';-.oJ'U.lrlnM~1'U.l,~ L1[J'U. 101 tl !lTil1,r'll'm~'U.mb'U.::~~oi!l 'l tldd'J'U.bL'U.lm~1'U. 

nl'~OInl,b1tl'U.'~· 

1. rl~M::l~um'''';-~'U.li~bboi~nL1[J'U.L1u'U.l 'U. ,::~1Ji\clfilJ:IJ~nMl Lyj !ltl~'U.;n'U.1'U.nl''Yil~l'U.% U1'U. ,:::~U
~ ~ 

:IJ'Vlll,(]tll;tloi!l'ltlLLfI::Lyj8L~:IJ~1'U.l'U.~nl,(]tJlfn~Vlf ~nl~ul~lJln~'U. 
2. l'U.nl'LlI'U.~nl,(]Ulf!l~OIf '\'HJmnn~:::1Jml:IJj'L~tl1nU'(]fJM~LLd'1 rlnM::m:::lJ1'U.nl'~m~l,(]UlYn~Vlfi'ilU'U.~~ 

th"'lJ1JJ~~'V\ci1l'U.ltln·;hn'U. ~~,f'U.'U.8mnn~EllJ101ml:IJfm11 riEl'U.L~u'U.~Ui'U.lJIW:IJ;;;nMltJ~ 6 h~L~1J'U.fmiG)1~ijnTl~EllJ 
~ 

~ a < d "~ a <d. ~."f ~ l:: ~ ~ 
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Water absorbency of Saponified Cissampeios pareira-g-Poly(acrylic acid) 
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Abstract 

A pectin-graft-polyacrylic acid hydrogel was synthesized by a graft copolymerization 

reaction among pectins extracted from Cissampelos pareira leaves, ammonium persulfate, acrylic 

acid, N,N'-methylene bisacrylamide, followed by saponification with NaOH. The effect of the 

amount of reactant, temperature, and time of initiation and saponification step on water 

absorbency was studied. The maximum capacity of swelling was 824 gig in distilled water with 1 

g of Cissampelos pareira, reaction temperature at 80°C, 50%(v/v) acrylic acid, 0.001 g MBA, 1 

M NaOH, 0.01 gAPS. The analysis of FT-IR confirmed that sodium acrylate is grafted on the 

pectin of Cissampelos pareira leaves. The result of SEM showed hydrogel pore more than native 

Cissampelos pare ira. 


Keyword: Cissampe!os pareira, water absorbency, pectin-graft-polyacrylic acid 


Introduction. 

The superabsorbent polymer (SAP) has a three-dimensional network structure that is able 

to swell and retain the aqueous medium in its network. It can be used in applications such as 

disposable diaper, water crystal, water-blocking tapes, etc. (Buchholz, 1998). SAP has been 

synthesized by various techniques; however, the most general synthetic route is the FRP process 

of making hydrophilic homopolymers or copolymers with the help of a bifunctional crosslinker 

and a saponification agent. The original synthesis of SAP from homopolymers crosslinked with 

polyacrylic acid was developed by Kem in 1938 (Buchholz, 1996). Recently, research on making 

the SAP copolymers by grafting onto various natural polymers (NP) or bioSAP has been 

increasing because of the added value of its biodegradability of the NP. The vinyl monomers are 

grafted onto various NP, such as, starch-grafted-polyacrylic acid (Fatang, 2006), agar-grafted

polyvinylpyrrolidone (Prasad, 2006), nata de coco-grafted-polyacrylic acid (Puspitasari, 2006), 

etc. Polymerization is mostly done under inert N2 atmosphere because oxygen inhibits highly 

t 
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reactive radicals (Garner, C. M., 1997). In contrast, Pourjavadi and Zohuriaan-Mehr (2002) and 

Wuttisela, K., Panijpan, B., Triampo, W., and Triampo, D. (2008) had shown the effectiveness 

FRP process in the presence of air (Pourjavadi, 2002; Wuttisela, 2008). 

Ciss~mpelos pareira is a NP which is climb plant in the family Menispermaceae. It has 

uronic acid about 70-75%. It can form gel after extracting in water. Gel strength increases in 

sugar, Ca
2 
+, NaOH. It can form gelation both crude extract and dialyzed fractions (Singthong, 

2005). It is widely used for dessert and medicine (Sankaranarayanan, 2010). From its properties, 

we optimized crosslink Cissampelos pareira-g-poly(acrylic acid). In our studied, the influence of 

polymer factors ; i.e., amount of reactant, temperature, and time of initiation and saponification 

step on water absorbency is discussed. 

Material. 

Dried leaves of Cissampelos pareira (CP) were collected at That Village, Ubon 

Ratchathani Province, Thailand. Acrylic acid (AA, from acros organics), sodium hydroxide 

(NaoH, from Carlo erba), ammonium persulfate (APS, from Carlo erba), N,N'-methylene 

bisacrylamide (MBA, from Sigma) were of analytical grade and used as received. 

Preparation of gelatinized Cissampe/os pareira 

The dried leaves were slice into small pieces. The pectin was extracted by using the 

solid:solvent ratio about 1:5. The solution was poured into the cheesecloth and squeeze to extract 

pectin. The filtrate forms a pale greened gel in color. The fresh gel should daily preparation before 

use. 

Preparation of hydrogel 

The 5 mL of distilled water was added to a test tube containing the mixture of (0-2 g) 

fresh gel from Cissampelos pareira (CP) and (0.0025 - 0.2 g) APS initiator. The mixture was 

stirred at a varied initiation time (0-30 min) . 5 mL of (40-100%) AA monomer, (0.0005 - 0.005 

g) MBA crosslinker, and 5 mL of distilled water are then transferred to the mixture of CP gel and 

initiator. The gel forming within 2 minutes and the solution should be stirred for a total of 5 

minutes. This was to keep the propagation time constant. The gel was milled into small pieces by 

a blender. The gel granule was saponified using (0 - 3 M) NaOH for varying saponification time 

(0-30 min). The reaction temperatures were varied from 60 - 100°C for both the polymerization 

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

product was stored in a desiccator. 

Tablel. The polymerization factor 

Polymerization factor Range Constant 

CP content (g) 0.01-2 1 

APS content (g) 0.001 - 0.01 0.1 

Reaction temperature (oC) 60 - 100 80 

MBA content (g) 0.0005 - 0.005 0.001 

Concentration of acrylic acid (%) 40  100 50 

Concentration ofNaOH (M) 0-2 1 

Swelling measurement 

The water absorbency of copolymer was measured by soaking 0.1 g of samples (m l ) in 

100 ml distilled water for 24 h and measuring the weight gain (~). It was calculated according to 

following equation 1: 

m -m
water absorbency =: 	 2 I 


m l (1) 


Characterization of hydrogel 

FTIR spectra of hydrogel were taken in KBr pellets. The transmission FT-IR spectra were 

then recorded using a Perkin-ElmerSpectrum RX I FT-IR system. The surface morphology of the 

sample was observed using scanning electron microscopy. Dried powder were coated with a thin 

layer of gold and imaged in a SEM instrument (JSM-5410LV, lEOL, Ltd). 

Result and Discussion 

Water absorbency properties of Crosslinked Cissampelos pareira-g-Poly(acrylic acid) 

was systematically investigated by studying the effect of various parameters such as amount of 

Cissampelos pare ira, amount of APS and MBA, reaction temperature, concentration of AA and 

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

pareira 

The FT-IR spectra (Fig. i) of the Cissampelos pareira-g-Poiy(acryiic acid) in the range of 

l
400 - 4000 cm- were taken in order to proof of grafting Cissampelos pareira (CP) to Poly(acrylic 

acid). Fig la and lb, they also exhibits absorption bands at 3430 and 1654 em-I, which indicate the 

presence of -OH, and C=O groups, respectively. However, C-O-C bending of CP was disappear in . 
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Fig. 3. Effect of amount of CP on water absorbency 
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The reaction of graft copolymerization on Cissampe!os pareira (CP) IS to generate 

radical sites on the CP backbone. The CP had hydroxyl groups that would act as the site to initiate 

free radical. The effect of CP content from 0.01 g to 2 g on the water absorbency is shown in 

Figure 3. As can be seen, the water absorbency decreased with the increase ofCP content from 1 g 

to 2 g. Higher CP content resulted in increasing the viscosity of the system. The maximum water 

absorbency of about 472 gi g used 0.1 g ofCP. 
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Fig. 4. Effect of amount of APS on water absorbency 

The swelling capacity of the hydrogel prepared with various amount of APS initiator, is 

shown in Figure 4. The water absorbency increased with the increase of APS content from 0.001 

0.01 g and sharply decreased with upwards of 0.01 gAPS content. The more the APS content, the 

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

kp[M] 
v = - --''----- (2)

2(kdk([/])11 2 

The maximum swelling 631 gig is obtained at 0.01 g of APS content 
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Fig. 5. Effect of reaction temperature on water absorbency 

Figure 5 showed the swelling capacity of the superabsorbent with vanous reaction 

temperature in keeping all other parameters constant. The water absorbency increased with 

increasing reaction temperature. The maximum water absorbency (507 gig) was reached when the 

superabsorbent was synthesized with reaction temperature at 80°C. It could be due to the 

temperature higher than APS dissociation temperature about 70°C (Zhang, 2006). When the 

temperature was above 80°C, the APS dissociation increases resulting in the increase in the water 

absorbency. 
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Fig. 6. Effect of MBA content on water absorbency 

Crosslinker play an important role to connect free radicals between two grated-P AA chains. The 

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

effect of MBA content on the water absorbency of CP-g-P AA. The water absorbency initially 
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increased with increasing MBA content from 0.005 g to 0.001 g until reaching a maximum value 

of water absorbency and then slightly decreased. The finding correspond to Flory's theory (Eq.3), 

higher crosslinker content results in lower water absorbency cause higher the crosslinking density 

(Flory, 1953), the space between the CP-g-PAA chains decreased and, consequently, the polymer 

could not expand to absorb and hold a large quantity of water. Therefore, the maximum swelling 

825 gig is obtained at 0.001 g of MBA content. 

(3) 

VENo 

where Q is the degree of swelling, iNu is the charge density of polymer, S is the 

ionic strength of solution, (l12-x 1)N 1 is the polymer-solvent affinity, VENO is the 

crosslinking density. According to Eq. (2), when the ionic strength of saline solution 
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Fig. 7. Effect of concentration of acrylic acid on water absorbency 

The relationship between concentration of acrylic acid and water absorbency is shown in 

Fig.7. The water absorbency increased with raising the concentration of acrylic acid from 40% to 

50%, and decreased with upwads of 50%. With the increase of concentration of acrylic acid, the 

viscosity was enhanced. This led to the increase of water absorbency. The water absorbency reach 

a maximum value about 825 gig with 50% of acrylic acid correspond to agar-g-PAA (Wuttisela, 

2008). 



67 

... ..... 

------ 1 h 
· e· -·- 3 h 

24 h 

00 0.5 1.0 1.5 2.0 

Concentration ofNaOH (M) 

Fig. 8. Effect of concentration ofNaOH on water absorbency 

The effect of the concentration ofNaOH on water absorbency is illustrated in Fig.8. 

Concentration of NaOH increases with the increase of water absorbency because NaOH reacted 

with -COOH of acrylic acid to form carboxylate ion (-COO-Na +) with the increase of osmotic 

pressure. The best water absorbency of saponified CP-g-P AA superabsorbent is 824 gig. When the 

concentration of NaOH was higher than 1 M, the absorbency of CP-g-PAA decresed because 

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

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

The most important properties of hydrogen is to have porosity for penetration of water 

(Bao, 200 O. SEM micrograph of native CP is shown in Fig. 9a which observed smooth surface 

and has less holes than CP-g-PAA (Fig. 9b). BaO (2001) obtained the same results that the surface 

morphology of superabsorbent hydrogel has an coarse surface. 
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Conclusion: 

The best water absorbency of saponified CP-g-PAA superabsorbent about 824 gi g found 

to be I g of Cissampelos pareira, reaction temperature at 80°C, 50%(v/v) acrylic acid, 0.001 g 

MBA, I M NaOH, 0.0 I gAPS. The analysis of FT-IR confirmed that,sodium acrylate is grafted 

on the pectin of Cissampelos pareira leaves. The result of SEM showed hydrogel pore more than 

native Cissampelos pareira. The surface morphology of hydrogel was coarser than native natural 

polymer. 
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'l'W lm 'H"~1"HH1~ 

i~'I1lJlfllltl~'I1~tHfl~m1lJl.wewll~lJlru 1 fl!ll U~~ (ft'11/f}iJ) 

....... " .. ". " .................... 0.05 fl!lJ 'l~lu 

~ ~ -: ~ 

(Qllmw) ..................... .. ... " .... " .. .. .... . .. ... .!~llUl 5 mL ruu 

'" 0 'I I • I d' "j
\Pll'V1l~~mtl U~~ ~NQumw) .. " ... " .. " .... " .. I'Vitlf11U{yl'j~~mtl 

~ • I d' "" 
uml1~ (Qu nrW) .. " ... . .. .. .. " .. . . ... " .. .. .. . .. 'lJ'U 'V111~'I1 ~ tl~'V1 ~~ tl~ 


9 " I rt' 0 '" I ~~~ d. ~ 
~U(QumW) .. "."." .... " . " . " .. " ............. 'V111J~m tll'V1~ru 'mJll 


., 
90 tl~flll"l5~!CJ1tm (t<tl11111ul~lllw;)l~) !lIunm 15 'W1Yi 

1\Pl~ till {Y11' 'l~mtlH{yll'u(Qll mci} .... .. .... .............. .. .................." 


1';t't1':h'l(IT1Jl!'liJ) 60% (v/v) " ". " ."." " .. " .. ,, ..... .... .. 5 mL I!~~ 
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I , " Id ~ Q ~ .c:1 

Ifl m'W eJl'W 11 'W hI'Vl 

~ha11 ~bl'n1J 

NaOH 

Q4 

'lJtl'l tl~fI ':i flf) 

mlci~b-u~1JU~lf) 
COOH bilu

COO'Na+ 

n1 ~1l ff1t1'YHli\ 

IlJtl1~1111~~l'ln1J 

5 

6 1;hhr1l11'lb~tll11' 

l~fl'W~enJ!i''llU 

.... 
(~l'jH'I1J) ........................ . .... .. .......... . .... ... .. ..... ........... ...... . 


I tI • V • 

bllmJUl'ltlUl1 1 fin] 15 ml1 ~'lI~hJcn'jfl~fl1t1~-rCY11hJ~'Ul'ltl'UYi 2 

'I'l1-ufim(J1~f.JWl1.!Jii 90 eJ'lft1b91~I9f(Jbl' b~hlnm 5 'U1<}1l'vilnhl'V,Jf) 

i1 d\Jj~~ .1 "' 
lJ'Ul~fl'Vl l~~ 11J(Q lJ mw) .... ...... ...... ..... .... ......... .. .................. .... .. 

11lhlnm 1 m<}1 

0 '" I.o.~ .d I 'j) Q.I .d

'Vll1J~m til b 'ilfl'VlUU lbflJf)1J (ftTilfllJ) .......................................... . 


100 mL lu(Qlimru) ................................... .. ............. ... .. ....... .. ..~ 


", " iJ " 
lrib'iH'l1tJtJlf)~U 3 f1f'l f1f'lfl~ 100 mL lb~fl::;flf'lmeJ'll~fl~l1J 

(Q lin 'Jru) .. .. ....... ... .. ....... ............ .. ....................................... ... 


'I'l11,rll,r'l#lltl(Q lin 'Jru)..... .. .. ................... .......................... .... .....~ 


8. f)l'nh'W1W 

~'lI\9l~mHn':ifl~ mtl Acrylic acid t,J'mJU 60% -U~lJ1m 5 mL 'il1f) Acrylic acid 1'11111 

~ ~ 

t'IJlJ'lJU 99% 
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9. N,mnl1vUltl,:j 

"'lJlJ~Hr1fl1d YlIPlr1 V~I1J'U~~\911'jl~~ 3 


, .. 
, d '" '1/ '" mmw MBA (fljlJ) mlJ1Wm'i~VlcU'lJlh (g/g)*flt,}lJl1 'V'l'lll1tl,:jtlU 

1 l1lJlf1'iltJ'I 0.001 0 

2 l1lJlf1'iltl~ 0.003 617 

3 l1lJlf1'ilV'I 0.005 619 

4 l1lJlf1'ilV~ 0.01 435 

5 l1lJlf1'ilV~ 0.02 192 

" ,
* gig l1lJleJ()~ ~1'U1'Uf1~lJ'lJV~'lhVi~tlt1llJV{ 1 g "'llJl'Hl~~i'1J'il~ 
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.. , 
QJ d ~ d o.c:t, \J19J.c:t 

m'nr-:j IfI 'j 1 ~'H'YHnlllJ3 'j ~ YI 'Ul11t1 eJ mnlltl ~Yll1 N 'I11f1ll'Hl 1fl'HlJ 1fl~ f) ~ 

1. n~fl'j'jlJm'jtY-:jlflVlf·h6tllJl~mhl~~1'l1 

\j'l5':Utll'l ~l B~JJt~mh~ 11 'jtJ nm..!t'Ylli'1H~~'I15'lt'Ylli'1 'Yj~~JJ~'l'!J'l..!.yjfl~l () llJ~ ~ (nflr
'" 

.:d 	 IV 91 fJ) dod ... 1 
tflf.J1fl'U Vl1~~JJt~ tlb1'lt'j \j t U 

Yll 

~ll..!1Jl..!lj~flElu!~ttJl..! w-il..! iY 

" 'U111'llW~JJ 1l'l1'l Ubj~flt11
'" 

" tJl..!YlwliW~lJh]~~t11 

'" d '" ~I d
'U11t~tl lJ~tlElu!~tuWlJ~"l 

'1b1' t.JlJ lhjljtl~l..! 11~'YjeJ'l~1
q 

~l..! lrlm~lJJ1~'l1tJUtlnl1~ 

, 0 " 
fltlUIl1U1 

vn 
" 

t11'11iTmm 

lj5tlElu!~t~l..!tneJ'U1'l "l t~fJ'l~1 
" nl..!t~l..!i'l..! "l 

t~l..!Hrll..! rY'U11f1 ~1fJrl1~ ttJ 

'UeJ'lH ~ 'liY'U11eJ~fl1f.) '1l..! nm~1J 
'" 

fJ}

eJ eJ tlJJ1~1fJ 

~ll..! 'I1~'llj iYVJ1'Ul1 ~n~mf.JiYVJl 

, , 
Q t:::I, CV.c::l. <V 

fI1 tIllJ113tl1 flllfltllfl'U 

~163lJl~mhl~~'j'l1.. 

5'ltml~'I11~tl~1'l1 'j 

• 	 t'Yj'j1~ml'l'tflt~l..!'1m~tlo 
, y 

iY'U11tljeJ 1~l..!t11~'l 

ttJ~fJl..!HtJ~'l ltJ 

• 	 ljb1'n'l5iJ~ 'tflll..! 

pamper 
y 

• 	 b1'n'l5iJ~uljVl~I'i~ 

~1'l tl1fJ'I11~ llJ ~~1'l1 'j 

• 	 1l..! pamper ljb1'l'jl<fl~ 
, " o 	 fJ} do Q.J 0 

'Yl1 '11l..!1 'Yl <fl <fl9f1J l..!1 
" 

, " .c:1 Q.J o.d. 

• 	 b1' n 'Yl fI <fl9f1J l..!1lJ
" 

, " , 
I ~l..! 'tfJrY'UlTYi eJ~i'l..! '1l..!'Yilj

'" 

Q.I :d.~' d 
~~9f1Jl..!1'Yltl'llJ ~fJ1'l'j1f1t'j 1 
'" 
!l~~ltJ~ fJl..! ~tlElu!~t~W11~ 

, " 
tJ~JJ1mt~lJ~l..! 	 y 

II~dh'l1 fifl~ f.Jl n'U '1.11 
" 

b1'1lJ1'j ()~ fI~1Jt111~lJ1tl 'I11~1l-ltl(h'l1'j 
y 

• 	 lb1'~<fl<flUl1l..!~lB~JJ0 .." 
'1 'I1qj~l..!mllm'Yh~1 
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o q;l.l ;1.1 W 
ffllJ TH) 'V11 nml1-:U mJ 

U lfl~1JlJ11~lrn;LI{ 

l1~tll~ 

• ffllJT~1l1~1ff~t'Wlll 
.-

q 

~~~1JUll~l1~tlLlJ 
'" 

, d ! 
, 

t'i :li "" t1~Ufl 'W'tf't1MtlU 

I 
1 11 lllf1 'iltl-!l 

I 

2 l1lllmHl-!l 

3 l1lll fHJ tl-!l 

4 mJ1mlV.:J 

5 l1lllf1'iltl.:J 

mmw MBA (t1~~) 

0.001 

0.003 

0.005 

0.01 
i 

0.02 I 

J",>v 
2. i l.l't1tll'iH'l 

'illf1~l'jl-!l~ 1 'j)-!ll~tJ'W 1'j)l161~tJl1~tlihtnlJl~tJ 

1~ H'Yitl ft!lJtl{~~~tllillJ1f1~JtJ'lJ:rlllru MBA ~U~f1~ l-!l rl'WUli'Tf)~ 'J 1fIl'J ~ ~~1J 
~ ~ 

\II 

U 11 'WU~];l~fIl'J 'V1~r1tl.:J 'j) ~!~'W!vh'~ 

, .
Q "" 

MBA !YilJ'lJ'W 

4. 


'ill fl\9l 

'lBlllW MBA 

APS tJwl1nil. '" 
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ClJ If' d. d & QJ !V !V !V !V do V d d 0 

f11nt ~!f1'j 1~'l1 b1l'HfllJ ! I.h tJ1J1.h ~'l1'W~fl1Jf11'j b1'j 1~1J1'\.J 1J1'\.J\9ltJ~lJ'l1 ,,~m b1 ~'Vl'\.J llJ1~~ 
>I >I >I >I 

'l1 ti~fI1;l~ m~!1i~'1lJ'l'l1 ti'lfl1 ~hJ ~llJ1'jtlt.J1m~ !1i~~q I~'\.J lJ1lJ~'l1 ti~mi~ ~,rw'W!!~,,~ ~1'W '\J ~'1• I.l q 

m,pqj"~~'j~ ~" ~ 
\ ..---- 'VHJnLlJtJ'j'li'j'jlJ'lI1I'1 ('l1lJ1fl'iltJ~) 

~ rl v rIcoo' .----- 1"HJ"!lJtl'j~~!m1~'I1 

COO' 
Na+ 

COO·Na+ 1~lJfl11lJ 

~'WtJtJb11lJ~fl1~tl1J 

{1ml1 'h1'YHJ~!lJ~{~ 1f1Hb1~1~ 

'\Jl9ltlV'UtJ1tJI9l1 
'" . .,

111fl1 1f1'j':]~~1':]'Vl1~!flij'\Jtl~VHJ~!lJtJ{I9lI9lt.J1 
~ '" 

~ " 'VW"!lJtJ'j vtJtJ~mtJ '1i'~1tl 'YHJ~!lJtJ{'Ii 'j 'jlJ'lIl~r--o'-;:orr" 
'Ii'j'jlJ'lI1~ '~wl ~~'W'Vl16 u1JfI~iL1tJ ~l'!JBmtJltl1J~H~~ 

~ 'I1~tJ1JJ "W~!lJtJ{~~!f1'jl~,.f;-0 I 

H ' 3 2 

".V~tJ~ "ltJ'~.... ... (~~flj~fl U~clfl9l)OH 
~ '" 1m ~b1'j l':]'Vl1~!fllJ'U~':]'I1lJ 1fl 'il~':] !vt~1~i~~~\9lfiw~ 

"" 'lI1fll'W 

http:1f1'j':]~~1':]'Vl1~!flij'\Jtl~VHJ~!lJtJ{I9lI9lt.J1
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mllJ hai1 tJ lJ 

ltJtl{cU{\lvJ¢l 

(Ammonium 
• 

persulfate) 

11\9lf1\9l1 111yJ~ m~fl{\ U\9lf1~1'll1yJ~m~fl"o 0 
+ - 1\ II _ + 

NH O-S-O-O-S-O NH4 ~~1~'U ~n~~1tl~I1 ~'Jl~mn'l~~:;'t114 1\ II 

o 0 
o 

+ - II 


2 NH4 O-S-O
II 

o 

~ cj<l dd IQ, <I d 
~{\ 'U 'VI 'l tJ 111J fl 'VIl'HJ 'YW {\1lJ tl 'l {\'1tJ til1 'VI(Acrylic aci d) . 
'I1~tl lli {\,l:1Jl'lmtJ~tJ'Ul~'U 

Q.c:1 Q ~ 

llJi'1 {\ 'U 1J b1'tl~ m 

mlm1 
(N,N'

methylene-bis

acrylamide; 

MBA) 

19f1~tJlJ 1~'fI1 tlf1 

19f<Pl (Sodium 

hydroxide) 

NaOH 

" b1' l:1Jl1G'fI'fItJl 1~ 
'" 

~ .,
'fI1tJf1'U 

ltJ~U'U 1m'J{\,~1'J 

'Utl 'HJ~ fl ~~f111tlcll'fl 

-COOH ru'U 

(Beaker) (Tray)(Oven) (Magnetic stirrer) 
, , " 
~ ~ lit0 ~ 

lmtl'Ju'U'Ulr.l{\ tlJ 

(Spatula)(Test tube) (Stirring rod) (Blender) 

(Test tube rack) (Sieve) (Conical flask) 

(Hot plate) 
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" ,
4JuVl8ufi 11aflfll~ 

i'-:jl1lJlfllJeJ-:j11~mfl~eJl1lJ1UeJE.J1J~lJltu 1 flrlJ !!~~ (trl'JmiJ) 

..............Ammonium persulfate .......... 0.05 flrlJ ~~1'W 


d d (LJ 0Q:
(QvnHlJ) ..... .11~eJ~'Vl~~eJL .......... '!~lJ'W1 5 mL lll'W~1'Vl1~~mtJ 

GJ' 0''''' "cj '" !!~~ ~'f1(QIJmru) ......um!!lJll1~flflJ'W'f11) ........ .!'VWflJ'W 


y 0''''' d'f11)~~mtl !!~111-:j(QIJn'Jru) ...... 11~eJ~'\'1~~eJ-:j ................ lJ'W'Vl 


GJ 0''''' 
, 

'" 11m IS 'Wl'Vl 

2 
, Q .,.. 

~e:J'VwmlJe:J) 

J'-:jlm1~11!.u'11D 

1'W 1f1H'f1~1-:jU~~ 

'" fl'W 

'" GJ 0' .,..
!~) tllJ'f111" ~~mtJ ~'f1lJ ~ 

(fflJlfliJ) 
I 3J I 

c:1 ~ ~ ,J d 
!~fll'VW!~lJ~'W'\'1 

~lJ'lJN'f1nlJ 

NaOH 

~ dl YY .,..
'WllJ~'\'1 ~~lfJ(QVmf/.1) 

!~'Wl1m 1 'Wl'Vi 

'" 0 y11-:j11~eJ~'Vl~~eJ-:j ~'W(QIJn'Jru) ..... .lme:J-:j'\'11m1me:J'W!!~~flJ'W'f11) 
~ 

... '1hU~fl~tJ1~fJrul1JJiJ 90 e:J-:jf(Wl1~lCitJ'f1 (1~'Il1lJ'Wl~lJ1ml1~) l~'W 

'" .,..'W (Q IJ n'Jru) ...... lJ fllfle:J) ............................... . 


)~1111-:j(trl'JmjJ) 60% (v/v) ......Acrylic acid ............. 5 mL !!~~ 


......MBA........................................................ . 

iI 

dJmJ'W~e:J'W~ 1 mlJ IS 'W1~ ~~!~lJ'f11)~~mvrl'f1lJ1'W'iT'W~eJ'W~ 2 

'VhD~fl~tJ1~fJrul1JJiJ 90 e:J~f(wJm!CitJ'f1 !~'Wl1m 5 'W1~!'vhn'W'V.lfl 

",' 't Ii] Y 
..... .!me:J~1J'W'Wl~~ ~lJ ...................... ... . 


QQ 0 11 QQ,Q d,i, 'jJ OJ d 

'Ue:J-:je:J~m~fl '\'11 {lmtJ1 !lJ~'\'1lJ'W!!~lfllJ(trl'JmJJ) ..........NaOH......................... . 


!!e:J95~!D~(J'WlJ1fl- 100 mL 1'W(Qvmru) ......... 'Ul~'lD'lflJ~ ......................................... . 


COOH !~'W

COO·Na+ 

5 fh~~'f11tJ~eJ~ 
3J I 'j) 'j) iI

!lJe:J{~1111~~~nlJ 1ri!lJ~'l'W'Il1fl~'W 3 flr-:j f1r-:j~~ 100 mL !!~Cl~fl~-:jfl'H)-:j!1lCl~':W 

I 
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(Qvn'itU) ... , ......... f)';j ~'IH)'W .............. .................................... ............ . 

6 
° 'I 'Ii 'Ii dt i 'Ii
'Vlll'Hll'H~!'Wtl 'H 

!~ fl'W ~()1J i ~~ 1'W 
0i'li'li'li ./ d' 'Ii d

'Vll 'H U'H ~~ntJ(Q lin 'iflJ) ........ ... ...... I'J ()1J ............................................ 'Yl 

8. fll'iflnnW 

U~!I'1~l'J1J~l';j~:;;mtJ Acrylic acid !oU1JoU'W 60% 1i~:IJlI'1';j 5 mL ~lf) Acrylic acid f1111J 

!oUlJ<U''W 99% 

99% x V I = 60% x 5 mL 

VI = 3 mL 
Ql 

v 
Q.I 3J 3J3J 9J~ 

V 
0 d 

'f)..:J'W'W I'1tl..:J\WNm';j~:;;mtJ Acrylic acid f111lJ!'lJlJ'IJ'W 99% :IJl 3 mL Um!l'1lJ'Wll1'WlJ 

1i~:IJl'f)';j';jllJ!~'W 5 mL 

9. f-Hlfll'i'YIVl"tlM 

~lJ1J~ r·m 011 'Vl'f)rltl..:J!t\'W 1ol..:J\91111~~ 3 

, ,,; 
fl"tl'J-J'YI• 

'" 
, 

jJ '" 'V'I 'I1'Y1tl~ tit! m'J-J1W MBA (fl1'J-J) 
.. 

m'J-Jlrufll'i~V1cU'ln.h (g/g)* 

6 'H :IJl fll1 tl..:J 0.001 0 

7 11:1JlflUtl..:J 0.003 617 

8 'H:IJlf) ~ tl~ 0.005 619 

9 11:1Jl f)~ tl ~ 0.01 435 

10 11lJlf)l1tl..:J 0.02 192 

v • 

* gig l1:1Jll'J~..:J ~l'Wl'Wf)~lJ'lJtl~'\hYl'Wtl~!1Jtl{ 1 g m:lJl';jtl~'f)~1J1ilJ{ 



83 

, 

10, 1l.:jUirVl.:jll.fi:lfll'H1VHU1.:j'\Jel.:j.,1'ellliHllflVll'H:.Jn 3!l.!'a.umwl.. .. 

700.-, 
~ 600bJl 
'-' 
r 500

• 0;f 

d~ 400 
(3: 300 
(3:01 

"" 200 
r0
c;: 100r

"" ~~ 0 
0.001 0.003 0.005 0.01 002 

mmw MBA (fl'lll) 

I I " , " 

!jJeH'WlJtJ~lJltu'll 'fl ~ MBA ~l'1,1tJ~lJltuf)1Hl~c)f'lJiht'WlJ~'U tJ~lJltu MBA 0.003 tl1lJlJ 
'" " ," ", " 

tJ~lJltu f)1'j ~~c)f'lJ'U llJl tl'Vi ~~ ~ltltl'U tJ~lJ1tu f)1'j~~c)f'lJ'U 1t'l~ t'l'l ~iJmJ~lJ1tu MBA lJltl~'U 

12. 1l.:j'hl.!ltl.u1111Wfll'a~V1cU'lJ~1 '\J6.:j'YH)~!llt)'hr.:j!ml::;'l1mfl'Hmfl1l6.ud6mlllW'\J6.:j MBA 

I'rht1''lJ 0.0035 fl111 
, 

tJ~lJ1tutl1'j~~c)fmj 
~ 

1 'lJ'fl~'Yl 'fl ~!lJ'fl{~'l!m1~t1~lfl11lJ1tl~ 'fl 'ltJ'j ~ lJ1U! 618 gig !iJ'fltJ~lJlU! 

'll'fl'l MBA I'Vlltl''lJ 0.0035 tl1lJ 

http:1l.:jUirVl.:jll.fi:lfll'H1VHU1.:j'\Jel.:j.,1'ellliHllflVll'H:.Jn
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! 

.c:t ~ Q..J Q..J ~ Q..J QJ 

~fltJ'jCl1Jm'jN1~'j~l~'lfl!~~'iHH)l!Vl1J 1 

fll'jUl~trl!~f,m~ll!1~tJ1l!'j'l1U1J1J Poster Presentation .. 

_I '" '" ~ 'i' 'i' <'t 

fll'jlJ'j~'1f~J1'1flfll'j1'Y1mf1ltrmu~~l'YIfI !l!!~tJ 



,..,. 

flrn£1Y1U1~'1~~i m'111Y1V1~V1Tn'nD~U1n1 11l,H1U flrn~l Yl u1 rh~vd lJWi1n V1~V~Utn1iTI1U 
\ 

WilUliiUl~U~lI<UUU;~'illl~j]~'h 


tnu1fviu~ TY1Y1~~ 


1~1u111:1~ 1~1iu~l~M'au~u <I) ll11~hl~u~Oj~1'lU19U 1U1UllUU Poster Presentation 
. 

~lTI'l1n'1111U'lM'1~Vl1mufl'lw 

.. " J ~ l:':i t! if J ~ .I x ..1 J ~".c: ~ 11B·: 1l1l'II~I~1'l:11NVal~ij1~~o~~1lJ1m1 nil j~WIl1u:H 'II~mln~NYrill'o l~fi~ a :Alla~ 

lti'1l~1IlmlUl~~1J1n'1 1l'n1ntJ1~1~~ill'1l:;ll1f1TIlT'1l1i mflVl~1\l'Cl\Jnl~U~Il\U'1l ~O"'~ 
(Norlh Easlern Clcience and Technolo8Y Conference 2012 : NE8TC2012) 

11l~ ", .I ~lJm)vd ~JJtf 
j1.j f1j1.j~lYlUlri1~VJi 1J)l11ntJ1~tJI1'(fi'D~U'il11,(uin 

~~ A 
J oJ '..i I J I, ~ ,I ~~(qthU1i1R~11911J m 1n~1~ rhTriu) (~ul~11111~11~11~ vm"YllINl]J ~~YIlul:l~l.:!) 


n!\lU~A!\I£1Y1~lrill1'~1 ~Hl1 nUl~uq u~11nil1ii 


00 
VI 
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/' 

'A f1~ 04259 ,14/11 4 . 
~llJftiY1l;U~ til1nOU 1VU 

!)J 
I 

27 Q~n l\;-ui 2555 

~;u1~ ~l~OUlflVU1l1Ul '1.rUHlft~l U lli'u l~ !)~nmirJU1~~l'lVlftV~lrM01~ tT~lm l~,.( 
\'I!)ftlIJV{~ ?l .jj IJJ11J1n~UiJVlY~1V;1 '1.1'11H;1 nm ~ 1nY;'1110~aU lTm 1lJ1.nU11 ftnlj'~~ nlH5u i Vlvil 

m,nluPi'~~1mi lpUlfl'111 a"iVlIll111'111 lfliJ flW:1VlVllfllY91{ 1J11111'10lftU'lIJM1'n1il l~U11111Ul 

lAHnll'iIi'V1t1H'unmi'?lnnl1.uufno'i'll11fll, (\f011 11~E~woih~o{ ldoiu~ 24 lJn~ll1lJ VI.1T . 2555 

-t-l 1111~nl ~'i ii'Vltil~Pi,) oft 11 f'rl lJ )7 tl Ii llJ1U'~Qnf.' ,n~r.1' l~0";n'l~ ff ll UUf,uii..ti , ::;.lu'1'''1(ol , ~ [70U 

J'lUU 'il'l OlltJ UllVl-l;;~~ 

n~lJlYll:'11\W1111lY9l{ h-li5 VUJ'lUU111U1 

1mll'wl1 045-37 1105 ~ll 105 

1mlY11 045-371177 

http ://www ,namyuenw iLac.til 

Email:numyueDwit@holmail .ac.th 
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f-lijmvl~'UVI~H)VI 

d ~ !11 ~ 
'lf1fl1'Vi 1l1f1'Vi'lf'Vltl'ltl'U 

~1tJf1[j'f1f)1)" 

t f1 ~,j ~ f11 tJ 1 'Vi tl ~ t lJ tl 

, HC}li'U 1t'lJ lH.) f) 1GJf 

H)" ~hl[j H'lJ 'lJ Solution 

polymerization 

I ~: I Q.I <I 

VlMl tl f11)" tllJ 'U l'U tl 'I VI~(9ltlf)1)"'(1''1tml~l1• 
~ tI Q 0"91:.::S: 

'Vi tl ~ t lJ tl) ~ ~ C}I lJ 'U 1 'VitlmlJtl)tllJ'Ul
QJ • 

mf) 

~ , 

11 1'~,j1mrumf)-Yi'(1'~. 

d'9/ 0 
~ 

9/ 

tlJtl) tllJ'U 1~ 1tJ. 
Infrared spectroscopy infrared spectroscopy infrared spectroscopy 

~1V Scanning 
~1tJ scanning electron ~1tJ scanning electron r1tl'l~'U~m1'Yhl 
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fI~ fI':i ':i 'JJ rJ m!'U 'U flU 

Electron Microscopy microscopy microscopy saponified 

poly(acrylic acid) 

5. !vitHYh:j'll~'VI~HHl.:J tJl'1l~'VI~otl.:JLiJl~n1J 

'tJtl.:JiJ B'l1~ f)1) !fliJ~ irm~ tJ'W tl~lJI9l1mi1.:J 
" 

m:;;1J1'Wf)1)'VI1.:Jh.:Jl~ tJ'W tJ 1~'W1'V1tJl 

6. 	 lvitliJ)~liJ'W 9 1h~liJ'W 9 r1tl1l~ iJ)~liJ'W 9 r1tl1l~ 
., 
'VItl1l~m~1J1'Wf)1) m~1J1'Wf)1)'VI1.:J m~1J1'Wf)1)'VI1.:J 

'" d''J/
'VI N1'V1tJ1fYl'1:1'm ~1tJ '" d''J/ '" "'J/1'V1tJ1fY1MI)~ 1tJ'lf~ 1'V1(JlfYl'l:1'I'l)~1tJ'lf~ 

'l1~'VI~Otl.:J 


'VI~otl.:J 'VI~otl.:J 
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1fl ';j.:J f111 n11'l¥~U1'l~ 't1~ iH).:JA~t).:J n11 ff.:JAfl "J 1~'li~ t)ih)Jt) 4~ ~cIi)J~1)J 1fl 

~cielmnl1£J~11vl't1 H ~1i1lWil1 nVi'U f1el.:J~<I-Hh'}1r1J1,nhl'}1~n\T~1f1el.:J~hI 

" , < 

'Jl£J~1'Ul'U'I11~~~U~1'UVi 1 19U11flJJ lU!'. 2553 ~~1'UVi 30 lJl:l'Ul£J'U 'i"l .ft'. 2555 
• q 

I 9)d
1.1 fl1\91tl1JU'Y1'U~H'IW1<J51UJ 

2. ~m<hl'W'U~l'U 

2.1 r1Wltl1JU'Vl'U 

" u 
10,000 0.00 

1) 'I!f)1~£Jrll'I1 1'Ur11'1'11tl1 'J'U tlfH1m 

'3J, <lI ~QI 

11 ,250 11,212.50 

2) J:j<J51V'U m,w 

'3J1 QI~QI 

50,800 50,800.00 

3) fl~J:jG}f1£J'Um riW 

'3J' Q.I o<:::!. Q.I Q 

7,890 7,890.00 

4) ~'j1JJ~~!f)\9I'VH1\9lm'jJJ'UfH'j£J'U 

2.2 r111~~tltJ 

5,000 5,000.00 

1) r11m'H1'jf)m~1'UU(;)~m'H1'jll~'I!fH~ £J'U 

I I QI rI 

10,000 6,130.00 

2) mCUUlJ!!CUlJfI~f1ru"Yl 5,000 250.00 

''lI '" 
3) fl1 ~ 1~'Vi\PlJ 'U l'1ffl'Vlfl (;)tl~• 10,000 14,000.00 

4) r111~~1£Ji 'Uf11nJl'1ffl'Y1fl(;)tl~hn~ • 
I Q fI<jJ Q 

5,000 1,420.00 

5) fl111ml~'I1fl1m'Vlfl'Ufl SEM 

2.3 r111~fl• 1'l1'U 

5,000 0.00 

10,000 9,090.50 

2) r1Wl1'jlU(;)~11'j~1'j 10,000 369.00 

3) ~l'jlflii 45,000 110,033.50 

4) eJ '!J f)'j ci'tl1 'j 'Vl ~HW~ 
'" "" 

30,060 8,804.55 
",5) 1~flfltlJJ'Vi 1 1\9ltl'j• 10,000 0.00 

2.4 r11~lli l'jwiJiflfl
'" 22,500 

247,500 

22,500.00 

247,500 
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"" <!I
WUfllJ 30% 37, 000.00 111'Yl 0.00 111'1'1 

86,750.00 111'1'1 0.00 111'1'1 

123,750.00 111'1'1 0.00 111'1'1 

247,500 .00 111'1'1 0.00 111'1'1 

.J / 
/' 

http:247,500.00
http:123,750.00
http:86,750.00
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