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TITLE : REMOVAL OF REACTIVE BLACK 5 FROM AQUEOUS SOLUTION 

USING ACTIVATED CARBON FROM BAGASSE 
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CHAIR : CHAKKRIT UMPUCH, Ph.D. 
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The objective of this research was to study adsorption of reactive black 5 dye from 

aqueous solution using activated carbon prepared from sugarcane bagasse as an adsorbent. 

The experiment was divided into three parts. Firstly, the physical properties of the activated 

carbon were characterized using Automatic Surface Analyzer (BET), Fourier Transform Infrared 

Spectrophotometer (FTIR), and Scanning Electron Microscope (SEM) techniques. It was found 

that the activated carbon has specific area of 1,675 m2
/g and an average pore size of 2.7 nm. 

During the preparation of the activated carbon, the functional groups on the adsorbent surface 

were changed. Secondly, the batch adsorption was investigated. The dye removal percentage of 

the activated carbon was 64.11 % higher than that of the unmodified bagasse. The dye uptake was 

quite independent of the initial solution pH indicating that hydrophobic-hydrophobic interaction 

was a dominant interaction. The adsorption isotherm was better fitted to the Langmuir isotherm 

model than the Freundlich isotherm revealing that the dye forms monolayer along the adsorbent 

surface. The adsorption reached eqUilibrium within 800 min. The adsorption rate conforms to the 

pseudo-second order equation showing that the rate of limiting step was a formation of an 

interaction between adsorbate and adsorbent on the adsorbent surface. The adsorption was 

endothermic process since the dye uptake increased with temperature. Thirdly, the dye desorption 

ability was investigated. The dye desorption cannot be taken place using distilled water, 

O.lM NaOH, and O.lM HCI as eluate whereas the acetonitrile 60%v/v did. The results showed that 



the activated carbon prepared from bagasse is a suitable adsorbent for removal of reactive black 5 

dye from aqueous solution. 
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11'rnh 

'" : ... ..I... AI ~ ... " ...... 1 jJ":' .IiI~ 11J'U 'U 1 Iff tl111MHl1n 01'l' lJ'lHlJ 'tl'U'U'tl·Hl'tI'tllJltllJlJU 'U 1 hi lJl 'WlJlJ1 n'U'U ~llJn1':l 

'Utllt1~1'U'tl~fJ~ffl't1f1'J 'l'lJ~l~ '1 1'lf'U fJ~ffl't1f1'J '.ilJ~-3l1e fJflff1't1f1'J 'l'lJ'rien~elJ fJflff1't1f1'J'l'lJf11'.i 

A ~ " : ~ ~ 4 J .". i ..... 4 4d" d ~ d d 

Nflflf1'J::~ll1 l1J'U~'U 'Ull"CItll1ln~'U'Un1fll'Uff1'U 't1qJ~::lJfJW't1tJlJ~-3 lJbH'UlJ lJnfl'Un1lJ'U Ufl::lJ 

.Q .Q 4 fI.& ~ Y d : '" ",. -s 1 i I ...'11'l'lJ1Wff1':le'U11'.itl~-3 l'U'tl-3~ln'ntl'tllJltllJffllJ1Hlfl::fllt1'Ull~~ lJ'U'Ul~ 1l1flfJfl 't1qJUfl::lJ 
• JI 

ltlHff!l-3cjf1J~'tl'Uf-3 'liffllJl'l' (I V'tltlff fllt1 '~,e-3f1llJ1i'.i '.ilJ'lfl~-nffm1::1l n~ (Aksu, 2005) 11l'lh 
JI JI JI JI 

lfftln1 ~hi1fl~' '11'11'UliJ'tl'U i'U U't1 "-3'llU'l' 'l'lJ'lfl~'111lJ1WlJln~::,hi tfU't1" ~'Ill1-U1 Iff tI ff-3Nflf1'J ::111J 
1 11 t II 

~'tlff-3;j~1f1 i'Uu't1 ci~'lll ''If'U ff~elJltl;j-nfl::fllt1i'U'lll~::,h i tf01'.iU'Wl f1'J:: 'illt1'U'tl-3e'tlnCMl~'UM~F;h 
" II '" t 'II

'11lfl~fl~ 'r11itfeenCMl~'Ui'U'lllfl~fl-3ff-3Nflifftl~efffl1'll1 Ufl:: ff~na'Un1~ 'U 'U'tln~lni1v~lhitflfi~ 

O1nhfllt1'tif'l'i1t1fl1'WUfl:a~'U~-uli'-3lntl~ 
• JI JI 

01'l' til i'~ ff~elJ-n'11'UliJ 'tl'U 'tlgi'U'll11fftlffllJl'l' m11 '~'t1 fllt1in '~Ufi 1iil1H01t1fl1'W 

tili'~ff~elJ~~ U~~l'~'U~'tl~if,tl~e~lj'tl~;janllW::~l''Wl:: ~~e~if'Wti~-31'U~-3 utU~;jNa~.tiw~ 
"" ... .1 "i"...... I AId'" AI'Wfl'tltl l~un~'U'U~llJlJl~1t1 01'.i 'lf11il1H01t1fl1'W l'lf'U 01'.i'(l~CJj'1J 01'l'Uflf1llJfltl'UlJ'.i::1 Ufl::01'l' 
•• JI 

f1'J'tl-3Nl'UUN'Ul6'tl1J1-3 l~'U~'U '~'U1ii-n;j'11'l'::ff'VIifl1'WUfl:~ 'line itf,fi~ft'1':I'Wfl'tltl'~~llJlJl fl-3U'U 

1ii'VIH01t1.f11'Wf-3'~'U 1ii~'llllJlifi'U01'l'tili'~ff~'tllJ'tl;j'tldl-3U'Wl't1fllfJ (AI-Deges et aI., 2008) 

f11'l'tl~cjf1Jl~'U1inl'l''t1it-3~UtllJi.fdl't1i'1Jtl~cjf1Jff~elJi'UJ1'fftl~detlff~1t1'~f1etli'Ufffln::'11n~ 
l'a'tl-3 ~ln;j~'U'tl'U~lUfl:: l~ 'U f1'J ::1J1'U 01'.i ~'licjf1J~'tl'U :b~ffllJ l'l' (I '111'1ft'~~;j'.i ltl1QnlJ1i f'~'U~1 
tl~cjf1J 1'lf'U 1ff~,,"aei.f'VIHf11'l"nll~'.i ,'11a'tlnNfl'21 ~1lJ1fl ufl::l1Jle'W'tla11le! 1~'U~'U 

JI 

(Rafatullah et aI., 2010) 'U'tln~lni101'.i'h1ff~n1a'tl i.f'VIH1i'l''.ilJ'lfl~ !'If'U 'lfl'U~'tltl 'ril~~111'W~ 
...;! 1 ... !:It I ......" 0 i "A I'" ... "''' ..:..1Ufl::CJj'~"11 'W~ lJl'WWJ'Ul11J'Um'UnlJlJ'UfI~::l1l 't1lJ'.ilJ1W01'l''(l~CJj'1Jft'tlelJl'WlJ'U'U (Auta and 

Hameed, 2011) 

(\ l'U OlJiJ 'U ~;j'11'l' ::ff'VI1m'Wi'U f11'l' ti 1 i'~ff~'tllJ~~lJln Ii1e-3 ~ln;j't1~m!1J'tlnCMfl 
• JI • 

(Carboxyl group) Ufl::'t1~'tl::iil'U (amino group) 'tld-n~'Uphl'il't1f1l-ni'W01'l'tj~i'1JUfl::ffllJl'.i(ltl~ 

cjf1J''tle'tl'U~;j'11'n:11J1nufl:: ''tl'tle'U ~;j'11':i::1fl1J'~~fb'~t\ ~1'tllh-31'lihl (\l'UOlJiJ'U~ffllJ1'.i (ltl~ 
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ci1JihllViihJ1J\1 (Methylene Blue) Ufl~ffLOfffl1J\129 (Acid Blue 29) ''U'lJ1111w~~a~ 453.12 Ufl~ 

554.32 iiflnni'lIthmi'lI ~1111h~1J (Auta and Hameed, 2011) ufi~tiHh~\9l111,h'Ufill~'U~~1~1f)1I 
1I1;nn1ff~~II~nfil~fi'U~~ii'lJllllwm'j~~ci1Jif~~1I~u~nfil~fi'U 

~~J'U, 'U ~1'U1if)if~~iilm'jffn'l!llm'j 1~1 f)lItll'U fill~'U~\lln"TW 6'~f)~lrJ'U 'lI~~liff)\lln 
.- Q,I .. ,,.. ~ QI Q,I, 0 Go' 4~ .\Id~Q .. 1 : Q Q,ItI 	 rI 

Nfl~flW<fl111~m'j In'l!l~'j l'rm "l1J'W~1~~C)f'U 'U m'jm\l~fftl~lIlfllll1l11J 'j~ ~fl1J\lln'Ulffff~1fl'jl~'tY 

l~Uri if RB5 ~U~fln'WU1Jgfl 5) ~~lrJ'Uff~~lI~iif)lIlft'W~~ffl'tYm'jllW~fl~mJ Ufl~~~ffl'tYm'jll 

~~1'l~'lI~~'lJ'j ~ll1tl' 

(V _I II .. Q.I

1.2 If'l~u'~D'~f1'U8~m'l9r.J 

... 
1.3 D'UUf'lll'U 

, 01 	 01 0' 2 Q , '" ~ "1 J!Q .. 

1.3.1 	 tn'Wnllll'W~\lln"1'Uvf)fJ01\lllfl1111ffllJ1Hl 'Um'j~~GJ11JlI RB5 ~~~ l'U~~\lln 
JI 

tll'W fill~'W 9i'iiVl'W f:bufl~1'W1'W ~1'W 1'W lJ1n~~iiIIlfiifl1111 ffl111Hlm 'j~~ cif'U l~;;~~ 
.,... 01 ~ ~ .I .. ~ , "' ....

1.3.2 	 1J'jlllWm'j~~C)f'Uli RB5 \l~l'WlI'lI'UllI~l'WlInfl1 'UmH'tllNff 
.,.. .., ~ .I , Q .;., 

1.3.3 	 1J'jlllwm'j~~C)f1Jfl~fl~~ll1m'jl'WlI'lI'U'lI~~fl1'WI~"'lI~~ffl'jfl::fllm'W~~\lln 'U 

1'j ~~l'Uw~n~~lI\l::iif)lI~~lJff~ii'lJ'j:: ~'Ufl'U''Ufffll1~~lrJ'Um~ 

1.4 'U81J''Uf'I'U8~mi19r.J 

~1! 	 ..I, ~ ~ Q" ..IQ.I a .. 4 Q ..I " 
1.4.1 	 'Cltlt)lIl1 "!'Um'jl1~flt)~I1J'Ufff)t)lIl1l11J'j~~fl1J \l1'U1'W 1 "'W~ fl~ ff RB5 f)'tYt) 

Sigma-Aldrich 1Jllll1 Sigma-Aldrich ~lfi~ 'lJ'j::ll1tl'ff'tYi'itJIlllm 

1.4.2 	 ~1~~ci1J~'.r''Wm'j11~flt)~ii 2 "ii~ l~uri "l'Ue)'t)f)Ufl::tll'Wnmj'W9i'\lln 

2 	 ":2010' Q .: 	 . 4 dl4 
'l11'W V t)f)'W'U lFl'W'i'iW lJ'i 51 C)ft) \lln'jl'W'lIltJ'U lv t)tJff~ 11:11\1 n' 'W "Jf1~ 1~~'W 9lfl1flll (l~ I~~'U 

d..l"l' 4 .. dl4 2 ~ 
'Wt)'I!Ifllflll \l::lfl1JlfltJ1 ! 'W"1~ l~~'U'Wt)tl'\lmf)'U(l~ 1~ t)'Ull1'1!11tJ'U ('l11'U v~V\l~\1nMn'l!llnl 'Wl::m'j'tYl 

JI 

11'j:ffl1ifl1'Wm'j~~ci1JI'Yilil''U) 

1.4.3 	 m'j11fl'jl::""ffll,j9i111~mtJfl1'W'lI~~~1~~ci1J 'lJ'j::nmJ~1tJ m'j11fl'jl::,.,..tf'W~fb.. 
Ufl::'lI'Ul~ l'Wl'Unl~tJ 'tY~Y1~ti'ci'U'lI~~~1~~ci1J ffW il'W"fl~nn'l!lw~yf'UFh ua~n1'j1Ifl'j1~""~ ~ 
l~ lC)fOlflfll1lfl 
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., 
1.4.4 flU fffllll f1l ~ ~ ~ci'lHL 1.1 1.1fl ~ 'lfij~;r 'HI tJ 'lHAV 1 ,h ~ fl tJ 1.1 ~1 V flU fffl1l1 

1.11::: a'VIi.fl1'Wfl1~ ~~ci1.1 fl1~ ffflll16'V1i'W (1'11tJ~ ,h;;m 'If'~1J ~\J 'II tJ~ ff11 (1::: (11 tI fl1~ ffflll16 'VIi'W (1 'II fH 

~tU 'H fJij fl1~fffllllltJ1C)fl'VltJ1Jfl1~~~ci1.1 lL(1~fl1~fffl1l1~(1U 'W(1fflff~ffl1~~~ci1.1 

fJtJ1J~l1mfl~tJ.fJ1~fI1fl1~~~fl(1UHff~ (UV-VIS Spectrophotometer) 

1.4.5 fl1~fffllllfl1~~~ci1.1U1.11.1fl~~:::nlfl1~'VI~(1tJ~ 3 ail LL(1:::i'l111JL~1~tJ1.1'Ufl1~L'\Jth.. 
200 rpm 

1.4.6 
Q tI_11Q Q,I P Q,I 4 .c:l Q,I -'!", .c:l 

1LfI ~ l:::'HlJ ~1J1tU fl1~ ~~C)f1.1"1V'H (1flfl1~~~fl (1U LLff ~L'VI tl1.1fl1.1fl1UU'lJ1J'IIU'\J tJ~ff 

1! ~ .. '" , .dI 

., . ., 
1.4.7 fl1~ ffflll"O -W \l1~ tU1m'W 1:::fl1~ fh~~ ff~V1J LoW tJ1j~;tI 'j ~ a'VIi.fl1'WU(1::: fltlV.fl1'W ., 

'IItJ~~:;1.11.1Ll'huu 

1.5.2 H(1tl1~1~V~ 1~ff11J11mj11 tltI~:::~fll9i''1~'1ufl1~fh~~iMv1J '1 U J1Lffv~Ln~\llfl 
1~~~lU""tJfl~V1Jl~ 

1.5.3 L~1JtI~:::a'VIi.fl1'WU(1:::li~Ulf1111Jff11Jl1f1 '1Ufl1~ 'l~'lf1Ut\'VV ~L1~U'IIV~LffV\llfl 
t1Q 1Q '" " '1 • 1 " .IHMlfltUcn'VI1~fl1~Lflll~~ 'HLfl~lJ~::: V'lfU1Jlfl'llU 
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S~6lJ (Dyestuff) fl6 S')1UA'I1d.:l~1flUfll'l~6lJ1ff'la.:lYl6 61'il\l:arJ\Jffl'lOUYllV'I1;6 

Q 4: fief, .-::I Q1 ~.... ~ .c!l.r::!.Q : ,~ ... 

ffl'l6\J\JYI'l tlfl'lI \l:;lJflfl1:lW:;L1JUNflfl'l1'l6L1J\J FHfI:amJA ffUl.:1')1UAfI:;a l~U1 "UfI:;Ul.:1')1UA\l:; 

, I : I 1 '" 0 ... """ A 0 ""!Ii ,.11 "1lJffl1J1Hlfl:;fll~\J1UAffl1J1'lOfl:;'fIl~ \JA'lYllf1:;fll~6\JYI'l~ LlJ6\JlfftJl')lJ lJ ')1 Ufl'l:;U'lUfll'l 

~6lJ\l:;Yil1 1fllJlflQ fI~6.:1S~6lJCjflJfil\JL~1 'tJlu llJLaQfI~6.:1Ltfu1~lA~'il:;Yilf11~1 fI'l.:lff!l.:1Nafl 

IV : ~ .s Q QI ,... 4.... 1 " 
~6.:1'lAQ\J\J')1'lfl'ln C]f.:l61\lLflA'W\J1i:; 666\Jfl (Ionic bond) 'I1'l6'W\J1i:; fl11La\JYI (Covalent bond) 

ti'U1AQ~~6.:1fll'l ~6lJlA~AH S~L'l1\J \llflS~6lJ,f\JlnA\llflihgflA'l6U1 \J vrU1i:;~~.:I6d1\J llJlflQfI 

""11 :: "" 4 '" l' _I '" , .... .9.... ..I d
~6.:1fftJ6lJ\J \J lJfI 'lllJffllJl'l O~Aflfl\J'WfI.:I.:Il\J \J ')1'l.:lffllJflA 'llJAHfl \J C]f.:l'V'j fI .:I.:Il\J Uff .:IYllJ6.:1 l'l1 \J 'I):; 

6d1 \J'l1'NfI 'lllJ~11f1 ~\J tJ'l:;1J1W 400 - 700 \Jl1 UllJA 'l UfI:; S~6lJ~:tJ1 fI Hff!HYlH lmflQfI 

, '" "" 1 4... ..I , A,.... ,_ I .9 
Al.:1fl\J'I):;lJfI'lllJffllJl'lO \Jfll'l~AflflU'WflH1UUff.:lYl')11.:1f111lJ~nflfl'WAH "l fl\J lJ C]f.:lffl~Al 

fI\Jt'llffl1J1'lOi'Ufl1'W'1I ~.:IYil1'lflJ6.:1llJlflQflS~6lJ~~1.:11Y1USti'U~.:IYil1l1'S~UffA.:I11ft'lll'l1uII1~ 
fflVA166fllJllrJUS~l.:1ti'\J'tJ S~6lJ\l:;LLtj.:l66mrJU 2 tJ'l:;LflYl 1 'I1t"Y"l fll') S~6lJ1i'l'llJ')11;; (natural 

dyestuffs) L rJu S~6lJ 'iJ 1fl1i 'l'llJ')11;; ~.:I' ~'iJlflVl')1Ufl:;nA1 UfI:; S~ I') lJn.:Ilfl'll:; 11 (synthetic 

dyestuffs) lrJ\JS~6lJ~'fI'iJlflm:;U1Ufll'lYll.:11fljj 

S~6lJlfljj61'iJl~1~';l.:1fllV~6.:1rfl.n1l 3 Y11.:1fl6 Y1Hfll'l'l11~ '1 'il fl1'lnlJNffYll.:lN1'11ir.:l 

_1.1 ",_ I ... ... .9 ... .. "" " " ., ,. I ' UfI:;'iJlflfll'llJ:; lJ\J L'\Il lJflU61'111'lfll'lfl\J C]f.:lffl'lUl.:1')1\JA L\J ffVl')lJ'I11m~1 ~n.:lfllV'iJ:; lJff:; fflJ6~ 

fl1~1\J61V'l:;~H "l 'iJ:;fi6\>hlrJ\Jffl'lfil')lJ:;t~.:I L'l1\J 2-Naphthylamine 1If1:; NH2Benzidine S~6lJ 

Ul.:1')1UA1,s\J S Azo lrJ\JS~Yil'~41VUfI:;jjntl1fJfl~.:Ijj"Ch\JtJ'l:fl61J~6~ lf1'11:'I1irfllfmjj~lJNfflJ 
JI II t JI 

6d lilVi.:lfl.:l , tJ1 uU1'iI:arJUtlU9Inv~otJfllUfI:;ii~jj;11A1UUl lil1~1~~HfllVlJ....1:IV'iJ:.arJ\Jffl'l 

fi6lJ:l~.:I (imflq1:ltU tllJ11')1, 2549) fll'l~lU\JflS~6lJ~UVlJti'\JlJlfl~~A 'il:;~lU\JflS~6lJ9IllJfll'l 

Ul, tJ1flit 6.:1\llflS~6lJjj'l1 fllVtJ'l :;LfiYlUfI:ijfll'l 1f~l\J~'1il'l1ii6uti'u~\J 6dti'u1AQtJ'l: ff.:IA1U 

fll'l1f~1\J ~.:I 1\Jfl~lJlH.:Il\J~Affl'11m'llJ'~~lU\JflS~6lJAllJfll'l1f~1\J 1')6mrJ\J 11 tJ'l:;lflYl ,~ 
... ""JI 

A~\J 
r JI t 'JI 

2.1.1 mU6tl'nli (Reactive dye) LrJ\JSlifl:fll~Ul'lI ij1.h:;~flU lii66dl\Jul'iJ:;jj 

fflJU;; ,rJ \J~1.:1 S~6lJ')1UA ifl'l1lJl:ti'Ufll'l ~6lJltf\J1mC]ffllll fI fflJlfl~~A 1:ULaQfI~6.:1S'iJ:;~A iuti'u 
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11~ 1~~'itlfl1C)f,l (OH) 'IItl.:JLC)f~H' ltln'utl:L~tl1l1v.:J~~tiurl',;ltJiu1i:lfl11!t1U..1'Un'fll1:~1~Ut1H.. .. 
fltlltl1~Un'l'itJ'i:fltl'Ulf1ii'ltU~'l1~ti1J1C)ftl'Q ltln' mutlfl'ii-nii 2 mjlJ fitl mill~~tllJ~~~~Wl1 fJii 

~.:J 70-75 °c l1tl:milJ~~tlll~~~~Wl1fJiitJfl~ ff~L1tlfl'ii-n'1l1'ff~n'~'n' 'tJflff~~VlU'U'VJfln'fl11: 
~ ~ 

2.1.2 ff1tlcii~ (Acid dye) ff'ltU~ihfl~'Olfln'1'itJ'i:fltl'U6UVI~6 iitJ'i:~tl'U tl:tlluth1rl' 

~ iifltl1fl'1Ufl1'ifl~ffLfl~l~UiU1i:1tltltlUfl ~hu'mliL~U1fliitl'll tl.:Jfl'i~ihll:tlU '0:'f~tl1l1~U'tl 

1tJ'i~U 'uJ'l~tllJ~iin'fl1ffl~U fl'i~1Utl'O H ff1tlcii~'Ul.:J~1n'llJl'imhhl1f~tllJl~U 'tl1C)ftl'Qltln' 

'U7tyVlt1rl' L'lfU tJtl ihu 1UCltlU 'tl'llUUfl: 11111 utl:tl:f1n7fl1rl';l1iflTJ'f'O:\hff~tllJ~1fl~'illfl 
n'1'itJ'i:fltl'U6UVI~tfltJtl:CllVJ'1~tlll~L~Ufl'i~111tlL~Ufltll.:J ffLtlcii~ 1~VI'Wfl1'itifl 1,jVlum1tl 

~1 d " "'.ot . .ot~ ~ ... "" ... .14 !it2.1.3 '1:1 ~1'iflVl (Direct dye) 11'itltll'ilL'itlfl11n'tltllll'llV C)f.:J1'I''ltU~Ullfl111l11JUflClH . 
111tl L ~ 'W t11.:J1g flU tl VU Cl: ff'ltU~ij 

~ 

ii ffl'i tJ 'i: fltl'U'IItl.:J tl: 1 C)f'ii iill 
~ 

111 Ufl11l1Cl QCl ~.:J iil1 ~ 
... 1 ... .,;. , "... .ot ': 1".ot I ..., "1! "1 1 ~A 4 ...fl'i~C)fCl -nUflVI'YIl l1fl1n'n'11l1'it'ltl:ClltlUl ~ lJlJ'i:~Cl'U UVlJ 'lttltl1l1ff'W V1C)ftl'Q tlff ff'il:fl~1nU 

'V1 rl'1 ~tJ111 LtlQtl'lltl.:J ff '0: ~~ (1 tJ.:J~1LLVI'i fltl~'U 'i:l1'h.:J11l1Cl Qtll~U 'tJLI ~111l1'.:Jtl ~fl1tJ'U 11Cl :V~ 
~ 

~'Utiurl'1tJiU1i: 1~1~'i1'il'W ii'ilfl1\lfl~tllJ~lV ff1~VlU~tlfll'itifllll ffflfl~lt1 VlUUn'.:J 
~ 

2.1.4 ffL'Ufffl (Basic dye) 111tl'UHfli'.:J1~VflffUflVl1tltltlUfl (Cationic dyes) ff~tlll'ltU~ 
J .d .. ~ 4 fI , "'... 1 4 .d " : 4 ....
U'il:1l1fltltl'lltl.:Jl'Un'tlUVI'iV (Organic base) l1lJ'i:~tl'U Llltll1Cllfftl~ UU1 ff'O:Uff~.:JlJ'i:~'U1fl'UU 

"1 41" 1 4 '1'" AI .1'1" ......... "'1";1f1Hff'il.:J lJLtlQCl'lltl.:Jff f1Hff'il.:J 1l1ClQCl'lltl{lff 11Cl: ':Ifff1UlJ'i:~'U1fl\'! l1Lfl~ffU1i:fl'ULff'U VVI 

Uff~.:JtJ'i:~Cl1J1~uiU1i:1tltltlUfl UVll'f~tllll"u'tJ1tJ'i~'U 1UtltlU UCl~ '1tJtl:f17f1fl1rl'~ '1U'IIW: 

~tllJ llJ1ClQCl'll tl {lffrl1U~iitJ'i: ~'U1fl'il:V~~'Uti'U11lLClQCl'lltl{l1"U 'V~ iJ tJ'i:~Cl'U L~Uff~fl~VlU 
1~f11'i'~~tl1l1"'U '1tJ1i 'i'ilJ'lt1flLff'il:'il: 1~VlU~tlfl1'i tifll1Cl:11ff{I . ~ 

2.1.5 ff~n'1fftl{ff (Disperse dye) L~Uff'ii1~Cl:tllVllll1~iiffl.J'Uflfl'i:'illV1ft;l ff11l1'it'l 

~tlllL"U'tJtl:ciiLflVll~U'V1ff~1tlfflfltl{ 1UCltl'U Utl:tl:f17nfl1ft~ 'il:~tl1l1~v'1f~Wl1fJiiuCl:f1111l 

~U~.:J UCl:fl1'i~tllJ'il:'~ffl'iffl (Carrier) l~tl'!btJd.:Jtlfl'ilfl1'it1~~ll'lltl.:Jff l.rh1 tJ'1'U l~U'tJ111tl~tllJ 
.doQ tI!'t set QI l ".Q 'd A" Q.I" ~ J...J oQ

n'~ ff1fftl'i ff11JU nVlVlUUff{lUtl:fl1'i C)ffll'ttlflfl tl'U 'II1.:J~ Ufln''il:C)f~m\l flfl1U 11 'itlUflff'UH'ltU~ 1<J1'U 

unff1ufli'fftltlfl1C)f,l ff~n'lfftl{n'U,j.:Jtltlfl1rl'ti~'U 2 fl~ll l~tJVi'ill'iWlfl~:JJ!f1ii'U~1ff~tlll 1rl'Ufl ff 

tltllJtl: ~ 1Clf (Azo dyes) UCl:n'VtlllUtlllll" ... U'U (Amino antraquinone) Clf.:JVI.:J...:: 2 fl'lll4 ""1'UUtl'UVI'ilfl11 · 

tJnmtl'Uft1tltl\!i'U'fi'lltl.:J1tlVl'il1UClliiu (Ethanolamine; NH2CH2CH2CH) 111tltl\!i'U1i'~ 

f1fl'lVflg{ltiU 
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thuillI~'IJ~ ij~tl.fl11!11tl-3mr~l'h utlflfi-n,n1tJtl'IJ (activecarbon) l1!tl utlflfin~ll1~ 
" '" "" ..,....... ,,;,11"''':' '" _I ....... .I 1fll'jtJtl'IJ (activated carbon) CJf-3llfl'lltJ~Tflf'l'1!I11 'fI'jtJfll'jlTfllfJW.fl1Tfl1'jtl1Jl:fI'l11).fl1Tf1l1fl'\l'IJ ¥lrJ 

't" 11""'" "'.i""" "'''''1 ..,. d d ... .1fll'j ~'lnl1fl 'IJ i:1rJ111~111rJlf'1'lf1'~'j lTftl 111lfl'lltJ~ l'IJfll'j~¥lCJftJ~-31'IJtl-3'i11fl1J1Tf~'IJ'\I'lJl¥1mmfl¥l'\l'IJ 

o d '41t~~.41 '-4'1 .c::. 41 ... 1 ~'1 
'il1'IJ1'IJ1l1fl Ui:1: '\I'IJ l¥11Tf~'lJflH~fl~1-3fl'U 11~'U'\I'IJ tl~fltJm 'j 1111) l'IJ fllHm~1li:1:1~qu'j:~Nfll 'IJ 

fll'j1.f-31'U 1~qtitJ ~1.fi 'IJ fll'jflii~al'IJ illl~'U ~ml1mv'trij¥l ~m~'lJTf1fl6lJ 'V); VfI'l'j;-3U'j :fltl tJ4I1rJ 

'" , 1 ?t "'. I • 'I • ..,?t 1"; '" " 111"flUtJtl'U Ui:1: 8 ¥I'j 1'iI'U llJ'U tl-3flu'j:fltltJ fl'1'IJ l11tyllflLlJ'UTf1flLCJfi:1\l i:1 ffl11l1'i1 lflTf'trUi:1:~'IJ UJ 

1'tr'IJ llrJl-3Tfl'l'1 11 fllf'l'1!I 1ll11i:1tll1-3 Ui:1:1f1'fll11i:1tll1~111-3fll'jlfl1!l~'jl'Jj''IJ Ufli:1tJ fl:i:111l:Tf'l'11 
"" '''''''' ",': .., ",': I " 

~l~tlrJ cH-3'11111Tf¥l 'trl'U6tlV 1~'U~'U 'Utlfl'illflifil-3ijTf1flal'IJl1'IJ1'li'IJ iifl ''U~ utl'IJl'ln'CJf~ 1~'IJ~'IJ 
~h'IJ1~qtitJ~1l1'i11fl ff~1J'lJijhj1l1fll'l1'IJ m:~fll1!tl 1'\llff~11~'IJ~'IJ fll'jflii~al'Uilll~'IJ~ 
l¥1v~1'u Uti~tltlflL~lJ 2 i1i fltlfll'jlfllf.i1'IJ l¥1rJ~1'U1¥1V~fl'il::lfllU1JtJ 'liijtllfllf'l'l¥1v'iI::l.f 

"wl1jJiiun:1l1W 200-400 tl-3f'1'11CJfi:11CiivfI' Ui:1:fll'jlfll1¥1Vfll'jUlrll'IJ1l1iYi1JfJWfI'llU~411Vi1ifll'j 
.... "''''',,, '11 '" " , ?t """" 111~111Vlf'l'lf1'~'j'iJ:l'jVfl11 "fl'j:~'U" (fJ'l'11'j'jW ,,'UHn1, 2548) CJf~fll'jfl'j~~'IJ'iJ:HtJ-3tltlmlJ'IJ 211) 

'" " "" 'I" ""y. "'1 ,..,..,<>" ... '" fltl fll'jfl'j:~'lJ111~lflll fll'j l'trfl'l'jlfl1l1'\l11Jlm:~'U l'IJfll'jlfllf11'IJflllll'IJ~ 1'tr'IJ Ufli:11CJfVllfli:1tl 'j¥l 

... '" '" 1. I "'" , '" ?t " '" eli , 11'" eli • 'I "(CaC12) CJf-3flfli:1tl 'j¥l (ZnC12) ul~lCJfVll 8¥1'jtlfl CJf¥l (KOH) llJ'IJ~'U CJf-3'i1~lLl1'jflCJfll ~1111tH111l11 

fl'u~'litJ~"ll'lii:1::i:11Vtltlfl' Ul1ll¥l Hi(1'iJ:;lfllm::~'IJ~"w l1lJii'l.h:1l1W 600-700 tl-3f'1'11CJfi:11CiivfI' 

Ui(1i(1-3f1'l'jlflij~1.fl 'U fll'jfl'j:; ~'IJ ~~¥l1l1iltJal'U illl~'U~ 1~tlfl111lU i:1 tJ ~tiv1 'lJfll'jU l'Ul.f fll'j 
JJ • 

m:~'lJ111-3fllV.fl1Tf l~'lJfll'jm:;~'IJ l¥1vfll'j1.fuflfl'l1!tl'mhl¥1v'iJ:;1.fl'U fll'jlfllm:;~'lJii"wl1lJii 

U'j:;1l1W 800-1000 tl~f'I'11CJfi:11Ciitlfl' lTf'jl:; 'mrl~1.f'il:;~0-31rl'IJ 'mrl~~O'U~-3t11¥1 (Superheated 

steam)l~o.yh l..ffl'U 6'IJ11; V~H"1 fl'i:11V' U";l1..f1m ~fI'~H.fl1vl 'lJij~fl'hlw:;lTf~'IJ (Porous) o~ 
... ,_I 11 ,,;,11'" d, " "" 

111 uUt11'\1'IJ1¥1'\10~ lTf~lJl1 'fI 'iI:;1l'\l'IJ1¥1 mflfl11fl1'jm:;~'U111-31fllJ 

2.3 'lfl'\Jt\'tJrJ 

11 .""";:11 lit: "'1"""eli,
'lfl'IJtJ Otl 111l1t1tN fl'1'U '\IiHi:11~'UOOtl11101'IJ1'I'JOtll1 'j O'IJ1~1i:100flLli:11 lml1i:1tlU~ 

."..; ""?t." : QI 11 "" li" liti:11~'lJ1111 VltJ 'iJ:;fl¥lllJ'lJf'I1'jOtli:1:; l¥1t1'U l11'U fl'\lO-3'trl'U tJOmtltlfl (fl11lJ'tr'U 'j Otli:1:: 48) flO'trl'IJ aOti 
II II I' 

l1!tll~'lJlt1 (fiber) 48.5% Ul 48.0% Ul~li:1 3.0% Hi:1::fI'l'jU'j:;flOtJVlJ "1 'lJOfl'illfliiflrll1Ui(1 

0.4% 'trl'U60tll.fu'j:;1t1'lf'U14111i:11t1Ofh~ 

http:steam)l~o.yh
http:flij~1.fl
http:41t~~.41
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• JI 

~1fJUH~{l~fI'lfUfl1~tni1'U ff1,iliiVl'Ufh1fl1~itJ1111(1 f} (1 'H 16l1'U1'U (1fW 'il~(' flfyh ..~1~flci'tJ" 

(Adsorbent) ff1' ~1I11fl1~(l fJO':h "~1\lfl~flci'tJ" (Adsorbate)"1~tJ'U ~h 1 ~wm::tJ1'UfI1'~flci'tJ 'il:: 

1nfl'il1flfl1'1Wflff1' (~1\lfl~flci'tJ) ~{lfl~fl1fl'U fl{l~1\lfl~flci'tJ 'il~(1~ (11fJfl~' 'U 'Um1'H (1 ('Ufl{ll'H(11 

... r:I "l gJ..3I QI d QI 1 QI , "QI QI QI •

'H 'flUflff) m'~ 'il:: I'H (11'U1(;'( 11 NfffltJ'Ufl{lU'U{l (fl1~flC]ftJ) flfJfl~ fllfl 'Ufl{lfl1\jfl~flC]ftJ 'il::U'n' N1'U1'U1 
JI JI 

1tJii{lVl'UN1'Ufl{l~1~flci'tJ~1'U'flfJ~fl'::Wj1{l'Ufl{lU~{li1tJ'Ufl{l1'H(11 (immp":mr tlll'vt'lf, 2549) ~{l'l!'U 
JI • 

~1~flci'tJ \l{l iTfl 1 rI'U 'U fl{l U~ {l U(1::1 'n l 'U ~1'U1'U111 fl U(1:: Vl'U ilN1~11'n 1:: ~{l ,j~1I1tufI1, ~ flci'tJ 'il::1n'U 
JI • 

tYflff1'U lf1fJflHi1tJVl'UN1~11'n1::'Ufl{l~1~flci'tJ 1ijfl~1~flci'tJiil'nl'Ufl1fJhnJ1fl ~1~fI~tJ'il::iifl1111 
• " • .:. .1'" ..; ... d ,... ... • ,,,... ... ... ,l '" 

'H'U 1U'U'U (1f1 M U1I11f11' 1'n1llJ' 1I1tuI 'nl'UVl1I'U'U1f11(1 fl 'U fl1~flC]ftJ 'il~ Vl1 'Hfl1~flC]ftJ1I'n'U N1 

• .1. d!"t.1 t .... ..., ... 

'il1L'n1::1I1fl'U'U Ufl I'nl'U'U'U 1f1 1(1 flfl1'il1lJ'UqlJff" flflflfl1'U'n' 'Ufl{lfl1\lfl~ flC]ftJtmJ 'U 1 'n1'U 'Ufl{lfl1 
JI , 

~fI~tJ1 tJV{lVl'UN1''U l'nl'U 'U'U 1f1L~fl~{lflrl11 Lijfl-n'il1'tu 1f1111li fliJtu::Vl1-:J fnfJfl1'n'Ufl{l1'nl'U''U ~1 

t)flitJ 1'nl'Uff1'U''Hqj'U fl{l~1t)flitJfl1,ii'U'U1f1''Hqjfl11'U'U1f11111(1f}(1'U~N~1\lfl~fI~tJ' 'U ffOl'U:: 

fi'1'1m1fl1fl (VlH,yfl~ ff'J::U~1. 2555) l~fl,,r~1\lfl~fI~tJ1f'Uiifl1111ff1111':if:lU'n;L.,j'1~1'nl'U'Ufl{l~1 
~fI~tJ U(1::ff1111HlU'n; ~fl1 tJii'lif'UN1fl1fJ''Ul'nl'Ul'Hrl1J'U 1~flth'lff::fl1fl ff1'U fI1'~flitJ~1\lfl 

, JI 

~fI~tJ'lfUfI~l'1 ., ilfld''UffOl'U::'Ufl'll'H(11'1!'U l'li'U fI1'~fI~tJ1flflfl'U'lfUfI\9l1'1 ., 'H1flff1,tJ'J::flfltJ 
• JI 

fl'UVI; V'lfUfI~H ., il(1::(11Vth 1n'U~'U l'n1 'Uff1'U , 'Hqj'Ufl'l~1~fliml1,ii'U'U1f1' 'Hqjl'WfJ'I'nfl 
• , JI 

LVlfl , ,r'Ufl{ll'H(11ilii~1\l fl~flitJl'Hrl1'1!'U ff1111'J fI 1 'H (1L.,j'l~l'nl'U 'U fl{l~1~flitJ 1 ~fltjHff::fl1fl 1fI V 
• JI. 

il~1 \l fl~flitJ ii'lfl 'I fld' 'U lifliJ tu::1~11 ~'I'I!'U ff1'J tJ 'J:: fl fltJ'tJfl'lfU flil fl ~, 'U l'nl'U 'Ufl 'I~1~fI~tJ 

iflLn'U "~1\lfl~fI~tJ" 'Ufl'l'J~ tJtJ~flitJ'\lfl'll'H(111flV 1li~fl{lLfI1::~flfb''U ~'nl'U'Ufl'l~1~fI~tJ 
JI 

fI1'~fI~tJff1111'JfI~lU'Uflflflmn'U 2 tJ'::LflVl (McKay, 1996) 1~~'Iil 
QI & ~ 4G1 QI QI QI

2.4.1 fI1'J~flC]ftJVl1'1f11Vfl1'n (PhysIcal adsorptton) flfl fl1\j flt)flC]ftJU(1::fl1~flC]ftJ 'il:: 

.:I .c:l ~ d.d 1 1 4' fI tIQI I 

Vfll'H'UV1fl'U'fldVUHVflL'H'UtJ1'1::'H1H 1Il(1f}(1flfl'U ., l1Vfl11 "UHU1'U1flfln1(1ff (Van der 

..6 .... ... '" ... '" ..6 !"t
Waals)" C]f'l Lflfl1l1'il1 fl fl1 'l'1111 fl'U 'U fl 'I U H fffl{l'lf'U fI fl fl U H fl'J:: tj) 1 tJ II (1:: UHffflfl C]f'l Lll 'U 

... ... "I P '" 0 ... ... • 1 J ... .1 13/... .... 1 ... ...
m::tJ1'U fI1'JN'U fl(1tJ 1'1'1 (1fliJtu::ff1flty'Uf)'lfl1'J~flC]ftJlJ'J::LflVl'U lflfl'U'U flfI tu f..Itu 'HfJ1IlJflfl 'H'Jfl 

tu f..Itu'HfJiJtJ"tJ1f11ff~11tJ U(1::1nfl'~~1I1fl~'I~'U tu f..Itu'HfJiJ~~lfl11~u!'HfJiJtJ'j'JV1f11ff fI1'~fI 
QI QJ"l"t ~ GIll'" ...QI

C]ftJVl1'1f11tJfl1'n ff1111'1 mflfl'U 'U IfiVI 'ItJ 'U N1'U fl'lfl1~flC]ftJ fI tJfI H U(1:: m(1f}(1'U fl'lfl1\lfl~flC]ftJ 'il:: 
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~1.J\ili1ti"'.um::tifllfll~1.Ju\ili1tlflcH1.J 1f1tl1li~lflfl~lU1U1lJlf\flf\'\IfH\ili1\1fltlflcH1.J~~6U';1.JflU ;·U;tlfl 
~ ~ 

fll'jtlflcHm;mltu::il11 "fll'jtlflcHm1f\ltl~U (Multilayer adsorption)" 

2.4.2 fll'jtlflcH1.JVlHlflii (Chemical adsorption) fl6 \ili1\1flt1f1cHml~\1fltlflcH1.J1~~ 
lfuN1'\16~\ili1tlflcH1.J 1f1tliUlI~;lflii 1~url iUlI::1666Ufl l1~6iUlI~1f111mU~ lrlU~U 1UfllnyJ1~. 
iUlI~1f1ii~6-31~'Vt~~-31U tJ~Uf\~t1~u'j~1.J1.J;lNum;1.J 'li1~ ~~U 

~ 

U fll'j tlflcH1.JVl1~lfliiil 
~ 

~~1lilflfl1.JU 
~ . 
~U'U6~1 lJlf\flf\ '\16 -3\ili1\1fltlfl cH1.J;lff:: 'fYlJ1.JUN1'\16~\iIi1tlflcH1.J l'liUlAfJdfl1.J fll 'j tlfl cH1.JVI Hfl1 tlfll'Vt fll'j 

Q.I Id. JIfl 4. ,I til IJI A ~ d d ~ , QJI: QJ : 

tlfl CJf1.J Vl1 ~ lfllJU ~ -3 1flfl'UU L fll 'Vttl-3<JUlfltl11Vl1 UUUf\~l 'j tl flfll'j tlfl CJf1.J'11 'j:t U'l VI U11 "fll 'j tl flCJf1.JCJ1U 

~ "QJ ;/1IIfi4' '1 JI
lfltl1 (Monolayer adsorption)" fl11lJ'j6U'\I6~fll'jtlflCJf1.J'11'j~1flVlU MlJfI1tJ~fl11f11f111lJ'j6t1'\16-3 

fll 'j tlfl cH1.J Vl1 ~fll tlfll'Vt 

lIJ'l '" "",.1 :: '" '1 '1flf\ Lfl LUfll'jtlflCJf1.J~~lflfl'\lU 3 '\ItI~tlU fl6 fll'jmtl tlUlJl1f1lfl fll'jmtl tlU,f\fIlfi 

Hf\~fll'jtlflcH1.J fllHhtl 1tlUlJl1 fIlfl1 ~U fll'j 1f1~tlU ~'Utl-3\ili1\1fltlflcH1.Jfohtl 'Utl-3 111 f\ 1 '11v~'jtlfJ~tl 

'j::l111-3'\16-3ll1f\1fl1.J'\Itl-3U~-3 (Liquid-solid interface) ff1l1i'1.JfllHl1fJ16'\.1 'f\fIlfl1~Ufll'jH'Vt'i~hu 

'\I6~\ili1\1fltlflcH1.Jlt'11'111ul'VtlU'\Itl~\ili1tlflcH1.J cb~l'VtlU~:a~6lJ 1tl~flU6~fl1tl1tI \ili1tlflcH1.J rbtl fll'j 

tlflcH1.J~~fi~lHl.l1a-3u'j ~tifl1l1~ tl1'j~l111~\ili1\1fltlflcH1.Jfl1.J\ili1tlflcH1.J ~~flTvt~ 2.1 Ufffl~flf\1flfll'j 

a b 

http:fYlJ1.JU
http:1lilflfl1.JU
http:ili1\1flt1f1cHml~\1fltlflcH1.J1


M.Q.!'. 
" ftLtijIlLlHLUl1l1nS~M.~m~t;~.!'.LU~l.!'.M,1 l!;~!!lmmQ~t-~L~~I1~t;~.!'.LU ::a,m t-~!llnf.mQ~t-Ilt;IR~ . . . ftl1.1li>t;~.!'.LUM.' Il.!'.LftLlUtLtijt;R.~n (Z;SSZ; 't;u.wlbh. :::Il.!'.h) ftlmmQI1U~QM.I\:::&t-Ilt;IlQut.M.l\ftM,t:::& l=' I'Q h ,.,."... 1'0 lI::P lI::P ", • r Jrr l' ~ 

11~t;~.!'.LUM.tt~trtLtijU.~~ M.~t L.,t-L~M.L~M.tl1~t;~.!'.LUQ~I1I!:::.!'.UIlM~!lfj"mQ £TZ; 

(Z;SSZ; 'J~u¥lbh. :::Il~k) jl.Qtt:!-L~t-QR.t;llft~t.!'.LUI1!!PQM.~:::&9~1!M.2.!'.L,lJI1~t;~.!'.LUt~nfL~t~llt;l 

~~~11~t;~Il.!'.LftL,IJ~M.QQQ~M.I;P M.QQQ~~.Ili>~UQ.!'.t;i~ :::Iln M.QQQ~M.&1t;1i~~t-.@t}UL&UQM. • IS 

11~t;~.!'.LUQ~IlMt-~t-!rt,ttt-~ L.,H~LttllLIl ~1l.!'.L,IJ:::llnM.QQQ~ Q~IlN~~&jl.Qt~ Z;TZ; 
'" IS 

(Z;SSZ; 't;u.wlbh. :::Il.!'.h) 11.1li>t;~.!'.L,lJt-QI\ ,'f;;;tI i'O 't:P i'O 

t-LIlU9 M.IlL~M.itIl~M.!! rt,t.1.!'.fLn:::& 11~t;~.!'.LUl.!'.16~ijLllkQ t-Q I\~M.Q~ij1.!'.L U~L~ftLlI'M.~t-.!'.16t-LI!.w~ 

M.t :::llnl1~t;~.!'.L,lJt-QR.HQu9M.1l M.L~M.itil!!M.t~t;»M.~'t-!I1~t;~.!'.LUL .!'.16~ M.!U~M.~'M.~ft»ftLtij 
IS 

~11~t;~.!'.L,lJt-QR.I1~t;~.tLUt;~t~1L\;t q~M.~t-QR.t;LM.R.ftL16fL~ t-llfLt1M.1l ~fLt.!'.LU t;~tt~M.~mtt:11 
IS • IS 

I!LIl.!'.Uli fLULIl t-Q M.tIl.lli>~~.!'.L,IJQ l6lbijL,lJI!Il1111 [! 11.1li>t;~ .!'.LUt-QR.tNI!M.M,~llnt;LM.I\ 1TZ; F ~-,,1'0 . 1"0 0 F' Ie M ~F r 

n.IoMI)I.UUilYDNRu.B&&n S·t ". 'f:JJ=r A Ia . 
(6vSZ; 'Jt.M.ftQ mR.Uu.!'.U&) 

'" .. to 

11~t;~t~.!'.16L ft:fWtrt"t-~"11!!111l ~tQV'ULft,IJ,t.1 ft»t~~M.r~ M.~Q~ftQ~tu~tt;L M.I\ ~M.t M,t 

t-QI\t;LM.I\:::llnt-~M.1.M,t~~I1~t;~t~~,IJ!.UQ~1.!'.tij M.!U~ 11~t;~t~M.11 M.&1.!'.~1M. ~.Ili>LMt-QI\IlLij.!'.LU , IS 

::::llnl1.1li>t;~.!'.LULR.UU::::llt-.Ili> (.&lIPl. U::lWW3 J::lnmnuH) l.3B !ltJl,lllt;llltt;t;l t;tll.!'.LftL,lJI1.1li>t;~t~ to IF f" .... ,"" .. ""k'" to to 

t-QR.~LM,tL~t~~M.~ % ~8-0£ mLft~.!'.fLl1~t;~t~M.t.IlLllM.tM,ftLtij~ 'A/lW oon t-~ 00£ t-t~M.t. 
• IS 

~QtNI!M.M,ft WO Z;'1 t-l'J wrt OS t-tJl,M.t ~QijLllkQt-QI\t;LM.l\ftl!t-MM.mQ.!'." Ulltt;LM.I\t-LI1M.NnM.fll I _p r l=' . &" • b. J;¥"P IJ:iI7 pc • IP 

UQI1::::.!'.Ut-.!'.I!M.~l ftIlUt-.t 1!M.~'H~ftt~::::Il&LQI1~t;~t~ wu OS L~UULftM.tM,hQR.t-LIlU9M.llq:lM.i' 

t;LM.R.~:::& (::lJodOJ:)lIW) Ib"1t;LM.I\M.tM,t::lln wu os -z; t-t~M.tPQM.tM,hQR.t-LIlU9M.llq-:1M.i' 

t;LM.R.ft~~ (::lJodoSQW) t-LIlUt;LM.I\M.tM,tl1.!'."L,IJ wu Z; LtUIlQM.M.l.M,hQI\t-LIlUfmIlLMM.,lJlt;LM.R. Ii=' lOOt" I' j" 
~ (;)JodOJO!W) U~tt;LM.n,M.tM,tM.~tuM.mtuli::::&I1~t;~t~t-QR.M.l.M,tt-QR.t;LM.1\ (A.QS!W;)q:) P::lHddy 

put! ;)md 10 uomn IlIU0!lllW::lIUI) :)YdfiI t-QR.ftLIlM..!'.LUftL~ 11.1li>t;~t~M.I1I1.1li>t;~ulit~t-QR.I1.1li>t;~ • 0'" 1'0 1'0 1'0 ", 

.!'.LUmLft:ft:l:1l1t 11~t;~uilt~Q~t-ll~Llll~LM,tLtftLtijt-~Lm.!'.Lll~::::IlI1~t;~t~~t.UQ~t.!'.LU 

11~t;~t~M.t.M.lM,tt-Ql\t~ 

M.11~Qt-.Ili>I1.1li>t;~ijLlJlitt-llM.& q M.mUllftLtijftt-.Ili>I1.1li>t;~t16t-QI\M.lM,t~LI\1M.LM~&M.M.UL& 1I M.mM.JI, 
• '" to to 5" .,. P "'" '" to to ." ':: .,. :: 

t-QI\LM."ftLtij!lt-f;I1~~~t~I1Q.!'.t-~t;~"til"It-QR. M.~M.L~ ~M.Q~ijltll"It-QR.UL& IltftM.QlIlL!l.!'.LU 

M.~trt,IJMtll"'t-QR.M.ll1}Jo t;~Ulit~I1~t;~.!'.LUU~IlUL~~~IlLI1~Ql'J.!'.LftL,IJ 1'Z; ~M,LlWLIl 

01 

http:IltftM.QlIlL!l.!'.LU
http:It-QR.UL
http:M.mUllftLtijftt-.Ili>I1.1li>t;~t16t-QI\M.lM,t~LI\1M.LM~&M.M.UL
http:UQ~t.!'.LU
http:t;LM.R.ft
http:QijLllkQt-QI\t;LM.l\ftl!t-MM.mQ
http:Ili>LMt-QI\IlLij.!'.LU
http:11~t;~t~M.11
http:t-llfLt1M.1l
http:rt,t.1.!'.fL
http:Q~IlN~~&jl.Qt
mailto:t-.@t}UL&UQM
http:l!;~!!lmmQ~t-~L~~I1~t;~.!'.LU
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2.5.4 11mnllNffl 'U fI1'.itlflci1.J d''U~'Vtl'.ilijl91V{~ti1tity1Y~fHl~VfI1'.itlflci1.J ua::{)1~ 
. " 

fI1'.ilcN~1'U~v~~1tlflci1.Ju1.J1.J~v1ijv~ ("l~v:: '4tyfffl~, 2552) 

'v 1CJ11'Y1VlIfI1'.itlflci1.J (Adsorption isothenn) 1~'Ufl1l1Jn1Jvr'Ulh::11'h~tJ~1Jltu~V~ . " 
~1g fltl fl ci1.J 11 V~1.J 'U cW'U ~h~V ~~1tlflci1.Jti1.J fl1l1J1 ~1J~'U~V~~19fltl flci1.J 1 'U ~V ~ 111 a 1 ffl1Jl'.i il 

" vimvm::1.J1'UfI1'.itlflci1.Jl'UltJcW'U!l'U~v~'v1CJ11'Y1V1JfI1'tlflci1.J '115 ltJU1.J1.J ~V tJ~1J1tu~V~ff1'l . . " 
Qfltlflci1.J~ tltJ;1Jltu ~V~ ffl'tlflci1.J U1.J1.Jl1 I I~'U fI1, tlflci1.Jl1ij 11J mQa1~ ~~ 'I1'U IAV11.J'U ffl' tlflci1.J 

~~I~'U ffl'tlflci1.J~ lfifl~ lflfl1'tlflci1.J'YIHlfi ij 'V1CJ11 'YIV1JU1.J1.J~ II 1~'U fI11 tlflci1.J~ij11JmQa'l1mv 
'II JI t I 

'I1'U1.J'UcW'U fhu1.J1.J~tl~ffl'flflci1.J 'V 1CJ11'YIV1JU1.J1.J11 III 1~'U'tl 1CJ11'YIV1Jl1iJ 11Jlaflafl1'flflci1.J'I1mv 
~ ~. 

tI JI JI r 

'I1'U1.J'UcW'U Fh~v~fI1,tlflci1.J fI1'tlflci1.JU1.J1.Jih~'UfI1,tlflci1.Jhj~tlVA 'tli 9fl'Y1tl1JU1.J1.Jl1 IV ua:: V 

fI1'.i11fln::l1'.i ::1.J1.JfI1'.i tlflci1.J1flV1cNff1JfI1'.i'YI1~fltU91f'1'lff9l{11f1'.il::l11 tfv~1 'UltJtlfh~ ~lV 1Y1'U1 '11 qj 

'Vt q~m '1J~tl~ fI1'.i tl flci1.J 1'U ~tl ~1l1 a1 ~::ijfl1l1Jfftlflfl -a'v ~ ti1.J , V 1CJ11 'YI tlll fI1'.i tlflci1.JU1.J1.J'rJ l 'U~'If 
;d ~ • Q,I I Q,I Q,I": : ~ 91 

(Freundlich) ua::lla~llItJ'.i (Langmuir) t'lf'U fI1'.itlflCJ11.J~V~m'Uflllll'U9I1 'U'Ul ua::'Ul1fftJ tlJ'U9I'U 

(Rozada et aI., 2003) 

tJ;1J1W~V~~1Qfltlflci1.J1.J'U9i1tlflci1.J ffl1Jl'ilfll'U1tu 'l1~lflffllfJa1J1affl' (Seader 

and Henley, 1998) lfltJ~::Otl11f1111Jl~1J~'U~v~9i1Qfltlflci1.J~111V'tJ~lflffl,a::mtJ ~::Qfltlflci1.J 

Vd1.J'U~1tlflci1.JnhJ'U ~~tJ~1I1tu fI1'tlflci1.J111 '119111Jff1JfI1'~ 2.1 ua:; l:l1wf1.JtJ,::ff'YIitll'Vt fI1, 

.... "'" .,~ .1 .. "'.. 0 .... "'".... ~"1 dtlflCJ11.JfftJV1J ffl1Jl'il fIl'U1tu 'i'l~lflff1JfI1'llJV'lICJ1'U9IfI1'fI1~flfftJtl1J fl~Ufffl~ 11 'U ffllfl1''YI 2.2 

(2.1) 

~tl tJ;1Jltuff~V1Jl'Uth'Uti1Ju'U~~fffln::ff1JfJa (mglg) 
4 : QI • Q,I Q,I (/ 

m flV 'Ull1'Ufl~V~m'Ufl1J1J'U9I (g) 

" ~tl tJ;1Jl91'~tl~lh (L) 

4 2 " ..:." "'11 "'1-:flV fl1ll1l"1J~'U1'l1J9I'U~V~fftltl1Jlfl1J 'U'Ul (mgIL) 
. " 

4 " " '" '" " "''I.flV fl1l1Jt~1J~'U'YIfftll1::ff1JfJa~tl~fftJV1JlfllIl 'U'Ul (mglL) 

% Removal = (Co-Ce) x 100 (2.2)
Co 

" 'l1tJa:aVVfl~tl~' tl1CJ1t'YItl1JfI1,tlflci1.Jij~~ij 

http:tlflci1.JU
http:fI1'tlflci1.JU
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2.6.1 	 ,~lC1ft'YI~llfll'i~flai1JU1J1JtftUflH (Linear isothenn) 

IrlU'~lC1ft'YI~1l~'L1~1l1W .,,~~i1\lfl~flai1J1Jui1~flai1J 'il:m.h NUfI'i ~n1Jfl111l 

1.u'1l'I1u.,,~~i1\lfl~flai1J'UfflHl:n ltJ~tHll1:ffll~n lf1tJ..t1' 'L1U"'1'il:I~ tJfl11flQ"'~~ 18U~ 
" . 

(Henry's Law) iil'L1I11J1Jffllfll'itrluji)~il ffllfll'i'fi 2.3 

(2.3) 

f1~ 'L1~1l1W~1\lfl~flai1J1JU~1.,,~~i1~flai1J (mg/g) 

f1~ f1111l1.u'1l.u'U~ffllfln"'~~~1\lfl~flai1J'Uffl'in:nltJ'H~!Jfll'i~flai1J (mgIL) 
4 Q,.O 	 ... I .- J • • .d 
f1~ fflllJ'i:ff'YItifllm~mIM'H'i~ f11f1~V1 Henry's Law (Llg) 

2.6.2 	 ,~lC1fIVl~llfll'i~flai1JU1J1J'ri1UA')f (Freundlich isothenn) 

ffllfll'i'~ lC1fI'YI~llfll'i~flai1Jtt1J1J'ri1UA')f (Chen et aI., 20ll) ji)~Ufffl~ '1"1u 
d 	 .A Q.d QlQlQI~~ QI ,x_ QIQI 

ffllfll'iVl 2.4 C1f~\l:~ti1JltJfHfll'i~1Jfl1flUtlJU')fU '1 "'~~fl1\lfl~flClf1J (Multilayer) 1JU'nUN1"'~~fl1 

~flai1J t'd~~~lflllllnQn"'~~~1\lfl~flai1JiiuHtjfll'HrltJ1'i::'H':iHnu~~ 

K Cl/n (2.4)qe = 	f e 

f1~ 'L1~1l1wi1\1fl~flai1J1JU~1"'~~~1~flai1J (mg/g) 

f1~ f1111l1.u'1l.u'U~ffllfln"'~~i1\1fl~flai1J'Uffl'in::nltJ'H~!Jfll'i~flai1J (mgIL) .... . ... 
f1~ f11fl~'YI 

.... 
ffllfll'iVl 2.4 

1
Inqe = InKF + -InCe 	 (2.5) 

n 

' .,; lIJ P , oJ, IV 1 ,.,; lIJ21fltJfllfl~'YI n 'Hl t~~lflflltf11::1'HU~ff1Ufl111l')fU (-1-) Un::f11fl~V1 Kf 'Hl t~ 
S ope 

~llflfhLVflct1'lftluul;tJn"'~~'fI~flUflU y 'Uffllfll'i~ 2.5 

2.6.3 	 ,~lC1fI'YI~llfll'i~flai1JU1J1JUn~liitJf (Langmuir isothenn) 

,~lC1fl'YI~llfll'i~flai1JU1J1Jun~tiitJl (Almeida et aI., 2009) iiffllll~J1U11i1\lfl 
QI ftl Q GI QI 4 ~ A 	 d c:; ~~I d

~flClf1J\l::lJflfl~llN1"'~~fl1~flClf1Jl'ntJ~')fUlfltJ1 (Monolayer sorption) C1f~tlltl mfllllffllfll'iVl 2.6 



13 

(2.6) 


4 , d 
fI fl fIl fI ~ 'VI 

(2.7) 

.0\ r ..t r ... 1 AI ,KL 1 od "I !II 
LlJfl111f11lf'l'1fl1'\.J~tY1'\.Jfl1111'1S'\.J ( -1- ) 11'ifl111f1l - '\.JtY1Itn1'V1 2.7 \I:: t~ 

.. ~ ope aL 

11111101tn1~~.1.1U1.11.1oi'\.JlAV1'Ufl~9i1'.1fl~~.1.11.1'\.J,"'\.Jfb9i1~~.1.1"l~q~ Ufl~U 'VI'\.JA'1VfffY'ttflllW 

qm 

GI QI _ c4 9J ~ It t 'I 
tn'i~~CU1.1tY11 '.1fl~~CU1.1'IS'\.J ~11'\.J ~ il::11 1~flfl1.1111~1V'U'\.J ;)fl'\.J fl1'i U ~1N1'\.J 'IS'\.J'Ufl~ 111 fl 

.. .. 
1fl1.1 '1 9i1~~.1.1 fl11u~;1'\.JI~1'\.J9i1~~.1.1'11fJ~,"'\.Jfh9i1~~.1.1 Ufl~;r'\.J\9Ifl'\.Jtn'iln~11iimV1lflij 

~if'\.JP:b9i1~~.1.1 C'it~~'\.J;)fl'\.Jl~~ln~~'\.J'l11~q~ ~'\.J;)fl'\.J,f'\.Jil~lfl'\.J~'\.J;)fl'Wfhl1'\.J~tl;)11tn1~~.1.1 .. .. 
'Ufl~1~1.11.1fl11~~.mr'W '1 (l~'lS1 ~;)1ff1n'lS, 2552) 1~vfl1m~;~·h'\.Joi'\.J'Utl~'l1flnJ1.J9i1~~.1.1 1'\.J 

11 'ttfl'Ufl,:atn1tllV 1 fl'\.J 111 LlJ'\.J9ilJ 'U!H'l1fl~fld1fl1.19i1~~.1.1~11 fJ~,j,:a\l::lfl ~fl'\.J ~fl~1~'l11 '1 ~~Ln~ .. .... .. 
oi'\.J 'Ufl,:a' l1fl1.1H '1 ~fllJ'ifl1.19i1~~.1.1 cH'\.J'Ufl,:a'11 flU LfI'\.J ~11 tY11 fI~flfll'J ~~.1.1 '\.J flfl \l1flU fl1111 

II •• J' 

11 '\.J1'UtNcH'\.J 'UfH'l1fl1 fl1.19i1~~.1.1u111 NmT'\.Jti1.1tl;)ntn1lflilo'\.Jli'U0~ 'IJ 0~'11 fl U'\.JflO lriO'UO~ 
"I .0\ odd.l ! "I "'... "I 1 !
l11fllflfl 0'\.J'VI111lJ1fl'U'\.J fl111111 '\.J1'Ufl,:a'lS'\.J'U0~ tl1fl'.l01.1;)1~~CU1.1\I::fl~1.1Hfl~ 'UO~ ll1fl '\.J'IS'\.J'UO~ 

~ Q,1 Q,I ". ~91 4dl00l.tCl 1914 ~,. QI Q,ld 

111 fl1 01.1;) 1~~CU1.1 il:: Lfl flO '\.J W11111111 \I ~11 11~\l11 01 1 mtY1Ifl '\.J 11 fJ~'\.J,:a ! iHfl fJ fl'Ufl~;)1'.1 11~~CU1.1 \I ~ 

u~-i fh'\.J i'\.J 'UO~'11 fl'.l01.19i1~~.1.1L,j'1~1~1'\.J 'U0~9i1~~.1.1hi tn'.l uwi'IJ tl ~9i1\l11~~.1.1~~ ln~~'\.J 
t Q,I Q,I • ~ ~ ~,,9J

\l111Nfl;)1~'U0~fl1111L'U1I'U'\.J'U0~;)1'.1fl~~CU1.1;)11111tlfl11U~1'U0~T411f1 (Fick' law of diffusion) l~V~ . " 
orh,:alAV1 t'h'\.Jtn'.lu~-il'\.Jl~1'\.J'U0,:a9i1~~.1.1 lri09i1'.1l1~~.1.1H~-iFh'\.Ji'\.J'Ufl~'l1fl'.l01.19i1~~.1.1 

il~ih'\.J011'U0~9i1~~.1.1 ui1'h9i1\l11~~.1.101\1Lfl1::~~ih'\.J011'Ufl,:a9i1~~.1.1C'it,:alfl'\.Jif'\.Jih~~.mh'\.J .. 
ilOV'U0~9i1~~.1.1 u~9i1\l11~~.uri1'\.Jll1qjil::u~-iL,j'1~I~1'\.J'UtN9i1~~.1.Jlm::lL~-i'11v~,"'\.Jih~1 

http:l1fl1.1H
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~tvitJ i1\1flt1tl~tJtJl~ff'n.!ffl1J1HlL01:;~tl~N'UI1Ul'Ull'q'U'lJf)~9i1t1\?l~tJ~~fHh1 U'C1:;9i1\1fl 

~tl~tJ tlfl tJ1~ ff1'UV~fI~U~ i t-W1~ff1'U i1fl'lJf)~l~1 'U 9if) ',j 

fl U fffl'l!ll '0 'C1 'U~ 'C1 fYl fflJl {01'I t1tl~tJ '0:; Ufftl~1~ t..1 'U il~ i:1'il-ijfJ ~ ii H'C1fl'I:; 'YltJ ~ f)'Yl H 

O1Ufl1~U'C1:;'Yll~tflii flf) 1fffJ~1~t~'U9i1t1tl~tJ'iI:;iio'Yli~'C1~f)fl'C1'flO1'I~\OI~tJ~1U u'C1:;t14f)'Yl'IltJ 

il~fl'C1 'flfl1'I~tl~tJ t'Ji'U fl1'Ichu1f)'U1J1'C1ffl'I'I :;l1"h~9i1\1fltltl~tJfltJ9i1~\?l~tJ U'C1:;flntJ1'U 01 'I 

tfltl,j ~fl;Ultflii utJ tJ ~1'C1 f)~'iI'C1'U~'C1fYlfflJl{~~\1fl1~f)itJ lU,j 'I lfl{Jfl1'IW'I'l~mh1 ~~UtJtJ~l'C1f)~~ 
.... 'I ~ ... AI " '" ..: .... .1 '" "" 'UU1J 1'IJ l'Ufl1'If)1!tJ1UlJ'Ilfl{J01'IW01'It1tlC]ftJ'Yltfltl'lJ'U1J 2 utJtJ flf) Pseudo-first order U'C1:; Pseudo

'\' '" ",.1.", , t 'I .... .1
second order (Wang, L. and Wang, A., 2007) &tlUf)IJI'Ilfl1'It1\01C]ftJ'iI::'lJ'Uf)QfltJ11'lJ'U~f)'U ltltfltl'lJ'U 

. """ 
~l'Yitltl~~mh1-W1~~'U 'ti'U~ f)'U ir'U '0:: t~'U'ti'U~f)'U fh~'U \OItl~ 'Ilfl1'I t111 ~tJ 
"" " ~~ir'U ~~ffl1l1HlOitJ1U'~'h 'ti'U~f)'U01Hhu If)'U1J1'C1'lJf).;j~1\1flt1tl~m.h'U'i'U'lJf)~ 

111 '" "' .... .1"..: lit'" ",,,,,,,,.6,,, , 
m 'C1'If)tJ~1t1tlC]ftJmtl'lJ'U'lJl'Yl tltl tlJ'U f)1JI'IlO1 'I~tlC]ftJf)'U tltJ~'U ~t'YlU1J (Pseudo-first order) ff1'U 

~'U~ f)'U fl1'I tfltl,j ~mU 1 Lfl ii~ if'U N1'lJ f) ~9i1t1tl~tJ1fltl ~'U i ~.rl~ tl\Ol L~ 'U tl\P1 'I 101'I t1tl ~tJ tl'U ~tJ fff) ~ 
'" ,.6 t 1 111 "'.., "'"l'YlU1J (Pseudo-second order) C]f~'lJ'U~f)'U 'U01'I~lfl'C1 &flf)~'Ilfl1'ItltlCJftJ'lJf)~'iI'C1'U~'C1fYlff~'I1J.. 

" 'I1U'C1:;LtlUtlUff\Ol~i~~~u 
Q,I 41Q1Q1..6.:t 

2.7.1 ff1Jfl1'If)~'I101'Itl\OlC]ftJf)'U\OItJ~'U~L'YlU1J (Pseudo-first order equation) 

'iI'C1'U~'C1fYlff~{'lJf)~m'I t1tl~tJ'iI:;\1flf)itJ1UltlUff1J01'I L;~f)\.!i'Ui'Uff\Ol~'~I'l~;i 

(2.8) 

flf) ,j;1J1W'lJf)~ff~f)1J~\1flt1tl~tJ~ff1JtJ'C1 (mg!g) 

flf) ,j;1l1W'lJf)~ff~f)1J~\1flt1tl~tJ~L1'C11 t (mg!g) 


"" , '"
. 


flf) fI1f1~'Yl'lJf)~ff1Jm'I Pseudo-first order (I/min) 

lrlf)lilO1'I~l,j;i'Ui'ff1Jfl1'I~ 2.10 ltlUl~t'~f)'U1'lJ'lJf)tJL'lJ~ (Boundary 

conditions) ~ t = 0; qt = 0 U'C1:; t t; qt = qt 'iI:;'~ 

(2.9) 

. " 
ffl1Jl'Ifl~tll,jlmJ'lJf)~ff1Jm'Ili 2.11 ''Ul,j'lJf)~ff1Jfl1'IIff''UIJIHi~~~u 

(2.10) 
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fhfl.:J~ kl un::ffll'lh::iY'VIiffMffllTf\.I1f R2 ffll1l'Hl'Hl'~'j)lflmlvJfl1111ffll,"'U..6 

'i::'wh.:J In(qe - qt) 01.1 t 

2.7.2 ffllfll'iO'l'i1fll'it)'i>1imj'U~1.1fffi,uilVlI (Pseudo-second order equation) 

" 
'iln'Ul'fntllff'lf 'Ufi.:J fll 'I t) 'i>1im):: \}flfiimv1'i>1Vffllfll'i Itj.:JfilJ'"'U..6~.:J u ff'i>1.:J I'ifi , IIil 

tily) I) t'OO,b 
dqt k ()2 2 (2 11) 
de = 2 qe - qt "VVlJll'tftJ~f IJ . 

flfi f11f1.:J~'Ufi.:Jffl101'i Pseudo-second order (g/mg*rnin) 

Mil" .1'" '" """, ..: 213 1"""1~.1 ..... 1!J".".",1.1'''''''' (Boundary11lfi'VIlfll'iMl1J'il'f'U1Llllfll'i'VI. r.u .u ... VH! U uv • urI 

conditions) ~ t =0; qt = 0 1m:: t t; qt qt 'il::'~ 

(2.12) 

. " 
ffl101'iil2.14 ffl1l1'itli'i>11111m.i1'U,1l'Ufi.:Jffllfll'ilff'U¥l'l.:J ~.:Jil 

(2.13) 

2.8 n11ftUJaUU (Desorption) 

" 01'1 fllvi1.1 flfifll'i fl'U fff11l'f'Ufi.:JfilJf11f1'Ufi.:JU~.:JM;fi~'U P:h~1t) 'i>1i1.1 LfJ'Um:: 1.11'U 01'1 

Vfi'U fl"1.1'Ufi.:Jfl'i::1.1 1'U O1'it)'i>1i1.1~i1Vfl"h "01'ifllVi1.1 (Desorption)" flfi 01'1";'1M,n'i>1 01 'I 

Mil " A '" d 'i ,,......
Lflnfi'U V1V1I1nffl'i'Ufi.:J adsorbate fififl'illfll'f'UN1'U fi.:JfilJf11f1'Ufi.:J U'U.:J ! VlIV 'tiT6 O1'i'VI1~01Vfl1l'f 

M;fl't11.:JLfliil'Ufll'ifl1vi1.1'Ufl.:J9i'1t)'i>1i1.1 9i'1flVl.:JI,J'U fll'ifl1V01'it)'i>1i1.1'UfNffVflll;UflfliivJ'illmh'U 
" .

01l1liJ'U~ hwlflllfl"'U 1'U flTifl1vi1.1 LfJ'U11nlfffl.:Jffll'i>11," l'f1.1':h ffl1l1'itlfllVfflUflilvJflflfl 

'illflOlliJ'Utl~ (Musa I. EI-Barghouthi and et aI, 2007) 

.. 
... ..., ........ 51 


2.9 ~1'Ul'tlfI'OOl"8~ 

Q,jI' QQ.o' d. d st Q,jI Q,jI fJI 1 ,4, Q.f QI tIQI 

'l1fi rn{l{ll'U1 'il V'VI Lfl V1'Ufl.:J fl1.1fll'i t)'i>1 CJf1.1VlI1V1ff~ 'l1.:J '1 fll 'i t~ 'I VlI tll'U flllll 'U'll In:: O1'i 

11ml::," (MMT) 'Ufi{l(h'UOlliJ'U~ 1-A1:U~lI11'i::iY'VIifl1l'fl'Ufll'it)'i>1i1.1 

http:ffl101'iil2.14
Administrator
Rectangle

Administrator
Oval
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Wang, L. and Wang, A. (2007) 'VUJ'.h tl~lllf.llfll'tl~~tJ'\IV~'fI i9lCJfl\JUng;adfhlllV\Jfi' 

llV~n1n1 \Jfi'n~n~91111fll' LTill~\J'\IV~fhYflV'JI'L~ll~\JLittH\llfl fhYfLV'JI'~l \l:djtl~lllf.ll'\lV~ '@J~ 
'JI f 	 , iI 

'Vfl 'CJftf[vvv\JoU'mJ vh,,rijft\Jn'.h~nl'Hi'tJtl~~tJl11lnQna~Vlll"'lllllfl~\J 

'nHfffl~ ~"':::U~1 (2555) 'r\'fffl'llll~V1fitJfll'f),~~a~Vll1~£/1.fuifi\JllV\Jfi'llv~n1n 
''Ufi'~~Utl'~1V'fll91CJfl'U(CTSMMT) 1~Vfffl'llll~v1fitJfll,tl~~tJutJtJfl:::'JI'ii~l~lJ1'VttJ'.huifi'U 
CTSIMMT ffl111Hltl~~tJa~Vll RB5 un::: MO (Ln'Ua~ijtl':::~ntJ) i~~fl'l1uifi'U MMT un::: 

uifi'U CTSIMMT \l:::tl~~tJa~Vll~YflV'JI'~n::: ffl111Hltl~~tJ' ~~fl11~filYflV'JI'1l ~ fll'fffl'lll 

~f.ll 'H fJ ii~vtl~111f.llfll' tl~~tJ~fffll1:::ffll~ nLrlv~f.ll 'H fJii lTill~\J tl~1I1W fll' tl~~tJ'\I V~a~Vll \l::: 

lTill~'U r\'1VLm:::1v1CJfl'nVll fll'tl~~tJ\l:::ffV~fln'V~fitJfll' tl~~tJlItJtJun,:j lijv{ (fll' tl~~tJlItJtJ~'U 
" l~V1) 1I1flfl111v1CJfl'nVllfll'tl~~tJLLtJtJ-W1'Ufi'Jl'LLn:::tl~lllf.ll fll'tl~~tJ tltJtJi'\Jl~V11l,(l tl~ (qm) 

Q,I' .ctJl d. Q. 	 d' , Q,I' 

'\IV~fll'tl~CJftJffVVll RB5 'n~f.ll'HfJll 25, 35, 45 un::: 55°C lIml'nlfltJ 82.64,94.34, 111.11 lin::: 
o Q,I' 4" ,.J.c:a. 	 .. 1 I Q,I 

138.89 mglg 91111nl~tJ un:::ffVVlI MO 'n~f.ll'HfJll 25, 35, 45 un::: 55°C lIflll'nlfltJ 68.49,84.75, 

o ... 
100.00 un::: 123.46 mglg 91111nl~tJ 

c 4 "0 4' Q1 QI tI ~ ~ " ~ 
ilv:::'Vt1 tJl'll (2542) 1~'nlfll'191'Vllm'Uflllll'U9I\llflV1~1'Hnv'n,(ll~tJfll'm:::\PJ'U"1tJ 

.. '" ~ '" ..,..... 'jJ 	 "11' 
ZnCl2 	CJf,(lllm:::tJ1'Ufll' 2 '\I'U9IV\J flV m'tJv \JCJflCJf'Jl'\J u"':::fll'm:::~\J \llflHnfll''n~nv~ Lt'! 

.,; ~ .. "I ..... """ )!.,; '" ~ 
fffl11:::'n1'Hlll:::ffll'\lV,(I'\I\J9IV'Ufll,m'tJV L\JCJfLCJf'11'UtJH flV 'Hfl1111dV'W'n~f.ll'HfJll 400°C LlJ\J 

'" 	 ~ "1 0 .,; • .., .. ... l' " nn130 'Ul'n un:::'\I'U9IV'Ufll,m:::\PJ'U ~tJfll''UltJH'nHl'Ufll'm'tJij 'UCJflCJf'lf'UUn1111U'JI' \J 
" 	 . 

ffl,n:::nltJ ZnCI21~1I~'UfvtJn::: 70 'VtfVlIn~l'\lthln'UL1nl 3 1'U \h 1tlijtJl1,r~lIn:::1Hl'Vi~f.ll'HfJii 

~ .:.. 1 '" · 2 '" '" ... .."500°C llJ'Unnl 2 '111 ll~ \l::: ~m\J'\I'Ul~ 2.00-2.38 m ~Hn9lilf.llcn'VtJn::: 54.96 un::: 

t QI <f.J1q ~I!!!! Q,I' J, , 	 3 " P 4Q,I Q,lQ 0'"
m'Uflll11'U9I'n Lt'!lIfflltJ9I~~\Jmfl1lll'H'Ull1\J'Utl"fl{] 0.407 glm 'VtJ"':::'\IV~lt.l1 8.95 'IHVll 'H 

• JI. 	 , 

rll'Ufill~'Ufi'nijfilft'Unr:l11'Vt1\J 237.17 m 
2
/g lijmh'tlVl~nV~fll'tl~ciitJtll..,n'UtJ~LLn:::'v1v~'U 

'VttJ11ffl111't1tl~~tJ1~ 54.9 mglg LL"'::: 351.52 mglg 91111"h~tJ 
, ,,'!! .,; ... , ...... ...,; ",.1 l' 1" 1

Solum, M.S., et al (1995) ~Y'lfl'll11flfJ1fltJm\Jflll11\J9I'n191'fJlI'\I'U\llfl ~\J Vfl'\l11 ~tJ 

'~fl'~-W Vff-WV~ fl (H3P04) In'U~1m:::~'U l~v 1~Yilfll,fffl'lllHn'\lij"l~f.ll 'H fJii~'~' \J fln LHl 

I ~ J Q,I 4 .0£1 .ell t/ Q tI Q " ,.. IQmJn ~fl'lf'U '\I V~V:::"'n191fl fll' tJVflCJfnUn:::m, tJ V\J", \l :::n~'UvtJn·m"'::: 1J'111m'\I V.:J 1'Vt1 'U 'O:::1I1fl 

.1 ... .:. "'.,;,"
'\I\J LlIVl'Vtll~f.ll 'HfJlIVI '11 

Ting Yang and Aik Chong Lua (2003) 'r\'Yilfll'fffl'lllfJfllffllmi'\lV~rll'Ufill~\Jfi'~ 
'" tl"'.:.. "''''1'' l' l' 1 '!! "'.,;, "019l'tJlI\llfll "'Vfltl1'Vt'11 V CJf.:J\)flm:::~'UtntJ KOH ~V'VI1fll'Y'lfl'lllH"''UtHnm un:::~f.ll'HfJllVl '11 

http:LlIVl'Vtll~f.ll
http:1~Yilfll,fffl'lllHn'\lij"l~f.ll
http:VtJ"':::'\IV~lt.l1
http:2.00-2.38
http:68.49,84.75
http:82.64,94.34
http:n:::tl~lllf.ll
http:nLrlv~f.ll
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2 3. ~ 
2259.4 m /g un::: 1.10 em /g ~llJn1f1tJ 

Singh, K.P., et al (2007) l~li1flllflfl1:l1f.'1'lJll~l'l1~flltlfl1'Vtun:::l'lHlflih:::11·h" 

. ". ~"''' J!'" 'jJ'JI 1 '" Cl1'U fl::: n1lJ:::'Vt 111 un::: Cl1'U fllJlJ 'U ~Hl1flfl::: n1lJ:::'Vt ')11 C)f~ \! fl fll::: ~ 1J fl1t1fllf1 fl6~ 1fl'tI 

fl11lJf.'I'llJ11Cl' 1J flllt)flitJ~'U ~n un:: 2,4-lflfln~h~1J~n ''U fll'H'lJ'; tlm;i 6tJ ~~'VttJ"h 
• ~ ~ ..... 'JI ~ ... ~I "I 1 ~I 1 ...

m1JfllJlJ'U~C)f~\!flm:::~1JUt11fj):::f.'I'llJ11Cl~flC)fUn'U~n un::: 2,4- 'flfln~ ll"j'U~n fl6f.'1'llJ11Clt)fllIJttJ 

"I 'JI • ...... ..... 'jJ ... .., ~I 
ifl 0.53 mglg un::: 0.31 mglg ~llJn1f1tJ C)f~fj):::flfl11m'Ufj)lflfl::n1lJ::'Vt'i11 C)f~t.lflC)fUn'Ufln un:: 

2,4-lflflnfl11~'Ufln l~ 0.36 mglg un:: 0.20 mglg ~llJi:hAtJ 



, 
'lJ'fI'fI"" 3 

..."" 0'" ... ...,
lBVl'1UUn111;UJ 

... ..,
3.1 n1BU~1'U14)V 

4 • CV cv ~ Q 0' Ql4:l CV QI0'" 
m'i LfI'i Vlltl1\J n 1l1lt.! f1f11V'lf1t.! tltW Ui:'l~1lfln~'I1fJtu ffll1JfI'\'ll~mVfi1.... '\1 tl~f11tlflC)f1J .. 

QI ~ QI ail ail 'II ~.., 

~l1n\J\Jflmnm'itlflC)f1JffVtlll"ln ff1'ii:'l~i:'I1Vfftltlll tt.!mn'lfli:'ltl~U1J1Jn~ !1i:'I~flmnm'ifl1UC)f1J'\Itl~ .. .. . 

~1tlflCJ11J <Ut.!f1tl\J m'i1Qv\1~'I1llflff11l1'iflUfffl~fl111l'1.Wi\J1ftflt.!U1J1JUN'Wm .... '«~~fl1""Vi 3.1 

II 
I 


ml'li1tJn:a11nfl1l'1'\ltl~mltJA~'IJ: ~1f,)A 

~'l.J0.5 g ff1'H"~tn{J 200 mgll tJ1lJl'" 100 

mllriUmn 24 hr 

JL 

m'~n'I!n611n't'tfl'UB~mniflJaff: ~1~Aoi'IJ 

0.1 g ffl1'fI~a1t1 200 mgll tJ1lJl'" 100ml 

L1f11 0-24 hr 

It 
m'~fl\l1611nNfI'\lB~ pH 11lJ~u: ~1f,)Aoi'IJ 

0.1 g ffl1'a~alt1 200 mgll tJ1lJ1'" 100mi 

1;JUL1f11 24 hr 

n 

fl1'~fl\l1'tll"111~lJm'fJAoi'I.J: ~1fJAoi'IJO.l 

g ff1,a~alt1 0-300 mgll tJ1lJ1"1 lOOmllriU 

nal24 hr 

lL 
m'~fl\llfl1'flltl~'U: \h~1tJAoi'U~'hUfl11' 
tJAoi'l.J1l'A'10.l g L~lJ~1't;la~fl1t1 '~l1rl J1 

NaOH Hel l1a:::f.J~Cjjl"'u,,,,a tJ1lJ1" , 

IOOmllr1UL1a124 hr 
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3.2.1 '.I11UV'V(I ., 
3.2.2 KOH cJfmJ1~lfl11~,;r'YI Ajax Finechem Pty Ltd 

3.2.3 n;uvfl'rh.JU11~fl 5 (Reactive Black 5: 2,7-naphtha1enedisulfonic acid, 4-amino

5-hydroxy-3,6-bis« 4-( (2-(sulfooxy )ethyl)sulfonyl)phenyl)azo )-tetrasodiumsalt)~~1fl 'i ~ f."I f1~ '\l V~ 

nllv1J''''uf.''lfl~ '1'1Ufl1'W~ 3.2 ii1J1" l1J'''fl"'l'h011 991.82 glmo1 u,,~iil.h~1"11 

(Desiccators) 

4.-:::1 G' cv QI ~ "ldQ.CI QI.t
3.3.2 11lfll'i'Vll(l1Ufl1J1JU~ 'illfl'.l11U VV(I 1J11lfll'ifl~U 

3.3.2.1 ill'.111UV'V(I~'''''iI1flfll'iV11U-.\'~ illhlun~ 450 oC1Ul~1'Nl~tu'HtJij~~. ., 
lUf."Ifl11~tl11mfllf'Y ,rtUl1"l 1 i'111J~ u~1t1rlV(lii~'1'1..f~gUfl1(1'Ul~11NlfJtu'HfJijq~ 

, ,, .,. "d WJ~ 1 .I .
3.3.2.2 11f1 'H"~m(lflU"1lfl11 n tU t:I~flfl111J'.I1U (DeSIccators) 
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3.3.2.3 lhrin.l~ln"1flU~nfJ~f1f1'ijUlf1U~"l1ll~fflJntl KOH 'U~~'i1rl1U 

'i:::'l1'hUhu"1flU~nfJ~n KOH l'yhOtl 1 g : 3 g 

3.3.2.4 lhfhuNfflJ;)ln.fin 3.3.2.3 hhNl'Ul~11NlfJW'l1fJii-q.:J ~fJW'l1fJii . ~ 

780 °C lufffln:::~t1tl101ft l~un~l 1 ci11lJ.:J u~1tlrlmJ'n.:Jl~'hrlVUmfJ"l'Wl~11NlfJW'l1fJii-q.:J 

3.3.2.5 Li'N~1fJffl'i~:; ~ltJnHl leY lf1Hl~n~nfl11lJl.u'lJ.fiutntJ~:; 20 lf1tJ 

tl~lJl~'i ;)lmfu~1.:J~1tJJlniu ;)UWJlfll'~ln"1f'ijn.:JJ1~lf~1.:JrllUnlJ~'W~lvilntlfh~ln"1fl~lJ~U 
~ . . 

'ijn.:Jllln5u~'f 

O1'i't11fl11-ftmm!lU (Standard curve) 'ijmff~nlJ 1~n~:;"lfl~u1Tilu01'i1f1f111lJ 
$I $I g", ... 1"'''' • 1'" tIQ ~ l'ijlJ'ijU'ijn.:Jffl'i~:;~ltJntJnlJ CJfn:; ·)1'l1~n01'itlfln~uuff.:J fltJtl1ftfJnt}'ijtHltItJ'i (Beer's Law) VI . ~ 

nrll1";h "lijnuff .:Jrln.:J~lUffl 'i~:; ~1fJ~1nnl.:J fllf1 11lJl.rJ lJ u ff.:J~:; ~fI tH I~U tl nmflutI t1;fi15.:J 
.., Q .I $I J! .....,,,,, ,

(Exponential) ntl O1'i 1~lJ 'ij U 'ij n.:J fl11lJ l'ij lJ'IIU 'ij n.:J ffl'i~:;~1fJ" CJf.:J ~:;1f1f111lJl'ijlJ'ijn.:JUff .:Jffn.:J N1U 

lultl'ijn.:Jfllf111lJfflmHllu01'itlflnaUUff.:J (Absorbance, Abs) lf1tl"l,*lfI~n.:J1f1fl101'itlflnau 
'" tI ... ... QQQ .., ,!

Uff.:J (UV-VIS Spectrophotometer) (~fl1nqllw nlJ~"1f, 2549) CJf.:JlJ11i01nlf1~n.:JfI.:JU 

3.4.1 l~ltJlJff1'i~:;~ltJff~nlJ~fl11lJl.rJlJ.rJU 1,000 mgIL l~nlfl~Uffl'i~:;~lfJ 
Q $I 0 1 :. A g~ Q '1J ~ I' ,,: 11) Ji'l $I d ~ 

lJl~'i!lU 1fltJ01'i~:;~ltJN~fftJnlJ~lU1U Ig UU11flnflllJn·"VnlJ~:;~ltJflU"1~:;lJ~ntJVI.:j rJ ,mtJUVI 
~ . 

fJw'l1fJiiM'n.:j U~1't1101'itli't1mlJl~'i~1tJllln5U1U'ij1f11f1mlJ1~'ilM'1itl~lJ1~'ilvilntl 1000 mL 

http:11lJl.rJ
http:lf1Hl~n~nfl11lJl.u'lJ.fi
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I 

.... ",!lI";"'!lI 11 I W 1 " ".,.... ...
3.4.2 'YI1flT'H~'HlllffTH'l~l11tJfftJf)1l'YIllfl111ll'nJ~'IJ~H '1 flU ~tJ L'l11Tifl11'nW'ilH 

,,!lI 	 .. ,,!lI'" ........" ..; !lI.

ff11' L'IJ 'Uf) 1 C]j'~ L'l1'H l1flfl11' ffllt'll11l1l1ff11'~11lfl111lfflll'f'IJ Ti L'IJ ffllfl11''YI 3.4 Ul11'Y11fl11' ffUfl'IJ 'H 1fl1 

fl111ltJ11fl~U'Uf)~a~f)1l~ff11l11'tltl~fl~'lJUff~'~1l1fl~tl~,r'IJflf) til Amax 

(3.1) 

.. " " ~" Jd~.e4.' QIflf) fl111l1'U1l'U'lJl1'll~'IJ'Uf)~fftJf)1l1lfl11'Y11fltJ 1,000 mgIL 

flf) fl111l1~1l.f1'IJa~f)1l~~f)~fl11'l~ltJll (mgIL) 

... _,.... 	 ...!lI ..; !lI "" 
VI 	 flf) lJ1'1l1~1''Uf)~ff11'l1~l11tJ1l1~1'!1'IJfftJf)1l'YI~f)~ L'l1 (mL) 


fl6 U;1l1~1''U6~ff11'l1:l11tJa~61l~~6~fl11'l~ltJll (mL)
V2 

3.4.3 fff1~m1...J1l1m!1'IJ (Standard curve) 'U6~a~f)1l :J~'t;,'~1~tJ'1l1ff11'l1:l11tJ 

a~61l~'YIntJfl111l1~1l.f1'IJ~h~ '1 U~11l11~ti1fl111lff11lno1'IJf111'tl~fli1'IJU ff~ (Abs) 1~tJ1~ti1 

fl111ltJ11flg'IJ~ff11l11'Otl~fl~'lJUff~'~1l1fl~tl~ (Amax) ~'H1'~'il1fl.f16~ 3.5.2 U~1'lh.f16:1.dl1 'ufff1~ 
fln...J1l1~1' !1'IJ ci1~lr1'IJ fln...Jfl111ltT1l'n'IJ n1'~'I1'h~ti1fl111l ff11l11' 01'IJ fl1 'jtl~fl~'lJUff ~ (Abs) ntJ 

" 11 "'1!'" " ..;fl111l1'U1l~'IJ'U6~fftJ61l ~~Uff~~ L'lJft1l'f'YI 3.3 

1.2 


1 


0.8 
'3 
fa 
-e 0.6
0 
." 

.J:> 
-< 0.4 

0.2 


0 


y=0.OO38x 
R2 =0.9930 
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A..nax (om) 

RB5 Abs = 0.0038 conc. 0.9930 

_ .& __ 	 u .... 

3.5.1 fll11Ifl11~'I1't'1'UlINlllG~"'UU11't'l1'U,.tHfll~PlGl'lJ 

o QI QI t QI OJ tI " ~, ~ 	 t/ I d~
'Ul~lf.l~.1.1 (m'UfllJlJ'U~1l1f1"lJl'U66~ml~"lJl'UtJ6V) thLfI'n~1111lft'UVlfl1Un:: 

,. 1..1 l~ lft ~ 1..1 1 ~V1~11 ftflfll1 fll1 f.I ~ci1.1 un:: fll 1 fll Vci1.1" 6 -3 fll.' 'W 1 ~ 1 L 11 1..1 1.1 1..1 i11f.1 ~ci1.1 
... 0'1! '" 1 ... 0' •• 1 , 0' •(Nz adsorption-desorption) 11f11l::11v-11fJ1f1'.iM66 mlJ~fIl.6Unfl6'Ul nl.61 (Automattc 

, ..I. " =..1." " ~ 0'Surface Analyzer) ~'U ASI-C-8 ~116 Quantacbrome Instrument flW11t.}lJVll"lJ 77.4 K (uVlJ1fllW 

lll~1-3tf un:: i'~'U1':i':iW lnVl~'fllJn, 2547) 

- • '.'If.'''' .... OJ3.5.2 m11Ifl11::'I1'111Jn~fI'tf'U,.tHfll~Pl.'lJ 

.- t/ ~ t t/QI ~, QI QJI
fll111m l~1111lflll n Vl'U Vl,.6-3112qli'1 ~fl"lJ'U "6~"lJl'UtJ6(Jfl6'Uf.I	~.1.1 'Cf V6lJ un~ 

" "lJl'U~6vm;~f.I~ci1.1 'flurll1~6::fil'U (-NHz) un:;11~'@J~16flCHn (-OH) "6~lh1'Util'UfllJ,j'U9i' 

lllfl"lJl'U~6V '~V11ml:;l1'fl1Vlf1~6~~il V1Vlll'U'CfvJ61lJ6'UvJ'nl1~ 'Cfltlfl11011 1 vJl Vlijl~61 (Fourier 

Transform Infrared Spectrophotometer: FTIR) 11..1 Spectrum RX 1 ~11'6 Perkin Elmer 1~'Cfl1 KBr 

fI'i:1lJfl1.1i116VH un::: 'i:1Ufl 1..1 llvJ 'l!lJl1.1 61 (Wavenumbers Scan) 1'U"I11~ 4,000 - 400 cm·· (Wang, 

L. and Wang, A., 2007) 
_ </u OJ & _ .., .., 

3.5.3 m1l1fl11:::'I1"iU!1'UllG:::afl'Ym:::'t'I'UN1"f)~fll~PlGl'lJ 

Ultil'UfllJ,j'U 9i'lllfl"JJ1U ~6V , tl tYfl1:ll~nffW! lU un~ 'j lVn::1V V~"6~ ftfl1:IW:: 
,l ........ 0'1! 1! 0'... <I 
 I 

ftUfl111f11l:::'I1t'11Vflt16~,nVl':i':iff'U61nfl~16'UU1.1Ui:l'6~ml~ (Scanning Electron Microscope: 

SEM) i'U JSM-5410LV~11'6 JEOL) 

.- .",..- .-	 qJ U
3.5.4 fI111Ifl11Z'I1,YlIf),Glf)lGfllIlfi (Isoelectric point) "f)~fll~PlGl'lJ 

flll111'~ '6'.61nflVl;fI (,~~ijtll::'''lVlnlr1'Utr'U6) l-Nin Solid addition 

method (Wang et aI., 2008) 

3.5.4.1 Ul;{1f.1~ci1.1 0.1 g n::nl~1'U'i:1l1n::nlV1.1~fJlJfln6 'n1' (NaCl) ~fl1llJ 

l,ylJ,yU 0.01 M'lU1'U 100 mL 
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o "" .... " "", ;;I". • "" ~"3.5.4.2 Vllfll'H~'HJlJffTH'I~fllVA{I'Uf) 1 'UHIflU 'H:lJfl1THf)'Jl'jlJ~U (pRo) 

U~tU1HOU (2,4, 6, 8 U(I:: 10) lAVfll'jtJi'1.HhWlf)'J~'Wffl'j(l::(I1V 0.1 M 1.l~VlJlfJA'jf)fll." 

(NaOH) 'I1~f) 0.1 M mA1@J1A'jfl(lf);fl (HCI) 

3.5.4.3 ih',tJl'U~l~';Wlfl~f){ll'l..lfhuu'J'jl'IJ~fl'JllJl~'J'jf)'U 200 rpm lriun(ll 24 hr 

3.5.4.4 '11 a{l'illm!u\hltJ1AthWlfJ'JtlA,;'1V (pHf) l-AtlihltJ1lml~,.r'I11~A~ij 

tJ'j::~tlVlilriUtlUV (pI) lAvfll'j\hth pHo O'IJ pRo pHf('Uf){lU~fI:: pH ~H ~) ltJ'ngf)lflflnv~ 
JI JI 

o 0 '" , " " " "" 1 ~""" 3.5.4.5 Vll.l~{lU~'Uf)1 4 Ulfl 'Jfl'JllJl'UlJ'UU'Uf){lffl'SfI::fl1V .lAVlJflflf) l'jA 

(NaCl) l'rilo'IJ 0.01 M 

.. "" 3.6 m'Uln1:l1nl1tlfl"lUlIUUn:: 

_I 4 4 ..., ... SI 

3.6.1 m1111u1~iJnfi.m"m1tlfl"lUiJrlt)1.I 

~ _I '" '" .... ""~ AV'"'' '.... ....fll1f1fl1:l1u'j~ffVl1)fI1'nfll1~A.'lJfftlf)lJ 1 'J'J1Uf)f)V um:mUfl:IJlJUIfl'il1fl " 
JI 

'J1U~f)V lriU9h~A~'IJ ij1~fl1'j~{lil 
"" """ " y. ~ " _I'"3.6.1.1 LmVlJff1'j'f'~mVffVf)lJfl'J1lJL'UlJ'I.IUL'jlJIflU 200 mgIL u'jlJ1~'j 100 mL 

4 '''~ :ld.0J 41' t Q,I '4& ~ 31 d!il1'nf) 'JllJUU 1ffff {11m1:: '11 'il1flUU 'JAfl1'nlfJ'Jl 1lJIflU (pHo) 'Uf){lff11f1::(I1VfI'tlf)lJ 

3.6.1.2 ii1ff1'j(l::fl1ViY~f)lJltJ1Atl1fl'J1lJff1lJ1'jf:l'Ufll'j~Afl~UUff{l (Abs) ~'JV
4..... .. 4,"',
Lfl'jf){I'JAfllfll1tlAflflUUff{l (UV-VIS Spectrophotometer) 1'nf) 'I1V1'j1'Ufl1fl'J1lJffl1Jl'jf:l Ufll'j 

4 d" " ~ 31
~AflflUUff{l (Abs) Vlfl11lJL'UlJ'UUL'jlJ~U 

3.6.1.3 L91lJ9i'JtlA~lm{l ltJ'Uff11(1::(I1V 0.5 g (fl1'jLi1f)fltJ;lJ1fJl'Uf){l9i1tlA~'IJ 

" " ..t " ""~ ~" ,:; 4 ,'" IU(l::fl11lJl'UlJ'UUl1lJIflU'Uf){lff1'jfl~mVfftJf)lJ'il:: lAlJ1'il1flfll'jVlA(lf){ltllJ'H mv ~ flHL'nf) '11 ~lVIflf) 

fl1'jff~lf1IflHfI) 

3.6.1.4 ii1ltJl'U~1~'Jmfl~f){l1'Ud1UU1'j1'IJ~fl11lJl~TH)'IJ 200 rpm Lriunm 

... '" 24 hr VI'QfJl'l1tJlJ 25°C 

3.6.1.5 ii1ff1'jU'U'J'U flf)V~L'Ud1Lff~'ilUa'1ltJ1Afh,"lfJ9f~fflJfJ(I (pH.,) '11 an1fl 
" •• I • 

t!'Uii1ltJuvfl9i1~A~'lJf)f)fllAV'~Lfl~f){lilU1'I11V{I (Centrifuge) l1fl111JL~1'jf)'IJ 6000 rpm lriUl1(11 

30 min 

3.6.1.6 ii1ff11f1~fl1VtY1'U~'ffltJ1Atllfl11lJff1lJl'jf:l i 'Ufll'jAAfl~UUff{l (Abs)... 

~1mfl~f)~1Atl1fll1tlAfl~UUff{l (UV-VIS Spectrophotometer) Ua'11tJ~VU1riUfl11lJl.?flJ.?fU~1V 
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~ . 
nnVhJl~'l!TW 'illnutftll1 U11fl'l 1~\l'11lIU611.!j\J"fl1'l ihvfln~mJ 1fltJ"'llJl'l tl'H 11 i>i'lIln"'lJfl1'll1 

2.2 '\J':hoU'6 2.6 'lJ'Vl~ 2 

3.6.2 fll1ftfllll'tJ1.I'f1tJJ.lfll1~ftcj'U 

3.6.2.1 I~l (1lJ "'1 H' ~ 1I HI ff ~6lJ ~ fl1llJ I~ lJ ~ \J I~ lJ III\J LI ~n9i H ti\J' \J oM1.:J 

o - 300 mgIL U;lJlm 100 mL 1~6'~I~\Jlflfftl.:Jlml::\l' 'illmf\J1'fltilYiI6'lfI~lJ~\J (pHo) 'U6.:J 

3.6.2.2 'Ill lU1'fltilfl1llJ"'llJ1Hl'\Jfl1'lt]flnn\JLI"'~ (Abs) i>i'1mfl~6.:J1'fltilfl1'l 
'" 	 .. ,,,, 9 '" 

t]flnll\JU"'.:J (UV-VIS Spectrophotometer) 1'W6 11'Vl'll'Ufllfl1llJ"'llJl'lO b\Jnl'lt]flnll\JU"'~ (Abs) 

~ ""c:"
'Vlfl1llJl'UlJ'U\JlnJ~\J 

3.6.2.3 l~lJ~1t]fli'lJ (th\Jtill,j\J,lllln'lfl\J~6tl) ~1\J1U 0.1 g 1I.:J'\J"'l'lll::lIltl 

n~611'\J'U1f11U'lf1l~ 

3.6.2.4 't;'fl1'lI'U~1i>i'1mfl~6~I'Ulhll\J1'l1'lJ~fl1llJl~1~fl'lJ 200 rpm 1~\Jnlll 
.,; ... ..,,,,,, .., 

24 hr 'Vlf.lW11fJlI 25°C 1'W6 	 111'UllJ"'lJfJlIfl1'lt]flCJl''lJ 

'0 .,I , '" jI 111.1"" ''''' .,I
3.6.2.5 ~ 6111 \J 1 "'1 'l II 'U 1\J1I6 tl'Vll 'U tlll"''l 'ilIUl1 rlJ 1"fll'W 16'lf'Vl "'lJ fJlI (pH.) 

lIlmr\J'Il11uutln~1~fli'lJ66n1f1tl'~'fl~6.:J~\Jmitl.:J (Centrifuge) ~fl111l1~1'.i6'lJ 6000 rpm I~\J 
nm30min 

3.6.2.6 'Ill"'1'l1l~lIltJri1\J~'"'lJl1'fltilfl1lll"'llJl'lO1unl'l~flnn\Ju",~ (Abs) 

" ...\ "" , '" 	 .Id ~ 2 " jIfl1mfl'l6.:J1f1fllnl'l~flnll\JU"'~ (UV-VIS Spectrophotometer) IIlI::aulIt'J\JI1J\Jfl1llll'UlJ'U\Jtl1tl 

ml-nlJl91'l!l\J 
~ . 

3.6.2.7 lIlnu\J'Ill1u1Iml~\l'11 lU;lJ1Wnl'lt]fli'lJ II K1 ::'lhNlInl'l 'Vlfl1l6~l1 li>i' 

1Uffmn11 l'Wq9i nn lJ'U6~fl1'l ~fli'lJ'.hijfl1lll "'6f1flil6~ti'lJ161CJl'1'V1611fl1 ~ ~fli'lJU 'lJ'lJ' fI fl'l~ loM\J 

lI'lJ'lJI~\J~H (Linear) -n1\J~'lf (Freundlich) 11lI::lIlI~llitJl (Langmuir) 1f1t1ffllJl'1011l1i>i'lIln"'1Ifl1'l 

111 1 .., .It 	 " d, """ l6 CJl'1'Vl6lJnl'it]flCJl''lJ CJl'~6~ 	 \J'lJ'Vl'Vl 2 \J111'U62.5 . 

.eC A _ 'CI.. ~ 42 '_f.:! QJ

3.6.3 fl11f1flllltJ'f11j'nQ'UtJ~A1TtltJ~I1J.1'I'WU8·Url1Q~Qlt1G'[J8t1f1tJU1J.1lf.Ufl11~ft.U 

"" """ 	 " 2 ..:. " ...3.6.3.1 191'l tllJ"'1'l1l~lIltl"'tl611fl1llJl'UlJ'U\J1'l1l~\J 200 mgIL U'llJl~'l 100 mL 

.. '''~ : 4... "1'W6 'lfIU\J \J 1"''''~Ifl'l1:::11 

o 4 ... 2 2 " 9 'JI"" ,"" ..:."
3.6.3.2 Yllfl1'lI~'ltllJ"'1'lIl::mtlfl~'U6 3.6.3.1 'Ul~~\J b11l1fll'W16'lfI'.ilJ91\J (pHo) 

ufln~l~ti\J 5 til (2,4,6,8 IlIl:: 10) 1f1t1fl1'lui''lJtiT~m'lf~1t1'''1'l1l::IlltJ 0.1 M 1CJl'I~tl1l1fJfI'.i6n 1CJl'~ 

(NaOH) 11~6 0.1 M mfl1fJ 1f1'.ifl1l6nn (HCl) 
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• "'. "" ·i'" ilflH)~1~fl1m~ ~~flfl'Um,.~ (UV -VIS Spectrophotometer) "'ttl 'H 'YIll1J fl1f1111H'I'1lJ11f:1 'Um~ 

"" .d ~"..;."~~flfl'UUff~ (Abs) 'VIfl11lJ''U1I'tI'UA~lJ~'U 
II 

3.6.3.4 lfill~1~~cil.J(t:h'Uflll~'U9i'~lfl')f1'Ufl'f)fJ)fI~1'lhhtJ1'U 0.1 g i'U1h 

3.6.3.5 \h hh'tld1~1mfl~tHl'tld1U'U1111.J~fl11lJL~1'H)l.J 200 rpm ,rJ'Ul1f11 

.d ... .i"~' '" 24 hr 'YI~N'HfJlI 25°C ''rtf) m'U1"lffll~flm~tl~t]f1.J 
• • II 

3.6.3.6 U1ffUU'tl1\Jflf)tJ'Vi,'tId1'ff~~U~11111~thvhf)'1ff1fflJ~fI (pH.) ~lm!'U 

u1111uvfl~1tl~cil.Jm)fll~vi.fl'f1~tI~;1'Um1v~ (Centrifuge) ~fl11111~1'jf)1.J 6000 rpm 1~'Ul1f11 
30 min 

3.6.3.7 U1ff1~flZfl1Vrl1'U~iff1111~fhfl1111ff1lJ11fll'Um~tl~fla\JUff~ (Abs) 

" • '" , "" ~ .1"';It " " ~ ~1tJ1mtl~1~fl1m~tl~flfl'UUff~ (UV-VIS Spectrophotometer) Ua1'lJflV'UIlJ'Ufl11lJl'tIlJ'tI'U¥'I1V 
II. • 

fll1't'1lJ 1 ~~J1'U 1nm!'UU1Nflm~ 'VI~fI f) ~ f1 1~111ffflll16 'VIi'Vt fI'tItI ~ thvhf) 'IA111~'U 'tI tI~ ff1~ fI Z fl1Va 

~tllJ~mJ1lJ1Nm~tl~cil.J~tI '11 

... ...... ... I _I':! "" 
3.6.4 nnftmn8111i'ftQ'tI8-1i~t.l&"fJ"'Vl8lJ''i'''1t.l&m1~''.1.J 

i'Um~fffllI16'V1i'Vtfl'tltl~~N'H.fJiJ~tl111lJ1Nm1tl~cil.J'iI~lhm1'Y1~fltI~~ 
II 

~Wl1.fJiJU~fl~Hfl'U 4 th ij1im~fffl1:l1~~il 

3.6.4.1 ,~~ fJlJ ff1 ~fI Zfl1Va~tllJ ~ fl11lJ ,.fIlJ.fI 'U l~ 'JJ~'UU~ fl~ H fl'U i \J 'li1~ 
II • 

200 mgIL 111lJ1~~ 100 mL \llfl,r'U1~th,",tI'1f';lJ~'U (pHo) 'tItI~ff1~flZfllVa~tllJ 
• "J.I'" • i "" ~. .., ,3.6.4.2 'U1 m1~fl1fl11lJff1lJ11f:l 'Um~tl~flfl'UUff~ (Abs) ~nmmtln~fl1fl11 

tl~fla'UUff~ (UV-VIS Spectrophotometer) '~f)i..r'VI111.Jthfl11lJff1lJUt1 i'Um1tl~fl~'UUff{j (Abs) 

~fl11lJ,.fIlJ.rJ'Ul~lJ~'U 
II • 

3.6.4.3 ,filJ~1tl~cil.JfI{j'11i'Uihaff~lfl11Z'" 0.5 g 1~tJlatlfli.f~1tl~cil.Jf1 

ff1lJ 11 ntl~cil.Ja~tllJU~ flZ a '~lJ1flfl 'h~1flNfl fl1 ~fffl1:l111~Z if'VIi 1ll'Vtfl1 ~ tl~cil.J i 'U lh.rJtI 3.6.1 

(,h'U flll~\J9i''il1fl')f1'U fl'tlV) 

3.6.4.4 l'i1m~,'tId1~1tJ1f1~tI{jl'tld1U'U1111.J~fl11lJ'~Tif)1.J 200 rpm ,r\'Ul1f11 

24 hr 1~V\lz1'i1m111i'lJfh~Nl1.fJiJ~U~fl~Hfl'U 4 th (30, 40, 50 UflZ 60°C) 

3.6.4.5 \hffnU'tl1'UfltlV~,'tId1'ff~\lU~1'111~th,"'f)')f~fflJ~fI (pH.) m;~'il1fl 
II It.. 

,r'Ulh'11UVfl~1tl~cil.Jtltlfll~v'.fI'fl~tI~i1'Um1fJ~ (Centrifuge) f1fl11lJ'~1~tll.J 6000 rpm ,r\'Ul1m 

30 min 



26 

3.6.4.6 \ht'l'11n~n1vrbu~lfr1tJ1~thfl111lfr11l1'Hli Ut111fl~flfiUUfr~ (Abs) 

'J/ A '" I • 2 .1"; !:It ~ 'J/ 'J/
~1Vlmn~1~f11tn1fl~flnUnfr~ (UV-VIS Spectrophotometer) 1l""11lJ'WULlIUfl111lL'II1l'UU~1V 

" m1'ri1l1~1i1U ~nmru\h1tJilfll1~M mtJ11l1tu t111fl~ci'lJ 
... <I ... 

3.6.5 fl1'ftnlt1;)a'UTttUm:rVl''UtHfl1'~flCJfU 

" i Ufl11flfl1;J 111 nuvtnf11fr~1t111tl~ci'lJ 1I~l'i1t1111'l~nn ~ lJillt111 fffl1;J1~~ij
" .. 

'" 0 "'1!1 "!!!)I '" 'J/ 'J/ "" J! .1"3.6.5.1 L~1VllU1frbl~Lfll1~'H1I1flm.m1l1'lfl111lL'U1l'UUL'jlJ'fIU 200 mgIL lJ11l1~1 . " . 
100 mL 'U'U1~ltJ"'1l~'UU1~ 250 mL ~11l~lU1U'iifh'HU~ 1I1flil'u1~fhvhn"'tlllllu (pHo) 'Un~ 

3.6.5.2 \111tJ1~ti1fl111lfr11l11tliUt111~~flfiUUfr~ (Abs) ~1Vlfl4n~1~fht111.. 
• A 'I 'J/ I 9 • 

tl~flnUUfr~ (UV-VIS Spectrophotometer) Lvtn l'H1'l11'lJfl1fl111lfr11l11tl bUt111tl~flnUUfr~ (Abs) 

~fl111lL.fi1l.fiUt~1lIlu 

3.6.5.3 1~1l1'l1fl~ci'lJ (t;hUOll,jU~1I1fl"'lu~mJ) ~lU1U 0.1 g n~lUfr11n~n1V 

ff~nll'U'U1~ltJ"'1l~ 

3.6.5.4 1111tJt'Uth~1mfl4n~L'UfhuU111'lJ~fl111lt~11n'lJ 200 rpm 
" . " 

3.6.5.5 L~'lJ~1n~1~\htlfl"l 10 U1'ii iu 1 cJ1111l~U1fl ~n1l11~'lJ~1n~1~U1'rJfl "l 
,. JI II, , 

30 U1'ii t1u(i~cJ1111l~'ii 3 m;~\11flil'Ut~'lJ~1n~1~U1'rJfl "l 1 cJ1111l~ \1Ufl':hfl111lL.fi1l.fiU\1~fl~'ii 
II • I JI 

3.6.5.6 U1~1n~Hu1'ii'~'lJ1~1tJ1~til'~tn".'iinn11f1 "l (pHI) \11flil'UU11tJ 

UVflI'l1tl~ci'lJnnfll'UJiflfl4n~~umitl~ (Centrifuge) ~fl111l'~11n'lJ 6000 rpm L~Unn1 30 min 

Ul11U1fr11 n~n1vri1u~l fr1 tJ1~thfl111lfr11l11tllUt111tl~flfiUUfr~ (Abs) ~1Vlfl4n~1~ti1t111 

fl~flfiUUfr~ (UV-VIS Spectrophotometer) nn~ltJ~VU1~Ufl111lL.fi1l.fiU~1fJfll1'ri1l1~1J1U 
3.6.5.7 1Lfl'n~M'H1tJl1l1tut111tl~ci'lJ Un~U1~H:'t11'j1'l~nn~~1~1 tJflfl1;J10'lJ 

U'lJ'lJ~UIV~ti~11t111tl~ci'lJ 1~v'ffrllt111ti~nt111fl~ci'lJtiu~'lJ'H'duViVll (Pseudo-first order 
• 4' 41Q,1Q,1 d. .e6 

equatIon) Un~frllt111n~nt111fl~CJf'lJnU~'lJfrn~11'lVll (Pseudo-second order equation) CJf~frllt111 
". " 

tmhij\1~ndlu'lJ1'l'ii 21ul11.fin 2.6 \11 flil'UU11tJfffl1;J1'H1ti1vt111ijt~n1'tm~vt-n~~lum~~u flfl1;J1 

fl1'li vtn'U n~L101nll flfr9in tJ;1l1tutn1 fl~ci'lJ Itn~fffl1;J1fl1'livtn'Un~f,J ill 'H fJij9inti~11t111tl~ci'lJ 

9in1tJ 
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4 .... 
3.7 n11ftft'Uln1'nntlllJ'lJ 

"" ""~.,;" " .1'" .A 1" ~ : ....3.7.1 1~'HJllffl'HltaltlffrJflll'VIfl111l1'tl1l'tlU200 mgIL lJ':i1l1~'J 100 mL l'VW 'lHlJUUlff 
tI ! QI I 4 ~ 'JI d~

ff~lmlt'" ~l1nUU1iilflWHfI'lf1':i1l~U (pRO) 'tlfl~ffl':iataltlffrJflll 

3.7.2 	 'Ill1tJ1iilfllfl111lff11l1':ifl1Um':i~iilnaUUff~ (Abs) ~11'JIfI~f1~1iilfllm':i~iilnaU 
"'1" I 1 .a .,;Uff~ (UV-VIS Spectrophotometer) l'Vtfl "''VI':i1'Ufllfl111lffl1l1HI Um':i~Y'lmmm'r~ (Abs) 'VIf1111l 

""..:."l'tlll'tlUlnl~U 

3.7.3 1;}1l~1~iilcH'U«(hUOll,jU~~ln'lf1UO'f1tl)'lU1U 0.5 g a-:JLUffnataltl ifU'f1111u 

'tl1iill tJ 'lfllvj 

3.7.4 ..hm':i1'tld1~1tllfl~f1~,'tld1UU1':il'U~fl111l1~1':ifl'U 200 rpm l;junal 24 hr ~ 

~tl.I"'fJij 25 °C lttfl1..r,.a'1~ffllflam':i~iilcH'U uatih1l1f1'U1..ru..r~~~tl.I"'fJ:iJ 105°C 1;juna124 hr 
• 	 v 

3.7.5 	 \hIPi'1~iilcH'U 0.5 g Vi~iilcH'Uif RB5 1l1'v'ilmnlff1l0'U U1 ffl':ia::altlfl111l1.a'1l.a'U 

.1'" I ~ '" I .,; '"0.2 M NaRO ua:: 0.2 M RCI lJ':i1l1tl.l 200 mL ''tltl1t11mfl':ifl~1'tltl1UU1n1J'VIfl111lInlf1'U 200 rpm 

1;juna1 24 hr ~~tl.I"'fJij 25 °C 

3.7.6 U~1~1tliilcH'U 0.1 	g ~~iilcH1Jif RB5 llTthmlNff1l0m.Yna::altl!f1tla:: 20, 40, 

""1 'I 'I tI .1'" I '}J '" I .,; '"60 ua::80 v/v f1::CJ1 ~ LU L~':ia lJl1l1tl.l 100 mL 1'tltl1tl1tllfl':ifl~1'\ltllUU1':i11J'YIfl111l1n':ifl'U 200 rpm 

l;junal 24 hr ~~tl.I"'fJij 25 °C 

3.7.7 lh1tJlwnlPi'1tliilcH'Uflflnliiltl1cN'fI~f1~~U1'H~tl~ (Centrifuge) ~fl111l1~1':ifl'U 
6000 rpm l;junal 30 min lttmwn~1~iilcH'Uflfln Uat'\.hffl':iataltlrl1u~1 ff1l11iilfllfl111lffl1l1':ifl 

1UmltliilnaUUff~ (Abs) ~1tl1f1~f1~1iilfllml~iilnaUllfr~ (UV-VIS Spectrophotometer) Hat 

ltJgtlUI;jUfl111l1.a'1l.a'U~1tlnn-n1l1~ ':i!lU 'illmrUU1 1 tJilfl':i 1::,"", 1tJ;1I1 Wmlf1ltlcHli 



...• 
'Uflfl4 

Nanl,1i'tlUa:tlih.l,1t1Na 

Q tI I Q,I Q,I r/tJ/.A. ,. GJ " 
fH'fIl'1tm1~'I1f1l'Wfl1J1J'W~~1mm'tN Automattc Surface Analyzer ~~tJ &'If 

... 1 ~ 'I "d , , Q,I " ".d A -=14 0Q,I

BET-method ~'1Uff~'1 'W~UH114.l Uff~'1 &'Ht'H'W11 f1l'Wfl1J1J'W~~lfl'lf1'WClCltJ~:::1J'Vi'Wl1N1~lt'Vi1::: 

t";lf1t1 1,675 m 
2
/g ;j'tl'W1~,tf'WN1'Wt1\Hj'm'll'l'tlCl'l1'Vil'Wl\1gtJ t";lt1t1 2.7 nm Uft:::,'Vil'Wff1'Wl'11tV 

trl'Wl'Vil'W'tI'W l~tgfl 

9l1uth 

... .., .., 
"UAf'll~ACUU 

thtinsn'1ul'fQ1n"lUe8ev 

yfu~fh~m'n:::a(m2/g) 
A ..I... b 2 
'W'Wl1N1flltJ'WClfl (m Ig) 

A..I... 1 d e 2
'Vi'Wl1N1flltJ 'W,'W1'W'tI'W1~lftfl (m Ig) 

1.Il111~"111't1Cl'll'Vil'Wd(cm3/g) 

1.Il111~''tI6'1''Wl'W'tI'W1~tgfle (cm
3
/g) 

1.Il1J1m'tl6'1''Wl'W'tI'W1~flftHf(cm3/g) 
~... ..I g 

, 'WN1'Wtf'WtJflft1'11'Vil'Wl~ftV (nm) 

1675 

300 

1375 

0.82 

0.65 

0.13 

2.7 

"1J1m"fJ a ti1'W1flHllflfflJfIl'.i'lJ6'1 BET 

b.c 0 

fIl'W1W ~lfl t-plot 


do .1'" "''1'1'..1 

f11'W1W~lfllJ'JlJ1WfIl'.itl~tl]ftl L'W ~~'H~'Wl1 PIP 0.95O = 

eo Q4 .,. ~ 

f11'W1W~llJ11i'tl6'1 Dubmm-RadushkeVlch 

f ti1'W1W~lfl1.l1lJ1WfIl'tl~ci'l.J''W l~'.iL~'W~ PlPo ':::'1111'1 0.40-0.951AtJfflJlJ~111 

tJllJl~'1;'11lJft'lJ6'1''W l~lI~'Wlmnlr1'W 35 cm
3
/mol 

go Q_ 
fIl'W1W~11J11i'lJ6'1 Barrett-Joyner-Hanlenda (BJH) 
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... II 1~'lI'.I.... .... .... 
4.1.2 Namn'ft11~'tt'tt\ln~n","'U8~"lij"tl]f1J 

fl1Vf~ 4,1 un".:j IR Spectra 'U6.:j'1f1'W~m.l ufl::th'Wtilll1'W~\llfl'1f1'W~6V 11m1::", 

l"v'I. ~~1V1f1~6.:jFTIRL~6flm'.j nt~n.:j ft'i'W~ltJ~ V'W 1 tJ'U6 .:j'1f1'W ~6mrt6\1 flfl'j:: ~ 'W' ,r,rJ'W 

11 "'''',(1 'I" jI '1,,"'diI. ,tn'Wflllll'WfI "V l'lf KOH Vf1J11IR-spectra 'U6.:j'lf1'Wv6vun".:j l111l1'UtNl1\1 O-H stretchmg 
.d.:l ..1..:141.1 f~ rlQ,I d.c:l QI

'YlVffl 3,700 - 3,300 cm 11\1 C-H 'YlVffl 2,932 cm (C-H stretching vibration) l1\1l1.:jfl'lf'W'YlllVf'WlI:: 

c=c 1116 C N ~ 2,363 em'l 11~fll{1J6flc;iifl~Yffl 1,727 cm"IUfI :: ~Yffl 1,606 cm"1 (C=O 
'!':1 flo" ..eta QI .d.ct ~1 '.!'11 'fIQ,I ..d..cl

stretching vibrations) l1\1l1.:jfl'lf'W'YlllVf'WlI:: C-H 'YlVffl 1,327 cm (C-H rocking) UfI::l1\1l1.:jfl'1f'W'Ylll 
Q,I AI d. -1 '1 QI Q,I ,/

Vf'W1i:: C-O 'YlVffl 1,000-1,257 cm (C-O stretching vibrations) n1'W IR-spectra fIl'Wflllll'WVI\llfl 

jI 'I " '" kJ.1 '!'11 ,( .., ''I: ... f d'l " " 'lf1'Wv6V un".:j 1l11l1'Wf11'jl11V llJ'U6.:j11 \ll1.:jfl'lf'W1J1.:j 11 \I 1'W'U'WVl6'Wf11'j lVl'j tllIfIl'W'Yl1'lffl11m6'W'fJ.:j 

Ufl::n1'l1f1ii'l.'Wfll'jf1'j::~'W 1~uri f11'l111v1tJ'U6.:j,f1.:j vibration band 3,700-3,300 em"1 (O-H 

stretching vibration) UfI:: ~Yffl 1,727 cm"11m:: ~Yffl 1,606 cm'I(C=O stretching vibration )~.:j't;",r 

n1'W·hn.:jft'i'W~tl1ti66g1J'Wth'Wtilll1'W~\llfl'lf1'W~6V1~uri l1~vhft'i'W~ii~'W1i:; C-H ~Yffl 2,998 em"1 

l1~f1.:jft'i'W~ii~'WlI:; C=C 1116 C-N ~Yffl 2,361 cm'l l1~f1.:jft'i'W~iivr'WlI:; C-C ~Yffl 955 11f1:: 

d... "I "',('" f 'I "'" f'" '!'11 ,( <V d f .... ... .1 , .:!I
'YlVffl 673 cm \llflHflf11'j11m1::11".:jflfll1UtI'''.:j 111 tl1 'W111111 \ll1.:jfl'lf'W 'Vl!"'W'lf"lfl"'U'W 3 11l,J fl6 

amine, C-H 'I.'WtI'lV1Cli aliphatic UfI:; C=O (\ln1'j'lW 'Wil UfI::flW::, 2552) 

_I .. IlIIt :. IlOl .. .. .. ,.PI .. "', OM *"*' 
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... II.., u.......,..,

4.1.3 	N0fl1111f111~"ertll!1'UUO~On'l!ltll::;'W'UN1'U0~P11~ft.tJ 

'" 	 f

~lflfl1'i1!fln::;..rffWJ11ma::;~flllW::;vh.J~hIlO~~1~~cJrU~'Unfl~O.:j SEM '~Na 
. '" 	 . 

fl1'i1tfln::;..r~.:jUff~.:j 'h-lfll'rt'Vl 4-2 'rt'lyh"lfl1.J ~OrJ~::;ii.n1.JN':n; fl1JUa::; '~ii t 'rt11.J t1-i1fl t10d~.:jfll'rt'Vl . 	 '" 
4-2a 	 U\9lfl~l.:j ~ lflO11.J till ~1.J~~lfl"lfl1.J~Ofl'Vlii1'rt11.J"1.Jl~U\9lfl~Hti1.Jfl~1J1.J.n1.JN1 ~.:jUff~.:j 'l1.J . 
fll'rt'Vl 4-2b 

!rlOVllf11'i!t1;vm'VlV1JNafl1'iffflfnti~Na~nfH 11.J ~lfl.:jl1.J1iV~1.J 'l ~Hl1.J1J1 
'rt1J-h NaflU11f1n::;,.rffO~flti'O.:jti'U.:jl1.J1iv"o.:j il\l!\yl11Wifl'i (2554) ua::; 1l'il1HW 1.Jl; 

~ .4 Ad'1 "'1 91 • Q,I ~ 0 GJ jJ Q .4 A .e:iGo' 

ua::;flw::; (2552) 1.J1.JflO ffl'itfl1l'VI ~"lf ~1.Jfl1'ifl'i::;~1.Jf:I11.Jfl1l1l1.J\9l ~::;'VI1 t"Hfl~1'rt11.JUa::;1I'rt1.J'VI 

... .21'" ~"...... ~ '" ..." p ~ ......N1,,1INff1l1fl"1.J !"lf1.J m1.Jfl1l1l1.J\9l~lmll~1;1fl11.:j'VIm::;~1.J~1Vm~ H2S04 (lJ\l!\l!111W~m, 2554) 

ua::; 011.Jti1liJ1.J~~lfllvJlI'rtOt;l'VI1.J~m::;~1.J~1V ~C03 ua::;KOH ~'il1'i'jW 1.Jl; Ua::;flW::;, 2552) 

.f , ...... ~ '" , .,... ~ 1..1 .... '" ... .I
1.J Ofl ~lfl1.J t:I11.J fl1l1l1.J \9l ~lm1l~1;1 fl1HUa::;m1.J fl1l1l1.J\9l ~lfl 1111'rt 0 al 'VI1.J 11 'fI flllW::; 1'rt 11.J ua ::;'rt1.J 

. 	 '" 
N1ff1l Nff'Vl '1fl ti'lfl V.:j ti1.J timll1.Jti1liJ1.J~~lfl"lfl1.J ~ov 'l1.J.:jl1.J1 i rJij 

(a) (b) 


, '" 

1I1'W1I4.2 Nafl1'i1tfln::;,.rffwil1.Jlm::;~flllw::;.n1.JN1"O.:j~1~~cH'U (a) "lfl1.J~Oflua::; (b) rll1.J 

ti1liJ1.J~~lfl"lfl1.J~OV 

.- J ",._ .. 	 Q,I Q.I

4.1.4 	N0fl1111f111::;"1ft 10,.010flYl1f1 (Isoeleetrlc point) 'Utl~P11~ft.tJ 

,~ '61C)f6l'flfl'VI~fI(pI) "6.:j~1~~cH'U fi6 thYiw"lf (pH) "6.:j~1~~cH'U~ijtl'l::;' 
.Q ~ ". , fA_I ..A t': ~, Q,I 0 GI GI <V , .Q

"l'VITil1J1.JtT1.JV (1n6 1I1IlJ'i::;,) C)f.:jfll1.J~::;l'U1.JfI1l\l'rtl::;\9l1ffl'H'i1J\9l1~~C)fUU\9la::;"lf1.J~ (Wang et aI., 

2008) ~lflfl1'i1tml::;,.r,~'61C)f6tafl'VI~fI"6~~1~~cH'U'~N'fIfl1'i1lml:t;tf~~fllfl1.J1fl fl. (\9l1n~~ 

fl.1) 'rt'U-h rll1.J ti1liJ1.J~'illfl"lfl1.J~6V ij,~ '61C)f61afl'VI~flt'rhti1J 7.04 ~flllW::;flnvJ"6~'~ 

http:l'VITil1J1.JtT1.JV
http:Utl~P11~ft.tJ
http:N0fl1111f111~"ertll!1'UUO~On'l!ltll::;'W'UN1'U0~P11~ft.tJ
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101C)f6!"fl'VI~fl1~UffPl-!ll~1Ufl1Vi~ 4.3 uffPl-!l1M'n1u':h 111~!O'lf'UO-!l~1~Plci'Uilfh~1fYh 7.04 

ifUFb'UO-!l~1tlPlci'U ~:::iltJ'S:: ,tl'VIi!rlU'U1fl ! !,,::: 1 U'VI1-!l\9l'S -!ltiu;rl1Jlll'n!f.l'lf'\lo-!l~1tlPlci'Uilfh~-!lfl'h 

.r ... <II <II ~A I ... ~ )
7.04 ViUN1'UO-!l\9l1tlPlC)f'U~:::lJlJ'S:::'tl'VI1i!lJU"'U (Yahyaet aI., 2008 

3 


2 


1 


::J:~ 
Q.. 

0'0 

::J: 
Q.. 2 10 12 

-1 

-2 

-3 

... .1...... ...,
4.2.1 Nam'ffO'l:llu':::tTTlfilnTtm'tlRCJfU 

!~otJ'i:aiiutJ'i:::ff'VIifl1Vi1Ufl1'itlPlci'Ua~mJRB5~1tJ'lf1U~OtJ!!,,:::thutilJJju~ 
~1fl'lf1U ~OtJff1lJ1Hnh1~1PltJfl1'S111!tJof!~U ~fl1'Sfi1oDPl (Removal percentage) rl-!l!!ffPl-!l 1 flu 

\9I1'S1-!l~ 4.2 Vi'U'h ,hutilJJjU~~1fl'lf1U~otJil!tJof!~U~fl1'Sfi1oDPla~OlJ RB5 ~-!lfl"h !dO-!l~1fllu 

: J/ ... J/llil I ,.,J/ ,"'\IU\9l0Ufl1'im:::~u ff1'S KOH ~:aL'VImC)flJ!'U1 \tJ U 1flH'SH'UO-!lf:l1U'VI1 l1ff1'i'S:::ll1tJ !'lfU 'VI1'S 

... ~ .I 0 'I J/ , <II "",".r .d... .I .1.... d ... _o'i<II 

'S:::ll1 tJOOfllJ1 !flPl!1JU lVi lU'\IU m ll1f:l1UfllJlJU\9llJViU'VIN1~-!l'\lU (lJ'S'W 'VI'S !\9llJqJ1'Sff"lJ, 2551) . 
tlOUl1l!1U 

~ 

1~ilfl1'Sfffl'l!l1fl1'St1flci'Ua!lJVi"~U\l" (Irlu iHiil tJ'S:::,,, 'U) Vi'lJ'h 01U tilJ,jU~ (tJ,U 'VI'S 

L~lJqJ1'Sff"i1, 25 51) ff1lJ1'StltlPlci'Ua!lJVi"~U\l" 1~lJ1flfl'h1fffJ~ff-!l ~hj i rA'm :::~U !rlu,hutilJ,ju~ 
4 J/ .!<II "'., 

C)f-!lffOPlfl"O-!lfl'U-!l1U1~tJU 
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"l'H~ 4.2 FU1flllfffl'M11.h:ff'VIifll'WfllltlAc)j'UiY~Oll RB5 ~ Co = 200 mglL lAV'f11~1l1tufl1tlA 
c)j'U 0.5 g ~tu'HlJij'UfllltlAc)j'U 25°C rlrn 24 hr Utl: plIo =7.0 ± 0.5 

• .., "" SI 

... "" SI 
m,mUflGlltlU (%) 

VUfl1:rrJtlU 
'll'1\J~6f.J rll'Un1J,j\JA~ln'll'l\J~ef.J 

RB5 4.27 68.38 

~lflNtlflllfffl'M 111 l: ff'VIifll'W flll ~Ac)j'U'Wu 'h (i1u till UU ~~lfl'lfTIJ0'omrlufl1 
• 	 " II 

~Ac)j'uliff111U tltlAc)j'uiMilll RB5iUff1l tl:tl1V 1111l1flfl"h'lf1tJ ~ilV i~ir'U i tJ flll 'VIA tlil.:J-UtJ9I iltJ 

,~ 	 Q,I QSI " • Q,I Q,I tI ", : 
Ail 1 11 ~:"fl'M1LU'W1:fllltlA~U ffVilllA1VtlltJ fllllltJA ~lfl'lf1tJ ililV !'VI1tJtJ 

4.2.2 	HGm,ftfl1n'tll~lfltlum'tJfI.u 

1ill~lVIilll'Uil~fl1ltlAc)j'tJ!rltJfl1111ffll1;tJi'l:m'h~11~1l1tu'Uil.:Jfl1QfltlAc)j'U~ild 
II 	 • 

utJ-ntJ ;b'Uil.:Jfl1tlAc)j'u tiu fl1111LoU'lloU'tJ'Uil.:Jfl1QfltlAc)j'U'U 'U il.:JL'H tl1li 11 fl11:: ffll~tl tu ~tu 'H lJij 

..6 11 ... 41 1 ...... " &110'"'HtJ.:J '1 il ~!'VIilllflll~A~U~::'t11 'H'VInUMfltl fl'Uil.:JfllltlA~UffVilll eM il ~lVIilll'Uil.:Jflll~A 
• 	 II 

c)j'U!rI tJ U UU ~ltlil.:Jliiliu1V1111AVffllflll 11fl tl 1 flfllltlAc)j'U ff~mJLrlu fllltlAc)j'UUUUit.l!~V1 
II 

(1il1~lVIilllUUUUtl~Liiv{) 'H~ilfllltlAc)j'UUUU'HtllVitJ (1il1~!'VIillluutJnitJ~'lf) 111111tu'Uil~ff 
~ ~... • 12 ..6 ''1 ~,..."
tlilll'VIQfltlA~tJffl111ltlmtJ1tu ~1~lflffllflllffll~tl1l1tlff1l~~il~ ItJtJ'VI'VI 2 tJ'H1'Uil 2.5 

1 il1~L'VIilllfllltlAc)j'U'Uil.:Jff RB5 111Vf:i1tJ tilli1U~'i11fl'lfltJ ~ilVUffA~ 1~' tJ 

,d d " Q,I 1 	 #::l " - Ifll'W'VI 4.4 Ntlfll7'WtlilA'Uil\ltlflll'VIAtlil.:JflUffllflU il1~L'VIilllUUUUtl'lllJVlUtl::niUA'lf 'WtJ11 

1il1~!'VIillJflll tlAc)j'U'Uil~ iY~illl RB5 iifl1111ffOAfI~il~fiu1 il1~L'VIilllfll7tlAc)j'UUUUutl.niiv{ 

ll1flfl111il1~!'VIilllfllltlAc)j'uuuun~tJ~'lf1AVft~lltu1~lflfh R2 'tJ9I1l1'l~ 4.3 
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'Q '" -< 10 


0 

0 50 100 150 200 250 

Equilibrium concentration (mgIL) 

.. 1 '" '" 'I" i" I '" '" .. ".1""1Il'W'rI4.4 V1CJ1L'YIVlJfll'j""CJ1'Uff RB5 ~lflffl'j"::"ltJ '''tJ ')j'm'\.JfllJlJ'\.J~'iJlfl'J11'\.JVVtJ lJ'jlJ1W.. 
0.1 g Lm:: pRo =7.0 ± 0.5 

"''' fftJVlJ RB5 

... " 0'082.1 

'81CJ1L'rI82JUl1l1UD~Lij01 '819fL'rI82JUl1l1'"lU~" 

qm 

(mg/g) 

KL 

(Llg) 

R2 KF 

(Llg) 

n R2 

RB5 69.444 1.363 0.9822 5.57 2.282 0.9047 

... ...... ,...... 
I 

J! "':11 '.I'.:! ..,
4.2.3 NDm1t1tl1n8'r1fi'WD'U8~fll'W18"112J'IU'U8~'n1D::'nmnJ82JVl81J12J1Wtll1~~CJ111 

~ lflN" fll'j fffllllV'YI i'Vi ,,'Uv~fi1~ LV')j'L~ lJ II'\.J 'UV~ ffl'j"~" ltJ iY~VlJ~VtJllJ1W fll'j 

~"ci1'U ~~Uff"~1~i'\.JfI1'Vi~ 4.5 'Vi'U'h tJl1J1W fll'j~"ci1'ULYilJ~'\.JL~flU'VtJl9l1lJfll'j LYilJ'Uv~fil~LV')j' 
L~lJll'\.J1 "tJ..r 1 1 tJmLLgfl Vi 'Vi LrI'\.J iY~VlJ~ij tJ 'j:: ~"'U~::\I fl~"~"N1'U '\.J f:ll'\.J nlJ~'\.J~~1tJLL'j ~~" L'H~ tJ1 

II I I , I 

";~ViLrI'\.Jm~~"miltJ1')j'ii"vv'\.J (weak interaction) u"::m~~"miltJ1'lfii"ViU~~UH (strong 

interaction) UH~"m~tJ1~Vv'\.J1~un UH van der Waals ri1'\.JUH~~H'H~tJ1~u~~m~ 1~un 

---- - --~- - ------------- -------~-----
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, ,!II 

L"'I'UV1':i::'W:h~ llJU'lfl1'lii 1lJ'lf61.J'lh (Hydrophobic-Hydrophobic interaction) ':i::111H6::~6lJ 

!iI !iI ,... ..., .1"" '" '" d!il A 
1)lm11¥lF-l1'l'IJ1~~'UflTVH6'lf1)::lJ F-I1'I~fhJ':ilJltu flU !J~9fU LVi ~m1'l fl'U 6V 11..1 6~lJl1)lfl 

, !II 

iifh~l6'1rll~fl11fh p~zc (,~ '619f6U'1fl't11flL'Vhtiu 7.04) 'IJ6~th'UtilJ:WlJ~1)dh1'l1'~'Utb'IJ6~ 

fh'UtilJ,j'U~ijVl'U 11)Lri'UU1fl~~ffllJl':itl!J~cjfuff~6lJ~ij'11':i:: ,1'IU 'ltlJlfl~1..1 u~6th~'':i~~llJ m':i 

l-rilJ11;61'1~ '111 lJ1tu 'II 6~'11 ':i::,u1flU1'1::'11 ':i:: ,1'IU11..1 ffl':i1'l::1'IltJtY~F-I1'Ifi6fl11lJ ffllJUtl11..1 flU!J~cjfU 
, QJ tf.d ~ d ".. .,~ f ~.J '1 "", ,GI Q

'IJ6~m'UfllJlJ'U~'t11~':iVlJ1)lfl'lfl'Uv6m1'lfl'U6VMm1)fl1'l11 ~11 "UHV~l'H'Utl1':i::1111~ lJl1'1fl1'l't1 lJ 
!II , , 

'lr6UU 1 (Hydrophobic-Hydrophobic interaction) Lri'Um~fi~111'UV111 tifliiijfl11lJthtltymflf111m ~ 
.. -=l Q.4 
V~ l11 1..1 V1'1r'U~ 61..1" 

60 


50
.-.. • 
~ 
S 40 •
•.~ e 30 

l 
c 
0 

20 
.a « 

10 


0 

0 2 4 6 8 10 12 

Initial pH solution 

nlW~ 4.5 fl11lJfflJ'W'U ;':i::1111~ '11'lJltum':i!J~cjfUff~6lJtiUfhrh6'lf1~lJ~1..1'11 6~ffl':i 1'1::1'I1Vff 

~6lJ RB5 1~v1~~1!J~cjfuth'UfilJ:W'U~1)1f1'1rl'U~6v'111mtu 0.1 g (Co: 200 mg/L, 

200 rpm. 24 hr H1'I:: pH: 2-10) 

4.2.4 Nam1ftfllll0niwa"8-3flW'.'I.QUA8,nSllWm1t1Aoi'u 

1)lflm':ifff11.n6't1i"'1'I'lJ6~~tu11fJii~6'111lJltum':i!J~cjfuil RB5 u'Ut;h'UtilJ,j'U~~ 
... 1',1' "", .1"" '" ..;, .I 

1~':iVlJ1)1f1'lfl'Uv6V 'i'lF-I1'Im':i't1~1'I6~1)1f1fl1..,'t14.6 "'U111J':ilJltum':i!J~9flH"'lJ'lJlJ1)1f1 35.87 mglg 

''11Lri'U 126.49 mglg lrl6~tu11fJiiL'vtlJ~'U'illfl 30 °C ''11L~'U 60 °C Uff~~11 m::U1'Um':i!J~cjfulri'U 
m::U1'Um':i!J~fl11lJ~6'U (Endothermic process) 
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Temperature (OC) 

II1Tt~ 4.6 V'VliTtn'llO~f2W111JlJ~Otll'j~Pl~'Uff RB5 'U'Wrll1.Jflll)j'WIOi'~!~~tJll~lfl1fl'W~OfJ (Co: 200 

mg/L, 200 rpm, 24 hr un::f2W111Jij 30-60) 

~ ~ "" .., A ... ~ ~ ... 1II~' A 
tll'j lTtll'll'W'llO~1.h1J1Wtll'j~PlCJ1'Ulll 0f2W111Jll lTtll'll'W ffl11l'j(lOll''IJ1fJ l~nl UJO 

f2W 111Jijt~1,I ~'W ff~ ~n1lf111m f.ln'llO~ ff~01,l ffl1,1 1'j (lcif1,l Hl'W11;OUTt ~t,j'l~!Tt1'W mfJ1'W rll'W till)j'W1Oi' 

~ 
11lfl'll'W 

4 J u 
4.2.5 Nt.'Inl1ftn'l!flUt.'l'UTtt.'lftlt'l'n1mlt)A<I'U 

4.2.5.1 	 ~nfll'jfffllI1V'VliTtn'llo~nnlnllNfffio'l11111W f1l'jtlPl~'U 

~lflfll'jffm:I1V'VliTtn'll O~l1n"ffll Nff~O'l1~ 1,1 lW fll'j ~Pl~'U '11~n 
fll'j fffllll~~UffPl~1'W.fl1Tt~ 4.7 f11l1,l nlli'W1i''j ::'l1'iH'l1111 lW tll 'jtlPl cM'Uti'UnnlnllNff Tt'U'h 

A I"" .., ... !II ~ ~ .J. ~ ~ 1 . .... ..,
lJnI1Wfll'j~PlCJ1'U'll O~fffJOll RB5 tTtll'll'W~11,l 'j::fJ::nnl'VltTtll'll'W 'W1f1'm'jfl '1 'l1'jlllW tll'jtlPlCJ1'U 

~ ~, d d! & !II • .., 1 AI ... 
~::!Ttll'll'WOfJ1U1Pl!'j1~'W(l~~Pl '1 11'W~ un::~::!'lll"lfflJ~ntll'jtlPlCJ1'UmfJ 'WnnllJ'j::lJ1W 800 'Wl'Vl 
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18 ~-----------------------------------------, 

16 

•
I 

2 

o +---~r---~----'-----r---~----.-----'---~ 
o 200 400 600 800 1000 1200 1400 1600 

Contact time (min) 

Il1'rt~ 4.7 fl11lJifuw\nr~::adH,j~lJ1Wfl1~~flcjUff RB5 tiuL1fniflJ~fflfl~'~~1~flcjun1'l,nj'U~ 
'illfl')fl'U~(IV,j~lJ1W 0.1 g, Co = 200 mgIL ua~ pHo = 7.0 ± 0.5 

4.2.5.2 Hafl1~111D'U~U'U(FJ,j~m~1fl1~~flcjU 
. '" 

fl n fffl'l:11D'U ~U'U6-1,j~n~ fll fl11 ~flcjU l-n6111 <U'U ~6'U fl1 ~~flcjU ff~6lJ 

m ~yh' ~l fl~fl1~ft 'ill1 W lfl11lJff6~fl ~6-1'U6-1.(1m.!afl11 ~flcjutiU uUU ~1a ij-1D~11fl11 ~flcjU~ 
l~'U~fiflti'U lfl~~1',j ,ft'uri fflJfl11D~~1fl1~~flcjUD'U~Ul1d-1l-ntlll (Pseudo-first order 

d '" '" 
equation) Clf~ 'il~,hU6fl'ft"h<U'U~6'Ufl1~nl~16'UlJ1a'Uij~~1Qfl~flcju Nl'Uoi'U'U6~'l1a16U~1~fl 
IVQ.lyd Q,.I GI""QI.::4 ~ 
ClfUlflfl'U'U'lflf1~fl lla~ffllfl1~ij~nfl1~~flClfUij'UflUffij-11f1VlJ (Pseudo-second order equation) Clf~ 

'il:.ah;'ft"h~'U ~ij'U fll11nfl,j ~n~Vllfl u~lf'U N1'U6-1~1~flcjUlnfl~'U '~~1~~flldmllHafl11 
d IV Q,.I QlQlQ1..1rd tV QlQlQI 

f1fla6~ lJTna ij~ flU fflJ fl1 ~ ij~11fl11~flClfU ij'UflU11'U-11fI fllJ ua~ fflJ fln tl Wl1fl11~flClfU6'U flUff6~ 

l-nVlJ llfffl-1''Umn~ 4.8 ua~ 4.9 ~llJfhAU nu':h D~11fl1~flflcj1J'tlij~ff~61l RB5 Ufl11lJ.. 
ffijflfla6~ tiUfflJfln D~11 fl1~ tlfl cjuD'UA U ff6-1l-n ~lJ lJ lflfl'h fflJfl1~ DW ~ lfl11~flcjUD'U ~U'H d ~ 

l-n~lJ lflflft'ill~Wl'illflfh R2 ''U~1~1~~ 4.4 
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.;, Q, f/ Q,I .d.d 	 Q,I -=t Q,IQ,I 	 Q,I

fll1HTI 4.4 'Vt THlJl~O'j'tl O~ fflJf11'j O'IJ tl'U'I1 'IJ ~ l'VI tJlJU~:: fflJf11'j O'IJ tl'U ffO~ ~'VWlJ'tI 0 ~f11'j t1 tl.'U 

n~OlJ RB51tltJi~,h'IJnlJ,j'IJ~'I11f1'lf1'IJ~OtJ 

qe,exp 

(mglg) 

~ ... "" ... ... 
a'lIfl118'UflU,"'IH&TIrJlI 

(pseudo·first order) 

k/ x10
3 

q•.cal 
R2 

(min") (mg/g) 

I .., <V ... 
a'lIft118'UfI'Ua'8.... ITlrJlI 

(Pseudo~econd order) 

k X 102 
1 Q,.cal 

(g/mg*min) (mg/g) 

R2 

16.40 4.4 10.77 0.9420 1.2 16.94 0.9981 

3 

• 
2 

1 

y =-o.0044x + 2.3776 
R2 =0.9420 

o +-------r------.-------r------,-------.-----~ 
o 	 100 200 300 400 500 600 

Time (min) 

.. Q,I I 	 0 Q,I QI Q,I Q,IQ,I" 	 ".::l
1I1'JtTl4.8 fl11lJfflJ'Vt'IJ1f'::111H In (q.,- ql) 11~:: t (min) U'U'U'I11~0~0~'jlf11'Jtltl.'U0'IJtl'U11'IJ~1'WlJ 

'tIO~f11'jt1tlci'Un~olJ RB5 ltltJi~rll'IJnlJ,j'IJ~'I11f1'lf1'IJ~OtJ ltl'IJ~1tltlci'U 
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Y=0.0590x + 2.8875 
R2 =0.9981 

Time (min) 

cl QlQlfI. 0 (),.I Q,lQ,lQI 

mTtYl4.9 f1111lffll't'flJll'l::'I111-3 tI<t (min*glmg) U~:: t (min) U1J'tHll~fl-3fl\>l'l1fll'lt1f1CJ11JfllJfl1JfftN 

lfitlll'\lfl-3fll'lt1f1i1Jff~flll RB5 1f1V'~f;h\Jf11liJlJ~~lfl')fllJij'flV t~lJ~btlfliu 

... ... 
4.3 n11f1f1'Uln11AUIGlJU 

't'fq~fl'l'lllfll'lAlviuff RB5 '\Ifl-3t:illJt1lliJlJ~~lfl')fllJij'flV~"W~';l'yh~::~lV')fi7f1~l-3 ., . " 
UfftHllJ~'l1-3fi 4.5 't'fU'h ,h ffl'l~::~lV 0.1 M NaOH U~:: ffl'll1::~lV 0.1 M Hel ,,jffl1l1'lil't1l 

,,f,nflfll'lAlviU'\lfl-3ff RB5 ,~ U~Irtfl'~ffl'l~::~lVfl::C1f1~'lJ 'm~'~lJI?i11h~::l11tl~:yh,,flnfl 

'" ,!I 1 '" ,",.I .d '''' "'!I !I '"'1 ,fll'lfllVCJ1U fI f1Vfll'lfllVCJ1U~::lnfl'\llJ fIl-3'Y1'llfll'VllflU 41.44 % 11lflfl11lJI '\Ill'\llJ'\Ifl-3 fl::CJ1 ~ lJ 

" ,... !I !I .l'l!l "', ... ~ , '}I '" 
~'l~nllflU 60%v/v ~lflrl~fll'l'YIfl~fl-3'\11-3~lJ ')f t'l1I'HlJ11 flllt1f1CJ1Ul1JlJm:U1lJfll'l ll{JfllJfl~U . " " 

'(irreversible process) l;jfll~th IUffU~:mfl l~lJ~1'rh~::~lV l't'fl1::~1nl ~::~lVI'Hlhij',jffl1l1'lil 

nl~lVU1-3Vfli '11 rl V11::'I1 1H~1QfltlfliUt1U~1tlfliu'~ fl'l:U1lJ fll'l ~~iu~',j~fllJ m;Uff1lJ 

1'l1q)~::lrllJfll::U1lJ flll t1f1iU'YIHlflij llJOflu4ljll '11 it -3 ffl'l~:l11Vfl;:; C1f1~' lJ '~!~IrllJ~1'til 

~::~lV~ ff11ll'l ilnl~lVU1-3VfI I'H rlV11::'I11H~1Qflt1f1iuu~:~1t1f1iu1~ ~-3 ff11ll'l il'll11ll1 ~lrllJ 

~TtilCJ1:ff~flll RB5 flflfl1ll~lflt:illJnlliJlJ~~lfl')fllJij'flv'~ 
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f11'H~ 4.5 fn.'m,fft1'l:11\h~ffVlifl1'nm'fl1fJcif'Ua~tI1J RB5 hH1r:n1J'~1J.jj'u~h~'lltlfJ';YtJ;1J1W 

~1~Plcif'U 0.4 g ~wl1tJijhAt11'~Plcif'U 25 °CulI:a1111 24 hr 

! 

I 

... 
'If .....fli:rl1D~'m.l Desorption (%) 

I 
: ....

'Ult1l1'U 0 

NaOHO.l M 0 

HCI 0.1 M 0 

Acetonitrile 20% v/v 18.27 

Acetonitrile 40% v/v 40.99 

Acetonitrile 60% v/v 41.44 

Acetonitrile 80% v/v 35.65 



, 
'Ulill"" 5 

a1t1Hftnl11itlAlft~.f{Dla'UDU'U~ 

, II , 

~1\Jfl1nj\J~\)10"'1\J~6fHiI\J~1tl~citJi1ijlihrn~1L'Vi1~L't;'flll 1,675 m
2
/g ij'\l\Jl~'\l6~ 

l'Vil\JL'il gtJ l'VhfltJ 2.74 run ufl::l'Vil\Jff1\J 1 l1qjLiI\J 1'Vi1\J'\l\J1~L~0 mj !~; (l1Jri1\Jfl1J,j\J~\)~·ti1 
I • II iI 

1..fIn~m'j 1'l1 a(l\J 11'l1 fl ~'\l 6~ 11 ~;q~noif'U 'U 6fl i1 6gtJ\J ~\J fb'\l 6 ~~1tl~cilJ ~'U ~1'\l 6~'Jf1\J ~6 (lij 
II • 

ft'olltu:a; (ltJ11fl:: ilml'Vi1 'U Ufi~1'Ufl1J,j\J~\)10'Jf1\J ~6(1ij~\J~1i1 ijl'Vi1'U Ufl:: ij,~'6 1 C]fOlflfll'llfl 

(pI) l'''fltJ 7.04 

~1'Ufl1J,j'U~\)10'Jf1\J ~6tJij'l1'j ::ffl'lnfi1'Vim'jtl~citJ~ ~011'Jfl 'U G6tJ 'l1'j~1J1tu 64.11% 

'Q .Q ~ f I .14 d " ;:, "d, 4 .dQ,I

fll'Vi16'Jfl'j1Jfl'U'\l 6~ff1'j fl::fl1(1ff Ulflm::l'ltJfI 6lJ'j1J1tum'jtl~C]ftJlflO\J 6(1 'If 11111 \J 11 11H(I~111'U(l1 
• II • 

'Jfij~i1l1i'Jf6mh (Hydrophobic-hydrophobic interaction) lil\J11Hfj~Ll1\j{rJ11ft'm::111H'iM61JUfl:: 

~1tl~ citJ l61C]fll'l 61Jm'jtl~citJ ij fl111Jff6~fl~6~ fltJ'61C]fL1'l61JUtJ tJUfl~!ij (I{ 1J100"h l61C]fL1'l61J 

•.1'" I ... ".1 .I ... '" '" ~....6 • I'" "'.:: 
UtJUnl\J~'Jf Uff~ ~11 ff(l61JlJOfl'l1J'Vi\J N1'\l6~fl1tl~C]ftJU tJtJ'Jf\J !~(l1 C]f ~1J 'i1J1tum'j~~C]ftJutJtJ'Jf'U 

lA(l1~~q~ (qm) '\l6~m'j~~citJ nhfltJ 69.44 mg/g m'i~~citJ'\l6~if RB5 'il::a1h~ff1Jf2flfi1(1'\H1fl1 

800 \J1i11~m)fI'j1m'jtl~citJ'\l6~if RB5 ijfl111Jff6~fl~6~fltJff1Jm'iV\?lnm'jtl~citJo'UtiltJff6~ 
a , Q,I Q,lQlQI ~Q I~ "A.d 

Il'l(l1J1J10011ff1Jm'j 6f1nOU tl~C]ftJ 6\J~tJl1 \J ~ll'l(l1J Uff~~11 '\l'Ufi 6'U m'j ff'j HUH(I~111 'U(l1 
II II 

'j::1111~iflY61JfltJ~1tl~citJtJ\J~'UN1'\l6~~1~~ci1Jlil\J'Ii'Ufhl1'U~Ofl'j1 

if RB5l,jff11J1Hnn~m'jflltJcitJ\)10~1'Ufl1J,j'U;tlll~61~ J1l1Jff Ufl::m~lll\J~T.h 
, '" !It 1'1 ." ",.6!1t ...

fl::fl1(1 Uff~N11 0'j::tJ1\Jm'jtl~C]ftJLlJ\Jm::tJ1'Uml11J(l6\JOfltJ C]f~l1J'Um::tJ1'Uml1'11~lfl1J Ufl~ 

'" 0 ..; , 1"'" '" 1'I!JI.!I -,. 1'1 1'1 .. .6 . '" ... .ffl11'1lfl:fl1(1l'lff11J1HI06 l1Ln~m'jfll(1C]ftJ 1~ fl6 6::C]f lf11'U lf1Hl C]f~m'jfl1(1C]ftJ1MI'\l'U~~q~ 

l'VhfltJ 41.44 % ~ fl111J1111J'lr'U'\l6~6::ci11fll'Ulfl'j~ L'VhfltJ 60 %v/v 

5.2.1 fl1'jff01l11mtJ1Jli1(1tJflml1~~citJ".ij~~'U '" 1 'Um'j~r1citJiflY61J 1';'U U1~'U Ufl: ~ I ~ 

1J1fl;1fi1'Vi 11l'Uit'U 
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5.2.2 f111ftm:l11~w'.ftYll·lfQfI~'U '1 ''Ufl1nlnJ1m~~'U rYftl 1..rihh~nflnfll'V41'U 
Q.I ct" d • ..Q"l , ~ . 

fl11~f1C)f'UtYVtllJflfltl~'\I'U 1'1f'U tYl1 Tetramethyl-ammomum (TMA), Tetradecyl tnmethyl hexadecyl 

ammonium (IDMA) U"~mfl~tltY~tltY1f1 lr1'U~'U 

~ Q,I Cf : 9 4 il:tlll:!&Q9I .e:t . .4 I'V. 
5.2.4 f111"f11:11fl11~f1C)f'U l'U'Ul1ntl'llHfllJtYtltllJ 1'V411~lJtYl1(Ol1tl'U '1 tlg C)f~tl1'1ltY~N" 

m~ fl 'U~tl'lh~nfln fI1'V4fl11 ~f1i'U 
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lid lid Q tI.Q Q,I 

~·HVlU. 'Jf,nf~ : tUU:nfl1m'lJfllf1'fl' lJ'Hl1VlVl"tl1J'Vn, 2552. 
QI t/QI o~:.: ~" Q,l4QJ 

~mflq~W fllJ~'11. 011O1~fI iMfllJ'UU Tt'~~lflm:anuO1'jUfllJHl1U,::f11JfJflfI'l'Hfl'l1lJfI'l1'lflU 

j/ .... "... 1 111 "... ... "A ,... ... QI ...1fltI 'Jm'flUlJflUfllJfl'" " tUfi. 1VltllUVlunlJ''ll'll11fl1m''JlJfllf1'fI'lJ'Hl1JWCV1fl : 

' lJ'Hl1VltllatllVlfllul"tirt'Ul;, 2549. 

imflq~tU elJll'11 H"d'flU1'l1W (11J,,6f1'1'fI'~) 1fltl,iilfllJ". "~"UVl"fllf1'fl{'\Jfl~01'fhifliU;fllJ 
'uJ'lif~~lflm::1J1U01'~fllJf;'1u'::~1J~flfI'l'Hm'lJfli'11;flU lf1t1'~Ui~UlJflU~ 

... 1 111 tI, QI.Q QI .-OJ QI

lJfl'" "IUfl tn::1J1JtNfl1U", 1fl1m'lJfI'''tl1J1J1~tlU''::Vl\?lJU1. 17(3): 40~7, 

2549. 
QI~ QI ...sQ,lQtll 0'.Q QI 

1f1'111 tl9llfl'l1'11. m::1J1U011iflflCl11J. fl1 ~1VlVllJ'H1Um :nlUflVllJVlU'H~~Wl"~mWlJ'H lTVIVl"tI, 

2552. 

lh~Vl1i 1',,1',,6 U"::1'1'1W liU~lJU11u. 6uvhlL'fI fl'ltlfllf1'fI'lf1u. fl1 ~1VlVllJ'H1UfI' : 
OQ,l,Q,t/, tI.Q QI 

fl'lUflVllJVlU'H~'Wl"~mWlJ'Hl1Vltll"tI, 2548 . 
... lQ d .Q _-1 Q .Q tI QI , Q.f QJ <I ..' "1 • 
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.:a1U1i6iffto1:l1m1~flci1Jfrlif)1J;11~tlli't'lU1Jgtl 5 011 ~ flci1JU1J1J4U1 fi 61 ~Hlfl1J U,y1~flci1J "hfl1J 
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tT6fltl-K6.:afl1J 11J1fln ilnU't'Inl'lltT,j'0U~1JtTf).:a1li61J Abstract 

n1U~ 2 m1~n1:l16'Y1i't'ln'IJf).:afhTi16'l11~1J~ufif)m1 This work studied adsorption of reactive black 5 
til I _I"'" QI .. ~ d " 

~fl"lf1J 't'I1J111J11J1Wm1~fl"lf1Jl't'l1J'lJU1nnUf)61111Jm1 dye on an activated carbon prepared from sugarcane 
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according to adsorption affecting factor including 

contact time, initial solution pH, initial dye 

concentration and temperature. Firstly, the effect of 

contact time on the dye uptake was studied. It was 

found that the adsorption rate was rapid in first to 

minute and then attained equilibrium at 10 hour. 

Kinetic data follows the pseudo-second-order model. 

Secondly, the effect of initial solution pH was 

investigated. It was observed that the dye uptake 

slightly increased with the pH. Thirdly, the effect of 

initial dye concentration was performed. The 

experimental result was in accordance with Langmuir 

isotherm and the maximum monolayer adsorption 

capacity obtained was 69.44 mg/g. Finally, the effect 

of temperature on the adsorption was investigated. The 

adsorption capacity increases with temperature 

indicating endothermic process. From the results 

above showing that the activated carbon prepared from 

sugarcane bagasse is effective for adsorption of 

reactive black 5 dye. 
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66f1,;jl'ilU (Aerobic biodegradation) [31 i1ifl1'I1h,jfl 
~ . " 

U1 L n tI-n '11 U lilt) U n ~6 11 ~11 U il 'il 1,jun1111 'I tlll '1h 

66mrtu 3 U'I::IIl't1 '~l1ti m:::1J1Ufl1'I't1HfI1t1.fl1'rt 

't11.:jlf1ii ua:::'t1l.:j;1.fl1'rt [4] 11,j'·;i1m:::1J1UfI1'I't11.:jlf'1ii 

Lla:::'t11.:j;1.fl1'rt'il:::nl111'Itlf;'~fln~611'~fli L1~i1ifl1'I 
~ 

L'I1t;,ufY6.:j1~~umw~H "1 fl6U.((1.:j;;'1'rt1::: Lla:::fY6.:j 
• 

H'rt 5H 1U q.:j U 6 fI 'il 1niHhn!Hn1'I'rt a6t1 '~lU 

U;1I1011l1fl86fl1l1~1t1 [4] m::1J1UfI1'I't1HfI1t1.fl1'rt 

lW m:::1J1ufI1'If,lflci1J m:;:1J1UfI1'Il1amU~tlUU'I::1 

Lla::flnm6.:jFhul1NU11ll:J1JH lrtum::1J1Ufll'I~ii 

U'I::a't1i.fl1'rtlUfI1'Ifh~flff~t)1I~d6t1na1t1MU't)tI't11.:j 

;11l1'rt lun 1l11:::lIH1I'lJ1A..t1'U ~1f,l flci1J~iitl1l 
U11111~Ufll'If,lflci1Jn~mJ~UU1~8U1uJ11ntl '~uri 
(ilUfl1l1iU,j' ~.:jn111n(U~1 tl1I'~ 'il1fl1ntjll'I'I1I'lnA 

l'liU 'U6.:jLntl't1Hfll'IlfllJm 'lf1U~6t1 ;11111'1 ,,j' 

[5 - 91 

.:j1Ui~tI~lrltl1.((t).:j flU fI1'I f,lflci1Jn~t)1I~1fJ(hu 

fl1l1iU,j' 'il:::ftfllJ11 rltl1fl1Ji:J 'O~tI~1.:j"l ~iiHa';6 fI1'If,l" 

ci1J '~uri (I) 'ila'\J'rtaf111'f~!fI1'If,lflci1J l-At)ftfllJll1a1 

~1.((1~n1lflalla:::';1'\Jlt1ml 'nfl1'If,lflci1J lf1VU1.((t)~a 

, .., QI QI 4..e1i 
1'lf'lJ n1lfl1'I6"'I1t)Ufl1J'I1'i1.:jl't1t111 (Pseudo-first order) 

n1lf11'Itl"'I ltlUA1Jn6.:jli1 V1I (Pseudo-second order) 

ua:::n1lf11'IfI1'Ill'rtl1.((1~1l'llU (Intraparticle diffusion 

model) [101 Nt'lfl1'I't1flfl6.:jfl1'If,lfl.1Jn~611~1fJrl1U 

http:fl1'I1~Uan;tl166f1,;jl".gU
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Vll~lflij (Chemical activation) lAVUlrll1J~'~tlNlI'lJ (Scanning Electron Microscope, SEM) 1Jfln\llnif Ol'i 
. " 

titJlI'l'i KOH (l~uflll'l:&(JlJ'UA'ifln 'CJJt1) ''U~fl'ilrl11J 'H1';' pH"". 'Hlflt;,-ALtJ'lI'ViYi1',f-W1JN1"6~~1tlAitJij 

iilnj1J~rl1'U' 'HtY \1:: lI'flAfl~fl~titJ lI'lJ nl'i~1JAtJlI'fl ~ 
.., QI ~ d.. ~.., QI d'.d 

LVlVlJ L'lI'1J nl'i t)ACJJtJ n'iUflflVlVU1A,rlVtl11JnlJlJ1Jf1V1 

Lf11vlJ\11n'll'11J~fl(J L~1JII1J [1 I] (2) nl'iftmn~VltVHI~ 
ijN1'I,jflOl'i t)AitJ Uuri 111'11'1J Ol'inm:ill' fl11lJ 

L~lJ~'\JL~lJlI1J th-Alfl'll'L~lJ~'\J tI;lJ1tu~1tlAitJ 111'1:: 

~tu'HlJii L~'\J~1J (3) 'fllCJJ1V1fllJnntjAitJ lAv..r1'tI 

~fl~1'I~'1I\11nN1'In1'iVlA1'Ifl~\1::~nU1lJ1~gflfltitJ 

lI'lJOl'i'fl1 CJJLVI fllJli4flYi11J 1(J~1l9;m'i lJ'1J Ol'itlAitJ 

'61CJJ1V16lJ~iivlJ'U1lJ1ftmn 'liuri 'fl lCJJ1V16lJOl'itjA 

... ..'" 1 .,CJJtJUtJtJlUHLlJV'i 111'1:: 6 CJJ1V1fllJOl'itlACJJtJUtJtJ 

't'll1J9;'lI' t~1JII1J [12] 

tii fl~ \11ntl'i:: 1 Vlfl' VI (JijN1'INftfl ~661~1J \111J 11J 

lJ1n Yi1',fij'll'11J~fl(JL'Ha6~~L~1J '11J11JlJ1n 'lI'l'\Jt\'flV 

• .: ..I.I!'It I ...... ".4 !'It
L'H a11J lI'llJ n a1J llJ lUlJ'i1lJ L111J tl11JnlJlJ1J flCJJ ~L111J 

1l1'fil~ij l~l1JfJ~ 1JflmnnifJ~L~1JOl'iLiilJ\l1'Ith',ftitJ 

'lI'11Jt\'fl(J~ijtl;lJ1tulJln '1JtlnLVlfl'VlV A~'!1J~11J1i(J 
ift~~~LU'1JftmnnntlAitJmu~flii~lltJgfl 5 \1lnJ'ln 

n~lfl'il::..11A(J'.frl11JtilJ,j1J~~lfl1(JlJ\1ln'll'1'\J~flV lA(J 

flmn;l\li(J~ijN1'I,jflOl'itlAitJ 'liuri 111'1lnlJA'lI' til-A 

tfl'll'LllJ~'\J fl1llJt~lJ;Y1JlllJ~1J U1'I::flW'H lJii nlJ,f~ 

........ "" 

2 1::t i1tl1J1!mm 

2.1 nl11";tI1..1tlTUnJJ1J'Ut1 
., .. .l,~ .. I 01., f/.. .JI
1flQAtJVI 'IJ t1Jnmfl'i(JlJtl11JnlJlJ1Jfl fl6 'lI'l1JtJfl(J 

o ""., ., Q.I .d 
\lln61Lfl61l'i1J'lI'1'iltJ \1~'H1AfltJ1'I'il'll'1i11J CJJ~\1::~n 

U llJ l~l~Yi lfl1llJlI':: 6lfl U~1tltJH'1J~6tJ~fltu'H lJii 

105 °C L~'\Jn1'll 24 oi11lJ~ 

'Hii~ \lln'!1J 'lI'11J t\'6(J\l::\l nu llJ l1N1',fL~1J rll1J 

1ll(JMlI'1ll1::Htllnlfl~~tu'HlJii 450 °C l~1J1L1'Il 

1 oi11lJ~ 1ll(J'1Ja~tliimor A~Ull'A~'1Jltl~ 1 'Hii~\1ln 
'!1JtlrltlV~~'n,fLg1J1llv'1Ja~tliimor 

rll1J \lln'll'l1J ~tl(J~'1I\l::~nu llJ lm::~1J1I1(J1ii 

rll1JPiflll'l'i KOH tviltitJ 1:3 lA(JJ'l'HUn U~1Ul't1 
",11 , ., .1" """ :: ..U-l11llV'flll'1ll1:: ";jfl10lflfll(J 1Ja~lJQmtuflnflHVI 

~tu'HlJii 780 °C L~1Jml1 J ~11lJ~ U~1t1tiflV~~H',f 
191J1ll(J'1Ja~tliimor '11 ii~ 'ill",!1J ulth1JtilJ,j1J~~'1I 
'tI~HII1VlI'l'i1'l::1'Il(J HCI L~lJ~1J 20 %lA(JtI;lJ1fl'i 

Li4flfhiAlI'l'i KOH ~flnfi'l~fldtJ1Jtil1JtilJ,j1J~ U~1 
tJJ, t tI 

~1~1I1(JU1nii1J \11J n 'i::'ti ~ri1-A L6'l1''lIfl~Ul~l~lvi ltiml1 

-AL6'l1''Ufl~J'ln~1J Ul'tlfltJ~~W'HlJij 105 °C L~1Jl1a1 
24 oi11lJ~ 'Hii~\lln'!1JYilf11'itJA',fL~1JN~ U~1Ul'tI 

• t I .,., d'..d 
'ifl1JNl1Jf1::unH'U'\J1A 100 mesh tJn1tl11JnlJlJ1JflVl 

'1I"~1JQ~~1'Illl'9;nU1'l:a~'lJi'mnH'1J latjAfl11lJ41J 

" Ul 

lt1~ 1 a~tliimor''\Jnl'itfl~(JlJti11JtilJ,j1J~ 

... , e...c:. U '" 

2.2 nl111fl11::'HfJaUrn1Jft'Uf)~ft1~""1J 

ulth1J tilJ,j'\J~~lfl~ ~lJ \11n'll'11J t\'tlVlJ11Lfl'i 1::..1 

.~ ... ~ ." , 1 .l ..
lJ'ilJ1Wnl'itlflCJJtJU1'I::fl1t1"l1tJOlCJJ 1J fl'i L \11JVI fltu 'I1lJlJ 

77 K lAtI'.fLfl~6~ Micromeritics ASAP2010 apparatus 
... .. ".I .l.. • .I .l.. ,I .l 

1~61Lfl'il::'I1'H1~1JVlN1\l1!l'l1:: ~1JVlN11ll(J1J6n ~1JVI 

N1'Ufl~1~l1J'U1J1ALgn tI;lJlfl'inlJ"6~ l~l1J 
.1'" d .11 I " " lJ'ilJlfl'i'U6~1~l1J"1Jlmnn (U'1JN1'\J~1JVn1'lH1J6(J 

n1l2 om) tI;lJlfl'i'U6~~~l1J"1J1fln1'll~ (L~1JN11J 

~6n1'll~6d'1J'lb~ 2 - 50 nm) U1'l::1Lml::..1'UmAl~1J 
• fI ~ Q.I C. #II" 
Nl1J~1JVn1'l H'U fl~ l~llHU1'I(J tJ tu lI'lJtJflVlHlfllJVI 
.I ... ... ., .. ,,~ ... 

~1JN1'U tl~mtjACJJtJ \l::\l f) 1Lfln::'H1'I161fl'ifl~ FTIR-


spectroscopy til '\J tilJ ,j 'U 1'1\l n U llJ 1 ft mil iin 11 W :: 

)1/ ~ x ,,- cl I 

£lWJ11J1'I1(Jnt16~11'1m'ift'U6Lanfl'i61JutJtJlI'6~mlA 
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1.1'l:::11f1UfH\H'rIHhHh '.hnufYml1hH.I1~~{JlJ PieulVi ~fJfll'HlJihre~ lf1umn 24 ~'lllJ~ l~'U~'lefh~ 
rma:::al{J NaCl 0.01 M 1.1;lJl~'l 100 mL iU'U'lfll1.1 mmMrhum:::fllllnHH'UUlfl 0.45 'lJfI'leU 

'ltlJl3'UUlfl 250 mL u~'l,hnu1.1i''Ufh,"le'lt'Utl~ 'Ha~~lmrU'Iluma:::fn{Jrilu~in'1.1l1f1n:::...r1.1;lJ1tu 
nl'la:::a1{J~'l{JnU O.IN NaOH Ua:::1'H1tJ O.lN HCI 

l,rtJdlU'lb~ 2.0 10.0 tlfl1.11n'U'lfl~'lV'"tJVfi'U~'l1'Ulh 

~tn1lJl!'l'ltJ'U 200 'ltJ'UPitJu1Vi lf1UL'lI:n 24 ~'lllJ~ 
~ 

'Ha~~lnUUU'l11n1'l1f1~1,"le'lt'UtJ~n1'la:::a1V 

2.3 fl111";lIJra11a:::a111S«811 

~ d... d ..I " ..'" I'"n'lltJfI'rI'YtU'Ufifi 5 (J'HtJ ASIa Pachlc Specia ty lJ 

fJ"'lllJlaf]l:uflu C26H21NsNaPl9S6 iiJ1'H,jn1lJla'la 
'41 • .J d All 

1'rl1n'U 991.82 g/mol [13] tn1lJVl1flaU'rI~flCJrlJ1UH~'l 

fJ~tffl (l1'mll<) lyhti'U 588 nm 1fl'l ~nfH llJU;\'lfl'UfHn

,1'''
... d... d _1..1 ~ 'lUtJfI'rI'Ytu'Uafl 5 unfl~ 'J tUllJ'rI 2 nl'lfl:::a1{Jn~tJn 

(Stock solution) l~lJ~U 1000 mgIL ~:::\lm"~{JlJ1fW'l11 

f11'lfl:::a1vmU~flVi'Ytu'U~fl 5 V1U'lU 1 ni'lJ luJln~u 
" 1.1;lJ1"'l I li,,'l 'Ha·alnUU'l11f11'l1"~{JlJnUa:::a1Vn 

~tJlJ~tnllJl~lJ~UPi1~ "'l "llJ~e~f11'l 1f1Viif11'lLie 

~1~ 

NaO~H2C~-~~-N 
o fj 

a H 
II NaopOCH2C~-S~' N=N 
II"=!
a 

l1.1~ 21f1Hnfl~llJlafJa'UtJ~mu~f1;;'YtU'U~fl5 [13] 

2.4 fl11Y1fl1.'l8~m1'fl"'UIl'U'Un::: 
f11'1tlfloi'Uu'U'Un:::U1.htl8mflu 4 ri'lU '~lIrl 

ri'lUU'lfl fll'1Rflll16'r1li'Ytfl'U811L'laliuf11HYlJAn 'Ill 

nl'1a:::alvn~8lJl~lJ;rU 200 mg/L 1.1;lJ1m 100 

iialili,,'l lJl1~lJalllu'U'lfll1.1'ltlJ~'UUlfl 250 iiaiiii,,'l 

l;tlJf:i1utilJ,jufi'all'1.1'lU'lU 0.1 ni'lJ tlfl1.1lfl'U'lfll1.1 

'ltlJ~~'l{Jm:::fll11,"8{Jn' l'UU1~tnllJl~'l'ltl'U 200 'l8'U 

n~tJlJ 1f1{Jf11'l1f1~1f11'l~flnnUUn~~'lVIfI!tl~ UV-vis

Spectrophotmeter 

f11'l'rlflatJ~t'hu~ 2 n1'lfYnll16'r1ii'Yta'UtJ~~1," 
.:. " 0 .. 0,;

ltl'lt 1'1lJ~u'Ue~n1'la:::al{J mf11'l'rlflatl~l'HlJtlUn'Uf11'l 

'rI fl fltl uhuu'1n u,j'l11m'j1.1i''U~1,"ltl'ltl~lJ~U'U8~ 
n1'1a:::fllvn~8lJiu'lb~ 2 10 U~'l'l1lf11'll'UthLflu 

mn 24 ~'lllJ~ 

f11'l'rlfla8~t'hu;; 3 m'lRnll10'r1ii'Yta'U8~f1'lllJ 

l~lJ~Ul~lJ~U 'l11m'l'rlflfl()'ll'H)j8uti'Uf11'l'rlflatl~thu 

U'l n u,j 'l11fl1'll1.1~VUU1.1 Cl 'lfl'lllJl~lJ~Ul~lJ~U 'II 811 n 

~8lJlU'lh~ 50 - 300 mg/L U~'l'l11nm'Ufhlf1UL'lal 

24 ~'lllJ~ 

f11'l 'rIfi a 8~ri'lUtffll~1{J nl'lRnll16'r1i'Yta'U8 ~ . 
......4. IQ,I <I .. QI 

fJfll 'H IJ lJ 'rIlJ ~a"8 01'1 ~ fl95'U mf11'l 'rI fl a 8 lIl'HlJ8U n'U 

f11'1'r1f1f18I1fhuu 'l nuPi'l11m'll1.1~vuu1.1flllfJ'H tu'H lJii 

iU'lb~ 30 - 60 °C 'l11f11'11'UUllfluL'la124 ~'lllJlI 

1.1;lJltufl1'1tlfloi'U~nl11'l:::nlJfJa (q.: mg/g) 

~ nllJUilfllU'lfll '~~lnnlJm'1~ 1 ua:::l1.18{1~ufi'f11'l 
ihifl (%removal) nllJ1'ltlfilU'ltu'~flvHinlJm'l~ 2 

(1) 

(C -C)
%removal = 0 e X 100 (2)

Co 

1flv Co fiefl'lllJ&~lJ~U'Ul:Nn~elJl~lJ~U (mgIL) C
1 

Atl 

tnllJl~lJ~U'Utl~n~tJlJ~l1f!1ifl"'l C. fi8 tn1lJl~lJ~U 
'Utl~n~8lJ~nlJfJa (mgIL) m fitl1.1;lJltu'UtJlI';'lt)floi'U 

(g) 111'1::: v Atl1.1;lJl"'l'Utl'lffl'la:::al{J (L) 

http:Ha~~lmrU'Iluma:::fn{Jrilu~in'1.1l1f1n:::...r1
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i 

.u ,.. I 
3 Nanl·.rHltlUa::11)1'tlINam'YlAa0~ 

3.1 Nami11f1'1::,.(fltllnll,m,yl~Ai'U 

l,j~ 3 Un'H'61CJI1Y16lJm1tlPlcU'UIL~::fl1VcU'U 
n1CJI'U 1~1111U'V6~'i1unlJ,juIli'1l1n'lflU~6V~~tu'HiJij 
77 K VI'U11 L~unnn'61CJ11Y16lJih;n\ltu::LrJU!1'U'U 

Type I lPlV~lHUn~11J1::tJtJ'V6~ IUPAC [14] 61itJ1V 

''''11 thunlJ,julli''IfUPl.o,jnn6tJ'''lV1Vllu'Vu1PlLgn 

1L~:::LrJUn11tlPlcUtJLLtJtJful;)V1 

600 

~ ............~..
soo 

! 
400 

roo 
:: 
200 

100 

o 
Io 0,2 0,4 0,6 0,8 

Reladve Pressure (PIP.) 

l,j~ 3 '61CJ1LYl6lJn11'(jAcUtJulI::tnVcU'Un1CJI'u1~11'i1U 
'V6~cilUnlJ,julli'~L~'iVlJ'illn'lf1U~6V 

.r1 Qt. . 001 ,;.=1001 

"l'l~Yll fltunlJtJ~Yll~fl1f1tl1V1'V6~t'I1UnlJlJu~YI 

1~'iVlJ'il1n'lf1U~6V 

""lUU, fil""llltl1 
if'U~ihhlt1::· (m2

/g) 1675 
.l .I~ b 2 
'I'I'UflFl1fl1tl'U8fl (m Ig) 

.l.l4 1 d, 1 

300 

'I'I'UflFl1fl1U 'UZ'l'll'U'IItl1ftUlfl (m Ig) 137S 

tli1Jl~'n1J'II8~Z'I'Iltld (em'/g) 0.S2 

tli1Jlf1''II8~Z'I'Iltl'lltl1ftlgfl' (cm'/g) 0.65 

, tl;1J1f1''Iltl~Z'I'Iltl'lltllftmlHr(em'/g) 0.13 

It'tlFhtlUtl6na1~Z'I'Iltllg~tl' (nm) 2.7 

UI1UIH
' 'l 
a thtl1f111l1nff1Jfl1''IItl~ BET [IS] 

b,c tllt11f111l1fl t-plot [IS] 

d filtl1f111l1ntli1J1f11fll'tlftoiu ltll""lltl~ PIP. =0.95 [16] 


e ft1U1f11"11J1i'll8~ Dubinin-Radusbkevieh [17] 


f tl1U1f111l1ntl;1Jlf11fll'tlftoiu '1t11~mu~ PIP. '::It"h~ 0.40

0.951fttlfl"1JlJ'i1lftl;1J l~lI;~ 1lJa'lltl~1ulf1l1lltlIlUl1l;'JU 35 


cm'/mol [IS] 


g fhtl1f11f111J1i'lltl~ Barrett-Joyner-Hanlenda (BJH) [15] 


fltunlJU~'V6~t'i1un:IJ,jufi'unPl~H'u'l1,:m~ 1 

VltJ11 ,hunlJ,julli'~l~; tI:IJ'il1n'lf1U~6 fI1rJu1nfJ~ii 

IU~r:i1'hlV11:~~ (1675 m 
2
/g) lrJu1nfJ~iilVllU lPlV 

Ti'il11tul'i11n,j;1J1~1nlJ'lJ6~lVllUl'rhntJ 0.82 crn3
/g 

~~,j1::n6'U',M1V,j;lJ1¥1'J'V6~lVllU'VulPllgn L..11ntJ 

0.79 cmJ/g U~:,j;lJ1¥11'IJeH1VllU'Vu1Pln~1~ n;,ntJ 

0.13 crn3
/g ;f'1fn'fu"j, (hUnlJ,jufi'LrJu1nfJ~iilVllU 

'VU1PllgmrJU6~fi',j1:nfltJl1an U~Zii'VU1PlL~UFhU 

%Transmittanee 

4000 3600 3200 2lIOO 2400 2000 1800 161lQ 1400 1200 1000 800 600 400 

Wavenumbers (em' l ) 

l,j~ 4 Fourier Transfonns infrared spectra (a) 'lf1U~6f1 
(b) (hunlJ,jufi'~LWl1 f1lJ'il1fl'lf1U~6V 

l,j~ 4a 1LnPl~ IR-spectra 'V6~'lflU~6f1 VltJ11 IR

spectra 'V6~'lf1U~6f1iiVlfUrJU~lU1UlJ1n ,j~tJ6n11 
~ 

Viur:i1'V6~'lflU~6Viil1~flilnWU6116dlrJU~lU1U1J1n 



,Ilun 11~ 'tJfI'tl fl tja 'Vtl ~Jl~ tlg1J'U'Vl'U ~~HJ ~ 
vibration band l'U'Ji1~ 3700- 3300 em-' (O-H 

stretching vibration) l1~~~n.Jfu~iii'UTI::: C-H ~ 2932 

em-I (C-H stretching vibration) l1~~~n;t'U~iii'UTI::: 

C=C l1;tl C=N ~ 2363 em-'11~fI111Jtlfltjfifl ~ ]727 

,t •em- ua::: 1606 em- (C=O stretching vibrations) l1lJ 
!'\'I .. ., .... ., .. I 
TI~flW'VIlll1'U1!:; C-H 'VI 1327 em- (C-R rocking) ua:; 

l1~~~n;t'U~iii'UTI:; COO ~ 1000-1257 em-I (C-O 

stretching vibrations) 'VW:::~ltl~ 4b llrrfl~ IR-speetra 

, ..., ~ JI" &:1..2 A ~ •
'Vtl~m'Uflllll'U,",1I1fl'Vl'Utlt)t.I'1f~1I'Ul'U1'Ul1f1'Ut)Ufl11 

IR-speetra 'Vt)~'Vl'U~tlU 1i1t)nlfl~'U9Slt)'Ufl1l1,",;t.Il1 

(a) 

(b) 

lt1~ 51lll1t:ilu SEM 'V()~ (a) 'Vl'U~()V ua::: 
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(h'U H;f1111lrtl'U'U~l1a:::ffl'ltlii ;~Yhi~l1~~~fHI'U 
'Utla1JHl1~l11t.1't1 'linn fll'111t.l't1'Vtl~,b~ vibration 

band 3700- 3300 em-I (O-H stretching vibration) ua::: 

1727 em-I ua:: 1606 em-' (C=O stretching vibrations) 

I!rrfl~1~1l1'U-jlflll1Nl~I;!Wl1tJij~~rrl1l1'fJfhiflJ1 
11....... U1i tll'1J"'."':.,. .. ~ ,5IIUtK•• u ...·!'\'I .• fl..~.. .clIU::':"'1JU
.. - ""01 • <I HOI Ltl lJ ., .. " ... TI... JI H" , ..,u 

• .,., .. ~ IJ ~. ,!'\'I............ 

(l1'Uflllll'U,",1I1fl'V1'Utltlt.l ttl11fll1lJTI~fl'V'U'VIlIl1'UTI:; 

C-R ~ 2998 em-' l1~~.:jn;tu~iii'UTI::: CEC l1;tl 

C=N ~ 2361 em-I l1~~.:jn;t'U~iii'UTI:: C-C ~ 955 

t J -.. JI 
ua:; 673 em- ,",ll1thfiU 'Utlfl1l1fl'U LtltI'nfl~ 

vibration band il1ul'U(hUflll,j'U~1Ilfl'Vl'U~t)U~ 3703 

em-
l ~~lrt'U vibration band '\Itl~l1~~~n;t'U'tJfI't)fltja 

I!fffl~i~111'U'htf'UFb'Vt).:jth'Uflll,j'U~iiflmflfll1~'tJ 
fI't)fltja111U ~lrt'UNa1l1~lflfl,.m,:::~'U1I1t.1rr1' KOR 

.I ~ '.. ... .: ... '" .. 1 .. ~ '\I'U 'If~l1lJ LtJfI't)fl'lfa'UrrllJ1'fJlflfll1'U1!:: LtJ fllI1I'U Ltl 

ua::: tl1'1lti ~Na i ~f11111 ffl111'fJ i'U fl1' fJfI=i1Jn~t)lI 

1~1I~'U1I1u 'Ut)n'lllflif ltl~ 5 IIrrfl~Illl1(hv1Ilflnfl't)~ 
SEM 'Vt)~'V1'U~t)V (ltl~ 5a) ua::(h'Uflll,j'U~~I,",;VlI . " 
1I1fl'V1'U~t)V (ltlii 5b) YJ1J'h Y;'UFh'VtlHn'U~t)tJii 

nn'l!l w:a; U1Jua::: 'uiill1 ~'Utlnn~t)g 'IIW:::~rl1'Uflll 
ii'U~~l9SllVlI 11 1n 'V1'U~() vii 1l11'U ~ii 'V'U lf1l1a::: lt111~ 
11,", nfi H fl'U () g1J 'U if'U Fh ~ ~rr()fI tl fl' t) ~ti1J Nam, 

..... .. 1 ... ..~-..
11f1'1:::11'V'U1f1 1l11'UI'iHW flt.lflll1ltll1::l1tI1t.11T1 

BET 

pH, 
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3.2 8Y1fiwa'Utl~fh,"1f)'lfli1J~1.I 
1'I.J~ 7 Ul1'fl~6'Y1i'Via'U6Hhrh6'1fl~lJf\'U'UtH 

l1'11a::alV~6nT~'~fl~tI 'Vitl'h ,'l.J6f,';u,Jfl11fhiflff 

~6lJ'1i~untlfh-nltl'lf'~lJf\'un~l1'11a::alV lflv..t1','I.J 

ff ;11~f1j1'Vil~U ff~'6lJ~ii'I.J1::' atl1l::\ln~fl;jfl;:btl1.l 
t til' tII'''~ ... "j :.d ~ .. .. 
tl1UnlJlJUflfl1VUHVfll'HUV1'Y1~'YI11JUUHVfll'HUV1 

'lfUflB6U (weak interaction) Ua::UHt1fll'HiiV1Wfl~ 

U~~UH (strong interaction) UHt1fll'HiiV1~B6U '~uri 
• .. ~ .ct d 

UH van der Waals 'Utu::'YIUHVfU'HUV1'Y1U'IJ~UH 

'l.J1::n6t1''I.J~1V 1) UHf\~~fl'YI1~""Hh (Electrostatic 

interaction) 1~UU1 ~~fl1'Hiitl11:::wh~'l.Jl:::,atl'IJ'6~ff 
~ 

~6lJ ('l.J1:::,atl'IJ'6~'H~ S03") ua:::'l.J1:::,tl1ntlu-nuih 

'IJ6~(hunlJi1u,J (l'11U 'l.J1:::'tl1n'IJ6~'H~16iiu [3]) 

.. , 1 .. .. .I •
2) 'ViU1I::: @I fl1111U CU~lnfl'IJU1::'H11~6::fl6lJ'IJ'6~ 

'6'6ncill1UUa:: 'UlPll1lU~6d1u'H~i~n<iuu'6a'IJ6~ff 
~'6lJua::(hunlJi1u,J (3) UHVfll'HiiV11::'H'h~ llJtaQa 

~'1i'lf'6t1,fl (Hydrophobic-Hydorphobic interaction) 
.... .I ....1, . : ..J~~ 
CU~mfl'IJU1:::'H11~l1'1U'YI lJ'lftltlUl'IJ6~nutllJUa::rI1U 

~'li'lf6t1,f1'Utl~~lUnlJi1U,J'H;6111~Vfll'HiiV11::'H'h~ 
6::fltllJ'lJtl~fI1ftltlU [3] 

30 

'iI 

25 

20 • • • • • 
= E.. 15 

CII:i 
~.. 10 

5 

0 

0 2 468 10 

1'I.J~ 7 8'Y11i'Via'Utl~fh-n16'IH~lJf\'1.I'U'6~l1'11a::alV~6 
QI ~ d ~ d 'Q,I Q,I

fl11~flCUtln1U6fl'Yll'llLtlafi 5 tlUillunlJlJUfl 
" 

1I1n'lflU~'6V (Co: 200 mg/L, 200 rpm ua::l'Ufh 

24 hr) 

,. ' , ~ 
l1'11a::a1tl fllLn 2.02 3.99 5.92 8.091La:: 10.03 fl1'Vi . 

ltl'lfj1l1'1l11:::l1'lJfIla'H n~fl1JrJfl~tI 2.03 4.00 5.99 8.02 

ua:: 9.98 ~~iin1'H'I.J~vuulla~'Utl~fh-nltl'lf1:::W.h~fl11 
.. .. .I tI _I .( d.. • .. ~~ ~. 

~flCUtl'nfl'IJUU6VlJ1n llJ BJ1CUUPl fl11fl11lfln u'6lJlJfI1 

.:. .I d tI '_1 !it ... • ~ 
l'VilJ'lJUmnU'6tl (1l1n 19.79% lJl1JU 24.58%) llJtlfl1'Vi 

..: !IJ ~i1 .:.1 At 
16'1fl1lJPlU'lJ6~l1'1la::a1Vft'86lJl'VilJ'UU1l1n 2.0 Cl~ 10.0 

«5%) fl111YilJ'H;6afl'I.J11Jltu'U6~'l.J1::'tl1nua:::'l.Jl:::' 
atllu l1'na::: a1V1l::: ri~FH1~ tlfl11lJ l1'1lJ11Cl1U fl1l~fl 

~tI'IJ'6~~1U nlJi1U,J~lfll81J1l1n'lf1U~'6V~6V1J1n t~ 

nrll1'~'h "UHVfll'Hiitl1J::'H'h~llJ,aQa~'li'lf6t1,f1 . ~ 

ntlllJlaQaj1'li'lf6ml1 (Hydrophobic- hydrophobic 

!it .. ..l .. ..t.. .JI"
interaction)" I1JUUHVflll1Utl1'H anYllJfl11lJ rJ lflty 

3.3 8Y1fiwa'UMlla1U,uln 
_1..1 .. '" .:!J .. • _I"

llJ'YI 8 Ul1'fl~tlYl1l"Hl'U6~L1a1rJlJNl1'fl'6lJllJ1tu 

m1~fl~tlm1L~flj1'ViUtlgfl 5 'U'6uhunlJi1U,J~lflltllJ 

1l1n'lf1U~tlV 'Vitl'h 'l.JllJ1ruml~fl~tIlYilJ6dl~11f11~1 
' -=t Go'': • .1l U'lf1~ 10 U1Y1 111n l1M1l1nUUm1''VilJ'lJU'U6~ 

12 

http:fl111YilJ'H;6afl'I.J11Jltu'U6~'l.J1::'tl1nua:::'l.Jl
http:ff~'6lJ~ii'I.J1
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. .. 

~flf'ULu'Ib-ll 10 uT¥iu'm lUO-ll'llnViuFbflltlUOn1JO-li 

tilu nllJjU~L~ll"'U'ljjjiT~ollvflLm~od ;-IIff1111';iflVfl 

... ., SlI! ..;.1... slI! ,!II'
'l'Un'UCI uOllflViUN1f1ltlUOn1JO-llCl uOll M1tlLU'~ 

d ... • ,_ 1 I 4.1..;... 
'1fll'11110'~6~L1f11N1U lJ'lf1-11'HU-II ViUflN1f1ltlUOn 

1J O-lithU nllJjU ~Qn'l1 nflqll ''l11:1tliT~01l 'lUl~1l11«1 

l11Lflflfl1J 6-11iT~611 ;-11 I1Vii 1;;1''l1 ii-ll-AuihflltlLUlVi~U 
01 Qf.A4A~ I: !J!" 0 

1JO-llfl1~fl'JI'U'JI-IILnfl1JU'I!ln11 2 1JUflOUmn'1lHflU fl1 

1'lf6f1'lm'~flfm'fltH [19] 

16 -r------------....., 
14 ........ . 


12 .. 


10 •J 8 , 

d' 6 ~ 
• 

4 

2 

o ~--~--_r--~---4 
o 300 1000 1300 2000 

t(mln) 

cI.c:t d I QI' 01 .",d .ct 
1L0flflViU'Uflfl 5 'UumunllllUflfllf1'tlll'lln 

'lflU~06 (Co: 200 mg/L, 200 rpm IIfI~ pH 

6.0±1) 

« IV 

3.4 t"Uyt""11.T911n11~RCJlI 

,tfaftnlnna'nm,~flf'U1Ja.:,iT;Ug'I'YiViU'Ugfl 5 

• Q,I' 01 " 0 d III 

'UUfIlunllllU'Pl Na01'flfla6n~\lnUl111Vifl6'Pln'U 

~...., 4 '" 
ffllmaaUVia"lff'Pl'OUfl'l.J11U':'Lfltlll (Pseudo-first 

order model) ffl101naUVia"lfffl16ufi'lIffa.:"Vitlll 

(Pseudo-second order model) lLa~ffllm,;m'UVi';L;;l~ 

lVi~U (Intra-particle diffusion model) 
o 01 .., 0'01 01 .d 

U 'Ull 'Il1a 6':' 01'; ~ fl'JI'U ''If':'Vi a"l ff'Pl'6U fl'U'" U.:, 

IVitllllfluu'U'U~laa.:,o th':'~ltl [20)1fltliiff1J1JAJ1U11 

~-AUN11J0 -II~1~flf'Ulflu iffl thu1fltlfl' -IIn'U ~1U1U 

1JO-ll-AuN11Jo-ll';1~flf'U~'.hn1n';1Qn~flf'U ~l;;OJJfI 
.ct ~ QI 0 01 01 .... 

m'flflflO-lillfl1111ffOflfla tl 'I n'Uu'U'U 'llfI 0-11 0U fl'U'H U-II 
.. " . 

IVitllllLfffl-ll"h~UflOUOl'q11JFhuoiU Boundary layer Vi 

,.;mrll~1~flf'U1JO-li iT~omflu ~UflOU 01'HUfl6f1'1 

(Rate of limiting step) ~-IIlflu ''l1f1111ffll nn~ 3 

(3) 

..;. -I'" • ..;... .,... • 
fl'JI-ll kl (min) flO fllfl-llflOfl'10Ufl'U'HU-II1JO-li 

Lagergren Idoifll'l11JO-llff1Jm'l'lflflul~uflH 1I~'1: 

In(q. - q,) =In(qe) - kit (4) 

o Q,.I .... <101 01 

II'U'U 11 UI MOl' ~fl9i'U1 'If':'Vi a 1'f1fffl' OUfl'UffO-ll 

lVi6lJ [21] iiffllll~J1U11 6f1'lm'~flf'Ulflunfltbu 
~ . . 

1fl tlfl' .:,n'Uflln':'ffO-ll1J 0 -l Ylu Vi N11JO-ll';1~flf'UVi11-11 

lIlnfi'1Qn~flf'U ~1;;6JJafl1'flflao.:,iifl1111ffOflfl«O-ll 
" 

n'Ull 'U'U ~lao-ll6u fi''UffO'I LVi tlllLL fffl-ll11~U'PlOU01' 

1! of! ~ • 01 01 ~4 
ff';ll-11I1' -IItlflL'H U61'~"'11 '1f11\] n~fl'JI'Uua~ViUN11J0':' 

';1~flf'Ulflu~UflOUtil""Ufl6f1'1 (Rate of limiting 

• '" 511 '_1 ..step) 'JI':'llffllm11lJU lJfll1Jffllm'fl 5 

dqe=k(q_q)2
dt Ie' (5) 

.... .. , .dOl GIl 01 .

fl'JI-ll ~ (g1(mg.min» flO fIlfl-llflOfl'laUfl'Uffa.:, 1110 

ifll'l11JO':'ffllfln 1 'lfLflUI'~UflH lI~lflu 'Ufll11ffllnn 

.ceJ 
fl6 

tIt 
-=--+

(6)qe k 2q; q. 

.. .. 01 01 01 I 

III 6 ffl '; a ~ a 161fl fl f11'; N ffll flllfl1~ fl'JI'U 6 til':' 

'1fl'~1 iifl1l11lflu''l1'I:~fi'1\lflf,)flf'U'Il~tiltl16Ul;;1 
, _1 1 ...., .... 

lJfIltl U1Vi~U1Ja-ll'Pl1f,)~'lf'U IllOU1Nam'flflaO':'1ll 



67 

" n1'i Vlflft6 'In'6 fiI fI /I tl 'I flU U UU \llft tl 'IiI U n'fiI'111 

~U916Unl'iU'n';1-r;1~1'nlUIi~u~Ufl6Uti1MUfltl~'il 
.. #:I ~ 001 _ 

"If'llJfI11lJn'6flflg6'1flUn'lJnl'iVl 7 

qI =kp t"
2 +C (7) 

~~'I kp fl6 fhfl'l~'U6'1nl'il-r;1~1'nlU (mg/(g.min
l12» 

.....d ... lSJ .. 4um: C f16fl1f1'1V1 (mg/g) "If'l'll::: M'iltlft:::16tlfl1fltl1 

" fl11lJMU1'U6'1W Boundary layer 
4o,l! 001-" rI 

IlJ 6U 1 'tI6 ~ ft fl1'i tjfl"lf1J1 'If 'I 'Il ftU 'n ftfl'1n'91'ilJl 

eI ",.1 QI QI ~.. Q,I QI 

'nft6M'iln~llJn'lJnl'itlUfilUmH1V1tllJ n'lJnlHIUflU 

n'6'1liimJ Uft:::n'lJnl'inl'iIl'n';I-r;l~l'nlU 'nU11 -r;6~ft 

Nft nl'i Vlfl 1:16 'Iii f111lJn' 6flfl /16'1 o'U n'lJ n l'i tlU~Un'6 'I 

.. t r!Q,I Of A lilt 

lVltllJlJl nn11n'lJ fll'i 'Il1:1 U 'n I:1f1'ln'fl'i6UflUMU 'Ilfl tllJ 

UI:1:::n'lJfll'ifll'iu..,.it-r;l~l'nlU lfi1tlVi'lll'itu1'1l lflfil R2 

lU~l'il'1~ 2 

120 

100 

80 

40 

20 

o 

y = 0.0684x + 1.8616 

R'=O.9992 

o SOO 1000 ISOO 2000 

t(mln) 

.
_I_ 1JI. 4' tI a ~ rI 

lUVl9 fI11lJ01lJ'nUn6'1UUU'IllI:16'1t'lf'l'llI:1U'nftfl'1n'fl'i 

tTU~Un'6'11iitllJ'U6'1nl'itjfilfumU~flii'nuU~fl 

5 UUChUO'lJiiufi'~lfl;tllJ'Illfl'lflU~6tl (Co: 200 

mg/L, 200 rpm ua:: pH 6.0±l) 

.. QI QI.d 0 

IVltllJ 6UflUn'6~lfItllJ LLft:::UUU'Illft6'1nl'i 

U'n'; l-r;l~l'nlU 'lJ6'1fll'itj filfuii; u~flii'n 
d ~ , Q,I .,.1 _ ~QI 

uuafl 5 'l1tlm'l·m1JlJUflVltfl'itllJ'Illfl'InUvtltl 

,y',un.l, ,h,ylUll1 

'1. ,,~atH (mglg) 14.47 
1JoI... ,:6 ... 

t'l'1I 01' 6'"~1J111H1"fill 

kl (min'l) 

'1. ftlWlOi (mglg) 

Rl 

5.27xlO" 

7.99 

0.9230 

t'l'lJnl'n)Ui1Jt'I'6~llifllJ 

i k2(g1(mg.min» 

'1. til'"101 (mglg) 

Rl 

2.5IxlO·' 

14,62 

0.9992 

t'l'lJ01'01'"l'dl<G'lUll'll'" 

k. (glmg.minI') 

C (mglg) 

R2 

0.290 

6.05 

0.7297 

.1" ..I..'!J .., " cjluVl 9 Un'fl'lfl'ilnfl'd11J011J'nUlI'U6'1nl'i'na6flNa 

nl'iVlfla6'1O'Un'lJfl1'itlU~'lJn'6'11iitllJ~'Iiifll R21'YhO'u 

.r. .. "'.1' 1 ..0.9992 U6n'lllUfllf1'1V1'U1:J{l~1Uu'i911'1 '1 Un'lJfl1'iVl 

d .. 0 

(4) n'1Jnl'iVl (6) ua:::n'lJf11'iVl (7) 'IlZQflfllU1tuUa::: 

"II"! .. .1.l " cl • : .. "" 
Un'fl'l n LU911'il'1V1 2 'If MllfU11 'UU~6Um'ilnflm'itlfl 

01 It'd .. .~ ~.: .;:... J J! d 
lJUflVll~'itllJ'Illn'lflUV6tlllJU'UU~6UVllnfl'UU'lJ1V1qfil 

M;6d~Ju~UtilMUfltlfl'il (rate of limiting step) 

3.4 'f)l.IVlf)J.lm'~fI.u 

6V1i'na'U6'1f111lJl-r;1J.fjUI~lJ~U'U6'1ii~6lJ,j6m'i 

tjflfu ('li1Irun'fl'I1U) I~f)fl111J1-r;lJ-r;Ul~lJ~U 'Uf)'Iii 

11 .. .I .1.... .....:.1 "1.1 
tl61JI'nlJt;1 'I'UU lJ'ilJ1W fll':i ~fl"lfU 'il::t'nlJt;1'I'UU~llJ LlJ 

~ .:. .. J!J!.:.N· ... 
,11tl 'IlUfl'.iZVI'IVlfI111JI'tIlJ'1IUI'ilJ"UlfIlnU 211 mgIL 

, f" , 
U'ilJlt1!fll'itjflfU'IlZI;lJfl{ll1 ;l,fn1u11 (llUO'lJiiufi'ii 

- ..1-Ql'l~!!_d- d.d
lJlJ1a 0.1 g 'Il:::l'ilJ6lJfl1 U'11tltl'iU6flVl'nUUafl 5 VI 

fI11lJl-r;1J-r;Ul~lJ~ul'rhO'u 211 mgIL 
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so 

.. 40 

1 30 

l
20 

10 

0 

• 
• 

• • • 

0 so 100 150 200 250 

Ce(mg/L) 

ltl~ 10 'fl10)1LflfllJm'~A<uumll~flVi'Vmu~fl 5 U'U 
• Q,I QI .,~ .. ~ 

Cll'UfllJlJ'UAfllA' VlJ\'Ilfl'l11'UtJflV (Co: 50-200 

mg/L, 200 rpm ut't:: 24 hr) 

.. .... .. ~~ 
l'ftflfll'U 1 V'ft q91 fl"lJfll'~AO)IU"fl4fJ HfllJU'U 

if'UFh"fl4(il'UfllJ1i'Uf1 't'l10)1Lflt'llJm'~A<UU~41~'U 
n11't1fl11lJtflJ";'U :6'::Wh4t1;lJ ltum'~A<UU (<I.) flU 

11114 d .. 
fl11lJL'IllJ'Il'Ufltl'Il11::tI'lJf)a (C.) \'I::\lfl'ftt'tt'l91 A41ltl'iN . " . 
L'Ult1Vi 10 'U t'lfl\'llflU;;a\lam'tlfl<uuVitl'lJf)t't~::\lfl 

~ l' tI 'ft ~ aA flU tl'lJ fll' , t'l1 O)IL fl t'llJ UUmUH 1ij V1 

(Langmuir 

(Freundlich isotherm) 

't'l1"111flt'llJUt't4lijV1 [22] ijtl'lJlJ~Jl'U"hA1\lfltlfl 
" " 

<UU \'1::1;;1'tltlflflqlJ-n'Uih,64A1tlA<U1J1'WV4;t'ULAV1 

(Monolayer) uaz"mUHn1zVil'::'H1141lJlaflt't"t'l.:J 

.. .. ... .l.A !It '_1 4
9I1\lfltlAO)IUlflA"'U "I1.:JllJ'U lJ9IllJtI'lJm,fl 8 

(8) 

1AV qmax flt'l tI;lJltum'~A<UU"t'l.:JA1\lfltlAWU'U 
.l ~ Q,I 01 :.ct 
'ft'UN1'6.:Jfl1tlA"I1UUUUW1AV1\1.:J"!A (mg/g) uaz kL 
... ..cl A ., 

flt'l fllf14fl't'l4ILMllJV' 

dl'H;Um''Hltilfl.:J~L'UtI'lJm'~ 3t1'llJl'{lVil'~ 
d -liI ..... .. 11AVfll''ftt'tt'lflfl11lJfJlJ'ft'Uym:'H11.:J Cjq. flU C. flV 

iflltltl'lJm'~ 8 '~t'ldL'Ultl1~'UflHLftl'lJm'~ 9 
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'~uri 

c. c. 
-=- + (9)q • kjqmox qmox 

d. Q,f 0 ,,;iI'
LlJfl'Hlfll I/fl11lJ'I1'U \'I:: ~fI1 qmox ua::rnm''Hlfll ~ 

\'Ilfl 1I1AAAUfl'U C/q. U~1!Lfl'Uf'h qmox ~,~ 
'Ufl fl \'I 1 flii' 6djA111'Lh~ijf1111fdlfl'Y"fl4'fl10)1 

LflfllJUa41ijv1 '~uri fhihiVfll'llllfl (Separation 

.A ~...... .. .A... L 4
factor) 0)I4Llfl'U 1VtI''YanfJtu ~ 0)I4'UVllJ 'UtI'lJm'fl 

10 

(10) 

I .... • IIIQ t QI .. .I 
fll RL lJfllt'lg'::'H11.:J 0 {l'l 1 UtI'fl.:J11 m'tlAO)IUlflfl"'U 

2'" ... , •¥lA (Favorable) "tuZflfl1 RL ~ 1 'H,t'l ~ O~:: 

':'1_" d • .. ~~ ....l,J'lt....!It,
''11 Ll1L'H'U11 m'tlAO)IUnHBlJlflA"'U 'I IlJA'H't'lllJ'U t'l 

10)11 fl alJ ~ hI tI' llJ " fl N'U fl iI' U , ~ (irreversible 

' '1 4 'I 51 d
adsorption isotherms) fll RL l'Ufll'Hfl 3 UtI'A.:J Im'H'U 

-:hfh RL ~ ijtilt'ld'::'H11'l 0 g.:J 1 ~.:J;h~1~'U11m'tlA 
.. ...O)I1JLflA"'U.I ,2"¥lA (favorable) 

't'l10)11flt'llJ't11'Ufl'l1 [22] jjtl'lJlJ~Jl'U-h A1\lfltlfl 

<UU\'IZ1;;1'tlvAiun'U1n'U~'U "l (Multilayer) U'Uif'UFh 

"6.:JA1tlA<UU lda4\'11nif'W~N1"a.:JA1tlflciujjfl11lJ'~ 
~A .. OI QI d 

LlJ'Ul'UalflV1fl'U (Heterogeneous surface) fl4t1'lJm'fl 

II 

k C 11n (II)q• f· 

filfl4~ kr fit'lfilfl.:J~'t'l.:Jfll'tlAciu «mgl-lln.Llln)/g)~.:J 

tflJ..;'U:6fluvn;4n'U";'U1!2:: unz n Ln'Utilfl.:J~ ~.:JUtI'A.:J 
.. "ddt .. 0 ....-1
1'H1'H'U{l.:JU1.:Jfln1::fll'::1111.:J lJlt'tfla"t'l4fl1\lfl~A"I1U 

~1Vfl'ULt'l.:J ~1 n > 1 utl'fl.:dl ijU'.:JNiI'n1::'H1141lJLt'tfln 

'Ut'l.:JA1\lfltlA<UU~1Vfl'U!B.:J ~1 n l;;lLfl~ 0 UtI'fl411 

if'U N1'U 64A1tlA<uuij fl1TlJ '~ln'U1if61AV1n'U \14 

filfl.:J~"6.:J't'l10)1LflBlJ't11'Ufl'l1t1'llJl'{l'Hl'~ 1f1v 

d ••1 -liI"'" ..
m''ftt'taflflnnfl11lJrllJVi'U1i'::'H11.:J In(q.) m.i In(C.) 

1Av1ftl'lJm'~ 12 ~41rl'Wm'iflltltl'lJm'~ II L~ad 
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fll'H~ 3 fhtl~~'61'lflV16lJH1J1JmHlijvi'llfl::'Wl'U;l'lf 
... g",d .. d 11 

"6~m'itjA'lf1J'l'm6tlVlVlI11Jfltl 5 t'l1V 
1

In(qe) =In(kF ) + -In(C )e (12) til'UtilJ,j'U~~L~~UlJVln'lfl'U~6Vn 

4 ~-----------------------, 

3.5 

3 

2.S 

!! 2 
1,)" 

0.5 

o 

y - O.OI44x'" 0.7335 

R'=0.9822 

69.44 

2.90xIO·1 ii~ 1.24xlO·' 

'tll'lf1110lJlI1J1J1'It'U~.. 

kr«mg1.lJn.L1'j/g) 

0.9822 

5.86 

2.28 

0.9047 

• d ~ 

ltJfi 11 Ufl:: 12 Unl'l~nl'iVlfl6f1'U6lJflfH'nl'i 
o so 100 ISO 200 250 ... '" , 1 .... 

C. (mcIL) 

caI!!1I' #;II d 4 d . QI QI ~ 
'lf1JC1V6lJ'iU6f1V1V1U1Jflfl 5 1J'Um'UnlJlJ'U~ 

Vln'lfl'U~6V 

y=0.438Jx + 1.7678 

R'=0.9047 

3 

2 

o 

o 2 3 6 

III(Ce) 

QI ~l{ .. d.. d I QI QI ., 

'lf1JmJ6lJ'SU6f1V1V1Il1Jrlfl 5 1J'Um'UnlJlJ'UfI 

Vln'lfl'U~eu 

V1AM~L'lf~fI'lJfJfln1JfI'lJnlJ 6 'lflVl6lJU1J1JUfl~llJV'i 

Ufl::fI'lJnl'i '61'lfLVl6lJll'lJ'lJ'Wl'U;l'lf flllJl;';;1J Vl1J'h 

oi'lJU1J1JIlMLijui'lJ1nn11 L1 6 1'lfL'VI6lJnl'itjAoi1JU1J1J 

'Wl'U;l'lf lAUViVl'itulVlnfl-t R211f1'A~11 n~61JL.fJl'tJUA 

;jAN 1" e ~ ti l'U tilJ,j'U"" 'U an 'I!I tu:: 1;j 'U ~'U 1~ U1 

" (Monolayer) Ufl::ijtJllJ1tu fil'itjfloi1JU 1J1Ji'Ul~U1 

'U~t'{A l'Vhti1J 69.44 mglg 

140 


120 
 • 
100 • 

1 80 

60r:I • 
40 • 
20 


0 


0 20 60 80 

T(*C) 

lt1~ 13 eVlnVlfl"e~~tu'l1.fJiJfiem'i~Aoi1Jml1gflfiVi 
d • (),fQl ..... .c:I ~ 

ll1Jflfl 5 1J'Um'Uf1lJ1J'U~V11~'iU1JVln'lfl'UtJeu 

(Co: 50-200 mgIL, 200 rpm Uri:: 24 hr) 
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3.S eni't't"'U8~I2W"'(Jil 	 ir U ft ~ 191 ; 6 1I \l1 n 'If 1 'U ~ tI 6 L tl U ~ '1 ~ fl cU 1J ~ ij 

,'lJ~ 13 ua'fl\liini'W~'UtI\lf{tu"'lJij~tln11~flcU1J 'lJ1::aTlifl1'WLUn11~flcU1Jfflugflii'WU1Jgfl 5 \llnJln 

n;ugflii'WU1Jgfl 5 1JUt:hUt1l1irUft~L9I;611\lln'lflU 

~tl6 'W1.rh 'lJ;1I1tun11F.1flcU1JL';;1I~U\lln 45.26 mglg 

1'lJLtlu 125.79 mglg Ldtlf{tu'HlJijL';;lI~U\llfl 30°C 1'lJ 

LtlU 60 °C LLa'fl\l11 m::1.J1Un11~AcU1.JLtlum::1.J1Un11 

~Afl1111ftlU (Endothermic process) 

011 L';;1I ~U 'Uti \I'lJ; 1I1tu 011 ~flcU1.Jldtlf{tu 'H lJij 

L';;1I~U a'1111'Hltli1.J1111~11 Ldtlf{tu'HlJijL';;1I~UfhN~ 
1..rll1L~Q ~ 'U'6 \In ~'611a'11111 (l~1I f'hu 'H;~HI'W'L~1~, 

' 	 '" "''' J ...... .. ...
'W~um61U01UnllllU9I1Iln'Uu 'H1t11UtI\I\lln1ln11LnA 

'l,J.J-i .. 
Active site t'HlIl'WlI'UU O]f\lN~m1T1A~'6\1l1fl'1111 

~ 	 Q.I • .., .. I " J
a''6flfltl'6\1n1J\l1U1\'111'6U '1 fl'6U'HU1U [23 - 25] 

4 alU 

t:hUt1l1iruft~l9l;1l1l\'lln'lf1ut1'861Alln11m::~u 
TI1\1Lflij~16a'11 KOH LtlU~1~fl<i1.J~iji4'u~~b~ll'Wl:: 
\1\1 ~\lijfill'tht11.J 1675 m

2
/g ij'UUlfl,'W~Ul1l~ll L'tht11.J 

2.74 nm ~\I,'W~ufbUL'Hqjltlu,'W~U'UUlfllgn 
'lJ;1I1Wnll~flcU1.Jl';;1I~U9IllU1~11unl1n1lNa' 
2!2!J.N ....lJ.J, ..:,J

fI1111l'U1I'U1UlliflU LLn::~tu'HlJlITll'WlI'UU LL9I\'I::l'W1I'UU 

19m1ew «5%) ld8fil-Wl8'1fl~1I~U'U8\1a'11n::n16 
l';;lI~U LLa'A\l11 n~811\lntiAL'H~1l11.JurllUrl1liruft~16 

.cI .cl .....d 1 ' :
UH6AL'HU1l1'1fUATI 1I'1f81.JUl (Hydrophobic

hydrophobic interaction) LtlULLHVflL'H~1l1'Ht;'n 
.. "..N n flll TI fl n 8 \Il'lf \I \'I n U 'W nffl a'91111 fl1111 

a'8AfI«8\1rl1JU1J1.J,}ln8\1nll~AcU1JiuA1.Ja'8\11iillll 
" 	 . " 

ua'A\l11 .uU9I8ULUfllla'fH111 \lVAl't1U1l11.JUYfuih 

,.., "'d"~: .d .. .I.J.!d • 
'U8\101Uflll- -1IU9IllJU'UU9I8UTlLflA'UU"IJ1T11.'(fl 'H18 

lflu~Util'HUAim 1 Nnfll1T1fl n8\1L'if\la'lIfl nijfl1111 

a'8flfl«8\1t11J181O]f--lTl811U1.J1.JUMLij1l1 ua'fl\l11 n 

~"'''fln;'lA:''1.J'':':1·1'''··'':1''n'''''1I""I':'l·'~fl'''·\I!!1~··':''<.I"" v .. , .. , Hn u",..., H OJ H ...tH......._ lJHJlH 


d .. • 01 .,.Q • fi,t " lfl1l1 U~::1If11fl11~AO]f'IJU1.J'IJ'lfUlfl61tl\lt'{fl lTllfl'IJ 

69.44mglg 

\'IlnNnfll1T1Ane\l~l\1~U ;fi..r1'l1u11 rllUrlll 

"0l:Il, 	 &110 dQI 	 .. 

~'1 \'Ill'U 8 'Ut)1JfJ tu.fl1 rl'1'1fl'1ff'1fl1111 L fill fI W:: 

1ff1fllll1ff1a'911 1I'Hl111 fJ1t;'1lf{1.J~11'1f1I1U1Uflll 
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