












a
 

r
 

G
 

a A 
= 

E 
5 

E
. 

r
 

1
:

 

G
 
'
J
T
 

E. $
 

2
 

'z 
>: 

>g 
a" 

k" 
:
 ,: 

C
 

r
 

7
s
 

ga 
3

,
:
 

9
 

@
 

-€ 
-E 

s 
%

 1. 
2
 

G
 

OZ 
aa 

c
a

 

2
 

5 
*a

 
f
 

a
-
 

1
:

 

-us -3s 
*
D
 $ 

I
 

G
 

,
S
Z
 

Q
 

:
F

 
C
 

5 
>:

 

P
 

C
J
 

2 
2E 

"
"

 
A
 

"
a

 ? 
i; 

9
 

F
$

.$
 

>
 

2 
2. 

,3, 
i 

.: .; 
,: 

r
 

2
 

@
 

8s 
2
 

82 
2

2
2

 

5
 

.€ 
-E 

-E 
m

 
T
- 

11. 
s
 

C
 

G
 





* *,. ........ I. 

-.. -.* ......... * 9 e: 
.......... . . ... * ....... .. 

".. g S' 
". 8 (O- 





a
 
r

 
G
 

a a 
E

 
c5 

r
 

c. 
G

 
'2 

2
 

ak 
G

 
8. 

9: 

a
a

 2
z

z
 

6
.
 

Q
k

 
,z 

P
 

G
 

7. 
c

k
 z

i
z

 
2
 

3
 

r
 

.: 
.z 

P
 

r5
 

G
 

8. 
$ 

$ 
'1

 
>s 
? 

-
3

s
 

.1 
$
 

a!? 
-3

s
 

G
-
 

g 
E

7
 C

 
S

 
-= 

5
 

>z 
2
 

3
 

& 
a 

- 
-6 

c
 

a 
4. 

r
a

 
7
 

C
I 

2 
2

6
 

a
 

a
 

"
 

a"" 
2
 

9
 

? 
s
 

>> 
r 

P
 

2
 
C
 

r
 8

G
 

?
 

$ 
bG

 

"
g

 
z 

75 
3
 

2
 

r
 

'
2
 

b: 
'
2
 

x 
z 

3
 

1: 

5
 

-5 
.E 

.z 







(6P-ZE HLV) P~_U~L~UU~~~~R$U~&LUMML~~N~ 1, c~p~kkamblibnpuPs~unika~p pb$bbRB!p 
6 P m 

BLM~M&LE~~~&~~~R~RL~UR~~BR~~$ULR%LU~BU~~~$U~L~B~~&LP~BL~$~~LLU~LR~~~L~ 
8 Pa 

pb~r~~~re~euuih~~~n~uDc]s~~~~~ n~Zz~~rtynr-p~,p~ppb,e~un ~MUMUPJBU~~~U~L!~BL~~ 

U~&LUP~%&LU~~~M~~~B~~$\LP PI~ULRRB~~BLM%LLMbB&pb~R~1RLLUR~IBR9L~rSHbBMUlib 
8 P 

LLUMMULC 3,OP 2M99 3, OE: 3, OZ unbuks~upb~~kkamb2~?9 Z Hd ~flLMXMSLMg\RBFE 
P" 

~~LM~M&LMR+U~LLUR% rs~ukej~ee~bnu~e~ue~~r~u~~e~n~~~~ mgy L libau reLezn 
" P , pa 

TRIXMII utb~u~ps ~u~n~srare~u~aypb~~yn~p~~91pb~y pb~Z~u~~ypbp~ypb~yraey 

n$uk~~upb@%lib~~el 116~ os8 "99 OOL 'oss 'OOP 'osz 'OOL '0s 'sz '01 pb$rekIreLeu&% 
P 

Bug PLkJLpg "I1 bUllp CBEkalE RBF~BLM2MQLMbB&pbkR$1RLLULAU~LLUULb 
n 

rsq~n~~Daun~Gka~p"@;~qq n$razqrtLeuLPsupLuun P.P 



(7/6ur) n$n$rnLcu 

006 008 OOL 009 009 OOP OOE OOZ 00 L 0 

(116~) n!rp!rnLeu 

006 008 OOL 009 OOE OOP OOE 00Z 001 0 









MBklMblLMbB OE $~~13bg L b~!4u?~~npbey3e~ bl491E 

N~~EBLM-MPLB~&~~&LU~~ ~$K$IRLLMMU~PLU~~B~&~~&LUP~~LR~ LP KLU 

(116~) nnnnir%LLu 

006 008 OOL 009 OOS OOP OOE 002 001 0 

(ii6w) nnnnir%Leu 

006 008 OOL 009 009 OOP OOE 002 OOL 0 







(116~1) PlfittfiINLLU 

006 008 00 L 009 00s OOP OOE 002 00 1 0 

(1/6UI) PlfittfilKLLU 

006 008 OOL 009 00s OOP OOE 00Z 001 0 





nkubs~un%@tr%vabu~y = u ' 'y 
P 

(616~) ra_aubeyreeupk~peyra~ububara~~~ubeyrebpln~n~ = ab 
s P 

(716~) rs~ubs~ubfke~ksa~~u::@ubby~eePb$~~sr%~eu = a3 ens 
P P 

LLU~@EU ,% (lapou. ~13!lpuna~j) ugynaspws (lapow ~!nUJ6uel) prapsrevree 

nea~~le\reu~prsrassg~~ul rakubs~ureenaas~gegp~u~vn~~ LAU~L~!\~~O@U~PLUMMLR 
P 

yu~b 3, OP %M 33, OE '3,Oz art~ubs~un%~~nplnb=uss z Hd MBLM2M6L@,5%RBpg 
P" P 

BL&?~MPL@R~U~PLUR% ~~u~~~~BLM~~%EEZLLLPEE~LL~&L@~~~~~~~~ blPgL$ 1 RLbZR 
" P , P 

ugns-uss ubbpuepn ~u~rs~~nn\u~bynpr%y~b~px@~~n~p n~%s~~ny~p~;~b~prae~nkub 

sLuny$\kLues 116~- os8 -@ss 001 '0% 'OOP 'osz '001 '0s 'sz '01 n$n$snLeugnug 

nyLpE 37s EMIIE be:nsE nagknLu-@sLvraen$n$rr%LeumugsLuerauLc a 

NBBE~&~OSLU~EG~~~:SII 6 ,T N~KI&~~LRU~LUBM S.P 

6L 





- . -  ' ~ ( n e a r  ( 2 0  oC)  - - Linear (30 oC)  L i n e a r  I 4 0  oC)  

y = 0 . 0 0 4 5 x 1  0.0514 y ' - 0 . 0 0 5 ~  + 0.0989 y = - 0 . 0 0 0 3 ~  1 0.0352 

niw 52 ua f l l s j nB1  Langmuir lsotherm "ir4bii~6u6U6uimS~iPd~m.a'uii~m~ 

2 0 0 C  O 3 0 a C  X 3 0 a C  

- - - .  Linear (20 aC1 - - Linear (30 oC1 -Linear I 4 0  oC1 

y = 1 0 4 x +  1.255 y = 1 1 5 1 3 x *  l l 4 2 9  y = 1 0 6 0 5 x  + 1.4977 

R1 = 0.9335 R = 0.0312 R7 = 0.9558 

niw 53 ~ ~ n l ? i f l B l  Freundlich lsotherm "~4b i i~ f lu6~6u ims~i~~m.n 'u~~~m4 

q i f l n lw  52 raa"3 w ~ f l l s j n w l  Langmuir lsotherm L L ~ ' .  Freundlich 

lsotherm % P d ~ l ~ ~ ~ % ~ ~ ~ ~ 4 ~ 9 U b i 1 ~ f l ~ ~ 6 ~ 6 ~ 1 ~ S ~ 1 ~  ' W E ~ $ I ~ ~ I S ~ P I . ~ ' ~ $ ~ ~ ~ ~ H ~ G  20 'C 

30 "C iia: 40 "C 6tamn&~{u Freundlich model dasqin i%i  R2 L$I& 0.9335 0.8312 

L a x  0.9556 f l l ~ i l h  i4$4n$'lFil R2 ? I n  Langmuir model ~ ~ ~ l ~ l ~ l f l ~ ~ ~ ~ ~ l b ~ l n ~ ~ l  

0.2699 0.0364 a~az0.0013 miuii~7u 



- - -  'L inear  I 2 0  o c )  - -L#near I 3 0  oC)  L i n e a r  (40 oC1 

y = 0.07421 + 6.6033 y = 0 0 7 0 6 x +  6.1695 y = 0 . 0 7 0 8 ~  * 6.2274 

R ' =  0.8286 R = 0 8 4 0 4  $ = 0.8152 

b 1 l W  56 ~ w n i s ~ n m  Langmuir Isotherm ~ B s ~ l ~ ~ ~ l o 9 l E l ~ n ~ ~ ~ % ~ l ~ ~ u ~ ~ . 1  

20 oC O 30 oC X 40 OC 

- - - 'Linear 120 "Cl - - Linear 130 oC1 -   in ear I e O a c l  

y = 0 . 2 1 6 ~  + 0.2677 y = 0 . 2 9 6 6 ~  + 0 237 y = 0 . 2 8 2 8 ~  + 0 3 1 1 8  

R = 0.9187 R' = 0.946 R = 0.9019 

6 1 l W  57 WBni9?in~i Freundiich Isotherm ~ 8 ~ f l i ~ ! ~ i ~ ~ i ~ ~ ~ d p ~ % ~ l ~ ~ ~ ~ B ~  

1in61iW 56 baa: 57 fJ~fll9in¶3? Langmuir lsotherm L L X  Freundlich 

Isotherm 1 u n i ~ q m ~ ~ l ~ m ~ ~ l ~ ~ u ~ o s ~ a u s i i u ~ 8 i u ~ i ~ l ~ n ~  ~ E l a i n i 9 ~ m % E l $ ~ 6 1 d ~ ~ ~  20 oc 

30 OC uw"0 'C aBv?n6esfk Freundlich model Ldes1infidi R2  pii it% 0.9187 0.9460 

UAZ 0.9419 WIU~IKU &{qnaid i  R' 11" Langmuir model Fmufidimiin'El0.8286 

0.8404 Law' 0.8152 ~ 1 B i i l ~ E l  
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- - - 'L inear  (20 aC) - - l inear ( 3 0  aC1 - ~ i n e ~ r  r d o  OC) 

y = OC516r r 0.7627 y = 0 0 5 2 5 ~  A 0 3347 )' = 0 . 0 5 1 9 ~  * 0.2611 

R'= 0.9882 R' = fl 9858 < = 0 9 9 4 1  

0 200 400 600 BOO 

Ce 

nim 76 U ~ n l f 8 n ~ l  Langmuir Isotherm 11~9[ilu<u$u~uuslufin~~n<u~aan;l 

20oC 30oC X 4 0 0 C  

Linear (20 aC1 - - Linear (30 oC) - Linear (no oc1 

y = O 2 4 1 2 X t  0 .6475 y = 0 239x + 0 E705 y = 0 7 5 9 5 x i  0 8181  

Log Ce 

nln 77 U ~ n l ? f i n ~ l  Freundlich Isotherm ~ ' i ) 9 f l i u ~ u ~ u m ~ u u s l ~ l ~ n ~ ~ ( ? l ~ u ~ b l W ~  

1lnnlw 7G R a g 7  7 8 n l 7 ~ n ~ l  I-angmuir Isotherm baa: Freundlich 

Isotherm %~dni~gnaYElg~~u~aaw~n"a~~~uKudu~~~]er~iu~nG ~ ~ l i ? n i s ~ ( ? l d n u d ~ m w ~ ~  

20 "C 30 "C i l i % 4 O 0 ~  fi@nw&'ils<~ Lang~nuir model aGs9qinZdi R~ s v i l f k  0.9882 

0.9858 saal 0.9941 ~ 1 ~ 6 1 6 ~  & p n i i d i  R~ 91n Freundlich model FWu~dlsvi~n'u 

0.7677 0.7680 uax 0.8230 m?u6?6u 







20  OC 0 30 0C x 40  OC 

- - - Linear (20 oC1 - - Linear I 3 0  oC1 - Llnear I 4 0  oC) 

y = 0 . 0 8 2 5 ~  1 4.3577 y = 0 0 7 5 9 x +  4.1028 y = 0 0 7 3 6 x + 4  236 

niw 82 aani?8nnw Langmuir lsotherm ~a~f l iu6u f lum"~d~mn~9~m~m%u~~~m4 

2 0 0 C  O 3 0 o C  X 40  OC 

. . -  
' Linear (20 oC) - - ~ i n r a r  (30 o c )  - Linear 140 oC) 

y = 0 . 2 6 4 2 ~  0.3069 y = 0 . 2 5 2 6 ~  + 0.3727 y = 0 . 2 2 7 9 ~  + 0 0051 

R = 0.9467 R i 0 9 1 6 4  R = 0.9207 

1 

Log Ce 

n7w 83 u a n i ~ 4 n a i  Freundlich lsotherm aesiiuKuCum"~dgmnfi4~mcmGuZr~m~ 

q l n n l w  82 LLAP 83 ~ ~ n l ? ~ n ~ i  Langrnuir lsotherm aL8P Freundlich 

lsotherm ~ u n i ~ ~ m ~ u ~ m ~ u ~ ~ ~ m ~ ~ a u i i u ~ u f i u ~ ~ ~ ~ m n ~ ~ ~ m  w ~ l ~ i n ? ~ ~ m ~ u i ~ m ~ ~ ~  
w 

20 "C 30 'C L L A U O  'C B B R A ~ B S ~ ~  Langmuir model ~18:: Freundlich model L h 4 q i n i  

d l  R' Iah~mndi4iiu Fmu Langmuir model i d ?  R2 ~vii6u 0.9408 0.9244 LLAP 0.8921 

miuii6El dau Freundlich model $61 R2 L Y i i I k  0.9467 0.9164 LLAZ 0.9207 miu616u 
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is11419 7 d1~94"1189 ~angmuir Isotherm %~n19~n%u?+bP4i'pl9 (Reactive Yellow 145) 

I I Langrnuir Isotherm 

I x- (rnqig) K ( rn l lm~)  R~ 

m l s l 9  8 dlw9$%n9 Freundlich Isotherm %unl4gm%u~aP4ia (Reactive Yellow 145) 

Freundlich Isotherm 

I r i l u f u ~ ~ i l u 8 m ~ r u l u  / 3.981 1 3.893 1 3.774 / 2.731 / 2.621 1 2.544 1 0.8631 / 0.8314 ( 0 . 8 2 9 q  

qIflis11919 7 LLWO. 8 b b f i ~ 9 d l R 9 i " ~ ~ f l u f l l 9  Langrnuir LLWXFreundlich %unl9 

gm%u$r~sin9 (Reactive Yellow 145) ~ 9 i a u f l l ~ d ~ ~ f i ~ m " ~ i i s 1 9 ~ 1 ~ ,  fllu ~ ~ ~ 1 . f l l u 6 u f i u 6 q l n  

n l s ~ n w l f i u n l s  Langrnuir LLWzFreundlich ~9~nl~P"l6nis1n~1~%1dd~lnl9~~9~~uis199 9O.26 

arnzdiun"8lfium"~u6mux"111%~ flnmw&n~fiu Langrnuir model arfln9diqn q ~nuum'a~m%u~ 





mlsl-3 9 dlA9daa9 Langrnuir Isotherm $ ~ d n i S t f i % ~ & ~ ~  (Reactive Red 195) 

Langmuir Isotherm 

rsl1'2l.s 10 diA-3wdaas Freundlich Isotherm $un196~miu~aams (Reactive Red 195) 

I Freundlich Isotherm 
- 

i9;anrn-i~ K, R~ 

qinmisis 9 iaa- 10 ra8msFilwsiaes8unis Langrnuir raa: Freundlich %ranla' 

8m"n'YAarms (Reactive Red 195) 69-3 s i i ~ ~ ~ ~ u f i a i m s ~ i ~ ,  bilu raa:biiPd~u<u~qin 

Iaunucnind rdZanGscm aaa:ralrslaz.iliu i 8 m u q ~  20 OC. 30 oc s a x  40 oc qin 

nlsiqn.w8unis Langrnuir araz Freundlich 6aunisw68mnsid$u8unisa%si&urslssq:!6m'? 

R' ara:ida~18~i~~uuiw"uun"u wui16iiufuGum~ausiudnd raw-diuKuGuGaaImu:aia 

8am~&as<u Langrnuir model ardrslsdi?n 7 ~ m u u K a ~ m i u ~ ~ a i u ~ i a i ~ n ~ m 3 ~ ! 6 ~ w ' i  7 n'ra 

81swd~n~miuq:~miu16$ur~~la (monolayer) ~aa:adaaiimnis~miuaa&~~sauu?a~aLa~a 
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RLJBN\~L~ 'ubb~uot~p~yn$n,un~~ 'n~~:nugn~ynt~n,un~~ '$u~n~sran~n~r%,un~ppb~s 

~nbubo~ ubbt~y~ n~g~u~nynyt,un~v raug pb,uboyuuoufisnytynLeuE u L~ZUII 'n ,"x Pa 

' n LyLenha w!lpunaJj 2u99 ~!nu6uei b)R&fi9Lg&\LRUMpSLUULbPbplby R~LFNLM ubb? 
6 

uot~psn~p2u9'1 n~~"ugn9n~p '$ucnLsran\n~v 'ubbpuogp~ypb~~,upb~v 'n~e:~u?nyn~g 

RGPbLp '$UpnLJBNLMpb,"N)PbLpPbE9LRbMbBJ lilbbb~~~ ?LL~sI~LR~P~~I%~?LL~ LefLlvb ~bbb 

n~ubs~un(bn~eubgbuu91b~ 'n ~ynep ubn~:e~u~fin~uts~ub~~e~ba~~n~n~~n~eu a 
P " 

bo~nbss~u~~u~~nk~b9na,ububfi~o~~m~~g~pbuu ULN t ~pubb u LYE pbgupnkub 
< < P 

eynp~~p~ss ubnu~e~u~fin~ub~~u~~bae~~~fipb~n~~n~e~~e~n~~s~u~~ue~~pb~n~~n~~ub P" Pm 6 < 

uinfiree~~m~nsppbuu~~ r Lpurae$LF pb~i~u~nypbptt,un~p ~o~r~bkamb E 6) u LFLenha P 

pbpb lapolu wlpunaJj pb%~ms~t+~~unep ~K~LF~LM ubbpuogpsn~px~99 nLe:nugnsnLv 

'$uranLsrare\nLp 'ubb~uogp9ynp~ypb~p 'n~e2nugnsynpn,un~v cFuranLsranLunpn,unLv 

npnbubes ubb "X 2~99 n ~y~n~~~~~nynpngn~~ raug rae!nkbbeynefieragsngn~~ 
< PP < 

14~~~%eha~~&~b~bfi~~N~~%~fi%bb~~~bJ~~~b%b~996$99~~~U2~99~~~bba9~~J~~~b~~~bb~lvb 
P P P 

$~&~~~yLpb~~s9 ~b$~bk9b$g m~ L! b$ Y L!dBR9@! Pb_UbBWUlalBDklAPbbI%~I%LLU~ (ZIO OP 
P 

"M 3,, OE ~~L~JLM) ~~e:~ugn~~np~,un~p 2399 (30 oz ML~SLM) n~~~u~nunnnupb~u P 
< 

P 
>a- < 

pbksura ur~~uibn&ubeybo~ $raamb E b!  "x ~y xu11 y LyLpnhabrr, ~m~~~b~~~nn\b~nnbu 
6 ? 

*a- 

pb)be~laUeUttLLUttp\ 3, OZ rJbbambk RLL2RUgN1yPb~I%,UPbLpb@B2M1I 3, OP "91 3, OE 

rJbnmbfi n~~~u~nynpn,un~p bo~ Y~ ~y2u99 n LyLenha lapolu ~!nlu6uei n%~ms~bb P 

ens ~opbso~nn~1:ur~erag1n~nn11~g~\pb~1:~fi~~uo~~n~ub~~u~p~uu9~ lapou qa!lpunaJj P P 6 6 P 

2u99 lapou ~!nuGuei b)bepuou ubb~uo~p~yn~~,upb~pn;ba~uu~~ r bopb1o~nn11pb~1n&ub 6 P 

JLU n,u~p~p\uL L uibn,!+ub~~u~ebu~~ lapolu wipunaJj n,ubo?uuo~~~e~ufn~pb~p:u~~ 

ubbnuoup~pb~p - ,2 'fupn~sran\n~p 'n~~~u~nynpr%,un~~ nep (aaeuns snoaua6ouoq) 

P~_U~"~"~&U~JLUU\UU%I~~~~~~~L~~~&U~SLUP~%L~~P~~ pb_U%99Pb~bFq~fifl~~p\:b P " 
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wIs19 11 dlA4d%a9 Langrnuir Isotherm % ~ ~ 1 9 4 " . a " E J ~ : l ~ ~  (Reactive Blue 222) 

Langmuir Isotherm 1 

m l s l 9  12 dlA4d9~9 Freundlich Isotherm I U ~ I ~ ~ ~ % ~ Z ~ I L % ~  (Reactive Blue 222) 

Freundlich Isotherm 

n Kr R~ 

20 'C 30 "C 4 0 ' ~  2 0 ' ~  30 "C 40 'C 2 0 ' ~  3 0 ' ~  4 0 ' ~  

2.684 2.400 2.220 5.054 4.480 4.445 0.9366 0.8949 09214 

4.112 4.200 4.589 1.508 1.599 1.638 0.8535 0.8366 0.8590 
- 

3.475 3.014 4.034 0.567 0.438 0.725 0.6901 0.8314 0.8376 
- -- 

2.834 3.298 3.303 0.809 0.961 0.929 0.9486 0.8870 0.9013 

3.644 3 315 3.428 3.336 3.194 3.588 0.8716 0.8306 0.8403 
- 

3.493 3.759 3.867 2.030 2.067 2.184 0.9462 0.9066 0.8734 
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