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Abstract 

 

The aim of this study was to prepare activated carbon from spent coffee grounds by chemical 

activation with sodium chloride (NaCl). Moreover, this research investigated the equilibrium time of 

adsorption and adsorption isotherm of the adsorbents which were coffee grounds black carbon and 

coffee grounds activated carbon. All adsorption experiments were tested with red acid dye solution. 

To prepared coffee grounds activated carbon, dried coffee grounds was carbonized at 600 oC to 

obtain coffee grounds black carbon and then the coffee grounds black carbon was activated using 

1:1 NaCl by weight and followed by carbonization at 800 oC. The equilibrium time study shown that 

coffee grounds black carbon and coffee grounds activated carbon reached equilibrium time at 210 

and 300 minute, respectively. The pHs of red acid dye solution tend to be higher after the 

adsorption. Isotherm adsorption study elucidated that coffee grounds black carbon and coffee 

grounds activated carbon was fitted with Freundlich model.  
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1.  !"#$ 

 

    ()*+",-./(0+121345617!189 -:-5,-;(,< ;=345)'
,-;=> ?$@-A,B1)-,610BCCDEB1&61()*+",-./)'7-;
8-(/$'1=345CF$$,G:H!I,;F D916297)$5 >41 BJ&"B51B ?1
,-;">4),-./CF:K-629;L9 73,7"M>41&0BCCDEB1,-./C35(0+1
(8;>4 $5">4):'4 N"9 ;BE8J-)1!A))-,:'47D"61O*,&C-,
,;FEJ1,-;P*! ,-./7K-(;+C;L0&2;>$,-;M5,-./7"
61;9 -1@-A,-./:B4JN0&CF)',-,,-./(2*>$:! ?5C-,
,;FEJ1,-;"B5,*#-J&2-,7-)-;Q1K-,-,,-./)-6M9
0;FOAM1RCF(0+1,-;M#JA*"@$5(7'AC-,,;FEJ1,-;
P*! ,-./7K-(;+C;L0&2;>$C-,,-;M5,-./7"N"9&
0BCCDEB1N"9)'5-1J!CBA:'41K-,-,,-./)-6M90;FOAM1R8>$&
P*! NEO$"' (=*& BJ"L"=BE  0DS A&(0+ 1 9 1  [1-4] C-,
5-1J!CBA #-5T&:'4UA-A-)1K-,-,,-./)-6M90;FOAM1R&
,-;1K-,-,,-./)-P*! (0+1 BJ"L"=BE(0+1J!H':'4N"9 ;BE

8J-)1!A))-,:'47D"&(U;-F,-,,-./)'*B,<VF("#1
8>$ )'$58R0;F,$E@$58-;RE$17L561;F"BE:'47-)-;Q
1K -)-6M9 (0+ 1 JB QD"! E 61,-;P*!  Q# -1,B))B1 R&
(Activated Carbon; AC) =345,-;1K-)-6M90;FOAM1R61
;L0@$5 BJ"L"=BE(0+1J!H':'41#-716C.*F7-)-;Q1K-N06M9
61,-;EK-EB"1K ?-(7'A$D 7-2,;;)N"9& 

$D 7-2,;;),-;A9$)P9-N2)61;F"BE8;BJ(;>$1CB"
N"9 J# - (0+ 1 .2*# 5,K - (1! "1K ?- (7' A:'4 )B ,CFN)# N"9 ;BE 

,-;EK-EB":'4QL, 9$5 :B ?51' ?(1>4$5C-,PL90;F,$E,-;$-C
@-"8J-);L9 61,-;(*>$,6M9 (:8O1O*A':'4 (2)-F7)&
;J)Q358#-6M9 C#-A61,-;EK-EB":'4$-CCF7L5(,!1,J#-
$D 7-2,;;)@1-"(*+,61;F"BE8;BJ(;>$1CF7-)-;Q
;$5;BE8#-6M9C#-A617#J11' ?&2-,1K ?-(7'A(2*#-1' ?N)#N"9;BE
,-;EK-EB":'4QL, 9 $5$-C(0+ 17-(2 D21345:'4:K-629 )' 
,-;01(0> ?$1@$51K ?-(7'AC-,,-;A9$)P9-N2)01(0> ?$1
61.2*#51K ?-H;;)M- !&=345,-;01(0> ?$1@$57'A9$)(U'A5 
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1 mg/l  !"#$%&' ()*+,-./01 23!4!-+56( 07/89407,-.6 
30#$:!;)-< !;"#!-4=;"> "%44? @-6>$A;-B !"#$

)<A/C:!; *1">D+$';3 [5] 

;E: -&)<<3<A+8CF<8D(<G;4/0130;7!-">.<!&$-7

%4,-F:AD84;;)(H07"(&4G; FG;)-<I<A);C)-<#$*:
#' -2&36;E: -&)<<3+8")$!-D%J' 0>;K*+%4)-<7';3

2&36KL1" 0>;K*+(IM4 -<I<A);C/017!;7 $-72+'7-)6
&-)4? @- ( 07/01 3-B-))<ACD4)-<#$*:23! 2+' <8C 

)-<C?-C8+;7!-"N5):' ;">$A(&3-A 36>$A2+' 30 

)-<I4(IG @;4%4>&$!"4? @-O<<3J-:*BA/?-%&' ()*+ 0/0123!
.L "I <A "FP %4>&$! "4? @-O<<3J-:* 48 @4 6I8 BBEC84

(/FQ4Q$70/01%J' %4)-<C?-C8+4? @-( 07B-);E: -&)<<3
R;)7';330/8 @")<ACD4)-</-"J0D,-.6)<ACD4)-<

/-"(F30 6>$A)<ACD4)-</-")-7,-.6KL1">:!$A
)<ACD4)-<)MBA30=';B?-)8+6(J!46<ACCC?-C8+4? @-( 07

/-"J0 D,-.KL1 ":' ; "%J' BE$J0 . %4)-<7! ;7 $-7
 -<;*4/<07P=;" 07';36KL1" 07';3;-B(IM4.*S:!;BE$J0.

%4<ACCC?-C8+6 !D4)<ACD4)-</-"(F30 6&-)%J'
)<ACD4)-<:):A);4;-B30FD-3 * @4(I$G;" -<(F30
/01%J' %4)-<:):A);4>$A;-B2+'I<A */O*,-./0123!+0

48))8C4? @-( 07/0130FD-3(='3='4=;"=;"( 07:?1-6>4D/-"
&4L1 "/01 %J' %4)-<C? -C8+4? @- ( 07B-) 07' ;32&3FG;

)<ACD4)-<+5+K8C/-")-7,-.6Q+7)-<%J'D8 +E+5+K8C
/0130.G @4/01#*D 5"KL1"D*O0)-<40 @30BE+(+!4FG; -3-<NC?-C8+ 

4? @-( 072+' +0  /8 @"/01 ;75! %4<5I=;" -<;4*4/<0 7P >$A
 -<;*4/<07P/017!;7 $-72+'7-)6 

N!-4)83384:P (Aactivated Carbon) (IM4D8 +E+5+
K8C/0130;"FPI<A);C&$8)FG;F-<PC;4 >$A30FET 3C8:*

.* (9SFG;30.G @4/01#*D 5"3-)6(.<-AQF<" <' -"/-"
)-7,-.30<5=4-+($M)B?-4D43-)6KL1"<5.<E4(&$!-40 @
 -3-<N)<A:E'4%&' ()*+=L @42+'  2 D*O0FG;6U1) )-<)<A:E'4

/-"(F30 (Chemical Activation) Q+7%J')<+ 83#8 )8C

D8 +E(<*1 3:' 4FG;N!-4(.G1 ;/01 BA)8+ *1 " )I<);;)/01
(&$G;;75!%4N!-4&$8")-<)-<(#-F<8 @"><)6&$8"B-)48 @4

N!-4BAN5)4?-2I(#-F<8 @" ;"N!-4/012+'BA30.G @4/01#*D6>$A
<5.<E4(.*133-)=L @46(2V6)-<)<A:E' 4+' D72;4? @- (Steam 

Activation) N!-4F-<PC;4BAN5)/?-%&' 83#8 )8C2;4? @-6
>$AW&<G;6)X-K/01;ET&,53* 5"6(.G1;)<A:E'4%&'30FET 3C8:*

(IM4N!-4)83384:P6 
D8: NEI <A "FP %4 )-<D* B8 7F <8 @"40 @(.G1 ; 9L )S - 

)-<(:<073N!-4)83384:PB-))-))->RQ+7)-<)<A:E'4

+' D7D8 +E/01 &-2+' "!-7%4/' ;":$-+6FG;6()$G;>)"6
(NaClV6D8 +E+5+K8C/01 #$* : 2+' BA4? -3-9L )S -&-

<A7A(D$-/01(&3-A 3%4)-<+5+K8C  >$A&-<5I>CC
)-<+5+K8C6UIsothermV6=;":8D+5+K8C6/01(IM4N!-46>$A

N!-4)83384:PB-))-))->R 

 

2.  !"#$%&'()*+ 

 

2.1  !"#$%&,-&#./01%23)401%2$5//52-67%$$%$

$%38 

U)V66)-<(:<073N!-4B-))-))->R 

4?-)-))->R3-$'-"%&' A;-+B-)48 @44?-3-#L1"%&'
>&'"6>$A;C2$!FD-3JG @4/01;ET&,53*6103 °C (IM4(D$-6

24 J81DQ3"64?-)-))->R/01;C2$!FD-3JG @4>$'D% !%4N'D7
)<A(CG @;"I* +Y->$A&!;+' D7)<A+-S;$53* (40 736

B-)48 @44?-2I(#-%4/01;8C;-)-96/01;ET&,53*6600 °C 

(IM4(D$-62 J81DQ3"6>$A/* @"%&' (7M4:8D6&$8"B-)48 @44?-
N!-4)-))->R/01/012+'B-))-<(#-/01;ET&,53*6600 °C 

2IC+>$A<!;4+'D7:A>)<"6USieveV6(C;<P 635 =4-+6
125 23F<;46>$A(C;<P 6120 =4-+6500 23F<;4 

BA4?-)-))->R/01;75!<A&D!-")-<<!;4=;":A>)<"
(C;<P635 >$A(C;<P6120 2I/?-)-<9L)S- 
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 !" #$%&'%()*+,$-#.**.-'/0$##$##$123 
      -4$+,$-#$##$125(67,$-#%89:-#$%&7$;< :)
=>?@AB*C3600°C 1D,;< :)-4 E$&#FG=5(6&'%()*0$#&#FG=
1#H3 %BI5(631  #""35(6=.'%$J,:-3+,$- : &#FG=3 -4 E$@-.# : 

-4 E$@-.#"3KG=31 : 1 &IL-&:F$324 D.6:M*H @F.H0$#-. E--4$
+,$-#$##$125(6N;<NIOJ,O-+<:)#%8&9G E=HIC;P$1F8@,=
;< :)#%8;$Q=FB*C &-( )*1F< :-4 $NI &7$#%8'>< -5(6
=>?@AB*C3800 °C &IL-&:F$32 D*R31F85C EHO@< &)L-'.:3
1F8F< $H;< :)-4 E$#F.6-@F$)S3K%. EH30-N*,*(KF=N%;/
@FH&@FG=O-+,$-3!. E-'=-J>;5<$)O@<-4$+,$-#.**.-'/5(6
N;< NI=9NF,K:$*DG E-5(6=>?@AB*C3103 °C &IL-&:F$324 

D.6:M*H 

 

2.2  !"#$ %!&!"'(')*+!,-. )/0!1231456+ !"525
789/:;<3!=>!  !  !?@?+'<3!= 8448=AB>! 
 !  !?@ 

       &' %( )* -4 E$ &J( )J. H &K %$8@/ ;< :)#$%F8F$) 

J( 1=TC ; (J( 1; H "3O- -4 E$ #F.6 - 3 %B I 5(6 31  ! ""3O@< *( 
K:$*&!< *!< -320 mg/l 1F< :19,HOJ,9(#&#=%/ !-$;3 
500 ml 04$-:-32 O93J4$@%.9&'C*+,$-0$##$##$12
1F8+,$-#.**.-'/0$##$##$123I%C*$?31 #%.*3
%8@:,$H#$%5;F=H08#:-7J*:.J;>;B;T.9O@<J.*7.J#.9 

J()<=*M;)&K%G6=H#:-J$%F8F$)3(Magnetic Stirrer" 
&#L9'.:=), $H-4 E$ &J()5(6 J.*7.J#.9'.:;B;T.9=), $H 

',=&-G6=H35(6&:F$',$HS3KG=315 30 45 60 90 120 150 

180 210 240 270 300 1F83330 -$5( 54$#$%#%=H
1)#-4 E$ &J()5(6 7, $-#$%;B;T.9==#0$#'.:;B;T.9 

;< :)#%8;$Q#%=H#,=-54$#$%:C&K%$8@/I%C*$?J( 
;<:)&K%G6=H)B:(:CJC&9CF3J&I#M5%M2M'*C&'=%/ 3 UV-Vis 

Spectrophotometer"  
 

 

2.3  !"#$ %!"2C?99 !"5257891-?:7D5/:;<3!=
>!  !  !?@E?+'<3!= 8448=AB>!  !  !?@EEEE 

EEEEE&'%()*-4 E$&J()J.H&K%$8@/;< :)J$%F8F$)J(1=TC; 

 J(1;H"3O@<*(K:$*&!<*!<-35 10 20 40 60 80 120 160 

200 mg/l 1F<:19,HOJ,!:;1#<:!:;F8350 ml &'C*+,$-
#$##$123@%G=+,$-#.**.-'/#$##$123I%C*$?3 
0R1 #%.*3FHO-1',F8!:;30$#-. E-IC;P$O@<J-C5 &!),$
;< :)&K%G6 =H&!),$1-:%$93200 %=9 /-$5( 3K:9K>*
=>?@AB*CN:<5(6325 °C OD<%8)8&:F$&5,$#.9%8)8&:F$&!<$
JB,J*;>F#$%;B;T.93@F.H0$#-. E-&#L9'.:=),$H-4 E$&J()5(6
J.*7.J#.9'.:;B;T.9  1F8#%=H1)#-4 E$&J()5(6 7,$- 

#$%;B;T.9==#0$#'.:;B;T.9;<:)#%8;$Q#%=H31F8
-4$-4 E$5(67,$-#$%#%=HNI:C&K%$8@/K:$*&!<*!<-!=H 

J(;<:)&K%G6=H)B:(-:CJC&9CF3J&I#M5%M2M'*C&'=%/3 UV-Vis 

Spectrophotometer"  1 F 8 -4 $ K, $ 5(6 N ;< 1 J ; H
K:$*J.*U.-V/!=H#%$2N=MT&5=*!=H:.J;>;B;T.9 

5. EHJ=H 
 

 
 #" 

 
 !" 

 

EEE"2C,-.E1 1J;H3 #"3&#FG=1#H31F83 !"3J(1=TC;J(1;H 

 

3.EF+ !",5+:; 
 

3.1 F+ !"#$ %! !")A"-(4<3!= 8448=AB>!  ! 
 !?@G5( !" "'A60 =50 *(ENaCl ?+'&!"'(' 
)*+!,-.)&4!'14H= !"525789 
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 !"#$%&'!&!!&()(*+$%&'!,--,'./0&!!&!!&() 

 !"#$%#%&'()*!)+",NaCl,

-$##$%./#0$#$%1'%2"3'4+!5!647-$##$##$89
32:4#0;&1<=*>?@2*A B$'$:1C)3,D%5<E2F 2 D#GG, !"*A$3$

1>$E2FH(;IJ53K,600°C -&L!) MN$*-$##$##$89E2F32
:4#0;&>?:&1H2"!@2!A$,D%5<E2F  2 DCGG,13OFH*A$MN$* 

#$##$893$#%&'()* !"8PN*A B$1#:OH1+:$ 24,P4F+ 3?,
8:&*A$L<1>$E2F ,800°C -&L!) >?MN$*#4334*'Q-$# 

#$##$89E2F32:4#0;&>?:&1H2"!@2!A$,D%5<E2F 2,DRGG 

 

 
D#G 

 
DCG 

 
DRG

 !"#$% 2,8@!?,D#G,#$##$89,DCG,MN$*#$##$89,8:&, 
DRG,MN$*#4334*'Q#$##$89 

DCG,%&"&1+:$E2F1I3$&@3S*#$%!5!647, 
-$##$%./#0$#$%I$%&"&1+:$E2F1I3$&@3S* 

#$%!5!647@2CH?'4+!5!647, !"SP)@2")H3LI3@28!?,E2F
R+$31C) 3C) *,20 mg/l,<%K3$'%,500,ml  !"SP) '4+ 

!5!647 1 #%43,T7+N$MN$*-$##$##$891%KF31C)$@5N@3!(:
E2F1+:$,210 *$E2,8:&MN$*#4334*'Q-$##$##$89-&

1%KF31C)$@5N-(!@3!(:E2F1+:$,300,*$E2,D%5<E2F,3G,!4?*4 B*S*
C4 B*'H*#$%./#0$I$LH 61EK%Q 3CH?'4+!5!647-/?

1:O H#SP) 1+:$@5?@(!E2F ,300 *$E2 ,1TOF H SI) 8*N S-+N$ 

MN$*-$##$##$898:&MN$*#4334*'Q-$##$##$89-&

L3N32#$%!5!647H2# 

,,,,,,*H#-$#*2 BI $# 1< %2 "7 1E2 "7< %&@KE UK J $T 

#$%!5!647E2F 1+:$!4?#:N$+T7+N$,MN$*#$##$89
@$3$%M!5!647@2")H3L!)M/? 54.27 %8:&MN$*#4334*'Q
-$##$##$89@$3$%M!5!647@2") H3L!) ,81.33V,

'$3:A$!47 

 

 
 

 !"#$% 3 8@!?%&"&1+:$#$%!5!647CH?+4@!(!5!647

 

DRG,RN$ ,pH CH?*A B$ 1@2"@4?1R%$&IQ #NH*8:&I:4? 

#$%!5!647, 
,,,,,,-$##$%+K1R%$&RN$,pH,CH?*A B$1@2"@4?1R%$&IQ-$#
@28H6K!@28!?,E2FSP) S*#$%E!:H?T7+N$E2F,pH 1%KF3')*32

RN$1EN$#47,5.95,8:&13OFH@K B*@(!#$%E!:H?T7+N$ 

RN$,pH CH?*A B$1@2"@4?1R%$&IQ-$#@28H6K!@28!?32 

RN$ pH,@5?C/ B*,1<=*,7.45,8:&,7.57,@A$I%47MN$*-$#
#$##$89,8:&MN$*#4334*'Q-$##$##$89'$3:A$!47,,, 

,,,,,,E4 B?*2 B1*OFH?-$#@28H6K!-&@$3$%M:&:$"*A B$L!)!2S*
@J$+&E2F1<=*#%!,(Acid dyeG,!4?*4 B*13OFH:&:$"*A B$-/?
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 !"#$%#&  '!()* !+,-.,$/0pH0123 #4560"7*1 8(9:,-#
45*;$#4-56<6=>;25*)?'!("@6/+?A@ ;>BCDE&+,-0pH0
123#4560)*F<46<6=>;6&$GB>$6<6=>;06>/#> H#+,-0pH0I9/
#J H-@!"9=C6)K/ !+,-@</IK H#1734#&9G"@6/6>/B-5-/'!(01 

 

 !"!#$%& '10"@6/+,-0pH I9/#J H-1@!G@>/1+5-*EL1 8(9
15C( B&#"7*@C H#@?64-5'679/0 

B>$6<6=>; pH 15C( B&# pH @C H#@?6 

F,-#4-44-"M 5.95 7.45 

F,-#4>  >#BL4-44-"M 5.95 7.57 

3.2 (!")*(+!,- .(""/(!"0102345%672.05%60#
87#9:!;(!((!6<6=>9:!;(3//3; ?(!((!6< 

)-44-5'679/%6GD.& 0D.& 25C -AB>$6<6=>;0 
0.1 45> 01$7-'!(D.& D#4-56<6=>;0300 #-'!0+$;+? 
9?AEN< C4-56<6=>;'!(0250°C )-4#> H##J-:74-5'679/
'!(O6& -PK4Q-0B- @ 4-5O9%=1'C5L I9/4-56<6=>;0
%6GD.&";;)J-79/O9%=1'C5L I9/M5?#6C.0(Freundlich 

model)06>/@ 4-5'!( 0R1S0"7*"7/1 !G5L 0(Langmaiur 

modelS06>/@ 4-50(2) 
 

@ 4-5M5?#65C.0(Freundlich Isotherm) 

Log (X/MS0T0logKf0U0R1/n)logCe        (1) 

 

4J-E#6DE&00 
Ce T0+$- 1I&  I& #I9/B>$F<47*7-G'!( 1E7890 

E7>/4-56<6=>;0(mg/L) 

X/M T025C -AI9/B>$F<47*7-G'!(F<46<6=>; 

000B,9#J H-E#>4I9/B>$6<6=>;0(mg/g) 

Kf , n T0+,-+/'!(@ 6?7D#4-56<6=>; 

@ 4-5"7/1 !G5L0(Langmuir Isotherm) 

 

Ce/(X/MS0T0RCe/Xm)+(1/(KLXmSS00000000R2) 
 

4J-E#6DE&0  

Xm T025C -AI9/@-5'!(F<46<6=>;@</@?6 

X/M T025C -AI9/B>$F<47*7-G'!(F<46<6=>; 

000B,9#J H-E#>4I9/B>$6<6=>;0(mg/g) 

Ce  T0+$- 1I&  I& #I9/B>$F<47*7-G'!( 1E789 

0000000000000000E7>/4-56<6=>;0(mg/L) 

KL0 T0+,-+/'!(@ 6?7D#4-56<6=>; 

 

)-45<2'!( 04 (4S0"7*0RIS0"@6/:74-5PK4Q-0
Freundlich Isotherm0"7* 0Langmuir Isotherm0D#
4-56<6=>;@!"9=C6@!"6/06&$GF,-#)-44-44-"M0V;$,-0
4-56< 6=> ;)*@96+7& 9/4> ; 0Freundlich0 Isotherm 

 -44$, - 0Langmuir0Isotherm 1#8( 9 /)-4 ! +, - 0R20
1', -4>; 00.99360=K( /@< /4$, -+, - 0R20I9 / 0Langmuir 

Isotherm0%6G !+,-1',-4>;00.7914 6>/#> H#)K/@5?2O6&$,-
VWBC455 4-56<6=>;I9/F,-#4-44-"M@96+7&9/4>; 

Freundlich Isotherm 

 

 

R4S 
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 !" 

 
 

 #" 

 
 

 $" 

 

 !"#$%  4  !"#$%&'()"%*#+*#,-&.,Freundlich 

Isotherm +*#/0'1&'&&' 2,-+.,Langmuir Isotherm 

+*#/0'1&'&&' 2,-3.,Freundlich Isotherm +*#/0'1 

&4554167&'&&' 2 %8,-#. Langmuir Isotherm +*#
/0'1&4554167&'&&' 2

9'&(:;)<= ,4 (3., %8,-#.,$%&'(>?&@',
Freundlich Isotherm  %8 ,Langmuir Isotherm A1

&'(":"B4C!< *BD"!< "#,"E FG/0'1&45541679'&&'&
&' 2,HCF0'&'(":"B4C98!*"3%E*#&4C,Freundlich 

Isotherm 5'&&F0',Langmuir Isotherm I1J= *#9'&5< 
30',R2 I)0'&4C,0.9968 B?=#!:#&F0'30',R2 +*# Langmuir 

Isotherm K"G5<30'I)0'&4C,0.9400 "4#14 L19?#!(M;N"EF0'
HO6D&((5&'(":"B4C+*#/0'1&454167&'&&' 2
!*"3%E*#&4C Freundlich Isotherm  60*G0'#N(&P6'5
/0 '1 &4 5 54 1 67 & '& & ' 2 &P 5<  1 F K1E 5 (: ;  C C 

&'(":"B4C CC,Langmuir Isotherm "EFG 

 

 .  !"#$%!&"'( "')*+, -.!"#/0)1Freundlich 

Isotherm 234 Langmuir Isotherm 

 I5J=*1Q'+E *5:%,Adsorption Isotherm &'(":"B4C 

!< *BD"!< "#,"E FG/0'19'&&'&&' 2, %8/0'1 

&4554167 9'&&'&&' 2 ,5'3Q '1FR S'30 '3#)<= 
+*#!5&'(,Freundlich B?=#N"E  &E 30',n  %8,Kf K"G 

S'N"E 9'&3F'5T41 %89M"64" &1,y A1&'(H%P*6
&('2(8SF0'#,LogCe  %8,Log(X/M.,3F'5S5'G
+*#30'3#)<= n 98 !"#/?#3F'5 +P# (#+*#&'(":"B4C,
(Strength of Adsorption.,/E '5<30'5'&&F0',1  !"#
F0',&'(":"B4C98I&D"+? L1N"EN50"<,/E'30',n 5<30'1E*G&F0',
1 S(J*A&%E I3<G#,1 S5'G/?#,&'(":"B4C98I&D"+? L1N"E"< 
)<=3F'5I+E 5!:# %8 !"#30'3F'5I+E 5+E 15<C)C') 

60 *3 F'5!'5'(/A1&'(":" B4 C +*#64 F":" B4C 

5'&,14=13J* /E'!'()<=/:&":"B4C5<3F'5I+E5+E1!:#64F":"
B4C5< 1FK1E 5A1&'(":"B4C!'(14 L1N"E "< ,!0F130',Kf  

3J*,30'3#)<=+*#&'(":"B4CB?=#98ATE  !"#/?#3F'59M 
A1&'(":"B4C,(mg/g.,/E '30',Kf !:# !"#F0'64F":"B4C 

5<3F'59MA1&'(":"B4C!:#"EFG, 
30'3#)<=+*#!5&'(,Langmuir B?=#N"E  &030',Xm 

 %830',KL K"GS'N"E9'&3F'5T41 %89M"64" &1,y 

A1&'(H%P*6&('2(8SF0'#,Ce  %8,Ce(X/M.,30'3#)<=,
Xm C*&/? #; (D 5 'R)<= /:&":"B4C IHJ= * ASE I&D " I;P 1 
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 ! "#$%&'()&*+,*-.!(/(mg/g0/12(#324/KL/35+/1!-6781,)9,: 
;+ <= 47%> % ?!@ /(ml/mg0 /A 8B1% <CD <E F! < <4# 

'D%$G#&*'(1!-E!#9H/(Relative binding energies0/BF8 

3(4-B;I<B7<J#=47%>%?!@/CK 4324/K 1><B1%<CD<

EF!<<4#J#=47'D% $G#&* '(BF83(4-B;I<B7<J# 

=47%>%?!@1></[6] 

 

 !"!#$%& '2'3243<)&* ;+</Freundlich Isotherm J# 

=47%>%?!@;+<C24#=4==4BLBF8C24#=!--!#.H=4=

=4BL 

 

 

 !"!#$%& '3'3243<)&* ;+</Langmuir Isotherm/J# 

=47%>%?!@;+<C24#=4==4BLBF8C24#=!--!#.H 
=4==4BL 

 

A4=.474<)&* /2 B1%<32 43<)&* ;+<1-=4 7

Freundlich J#=47%>%?!@1&B+?,%1&B%</%K('C24#=4=
=4BLBF8C24#=!--!#.H=4==4BL/3243<)&*/Kf ?D*<B1%<

CD</3(4-AMJ#=47%>%?!@/(mg/g0/E@(24/C24#=!--!#.H
=4==4BL-&3241><=(24C24#=4==4BL/.4-FN4%!@/)! "<#& "

+4A$#5*+<-4A4=;#4%7>E7M#;+<C24#=!--!#.H=4=
=4BL/#! "#-&;#4%)&* $G-481-=!@;#4%O37<17K 4<

O- $F =M F ; + <1& B % < /1N 4 G 7! @ 32 4 3 <)&* /n E @ (2 4/ 
C24#=!--!#.H=4==4BL-&324-4==(24/1 J#=47%>%?!@1&

B+?,%1&B%</B1%<(24/=47%>%?!@$=,%;D "#P%K P-2%&)&* 
3(4-$;K-;K#1></)! "<#& "+'24<P7=I.4-C24#=!--!#.H=4=
=4BL-&B#(O#K--&7>6B@@=47%>%?!@B@@  Langmuir/

?D*<A4=3243<)&*)&*P%K A4==473N4#(QB1%<%!<.474< 

)&* /3/14-47C(,$3748GHP%K (24  Xm ;+<C24#=!--!#.H 

=4==4BL-&3241><=(24C24#=4==4BL-4=?D*<B1%<JGK
$GI#(24C24#=!--!#.H=4==4BL-&3(4-14-47CJ# 

=47%>%?!@-4==(24/.F+%A#-&324/KL/)&*1><=(24AD<-&
EF!<<4#'D%$G#&*'(J#=47%>%?!@1><=(24%K('$ 2#=!# 

 

4(')"*+,-.!"$/-0# 
 

//C24#=4==4BLBF8C24#=!--!#.H=4==4BL-&78'8
$;K41>21-%MF=47%>%?!@)&*$(F4/210 #4)&/BF8/300/#4)&/

.4-FN4%!@/A4=47RD=S47>6B@@=47%>%?!@E@(24/ 

.!(%>%?!@A4=C2 4#=4==4BL-& B#(O#K -)&* A8-& 
7>6B@@=47%>%?!@B@@/Freundlich Isotherm/12(#

C24#=!--!#.HA4==4==4BL/E@(24=47%>%?!@A8
1+%3FK +<=!@ /Freundlich/ Isotherm/-4==(24/

Langmuir Isotherm/B.2+'24<P7=I.4-C24#=!--!#.H
=4==4BL=I-& B#(O#K -7>6B@@=47%>%?!@B@@/

Langmuir Isotherm/%K('/ 
=47=47RD=S43243<)&* ;+<1-=47/Freundlich  

J#=47%>%?!@1&B+?,%1&B%</%K ('C24#=4==4BLBF8
C24#=!--!#.H =4==4BL /32 43<)&* /Kf ?D* <B1%<CD </ 

3(4-AMJ#=47%>%?!@/(mg/g0/E@(24/C24#=!--!#.H=4=
=4BL-&3241><=(24C24#=4==4BL/)! "<#& "+4A$#5*+<-4A4=

.!(%>%?!@ Freundich 

3243<)&*;+<1-=47 

n R2 
Kf 

(mg/g) 

C24#=4=

=4BL 

y T/1.4829x -/

0.1016 
0.67 0.9936 0.79 

C24#=!--!#.H
=4==4BL 

y T/0.4997x + 

0.4109 
2.00 0.9968 2.58 

.!(%>%?!@ Langmuir 

3243<)&*;+<1-=47 

Xm 

(mg/g) 
R2 

KL 

(mg/g) 

C24# 

=4==4BL 

y T/38.43x –/

53.418 
0.03 0.7914 -0.72 

C24#=!--!#.H
=4==4BL 

y = 0.0298x U/
0.8531 

33.56 0.9400 0.03 
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 !"#$%&$'! ()*+"!,-..-!/0,",,"123!- 4!.5 !"#657
89.":;.,-< !"#=>$);$? ")=.8@,'@ ();51#)3

;A"9$-<>+">)6573n  !"#$%#$&'())(&*+'$''$,-)./#$
)$''"#$01 1&'$23435(!6.,75836.,390,639"#$ 

'$23435(!:'83;< =&>3?>)#3.@.A/"$):;?);?&6490@( =9&. =7B#$9>2
'C*$)0%#$&'())(&*+'$''$,-).,&"D&? )).24E,!! 

'$23435(!,!!  Langmuir05<A9F$'/#$/9@.A@.A >3? F$' 

'$2/G$&"H06$)$2%"8:/2$IJ+>3? "#$  Xm ;79%#$& 

'())(&*+'$''$,-)./#$649'"#$%#$&'$''$,-)$'5<A9

,6391J?:JC&"#$%#$&'())(&*+'$''$,-)./"$)6$)$2%
1&'$23435(!)$''"#$0*K73F&)./#$0KL0@.A649'"#$F<9).

 K(99$&B<3:J&.AB"1&'$23435(!649'"#$3?"B:L#&'(& 

 

5.  !""! ##$%#& '( 

 

 09$&"8F(B&. =>3? 2(!'$26&(!6&M&9!E2I)$HF$' 

'KM#)"8F(B"8N"'22)-$2+),KI:@/D&DKB.'$2/"!/M)
7(*D&)(*80)J$"8@B$K(B;7&,'#&0 
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