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.Mg/g a5 o) ¥ die 5 Yiaal) 3alall ApaS : Qe Lus
.mg/g 3an s b e ) die B Yiaal) Balall A0S Qe
sie Jall Aad e duaniy eminL s sr 31 A8 5a) e 31 35eY) de s Jane i : Ky
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AU Y alaal) gaaly Y1 Al cle lal Audadl) Aaladl) e juny

kq
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n(Q, — Q) =InQp — kgt evevve e e (13)
(A0 4 g3 gad 2-7-1

toeveenn (12)

% = Jey(Qy = Q)% e e oo (1)
13gd Adadl) A8l it JalSl) 2 o(g. Mg, min L) Aol 4l de 5 Wl e kp Gus
Lz sl
t 1 1
. +—t oo (15)
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(AG« AS« AH) 4Ssalisa ga A1) J) 9all 3 LYY <Y 4.1 Jg2a

L 8Ly 4S1aliza ga A ) g1
3)\);“ uala Jelss (+) . .
AH 6N 2 padl)
3)\):” JJU:: Jelss (-)
(e Jeld ) rrt
AS s AN (A Al
e Jelis )
A e Jelis )
O i Al 8 Gl 0 AGB Y 43Ul & sl
A ol )

A8l el Al 9-1

lellae (e gl paall a8 KU Ap a1 Y i ot ) AL ) bl all (e 2aadl Cada g 2
AL il Led axiiinl 4l )0 Cixay Cun i) 5 A all G bl Hall o2a Cae 635 38 5 (Al
¢ 3lall Balal) AsaS Lals Al o iy Al Julladll (e o) pand) sad oI A a3 35aY 5 ke 3alS
O Al ) gl g ¢ m g el )5 31 oall Aa o s ¢ A daall 3 5 culall (s
Balall 4aS () 5 edglali g 3 ) all A ale S 1 3aaY1 Aglee () 5 ¢ pilandV 23 500 g (3haiy 1 Y
32.26 MQ/g Cre ) ¥ das (e 2 353 jlall alall 4l il dadlaall (45 0.7 g (& 4liall 35l
0943 mg/g

(o) padll oV 3Ll 58 andy Cila o o o) jeall g0 Sl Araa ) el 3 4l Al o
&t )Y OS5 < 30min s Ol Y ) 5155V dsmaa sl o 53U a3 (G Al jall il < pelal
pad ol ) e Rl jh sy 5l ai s RSl )5l (3 e pladi il die e a5
Sl IS aany Jualall 1 3ieY) Jelis of gl Cinua o) 288 L8 0ali ga il Lalill (e Ll ¢ gl
cilall (3 sl alasiul die 3 ) all Galall ¢ sl (e g ee) jmuzadll oY Sl 5 58 and b e
e Lal O 40 4 )1 (e Jeliil) (S 288 8 jall Aals Gy ¢ andll aladi ) aie 5 5) alla g
<3 (Pisum Sativum Plees) ¥ W s (Solanum Tuberosum Peels) Ualadl 538 aladin
Al Jal gall 5 e Co el Al jall ada b 2y ¢ Al Ledslan (ga o) panll i oSI) s 1)
de el (355 ¢0.60 Y 35 <0.80 & Ualaddl ) o581 5 5lall salall dpasd Hal) o g plall cuil<a
(PH=3) Walall ¢ilS i 5 526l Y1 5 <35min « Y 5L s $50min oS Ualadl 58 sl
O a5 ¥ Al o il s Jsill e Lagia JS1300C 3,0 all da a5 «(PH=2) Y 3Ll
Sl Jalall )5 Jeli S 5 ol b 23 sai e ST eV 23 sail 2aiDle o)) 33V iy
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6.9mg/g 25 28 oY Ll g Ualdadl )¢ S8l (Qpax) s s—all ) 3ia¥) dauig 3 ) jall ol
OO Al Je 16.4mglg s

Lnal 4 5o 5o 80LeS SISISH 530 5 508 (3 gmnsa 808 a3 (AT Al )2 a5 llia
o) yaadl g oSl daal ) 3iaY1 5508 e ol sadl il pili @ jedal g o Alada s 6 jaall 2 5S))
Al A )l 23 g Aol 53 ) SV AS o Ciay (S5 plad e SISISI 5205 508 alaai by
col paall gai <l Aapa ) JieY Aadlaall ye 5 gedll 988 andinl Lead &5 (g Al A jo A5 930K
Gl aaa s 5OMQ/L amall 38 55 S Ladie il dapall ) el da e o 4 jall caaa g
A g ety o i gl adi il S ((PH=6) i (ames Janis 85 89UM 5kl salall
) ASaalina ga il J sl wsdl Apilly el «303K 31 s a3 2ie 38,65 mg/g <l alae ) il
dillall 550 al) s s Jaady g 31 all dale s 4l 31 5ieY) dlee o Canaia ol 288 Ll J geanl)
28] LS A3 A A0 cdle il S jall g3 saill it Ll 48 jal) cilill) cjlal (a8
L1000 oLl e () 1131 el 3 Aleniusall 5 gl clilig aladiad S e Al )

Citrus Limtta peel ) 3t 83kS & sadaall malall ¢ galll 3 585 )08 3wl 3 5 &S
A Y s alaat il al g o Alall Led slaa (e A 501 o) yeal) 2 oS A 41 3) e (powder
) & yedal a8 5 ARl A )l 3el (SEM) gl (55 581 gl 5 (FTIR) o) jeall s
PH=4 s ouel) G5 10 ppm (i) 58 5 pladind die 90 Min s paedl oy Jadl o
Sl 1Y) e IS O G saill Aol a sl G yedal LS <60 OC 51al dan A
bl of cps (8 ¢ S S )Y Jeld of AG — Allaadl 2l g ¢pi€ae UlS Lall
B A1) 3) e Alall 5 a8l 1 sy LSS A A0 e linl S all 3 el aa (3t AS sl
Osadadl Gadall ¢ salll g8 o I A jall e Ll s e lcall clalad) (e e seall sai I
L1005 Al 5 il e lia (g il eliall Coyuall sl dallaal Lgaladiind (Say

2l & jelal ((Cabbage waste powder) <ilall Ca salall il (3 sa e a235 il ie L
cotin s ued) Yy raall 3 5 il 5 ) salall ()55 5ok a2l Sl eY) o Al )l
S pn Sy dhaal) ety ilas ge il cuiil g i) yall da 0y il ans ge i
Slo ol el g Sl dayaa 1 el Al s SIS (102,00 2l A5 ) Aolas pe (35 ) i)
Gan Al 3l 3aY) oyl apand dal jal Cria i g RS Q5 jisie e S o siaall slal
G all As 3y ()Y e e St Al 38 5is s el () Ll Ay
35igall Jal 2l e lalaic) 1.6mg/gs 0.3mg/g o s sl 53 ) 5ie¥) s o gl s
) e dglee () 5 A Al A jall iy 138 ) 3R Jeli A8 ja ) Caaa i LS ¢ SA) dall
3 pall ol g AL ) 3N o () e A ) el Aalnall Al jall Lal iy 5 23 g i
hexadecyl )CTAB < Jaxall 5 JW& il ) 88 (pa jpianall (5 o) andll 3 508 A j3 o5 (10)aGayilay
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Caad g Alall Lelllas (e ol peall gai SN 43y a4l ) e (trimethyl ammonium bromide
ekl ¢ s uedl a5 Gl ey cdaaall 38 55 Jie )Y e gl Jal gl A 5o
109 lans¥ oy 5 a5 AN AU AN Adbaad i 1 3ieY) dglae ol bl

505U A A1 5Y 25 Jagll 538 e emnall Jaisall g 53 SI) paiiad 388 (5 HAT 4l g
bl S 5 ¢ plaaty 73 sad iy ) 3ieY) of Al all il < pelal Cum dilal) Leldlas (g ¢l sl
Ualas ae (385 ) 3V AS a5 <30 OC 3l ya da 05 pH=6 2= 69.93 mg/g & ) i dau
52tk s 45080 Sl 5eY) e oF N e 55 48 (AG, AH, AS) a8 Lal ¢3Sl 2l 4 )
.(105)3)\)33

45} & (Maranta arundinacea) 4 ) <lils sl (e jaaall o dial) ¢ 53 jSI) a2ai
DS S A pa ey Aline Ay pat iy yla Jla 8 bl Ll (ga ol seal) sai oSH Ak aa
a0 ) Cana sl g capall A1 3) e 3 5all Balall 43aS 53 ) ad) A 3 g culadll (4 3 5 cinall
e Jelall () a5 a8 Jeliill A8 ja Al 50 L) (79.3mg/g sl 8 jlall mhand) e dxaall ) il
53 s Al CulS 31 5] Alee o ) Al sl A pebial) Gl all e Ll 5 Al A ) e s
Tl Ll s 8 e el Jslaall e ol aall o oSl A a3l el il & (106 ) sl
Gas Asamall 38 5y o in g el (aY) s 6l salall 4peST A1 3iaY) A j3 a5 «(ACPH)
(M) s g Aaall 3 55 b el Balall a8 pe Libad < glii ) i) daas G 2 g5 ¢ uadl)
B0mMIN Dl (a3 Xie 24.3157mMg/g ) ie) das (mall e gl &5 4l giliall < yelil
Ll gl ¢ alani¥ 23 sad ae b IS S il ) 3RV Of aa 55 ¢0.1g 3okl salall duaS
Al Al 5 (R? = 0,994 Lol )l Jabaay 43S Al A1) Alalas ae a JS 534S
s g1 (AT Al ja (8 (1075 ) jall dale y 4l calS ) 3aaY) dlee o () &)1 oad) Aaalinl
o) yanl 5o sSH a4 Y s 5 3o LS padinad 5 ¢ liall il Gl sl 588 (e Jadisall (50 S
cbaill (a5 Jomdl g el g8 o g 3l i ) 3ie¥) dalee (o gl < yedal  dilal) Jllaal) e
Wiy sall sy dilef alasi Wy (199)pH=2 1 1850mg/g il 3 31 i) 4w o 5 20min s
P 4@\4;5\ L slna (g o) el g ST Aruia A1) ) Chad 63 Hla 30LeS Jaidiial) (Moringa oleifera)
CuilS Eua b pamnall zAlaill LSSl 4y ) V) pailaadll il e Saa il e J gaal)
JS e Aglle cilS Jalg ,¥1 e (Y b 5 A3l Al A ) Aales g dae Dl Je i) 38
L Al uly ) eV mys 0 el gl il Civaa 5y (i 5 a3 S cadiianall 5 ) all s 5o
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Gyl g o aall Coyaall slie (a6 jeadl a8 KU Aaya &) HY 5 ke 83S and) ) oS8 ladd Ll
i) S 55 2ie 112 mg/g Sl ieY) e cilS Ganll 5558 e (g ) i) (il o il

22



Tasad a3 o il OLS 5 6.8 Sun s el (Y1 e 949917 dwis <10mg/L
,(110)_).-3)4;3\).7
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15 kel o) g g aan 1-3-2

e 3 sl e (Ol egindl) ¢ sl Jsll ) 538 G 3 ke S5 3 lall 80kl gan
&b Lediad s Hhial) el lehue o5 Ol e a0 Lelut 5 Ledialial g 22024 diud sl 5y sed S 35
3 )le 3 gaS Lgia ¢ ja aladi ) & Eua ol A Gilelw 4 3261 80OC 3)) s da o die &3 ¢ pua il
dgaladind pa U las e s IS Jada g daline alaal culd Jalie alasinly Lelas g Lgiada 23 dila
Goa Gavb ge W st 28 g dd g paall o all )3 S8l and sy gm 83 5he 2l 58 JAYI 6 Sl
A Oie b Baad o sell (e J jme (8 550°C 501 A 3 ie b (8 sl Adladl o) sall a6 3
daSan clygla 8 udada I day 5 e sthal) Glypaad) aaa e J s wanll dlaal sany Lelai  Leiak
DY) Cllae (8 Lellasial (i ) 332 Y)
rdipall (e (pulil) Jglaall jpni2-3-2

ey Jolaa 138 (68 e paall g oSI Aaaal e Jslae st o3 1 5ie¥) Al 52 JaY
o= <1000ppmM S s o) peadl g2 581l daia (e (il Jslan jdandaf Cua danal Gsle e
Gedlul b a8 Jglaall 138 aladt Gl g ¢ phadall clall e 1L (A Rrall (0 1g A0 31 sk
Aol ) 8 Alasiaal) (5 5AY) Al Julladll
sddpall ol iadal) (i g alieY) (o gall Jghall 3aa 3-3-2

53 Aapall Jladd paliaial) Gl 3k e ((Amax) damall alae Y1 o sall Jghall daas o
e Aan sall JI kY (520 8 Aonudil) (358 5 4 sal) A3 Cilihae Slea Aaud 50 10MQ/L S A
Jshll daad a a1 (e g 6o sall Jshall 5 palaaial) (4 483l Caas ) 5 <600NM A 400NM
(Mmax) e o sall skl Jiay (el aial AeY) 53 o sall Jshall G G calac Y1 o sall
O ANl o) JBA (e 4gle J sanl) &5 ¢(3 el inie) Araall @) sl el
Jae Jiay s el 38 55 Qi Amay — (5 sbaall (o sall Jshall ie dpunlal) Jallaall (e Al dualiaial
S i sas g IS dpaliaial) il agfivuall Ladl)
p VY e aadal) (e sl Al yo 4-3-2

S s gl dall Jillse e s 5ia3 () 50 8 alasil ad Dl (e Ll Al
133 el prla ) e a8 Jillaall 028 Caxia 55 «(30M aaal) s 40mMQ/L S ) analls
adlall s 5lall salall e 0.1 g padi s <125um e SV 200um (e J8Y) Slanal) aaa
&3 25°C 3 )l ya da jadie e Jlem g e S alea B Cm agad aadllAlls 40,1 g QX
palaia¥) Gl &5 a5 «90min <70 «50¢ 40¢ 30 20 <10 ¢0 A ;Y die Ciligel) i3
3 D)3 2y el 3 5l Jhay (g s 38 5 s o il oaially DlaiaYU 5 cdallaall s2¢]
O AR sy 5 618 Alabaal) alatinly (Qg) )iV Aros (ol a3 a3 ¢(Ce) O 3V 2ie 38 )
(D) 51 5503) ol 38 Gy st &5 2l JEN e g ece 30 Jilia (Qe) ) ie) A
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Q="

(mg/g) skl Bl (e )5 Bas 5 JST5 Yiaall Balall AsaS 8 5 ¢ ) 3] das =Qe

(mg/L or ppm) 5_siedl salall Slai¥) 3 5ill =C

.(mg/L or ppm) 5 yieall salall J sladd ¢l 31 Yo 58 5l = Ce

(g) sl sl s =M

(L) 1RV G aasiial) 3 jiaal) 3alll J glaall aan =V
<5 jlal) Balal) dsaS il Al ja 5-3-2

eV a5 ((Qe) ) e dnis e (aadll 5 cadlall) 5 5lall salall dpeS ils Al jo s
53 Aasall Jslae (40 30MI G2 IS (B sy (3150 5 380 a8 Cua ¢ ¢(19 Adlas) (YR) dasaall
sl (3 sassa (30 51l e 2.0g <1.0g <0.5g <0.3g <0.1g ©3sY) g ¢ 40ppm S
J a1 488 A 53 5l ) e 35 30 (Pl plaa (& ) sall Cania 5 5 candll g alad) dne 58 5Ll
S s g el dillae (alaital (a5 e S 53 a3 @l sy ¢ ) YT Jelall ol 331 Al
s 68 kal) Balall e Jilia ) 3iaY) Aras (g A8l ey a3 €3l Y] Ari 5 ¢ el Ary il
1303 5l alall 4paS Juzadl gt a3 i) il
%R = "2%100. e (19)

0
25 Jlal) Balal) cilisas ana il A 33 6-3-2

30Ml G2 IS (8 ass B)s2 6 pladiad &8 ) 5ieY) e e clpal) aas 580 2l )l
plaals aadll o A8l 3l 33l (40 0.1g 4] & &5 40ppM S 53 el Jslaa (e
de e 33 3e e ples A G)lsall Cax a5 23 (200-125 ¢125-75 ¢75-45 um) o At
ozl Y dallae aluaiial (i 5 Leand 53 a3 @lld 2ay cliune Wagaad a3 4 5 3538 250C 3,0 ja a2
Qi ) eV Aras (p AR a3 (3l 3 LS ) 30V Ams 5 ¢ iiall Arpall 38 55 Cilian g
NUIETTEN | [PEN
: VY e diall A S A 8 dad j2 7-3-2

o (s 5ind (3,152 10 pladiwl &3 5) sieY) dlee e A all iy S il il 4l )
«<10ppm <5ppm <1ppm) 200ppm 1ppm i Lo 75l 8 ddbise 581 5 A all Jllas
sl «30ml ax225 (200ppm <100ppm «80ppm «50ppm «40ppm «30ppm «20ppm
(5 AN B e padll 3 ) sa 35 Jlall Balall (8 gana 53 e adlad) 5 lall 5alall (8 gmase 30 0.19 G52 IS
Caas e ) 530 (250C) 4505l A po e 1 5a Dlea 353 e plan (3 (3,15l iy o

27



Al sy 3 ) 3ieY) (o 508 i) 5l ddaadlal 5 ¢ ) 3iaY) dr Carus 5 ¢ nalill) iaiall aladinl
(19250 a0 S5y S Qe 31550 daas O

2 3) ¥ a i g 340 Al 2 8-3-2

Y 38l il Al die Lgle Janiiall il aladt ) &5 1 SReY) sl by
Uil s Aoas) 10gQe s 10gCe ¢ 483all I 5 ¢Qg s Ce Gitw ANl sy 5 ¢ Sl e e daiall
(196 Ualas ¢ o saaiD Auhadl) Aalaall) Ce Jilis Co/Qe adf (483l 5 ¢(10 Ualawe dnkadl)
1ASaling g AN ) gal) b 9 3 ) ) A g il A j2 9-3-2

& Cun 40 ppm S i apeall Jlae alaialy 5l eV e 5 all A s il dul s
ples (8 (550 JS gy el Aaaall Jslaa e 30MI e Lie 2al5 JS (g 5ing (3152 5 24
O Lo At aall 3 ) jall sy s gl 3 s cddlife 3 ) ja Gila o die ¢l a Slean a9 e Sl
Balall (§ saina (10 0.1 g B2 S Caaal ¢(50°C -40°C -35°C -30°C -25°C ) 50°C-25°C
e ) baad Ay sllaall 3 ) all A 3 ie S yig candll 5 ) sia 85 jlall Balall (3 sa s 5 4dlad) 5 L)
Caanny ¢ )Y dans) 8 iaal) 8alall d0eS 5 ¢ Rsiall 38 5l o s eJillaal) Conndiy el canaa
Eaan oA 5eY) Jelil Auatin sa il J1sall dagy 5 T(K) Sk (Qe) Jliie¥! Aaus (p 48Mlal
Uolaa) Cosp s Aol B 5 /T Qe In K 0 A8l Cannsy 5 ¢l K s Lgin s K il

AH ) 2854k pa i1 sl a8 sl 5 e (el i asal) Tl Alslae S0 (a5 (11917
s ¢ ( AGO, AS?

K=o e e (16)

k=224 (17)
R RT

AG= AH —TAS e (1)

rer ) ol B A 2 10-3-2
i souel) Al (e ae B 1Y) Alee e Dapal) Jolaal s g el (a1 il Ga
Jstaal pH —) s i (11,075 9.45 €7.34 ¢5.08 2.82) 11.075 2.8 & b 515 (pH)
Jslaa sl el ) 5lS g el (men Jolae A8l g ¢ m 5 ued) aB N Gl Sl aladi s Ayl
a5 40 ppm S s Axmall Jslae diln HS3 LS Al jall 038 (8 a2diul 5 ¢a 500 sall 2S5 28
Cixia g ol aadll 3 ) gaa (85 jlall Balall (3 gassa g 48l 5 jlall 33lall (3 gnsia (0 0,195 <30m
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Jale Ll Al 5 (e Lol Jmaiall bl alasi ol o3 50 paad s Je il 48 ja Al
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sad 58l il il iadall g (himax) palaaia¥) Aall alie ¥ s gall J shall (s 1-3
18yl

aad ol s (A pall sl A o) peall g2 58l Araa (aloaial (e 1.3 A ma
Ay donwadiall (3585 A sall A Y Cilidan Slea pla3E s (Amax) Aaall alae Y1 o gall J skl
400NM G z 55 daa sall J) s e (520 8 Sppm S 53 daal) J slaal GaliateVl sy
Jshll 138 5 508NM (o> sall Jshall 2ie S paliaial eb o] JLE b gl 5 58 LS5 .600nM s
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585 Jie ale Janiall Galiaia¥) (48Nl oy a3 5 <30pPM.s 1PPM i dediiosdl) 51 5l
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Y = 0.0259 X + 0.0243, R2=0.9955.......(20)

S Lt s o(1/ppm) S i sas g JS1 dpialiaiaV¥) (asfivall Jadll Jia) 0.0259 &80 Jia s

21 A8l e 1Y) any s I8 (el Jlaall (8 o) jeall sai SH daua 5 5 ala)

_ (Absorbance—0.0243)

[Congo red] = ooz e (21)
0.1 -
1 0.08 -
| 0.0243x +0.0259y = _
_ 0.8 0.9955 =2R ‘j 0.06 -
206
9 Y 0.04 -
0.4
E 0.02 -
0.2
0 T T 1
0 ' ' 350 450 550 650
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) o o) pead) i o<l ddsa ) Fia) A o 8 Lal) Balad) dpaS 6 2.3 Jaa

MJJ.\.AS\
Q. (Mg/g) Sl
b aad el gl 294 and | gl el S sd | ol o9 4:‘;
e o sl i Jsil) (513 gl @ “-’
(1 g PPN 8 3kall
9.861 11.042 9.293 11.644 11.031 11.783 0.1
3.399 3.712 3.268 3.901 3.457 3.785 0.3
2.071 2.236 2.062 2.359 2.252 2.236 0.5
1.111 1.064 1.023 1.184 1.221 1.064 L
0.237 0.467 0.579 0.598 0.613 0.468 2

151 gaall g o) dia I el Ao e g gl oY) 8l 5.3
Lia ol )3Vl Alee (8 aSa Sl Jal sl adl e Alal) slaall s g sl a1 ysing

11 Y2 e sl (B a s paall mha ) e Do all ) il das e in el w01 5l
3.3 dsaaly mnse 5o LS haudl AL | IS aliny Y (40ppm) Arall e <l 58 5 die
Go il s ol meall e gl 8 Led daid e il 1 el R o Dl 7.3 JSS
Ol 1) pH=11 aie Al ol o3 8 Led A 81 il 5 ey 5l Ayac al) Tl Y1 & 5 A3 ¢ Jalnl)
@25 O OSay (9 — 6) il gacldll s maall o gl sae & ()5S Al ) eV (sae Juabl
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g 20l qehand¥) o g1 paall 5i g8 dipan 13000 (o n gl o) 805 3.3 Jsan

Qe (Mg/g)
hal

Lo y . b 98B and | Jell) ) gdd

J54R aad | Gl jedd | 988 and . .
. Fiadl) J il gl
Sl PEN] Ciaadll) . pH
PR (1 g PR

11.795 14.007 11.517 14.355 13.834 14.413 5.08
11.447 13.834 11.413 14.019 13.405 14.668 7.34
11.332 13.532 11.088 14.031 13.266 14.598 9.45
10.289 13.601 10.892 13.845 13.208 13.648 11.07

1) pand) gid o< dipa 1 el dles o 3uS AN 448U 6-3

S B0l ) pe el el g oS A a1 el 310y A g aall mda W) S 4 Jaa ) )
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Jhaall ylaillyy ¢3S 5l e 5l i) dand Apdadll 300 31 Jaa Dl s s 5 el oY) JSD ) e
D) e daw <l 5 200ppm ) 5ppm (s« Ad—all 1S 580l ) aa albagd 93 M43
5 (a5 jumnd) mhansY) aladinl sie 50 (MQ/g) I 1.5 (MG/) I sa (e dous s yaall mhansSl)
s e 0l 3 388 ¢ g S8l and (e b yanall mhaul) aladin) vie Ll cCania 33 ) san ol ddla))
Lapal) iy ) el Sy adl ) @lld (5 e 35 Cieaa 40 Lo sy 50 (Mg/g) Y 1.5 (Mg/g)
)Y 33 ) sl Laa Lyl Aadlall 3 g8l <l 3 S il 3al ) e OS] 5 dmddie <3S S
Jetall 3ah ) ) dasall 38 55800 e Sl e aan 324 ) g i Of Lol daisal) (g 5 ¢ el 380 i
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(i gl 51 538 pehas Ao ) jaal) g o) i el o S 05 4.3 Jsaa

YEIPN

Ce/Qe Log Qe Log Ce Qe, (Mmg/g) | Ce, (Mg/l) | Co, (mg/l)
0.013 0.174 -1.714 1.494 0.019 5)
0.009 0.476 -1.568 2.992 0.027 10
0.024 0.775 -0.845 5.957 0.143 20
0.038 0.949 -0.474 8.899 0.336 30
0.058 1.072 -0.165 11.795 0.683 40
0.178 1.153 0.404 14.239 2.537 50
0.348 1.337 0.878 21.733 7.556 80
0.496 1.417 1.113 26.112 12.961 100
0.688 1.697 1.534 49.741 34.197 200

Alad) Fiudl) [ 9dd mhu o ol jaall gad o<l daa 1) o 38 il L8 5.3 Jgaa

Ce/Qe Log Qe Log Ce Qe, (Mg/g) Ce, (mg/l) Co, (mg/l)
0.018 0.174 -1.568 1.5 0.027 )
0.048 0.471 -0.845 2.957 0.143 10
0.104 0.765 -0.217 5.818 0.606 20
0.091 0.943 -0.097 8.760 0.799 30
0.081 1.069 -0.021 11.714 0.954 40
0.121 1.160 0.247 14.471 1.764 50
0.154 1.361 0.549 22.938 3.541 80
0.181 1.454 0.713 28.451 5.162 100
0.177 1.756 1.003 56.980 10.066 200
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Rl sl i b o o1 pandl gh5 s Akpea ) Sl e S S 8 6.3 Jea

Ce/Qe Log Qe Log Ce Qe, (Mmg/g) | Ce, (Mg/l) Co, (mg/l)
0.003 0.176 -2.413 1.5 0.004 5)
0.009 0.476 -1.568 2.992 0.027 10
0.031 0.774 -0.741 5.946 0.181 20
0.087 0.943 -0.119 8.772 0.761 30
0.035 1.075 -0.384 11.876 0.413 40
0.062 1.168 -0.039 14.725 0.915 50
0.301 1.343 0.821 22.011 6.629 80
0.402 1.428 1.032 26.772 10.761 100
0.469 1.721 1.392 52.602 24.660 200

Jil) ) guth pnd pela le 51 pand) g oSl) A 55500 Sl S0 L 7.3 Jgaa

(1 gud)

Ce/Qe Log Qe Log Ce Qe, (Mmg/g) | Ce, (Mg/l) Co, (mg/l)
0.018 0.174 -1.568 1.527 0.027 5
0.102 0.464 -0.527 2911 0.297 10
0.315 0.739 0.237 5.482 2.614 20
0.308 0.916 0.404 8.679 2.537 30
0.375 1.033 0.607 11.656 4.042 40
0.390 1.128 0.719 13.892 5.239 50

438 1.327 0.968 21.386 9.293 80
0.564 1.409 1.160 25.961 14.467 100
0.543 1.712 1.447 51.000 28.019 200
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Ginadl) ) 98 and o o o) paad) g o)) drua ) el o 5aS il 0 8.3 Jgas

Ce/Qe Log Qe Log Ce Qe, (Mmg/g) | Ce, (Mg/l) Co, (mg/l)
3.227 -0.118 0.391 0.959 2.459 5)
3.048 0.195 0.679 1.567 6.166 10
2.341 0.547 0.917 3.826 8.251 20
1.722 0.773 1.009 5.934 10.490 30
1.306 0.936 1.051 9.780 11.263 40
1.262 1.037 1.138 10.880 13.734 50
1.174 1.249 1.319 17.853 20.490 80
1.428 1.322 1.477 21.003 33.232 100
1.112 1.653 1.699 44,992 50.027 200

5l 5uiB pad rrhaan e ) saal i oS A 15l oSS 5 9.3 Jsaa

Ce/Qe Log Qe Log Ce Qe, (Mglg) | Ce, (Mg/l) Co, (mg/l)
1.036 0.0586 0.074 1.144 1.649 5
0.752 0.389 0.265 2.390 2.035 10
0.615 0.705 0.494 5.204 3.116 20
1.069 0.833 0.862 7.034 7.286 30
0.626 1.004 0.802 10.347 6.320 40
0.956 1.067 1.047 11.795 11.147 50
0.613 1.307 1.094 20.274 13.116 80
0.845 1.379 1.306 23.934 20.375 100
1.055 1.659 1.682 45.571 49.255 200

1) pand) gad oS} ddauaal 31 JLaV o i 3 Asd 52 1-6-3
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a0 oSl Aayal 3l 3ieY) o sl aleil e 59 9.3 Sl el pda ) g < il Al Balal) daeS
g paall mha ) e 513y Alls 8 Jala ) 4l Jaa 3 Cum g yaall mha ) e o) jeall
Giles “atiai crun S & sl 4Ly 43l Caa

45



60 Sl Jsall 58 and 60 Alall i gudl Jill ) 528
w w
> 40 % 40
E E
o 20 v 20
o] o]
0 0
0 10 20 30 -20 0 20 40
Ce (ppm) Ce (ppm)
60 Gl 535 pod 60 [ gl o5 |
oo oo
5 40 S5 40
E £
o 20 o 20
o o
0 0
0 20 40 60 -5 0 5 10 15
Ce (ppm) Ce (ppm)
60 BRUBYE-Joe 60 Balall Sl a8
I I
5 40 5 40
E £
(V] 20 ()] 20
o o
0 0
0 20 40 60 10 0 10 20 30
Ce (ppm) Ce (pmm)

d g jaal) Ghu‘i\ Ao 8 paall g o<l dia ) il audigl :9.3 Js&

Cua o) FY) s 4 Jslaall 53 5kl salall G dapaal) il Ja o358 ) ) a i g 3l seda
3 5eY) &l se IS OV Gl ey Aaad (5 sl Al Jiad o Y1 die Axall e b Fiaall Al
) V) iy diae e LS ((1264127) ) 5391 sie lane Conpal Jeléil) dylay 85 e Ld il Al

zisa maail Freundlichs Langmuir ¢ JSU e s 5:¥) z3lad Je (9.3 4.3 (e Jsla)
REER AN

46



20l 8 a 58 950 2-6-3
BB AR BININ STy Py PREH EXPRgry 3 NEVINEPS I g i S NPT PR v JUR EIVEN
(129,15 ) Aslaalls Jiay s b a5l el

logQ, = logK; + % logC, ... ... (10)

R Jilai 8 ) & Gailal) ade Jalaa 1/n edalsi ) A8Uay dasi y g ialas 8l K Cua
Sl mam e 58 LS <] 0g Ce 22 LOG Qe O A83Mall aiiusall Jadl) adalis ddati g o (g0 Lglssn
Ll ¥ Julae o YA a5 ¢10.3 Jsaally slasnae (idai b il 61l Lgle Jasiall ol <10.3
i dadail) JS) 73 gaill dag Ba e oy les «(RZ > 0.93) dalle Ll 4 culS ) g 4l
OV ] =0l 1) )35 Jolaall 38 55 o Adadll ade s 0 maa i il a8 Al )
O Sl Gany Cina gl (1293530 3 Alee 1 3iaY1 1 <N dieS dlee 131 1 >0 o
e IS 1 3eY) dlee Ciay (alai b z3sei ) o Ju 1368 105 1 G 8 saane S 13 1 o
e Alle 30U Led s lall salall o ) 8 1368 12 0 o cand g 13 1/ A o ) ol LS
(130)3 yiaal) salall ) il
s ey a5 540 3-6-3

3 kel Balall (e A iladia g saal g dids e ) eI Gigan e jilaadV o il 23 sl ading
(3D JKa e 685 jileat¥ 73 sail Al Alslaal) ol e 28l iy

Ce 1 Ce

= e ....(6)

Qe  Qmb  Qm

4w Qe «(ppm) OV 3V e 385 Ce ¢Sl eV A8l o iy plead i p Cas
(CelQe) 2 il A83all s 3y (MQ/QG) O BV e (5 gamaill ) 5aY) daas Qy <(MG/G) ) e
cpaliil) Adats 5 aisall badll e IS (ol 5il) 0085 Sy €113 JSAL Aaaa sl 5 ¢(Ce) 2
pae e Jalas 4 midiall Lol )W) Jelas af 10,3 Jsaall 8 sUane all 5 s 5 o5 adll o2
Al Al s ) el Aalasl pleaiV 73 s Aaila

47



2| sl Uil 58 aad

°
)
g
o
)
-2 0 2
log(Ce)
) Gl ) g8 and
1.5
gl o
®5
0
05 0 0.5 1 1.5 2
log (Ce)
2 sl 58 and
™ 1.5 o
g
&
= 05
0 @
0 1 2
log (Ce)

Log Qe

log Qe

B RSN -

log Ce

1 2
Adla) 5l 58
2

G.':}eﬂ Z..HJJM\ Ghu'ﬂ ‘;‘9 g paad) gl o<l daal BB daaa 1103 JS&

i b

48



0.3 sl Jsill ) 538 and 1 A gull J ) s

Ce/Qe (mg/g)
o o
[ ]
[ ]
[ ]
Ce/Qe (mg/g)
o
[ ]
[ ]

0 5 10 15 0 20 40
Ce, (ppm) Ce (ppm)

Gl ) 558 and 0.3 Alal) gindll 58

Ce/Qe (mg/g)
O R N W b
:.
[ ]
[ )
Ce/Qe (mg/g)
o o
[ ]
[ ]
[ }

Ce (ppm) Ce (ppm)

1.5 Dl )58 and 1 sl 55l 508

1 :_0./'/0

|
o
o
=
o
N
o
w
o

Ce/Qe (mg/g)
o
(en] (6]
[ ]
[ ]
[}

Ce/Qe (mg/g)

el zdgall A g jadd) mhaull) o ¢ peadl g oSl Aiual 31 Y ddilaa 111.3 JSG

49



g paall ghaad¥) o o) paal) g o<l drsa ) JiaY lead¥ g (lulai B <l 68 10.3 Jg2

sy Ol b
n »f
R2 b or kel dacdd)
. R? (g/L) | Kf(L.mg?)
(L.mg™) (mg/g)
) o) g
0.870 | 0.197 51.282 | 0.965 | 2.892 13.500 .
P
Judl) ) gdd and
0.583 | 0.068 64.935 | 0.938 | 1.997 6.300
(9 gl
0.694 | 0.147 84.746 | 0.981 | 1.462 10.200 Al gl gdd
0.441 0.015 27473 | 0.978 | 0.716 0.200 (Fiuall) ) gu28 aad
0.840 | 0.363 4950 | 0971 | 2.60 12.500 Al ol ) pud
0.245 0.008 166.667 | 0.965 | 1.037 1.300 Jolll gl and

15 san) saisSl) diua ) Jial e 81 el da e 86 7-3
Cilaa die Aaeall ) el Al ja el O Y ke e 5 jall Aaja yilS asdl

s s 5 Cun 30MI Jslae paa 5 40pPM Ar—a 38 S (50°C- 25°C) 4ilise s 5l ya
A0 O AR Al o A (e s 11.3 Jsanlbida a gl (o8 93 )y Ay JS 23 ) iV
2o J8 Dl A1 3Y ) 5ieY) das O i) a5 12,3 JSaN & Laall 5 ) 3 da g ) jall
138 5 ¢ sl ) 98 and g ilad) 0 o) Jodll ) 9383 Jlall a1 aladid die 5 ) jall A j03a0 )
6 A ) aladiu) vie 5 6l jallsy e Jeli g mhou¥leda e )5 Jelis of e Jy
Alall Sl ) 5ud8y Gl ) 508 and Adlad) Fiadll 528y (o gl J il ) 508 and (e 3 jucanal)
A ¥l o e )Y Jeld o sl 6l jall da 5o 83l ) ae drmall ) 5 da ol i cilSs
a0 i) () Al LD 6 oS5 o S 5l all s 5 e )Y 805 5l all Al Jelis
salall alall JSael) Jala Flamy) 5l 3 30 () dramall A8 ja e Lulay) s Jslaall 5 ) a
3D la/il ) zdasadl Jaly il 503 Jadzi saly ) () o3kl

50




—

Qe (mg/g

11.6 IENERECS
+ 114
{o LJ
1]
£ 112
(Y]
g 1
10.8
290 300 310 320 330
T(K)
106 Gl ) 58 ad
10.4
10.2
10 2
9.8 o
9.6
9.4
9.2
290 300 310 320 330
T (K)
15 BELSTRIFET

Ghuy\uki;Lyud\gihﬁﬂaiya‘ﬂjh

52

Qe (mg/g)
S

0
290 300 310 320 330

T(K)

12 Al Sl guall Jgdll ) g8

11.8

— ®
[]
% 11.6 L
£
< 11.4
O 112
11
290 300 310 320 330
T (K)
12.1 ol gl 558
= 12
léb 11.9 °
= 11.8
Q
o 11.7 o
11.6
290 300 310 320 330
T (K)
12 Alall 5l ) o8
- 118
= 11.6
E 114
g 11.2
11
10.8
290 300 310 320 330
T (K)

VAo Jo 30 ad) Ay o 8l 12,3 J8i

Z..HJJM\

51



) o o) paadl sad o< A ) Jia) o 8l sad) dx 3 50 i 11.3 Jssn

g sl
Qe (mg/g) Sl ol
sl and | Gl jedB | ,edBand | gludl) gl st | dafl 108 /

. .. Jsdll Jg{ KV | aau

2 = G e (14 gaad) »Z\éu,.“ (K) 3,1ad
10.081 11.031 9.339 11.714 10.973 11.760 298
9.270 11.239 9.513 11.807 11.065 11.725 303
9.293 11.332 9.872 11.888 11.181 11.644 308
8.772 11.540 10.081 11.934 11.390 11.494 313
8.922 11.876 10.370 11.992 11.529 11.216 323

1) paad) gl o<l ddsaaal ) Jia¥) ASaalisn ga i Al ja 1 -7-3
Abeall S 13 La Ly A yg 5 1 5eY) Abend ASulinn gyl Al 3 it
Jelall A0l o 5 b3 g AG soall AUl & jpaill daid o Cops A0LEG pe o Al
b f) Ko ¢oSaalin ga il ) 3591 il (g 3all A8 (4 sl s (S Slaasl)
(13.3d532) O Y1 g sl il aladd Gl o 0@ (S o205 o Salinn s il a5l

.(133) & 41n

AG®° = —RTInK, .......(3)

(K) 30 al a0 T ¢(8.314 J.mol ™t kt) el el s R Gus
AGP f psbrall o Adlitia 3 ) a il p i 8 pall ALl b il o ais (S il
{(133) S ASC a5 559 2 il s AHO (51 a) (s sinall (8 nill Al
AG® = AH® — TAS° ...(1)
Al Aslaall e Jean (il Grilabaall ey

AS© AH®
ll’lKC = T— F(17)

52



S Lagat (o mrsnilli s ASP s AHP che IS s (S i) i 5 Jal e 13,3 JS) 8
cgsj\);j\d}u\ui)ﬂ\;ﬁﬂ\ﬁ@\&)ﬂ&ﬂ\ﬁﬁ})\}h)déimAGOZ_A:@:&_\\_..»;

Jsaall 3 A ge adill 5 clgaln 25 A s yaal) a1 e 51 5aaY] cilland g Y1 A il

13.3

A 8 paadl g o<l disa ) 3R 01 3 il e B jad) Ap e il A 0 12.3 Js

A g o) o)
Ke (Qe/Ce) Sl o)
soiead | sl | i | g e | O | ,
i " i i Sl | g “ a0
(14 gaad) PN (K) 3,1
1.576 3.413 1.053 12.283 3.204 14.714 298
1.019 4.431 1.148 18.311 3.551 12.814 303
0.827 5.086 1.392 31.741 4.096 9.824 308
0.675 7.529 1.576 54.226 5.598 6.812 313
0.569 28.747 1.909 443.7 7.336 4.456 323

53




2.5 opndl Jsill ) 928 and 3 Bl o sadl J il 58

2
2

o 15 \'\-\‘ x

= =

0.5
0 0
0.0030.003D.003D.0033.0034 0.0030.00310.00320.00330.0034
1/T(K) 1/T (K)
0.8 Gl 538 and 7 L)l Gldll ) 558
6 [ ]
0.6 U5
€ 04 54 o
3 (J
0.2 5
0 1
0.0030.003D.003D.0033.0034 0
1/T(K) 0.003 0.00310.0032 0.0033 0.0034
1/T(K)
1 Ssl) 528 and 4 CENIEPIISYS-
[ ]
3
4
c 2 L
- [ )
1 (J
0
] 0.0030.00310.00320.00330.0034
1/T(K) 1/T(K)

A g paal) ) o o) paad) il o<l ddaa ) Fia) AnSalin ga i Al 3 113.3 JSa

54



gl o 5] peall gadgSl) ddua ) el dalend diSalisg gl J)sal) 13.3 Joaa

d g_pal)
- AG® AS° AH° 2 e
(kJ.mol?) (J.Kt.mol?) (kJ.mol?)
0.984 -6.841 -115.64 -41.30 Alad) (13 guad) Joil) 92
0.972 -2.767 103.41 28.10 () Joll) 9 aad
0.945 5.433- 339.81 113.71 A Fiudl) g8
0.986 -0.112 66.93 19.83 (i) ) 38 and
0.907 -2.492 232.16 66.70 Alad) Sl ) 8
0.9104 -0.761 -102.86 -31.414 S8l g8 and

dlee o o Ju 1368 cdan sall AHO af aas (13,3 Jsan) Adlu cuilS AGP o o oSy
P Pl e Lelaay 08 AL 3y aall sl 5 cdeddtanal) 3 ) adl Gla y die AN S5 ) YiaY)
Al Juit cdaa 50 DAY Giand) 5 Al AHO af ans 0 Jgaadl (e Jaaly A mddial) sl
Jsill s alaai ) die Jan A )5 Jeld o) sl ) jall o ja delall o) e 4 )
and) mh WY e ) eV Jeld Lo ) jall o jla Jelas ga Hlll )5 88 and g cddlad) o s )
el Jeldi s (A8l 5l ) 5385 (Gl ) 508 and Adlal) Fiadll ) o885 ¢ sl Jsdll ) 508
Sy Al 8 Adlhid) 551 all of S0 paaalls dom ge il S AHO A O @iy s ) jall
S 0S8 Sl ) Y Al Laiw « 20.9KJ.mol ! —2.10KJ.mol™? saall A ¢ 55 Sl 5l
.139200KJ.mol* - 80KJ.mol?! saall

o Al WY e )5y cllee ol J ) S Lele Janiall adl) e 458l
B i Gigas e JBASO 8 dadiiall il AileS AV Lpdan 5 40l 58 gaany Cllee
Jaalil) eda) ie 4 sudiall alias) e Jas Adlad) adll o) LeS ¢ ) 3iaY) dalee IS Uil Ly 5 il
(135) 51 55 dlee JMA 3 3kl ddeall salall s J sladdl

55



2 el

Slaa il g claliiiu



sclalifiay)

Jﬂﬁwswc@izm& o) yaadl g oSl dra ) el Al 50 Canll 138 8 o
Sl sall Gl 3 a3 g andll (3 gmina 5 Calall (3 smunall 8 5 ¢l g (Fhudll o313 sl Jall) <l sl
oY) s ¢ Y Sl byl aas g 6 Slall salall A a3l 1 a3 Y e i Al
(Jelaill A8 ja 5 ) el AKaalinn ga yfi g eyl g 3l Al )2 23 LS 3 ) jall da a5 s 5 0]l
osb Lo Al 5ol (g g
Al ) J g5l i i clag 3 OIS s 20l mhal) pen e 51350 Alee o a1
A paall zhan) JSY BT 80min (e & O FY)
pH=5 o e ¢dalail) g il 5 gl wmaal) o gl 8 daeall ) i) ef das 22
Yl plaa & pH=7
A g el mha Y1 eal 0.1 g A 2 (e el Balall A i e ) el Aew Bl ) -3
Bkl Balall 4aS 300 3 ) 3iaOU & siall Al 2l 3 Lain
e Lol ) yiel o e Jay 138 5 g all Sl 3 sl saly 5l eV das 2oy -4
bl & sl (e A g yaall mlansy)
o sl e Al e 5 ol 5B a5 5 Aglfie I eV eyl g 5l o il s gl 5
Ol il s S JSAT Aliie a5 V) IS5 ¢l
sl Jsill ) 58 (e B yimnall sl i) aladi) vie 5 ) jall Ax o sal 3 08 WY -6
pladiul vie 3 )l jall pale (IS 5 66l jadl 3 s deldill (8 4gle 5 ¢ ol ) 8 and y Adlal)
DBy Fiadll )58 and g Adlall Fiadll 5 gdBy Jasud) Sl 508 and 5 AY) )
Adlall 5l
CulS (aadll 5 dilall) A s jaall sl aliead AGO af o) Cana sl 48l syl Al ol -7
AH® ad o5 deadioal Cag ylall 8 400 il 515y ddee of e Jay 138 5 Al o8
) _all dale cul€ 3l jieY) llee aliea () 35 138 5 cla sa ul€ 3 ) mha i) alasal
ad uilS 288 M) ) 908 and g AL Sl sud) J 8l ) 538 (e B yuanall 3 Lall A gall iU
Coloallza s ) ey dddee of Je Ja 138 5 Al AH
Al Al i ) i) A pa o il s gl -8
O dan IS sl Juzadl) 4 A8adl ) gl e 3 jucmnall 7 shad) G Al all caagf LS -9
O e daas <ilS 40 ppm daall 38 55 25°C 5ol _all da a8 L deniiall mha )
Laadiall a1 Ll 12 mg/g () sad Ao liie A8l ) 5581 (e B yuanall 5 3l U
O e 38 i aladin) vie Gl (o plall (i die Japsy S8 gl J8 ) el das cilac

57



i IS5 50mQ/g o ) Alad) el WD ) 5eY) Aeis )5 (200ppM) sl
Aaadiall gdauS

1Clua sl

8 ) 03 aladiuly g Al all 638 (& Laddiinall 3 ) e DU Adlal) B liSH )l -]
sl aadl 935Sl draa ) il

dpdaall jualiall g s AT 4y suae flaal ) 3l mhul) oda aladiul g 4wl all 8 ausill -2
olaall 45 Lal)

DIl A e 58 5l 5 6 iaal) salall (e ST 380 55 alaai Al Hall (8 ol -3
Adlia Cagyla a3 Aa (e

sl aal) g oS drna i 3ieY (5 A0 3 ke mhaud aladiul -4

eebinall Gubill I el Gadaill (e dgllall Al jally JEsY) -5

58



10-

11-

12-

13-

bl

(V) Anpdall — Ao ldall g 55l 5 3all 5 ppmsall s — Aalall cliasl ¢ (5 g Al g ssliall -]
.2009
Kruk, 1., Environmental Toxicology and Chemistry of Oxygen Species; Springer
Science and Business Media, 1997; Vol. 21.
Pandit, A. B. and Kumar, J. K., Drinking Water Treatment for Developing Countries:
Physical, Chemical and Biological Pollutants; Royal Society of Chemistry, 2019.
Zhang, Y.; Wu, B.; Xu, H.; Liu, H.; Wang, M.; He, Y. and Pan, B., Nanomaterials-
Enabled Water and Wastewater Treatment. Nanolmpact 2016, 3, 22-39.
Rafatullah, M.; Sulaiman, O.; Hashim, R. and Ahmad, A., Adsorption of Methylene
Blue on Low-Cost Adsorbents: AReview. Journal of hazardous materials 2010, 177,
70-80.
paill mlass e MP2 il 4S0alin ga i Al j3 5 gpaiasd ) pa¥ly g Ul iz 0 caue
(8) 1 2013 sleasll 43 <) Alaa Lasidl)
Yaqoob, A. A.; Parveen, T.; Umar, K. and Ibrahim M. N., Role of Nanomaterials in
the Treatment of Wastewater: A Review. Water 2020, 12, 495.
e liall da il any e Claall (e 1 5eY 4Saling sa i Al 13,2006 <.z . s il
RERER R P Wt P [ POSEQUT:WEN D B2 W
Ukaogo, P. O.; Ewuzie, U. and Onwuka, C. V., Environmental pollution: causes,
effects, and the remedies. In Microorganisms for sustainable environment and health,
Elsevier, 2020; pp 419-4209.
Mashkoor, F. and Nasar, A. Magsorbents: Potential candidates in wastewater
treatment technology—A review on the removal of methylene blue dye. Journal of
magnetism and magnetic materials 2020, 500, 166408.
Chaudhry, F. N. and Malik, M., Factors affecting water pollution: a review. J.
Ecosyst. Ecography 2017, 7 (1), 225-231.
Zamora-Ledezma, C.; Negrete-Bolagay, D.; Figueroa, F.; Zamora-Ledezma, E.; Ni,
M.; Alexis, F. and Guerrero, V. H., Heavy metal water pollution: A fresh look about
hazards, novel and conventional remediation methods. Environmental Technology
and Innovation 2021, 22, 101504.
Rida, K.; Bouraoui, S. and Hadnine, S., Adsorption of methylene blue from aqueous
solution by kaolin and zeolite. Applied Clay Science 2013, 83, 99-105.

59



15-

16-

18-

19-

20-

21-

Adetunde, L. and Glover, R., Bacteriological Quality of Borehole Water Used by
Students’ of University for Development Studies, Navrongo Campus in Upper-East
Region of Ghana. Current Research Journal of Biological Sciences 2010, 2, 361-364.
Kanu, I. and Achi, O., Industrial Effluents and Their Impact on Water Quality of
Receiving Rivers in Nigeria. Journal of applied technology in environmental
sanitation 2011, 1, 75-86.

Korboule, S. G., Environmental risk of applying sewage sludge compost to vineyard:
Carbon, Heavy metals, nitrogen and phosphorus accumulation. J Environ Quality,
2007, 31, 1527.

ol (pa L8N aliall (azy 3S) j mdd ¢ H\A} £ & Oldaa “z.e cﬂs ¢ S 17

2013 s pall 5 dgnlaill o lall/ Qi daals Aas daall yie Ay phadl) JI aladinly avall o jall
21 ¢2)
Jacquemin, D.; Perpete, E. A.; Ciofini, I. and Adamo, C., Accurate simulation of
optical properties in dyes. Accounts of chemical Research 2009, 42 (2), 326-334.
Mahto, T. K., Chowdhuri A. R., and Sahu S. K., Polyaniline-functionalized magnetic
nanoparticles for the removal of toxic dye from wastewater. Journal of Applied
Polymer Science, 2014. 131(19).
Al-Ghouti, M., 2002. Mechanisms and Chemistry of Dye Adsorption on Ditomite
and Modified Ditomite..
Berlier, J. E.; Rothe, A.; Buller, G.; Bradford, J.; Gray, D. R.; Filanoski, B. J.;
Telford, W. G.; Yue, S.; Liu, J. and Cheung, C.-Y. Quantitative comparison of long-
wavelength Alexa Fluor dyes to Cy dyes: fluorescence of the dyes and their
bioconjugates. Journal of Histochemistry and Cytochemistry 2003, 51 (12), 1699-
1712.
Al-Tohamy, R.; Ali, S. S.; Li, F.; Okasha, K. M.; Mahmoud, Y. A.-G.; Elsamahy, T.;
Jiao, H.; Fu, Y. and Sun, J. A,, Critical review on the treatment of dye-containing
wastewater: Ecotoxicological and health concerns of textile dyes and possible
remediation approaches for environmental safety. Ecotoxicology and Environmental
Safety 2022, 231, 113160.

il Jlanioly o) 53 Cabiiaall (331 daama o olsall sl Aallae 8 Raalossall <2020 ¢} 4ids 23

é\)}\ clalas (M B yrana C.L_u‘ ‘_,’Js: M\ é))i 4.1_\_.4 J\)’:\A\ z\_a»\JA <2023 Nt Lﬁ)&hﬁ 24

A e Arala o slall 40 ¢ il Ay ¢ sl 5 Y gLl 5 4508 )

60



26-

21-

28-

29-

32-

36-

Sudha, M., Saranya, A.; Selvakumar, G. and Sivakumar N., Microbial degradation
of azo dyes: a review. International Journal of Current Microbiology and Applied
Sciences, 2014. 3(2), 670-690.
Al-Hamadi, A., Uraz, G., Katircioglu, H. and Osmanagaoglu, O Adsorption of Azo
Dyes form Textile Wastewater by Spirulina Platensis. Eurasian Journal of
Environmental Research, 2107, 1, 19-27.
Chen, Y., Lin Y., Ho, S., Zhou, Y. and Ren, N., Highly efficient adsorption of dyes
by biochar derived from pigments-extracted macroalgae pyrolyzed at different
temperature, 2018, 259, 104-110.
Tan, K. B.; Vakili, M.; Horri, B. A.; Poh, P. E.; Abdullah, A. Z. and Salamatinia, B.,
Adsorption of dyes by nanomaterials: recent developments and adsorption
mechanisms. Separation and Purification Technology, 2015. 150, 229-242.
Dawood, S.A., Development and characterization of biomass based novel adsorbent
in the removal of Congo red dye by adsorption. 2013, Curtin University.
gl e e senll s 1) A ) i) A%l gy 5 A 55 541 <2024 €5 o @Dl 22 230
A pean daala o slall S ¢ piiiale Al cdgilall Jullaall A o] juaddl il i) ymmy ) 548
Jaiall) Laadl e dpmplal) cilaviall (and 4 5l Gal sl a5a Al 3 ez L0 sl s L sl 231
245-211 <38 <2015 4xe sill 4 il & gany dlae (4>
Ahmed, M. A.; Eltahir, Y. A. and Saeed, H. A., Eco-Friendly Utilization of Banana
Plant Extract for Dyeing of Textile Materials and Related Purposes: A Review.
International Journal of Recent Scientific Research 2018, 9.26473-26465 ,
Abdou, E.; Hafez, H.; Bakir, E. and Abdel-Mottaleb, M., Photostability of Low Cost
Dye-Sensitized Solar Cells Based on Natural and Synthetic Dyes. Spectrochimica
Acta Part A: Molecular and Biomolecular Spectroscopy 2013, 115, 202-207.
Little, L.; Chillingworth, M. and Institute, A., Reports on Selected Dyes and Their
Effect. American dye manufacturers institute, New york 1974.
oy A1 ) 8 QA sl Gl Ll Jlerin Al pa G T bWl 5 2 o g el € m sanad) 235
12-22 ¢(1)4 2012 &l o shall 48 S0 e cobyad) & sli ¢ Ll
Mohammed, 1. A.; Jawad, A. H.; Abdulhameed, A. S. and Mastuli, M. S,
Physicochemical Modification of Chitosan with Fly Ash and Tripolyphosphate for
Removal of Reactive Red 120 Dye: Statistical Optimization and Mechanism Study.

International journal of biological macromolecules 2020, vol. 161,pp. 503-513.

61



37-

38-

39-

40-

41-

42-

46-

Hussain, A. F.; AlL-abbas, S. T. and Al-Khafaji E., Spectrophotometric
Determination of Mercury (II) With Michler s thioketon Reagent, Journal of Global
Pharma Technology, 2020,11(09): P.232-239.

Raafid, E.; Al-Da’amy, M. A. and Kadhim, S. H. “Determination and Identification
of Nickel (Il) Spectroscopy in Alloy Samples Using Chromogenic Reagent
(HPEDN),” In IOP Conference Series: Materials Science and Engineering, 2020,
Vol. 871, no. 1, pp. 012025.

Gautam, R. K.; Rawat, V.; Banerjee, S.; Sanroman, M. A.; Soni, S.; Singh, S. K. and
Chattopadhyaya, M. C., Synthesis of Bimetallic Fe-Zn Nanoparticles and Its
Application Towards Adsorptive Removal of Carcinogenic Dye Malachite Green
and Congo Red in Water. Journal of Molecular Liquids 2015, 212, 227-236.

Stoia, M. and Muntean, C., Preparation, Characterization and Adsorption Properties
of MFe204 (M= Ni, Co, Cu) Nanopowders. Environmental Engineering and
Management Journal (EEMJ) 2015, 14.

Raman, C. and Kanmani, D., “Decolorization of Mono Azo Dye and Textile
Wastewater using Nano Iron Particles”, Environmental Progress and Sustainable
Energy. 2018, vol. 38 ,Issue S1.

Chen, J.; Wei, D.; Liu, L.; Nai, J.; Liu, Y.; Xiong, Y.; Peng, J.; Mahmud, S. and Liu,
H., Green Synthesis of Konjac Glucomannan Templated Palladium Nanoparticles for
Catalytic Reduction of Azo Compounds and Hexavalent Chromium. Materials
Chemistry and Physics 2021, 267, 124651

Saygili, G.A., Synthesis, characterization and adsorption properties of a novel
biomagnetic composite for the removal of Congo red from aqueous medium. Journal
of Molecular Liquids, 2015. 211: p. 515-526.

Hua, Z.; Pana Y. and Hong, Q., Adsorption of Congo red dye in water by orange peel
biochar modified with CTAB, RSC Advances, 2023, 13, 12502

Unal, B. O.; Bilici, Z.; Ugur, N.; Isik, Z.; Harputlu, E.; Dizge, N. and Ocakoglu, K.,
Adsorption and Fenton Oxidation of Azo Dyes by Magnetite Nanoparticles
Deposited on a Glass Substrate. Journal of Water Process Engineering 2019, 32,
100897.

Dotto, J.; Fagundes-Klen, M. R.; Veit, M. T.; Palacio, S. M. and Bergamasco, R.,
Performance of Different Coagulants in the Coagulation/Flocculation Process of
Textile Wastewater. Journal of cleaner production 2019, 208, 656-665.

62



47- Garba, Z. N.; Lawan, l.; Zhou, W.; Zhang, M.; Wang, L. and Yuan, Z.,
Microcrystalline Cellulose (Mcc) Based Materials as Emerging Adsorbents for the
Removal of Dyes and Heavy Metals—a Review. Science of the Total Environment
2020, 717, 135070.

48- Hokkanen, S.; Bhatnagar, A. and Sillanp&&, M., A Review on Modification Methods
to Cellulose-Based Adsorbents to Improve Adsorption Capacity .Water research
2016, 91, 156-173.

Ll - )by - (alal) sl G il Apell - ) Sl 1992 ¢ ¢ Alaian 49

Eilly ap DAl (g L Sl —a S Sl e s e cledl g s caaae 50
a3 Al 5013V Culfiall A ial Bagaa 3 e saleS Ciladl Gl ll) el il aladi il ¢
97-78 37 2024 ¢haula¥) o glall Alaa dalaiy

51- Banat, F.; Alasheh, S. and AbuAitah, L., Examination of the effectiveness of physical
and chemical activation of natural Bentonite for the removal of heavy metal ions
form aqueous solution, Abstracts from adsorption science and Technology, 2003,
Vol.20, No. 1.

52-  Awad, A. M.; Jalab, R.; Benamor, A.; Nasser, M. S.; Ba-Abbad, M. M.; El-Naas, M.
and Mohammad, A. W., Adsorption of Organic Pollutants by Nanomaterial-Based
Adsorbents: An Overview. Journal of Molecular Liquids 2020, 301, 112335.

53- Mavros, P.; Daniilidou, A.; Lazaridis, N. and Stergiou, L., Colour Removal from
Aqueous Solutions. Part I. Flotation. Environmental technology 1994, 15, 601-616.

54-  Crini, G.; Lichtfouse, E.; Wilson, L. D. and Morin-Crini, N., Conventional and Non-
Conventional Adsorbents for Wastewater Treatment. Environmental Chemistry
Letters, 2019, 17, 195-213.

55-  Wanyonyi, W.; Onyari, J. M. and Shiundu, P. M., Adsorption of Congo Red Dye
from Aqueous Solutions Using Roots of Eichhornia Crassipes: Kinetic and
Equilibrium Studies. Energy Procedia 2014, 50, 862-869.

56- Li, H.;Wang, Xi.; Song, Y.;Liu, Y. Li, Q.Jiang, L. and Zhu, D., Super-
Amphiphobic Aligned Carbon Nanotube Films, Angewandte Chemie International
Edition, 2001, 40, 9, 1743-1746.

57- Atkins, P. and De Paula, J., 2006. Physical Chemistry, Macmillan.

58- Sharma, K. and Sharma, L., 2016. A Textbook of Physical Chemistry; Vikas
Publishing House,.

59- Markovska, L.; Meshko, V.; Noveski, V. and Marinkovski, M., Solid Diffusion
Control of the Adsorption of Basic Dyes onto Granular Activated Carbon and Natural

63


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Li%2C+Huanjun
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wang%2C+Xianbao
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Liu%2C+Yunqi
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Li%2C+Qianshu
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Jiang%2C+Lei

60-

62-

64-

66-

67-

71-

72-

73-

Zeolite in Fixed Bed Columns. Journal of the Serbian Chemical Society 2001, 66,
463-475.
Gupta, V. K.; Mohan, D.; Sharma, S. and Sharma, M., Removal of Basic Dyes
(Rhodamine B and Methylene Blue) from Aqueous Solutions Using Bagasse Fly
Ash. Separation Science and Technology 2000, 35, 2097-2113.
Silica Sand Jlexisls dlall Lelilas (e 5 ¥ g laal (ans 5l il &l y3 (7 o abicg T asena 61

116 -108 €2 ¢12 <2007 48 pall o slall d0lal) dlaa ¢ Juadll 2 a0 5 Silaball (8 Hhay
Basmadjian, D., 2018. The Little Adsorption Book: A Practical Guide for Engineers
and Scientists; CRC press,.
Aot 5 ) o) g &) el (Jra ) yieY A5 )le Ak 5 Allai Al )0 2018 g .o dads -63
daala o sal) S ¢ i ala Al ¢SS a3 elad g o sl sl )58 ililie il e

A e

Cecen F. and Aktas, O., 2011. Activated carbon for water and wastewater treatment:
Integration of adsorption and biological treatment. John Wiley and Son.

Aol daals | Jlladll g Jif puall 4y ) el ASsalinall 1993 ¢ I, dluy g Lo oz .z 224 -65
Ricca, F., Adsorption-Desorption Phenomena: Proceedings of the li International
Conference Held at Florence in April 1971; Academic Press, 1972; Vol. 2.

Wang, R.; Yu, J. and Hao ,Q., Activated Carbon/Mn0. 6zn0. 4fe204 Composites:
Facile Synthesis, Magnetic Performance and Their Potential Application for the
Removal of Methylene Blue from Water. Chemical Engineering Research and
Design 2018, 132, 215-225.

Job, G. and Ruffler, R., Physical Chemistry from a Different Angle. Springer
International Publishing. doi 2016, 10, 9783.

Moreno-Castilla C., Adsorption of organic molecules from aqueous solutions on
carbon materials. Carbon,2004, 42 (1)< 83-94.

Adamson, A. W. and Gast, A. P., Physical Chemistry of Surfaces; Interscience
publishers New York, 1967; Vol. 150.

Clark, R. M. and Adams, J. Q., Evaluation of Bat for VVocs in Drinking Water. Journal
of environmental engineering 1991, 117, 247-268.

Yagub, M. T.; Sen, T. K.; Afroze, S. and Ang, H. M., Dye and its removal from
aqueous solution by adsorption: a review. Advances in colloid and interface science
2014, 209, 172-184.

Atkins, P. and Paula, J., 2002. Physical Chemistry (7th) Oxford University Press.
Oxford.:.

64



75-

76-

77-

78-

79-

80-

81-

82-

85-
86-

87-

Benefield, L. D.; Judkins, J. F. and Weand, B. L., 1982, Process Chemistry for Water
and Wastewater Treatment. Prentice-Hall, Englewood Cliffs, 212.

Schramke, J. A.; Murphy, S. F ;.Doucette, W. J. and Hintze, W. D., Prediction of
Aqueous Diffusion Coefficients for Organic Compounds at 25 C. Chemosphere
1999, 38, 2381-2406.

Kiselev, A. and Khopina, V., Influence of Properties of Adsorbent, and of the Surface
and Bulk Solutions on Adsorption from Solution. Transactions of the Faraday
Society 1969, 65, 1936-1942.

Clark A., 1970, The theory of adsorption and catalysis, Academic Press, Vol. 18.
Rosenholm J., Lindén M. and Birdi K., 2008, Handbook of surface and colloid
chemistry.

Albanis, T.; Hela, D.; Sakellarides, T. and Danis, T., Removal of Dyes from Aqueous
Solutions by Adsorption on Mixtures of Fly Ash and Soil in Batch and Column
Techniques. Global Nest: Int. J 2000, 2, 237-244.

Czepirski, L.; Balys, M. R. and Komorowska-Czepirska, E., Some Generalization of
Langmuir Adsorption Isotherm. Internet Journal of Chemistry 2000, 3, 1099-8292.
Aljeboree, A. M.; Alshirifi, A. N. and Alkaim, A. F., Kinetics and Equilibrium Study
for the Adsorption of Textile Dyes on Coconut Shell Activated Carbon. Arabian
journal of chemistry 2017, 10, S3381-S3393.

Reddy, M. S.; Sivaramakrishna, L. and Reddy, A. V., The Use of an Agricultural
Waste Material, Jujuba Seeds for the Removal of Anionic Dye (Congo Red) from
Aqueous Medium. Journal of hazardous materials 2012, 203, 118-127.

Vinod, V. P. and Anirudhan, T. S., Sorption of Tannic Acid on Zirconium Pillared
Clay. Journal of Chemical Technology and Biotechnology: International Research in
Process, Environmental and Clean Technology 2002, 77, 92-101.

Laidler, K. and Meiser, J., 1982. Physical Chemistry. The Benjamin Cummings
Publishing Company. Menlo Park CA.

Bahl, A., 1961. Essentials of Physical Chemistry; S. Chand Publishing,.

Jodeh, S.; Ahmad, R.; Suleiman, M.; Radi, S.; Emran, K. M.; Salghi, R.; Warad, I.
and Hadda, T. B., Kinetics, Thermodynamics and Adsorption of Btx Removal from
Aqueous Solution Via Date-Palm Pits Carbonization Using Spme/Gc-Ms. J. Mater.
Environ. Sci 2015, 6, 2853-2870.

Kent, S. K., Adsorbent Selection. Adsorption Research, Inc., Dublin, Ohio 2003,
43016, 1-23.

65



89-

90-

91-

92-
93-

94-

95-

96-

97-

99-

100-

Kreuzer, H. J. and Gortel, Z. W., Physisorption Kinetics; Springer Science and
Business Media, 2012; Vol. 1.

Cochrane, E.; Lu, S.; Gibb, S. and Villaescusa, I., A Comparison of Low-Cost
Biosorbents and Commercial Sorbents for the Removal of Copper from Aqueous
Media. Journal of hazardous materials 2006, 137, 198-206.

Lagergren, S. K., About the Theory of So-Called Adsorption of Soluble Substances.
Sven. Vetenskapsakad. Handingarl 1898, 24, 1-39.

Kumar, P. S.; Ramalingam, S.; Senthamarai, C.; Niranjanaa, M.; Vijayalakshmi, P.
and Sivanesan, S., Adsorption of Dye from Aqueous Solution by Cashew Nut Shell:
Studies on Equilibrium Isotherm, Kinetics and Thermodynamics of Interactions.
Desalination 2010, 261, 52-60.

Ponec, V.; Knor, Z. and Cerny, S., 2018. Adsorption on Solids; Butterworth.

Jawad, A., Removal of Reactive Red 4 Dye Using Chitosan-Epichlorohydrin/Tio2
Nanocomposite: Application of Response Surface Methodology. Science Letters
2020, 14, 96-108.

Kapoor, K., A Textbook of Physical Chemistry; Macmillan, 2001; Vol. 3.

Bering, B.; Dubinin, M. and Serpinsky, V., On Thermodynamics of Adsorption in
Micropores. Journal of Colloid and Interface Science 1972, 38, 185-194.
Foroughi-Dahr, M.; Abolghaseemi, H.; Esmaili, M.; Shojamoradi, A. and
Fatoorehchi, H., Adsorption Characteristics of Congo Red from Aqueous Solution
onto Tea Waste. Chemical Engineering Communications 2015, 202, 181-193.
Elsherif K. M.; Alkherraz A. M.; Edwards H. and Mutawia B. Y., Congo red dye
adsorption on dry green pea husk: Effects of process parameters and modeling
approaches, Environmental Health Engineering and Management Journal 2024,
11(3), 273-284

Rehman, R.; Manzoor, I. and Mitu, L., Isothermal Study of Congo Red Dye
Biosorptive Removal from Water by Solanum Tuberosum and Pisum Sativum Peels
in Economical Way. Bulletin of the Chemical Society of Ethiopia 2018, 32, 213-223.
Rodriguez-Arellano, G.; Barajas-Fernandez, J.; Garcia-Alamilla, R.; Lagunes-
Galvez, L. M.; Lara-Rivera, A. H. and Garcia-Alamilla, P., Evaluation of Cocoa
Beans Shell Powder as a Bioadsorbent of Congo Red Dye Aqueous Solutions.
Materials 2021, 14, 2763.

Vairavel, P.; Rampal, N.; Jeppu, G., Adsorption of toxic Congo red dye from

aqueous solution using untreated coffee husks: kinetics, equilibrium,

66



101-

102-

103-

104-

105-

106-

107-

108-

109-

thermodynamics and desorption study, International Journal of Environmental
Analytical Chemistry, 2023, 103, 1- 21.

Aslam, U. and Javed, T., Potential of Citrus Limetta Peel Powder (Clpp) for
Adsorption of Hazardous Congo Red Dye from Wastewater. Water Practice and
Technology 2023, 18, 1051-1073.

Wekoye, J. N.; Wanyonyi, W. C.; Wangila, P. T. and Tonui, M. K., Kinetic and
Equilibrium Studies of Congo Red Dye Adsorption on Cabbage Waste Powder.
Environmental Chemistry and Ecotoxicology 2020, 2, 24-31.

Litefti, K.; Freire, M. S.; Stitou, M. and Gonzalez-Alvarez, J., Adsorption of an
Anionic Dye (Congo Red) from Aqueous Solutions by Pine Bark. Scientific Reports
2019, 9, 16530.

Hua, Z.; Pan, Y. and Hong, Q., Adsorption of Congo red dye in water by orange peel
biochar modified with CTAB, RSC Advances, 2024, 13, 12502 -12508.

Aftab, R. A.; Zaidi, S.; Khan, A. A. P.; Usman, M. A.; Khan, A. Y.; Chani, M. T. S.
and Asiri, A. M., Removal of Congo Red from Waste Black Cardamom Peels and
Machine learning Modeling. Alexandria Engineering Journal 2023, 71, 355-369.
Ilayaraja, M.; Krishnan, N. and Kannan, R. S., Adsorption of Rhodamine-B and
Congo Red Dye from Aqueous Solution Using Activated Carbon: Kinetics,
Isotherms, and Thermodynamics. IOSR J. Environ. Sci. Toxicol. Food Technol 2013,
5, 79-89.

Idoko, B. and Ayuba, A. M., Kinetics, Equilibrium and Thermodynamics Studies of
Congo Red Dye Adsorption from Aqueous Solution onto Activated Cowpea (Vigna
Unguiculata) Husk: Kinetics, Equilibrium and Thermodynamics Studies of Congo
Red Dye Adsorption from Aqueous Solution onto Activated Cowpea Husk. Algerian
Journal of Chemical Engineering AJCE 2021, 1, 66-76.

Khaniabadi, Y. O.; Mohammadi M. J.; Shegerd, M.; Sadeghi, S.; Saeedi, S. and
Basiri, H., Removal of Congo red dye from aqueous solutions by a low-cost
adsorbent: activated carbon prepared from Aloe vera leaves shell, Environmental
Health Engineering and Management Journal, 2017, 4(1), 29-35.

Jabar, J. M.; Odusote, Y. A.; Alabi, K. A. and Ahmed, I. B., Kinetics and
Mechanisms of Congo-Red Dye Removal from Aqueous Solution Using Activated
Moringa Oleifera Seed Coat as Adsorbent. Applied Water Science 2020, 10, 1-11.

67



110-

111-

112-

113-

114-

115-

116-

117-

118-

119-

120-

121-

Liu ,J.; Cheng, X. Z.; Qin, P. and Pan, M. Y., Remove of Congo Red from
Wastewater by Adsorption onto Eggshell Membrane. Advanced Materials Research
2012, 599, 391-394.

Farias, R. S.; Buarque, H. L.; Cruz, M. R.; Cardos, L. M. F.; Gondim, T. d. A. and
Paulo, V. R. d., Adsorption of Congo Red Dye from Aqueous Solution onto Amino-
Functionalized Silica Gel. Engenharia Eambiental 2018 ,23, 1053-1060.

Bdewi, S. F.; Aziz, B. K. and Mutar, A. A., Adsorption of Congo Red on Nano Mgo
Particles Prepared by Molten Salt Method. Diyala J Pure Sci 2018, 14, 78-97.
Ragwan, R. M.; Gaith,S. A. and Salh H., Kinetic, Isotherm Studies of the Adsorption
of the Congo Red Dye by Posidonia Spheroids Plants Sea Balls (PSPSB), Sebha
University Conference Proceedings, 2024, 03, 429- 433.

Murrel, J. and Bucher, E., 1982. Properties of Liquids and Solution Jhon Wiley and
Sons. New york.

Ravi, V. P.; Jasra, R. V. and Bhat, T. S., Adsorption of Phenol, Cresol Isomers and
Benzyl Alcohol from Aqueous Solution on Activated Carbon at 278, 298 and 323 K.
Journal of Chemical Technology and Biotechnology: International Research in
Process, Environmental AND Clean Technology 1998, 71, 173-179.

Dbik, A.; Bentahar, S.; El Khomri ,M.; El Messaoudi, N. and Lacherai, A.,
Adsorption of Congo Red Dye from Aqueous Solutions Using Tunics of the Corm
of the Saffron. Materials today: proceedings 2020, 22, 134-139.

Kitemangu, A.; Vegi, M. R. and Malima, N. M., Biosorption of Congo Red Dye from
Aqueous Solution Using Adsorbent Prepared from Vangueria infausta Fruit Pericarp,
Adsorption Science and Technology Volume 2023, Article ID 4319053, 17 pages
Zenasni, M. A.; Meroufel, B.; Merlin, A. and George, B., Adsorption of Congo Red
from Aqueous Solution Using Ctab-Kaolin from Bechar Algeria. Journal of surface
engineered materials and advanced technology 2014, 4, 332.

Elsherif, K.; Haider, I. and El-Hashani, A., Adsorption of Co (li) lons from Aqueous
Solution onto Tea and Coffee Powder: Equilibrium and Kinetic Studies. Journal of
Fundamental and Applied Sciences 2019, 11, 65- 81.

Sharma, P. and Das, M. R., Removal of a Cationic Dye from Aqueous Solution Using
Graphene Oxide Nanosheets: Investigation of Adsorption Parameters. Journal of
Chemical and Engineering Data 2013, 58, 151-158.

Porkodi, K. and Kumar, K.V., Equilibrium, Kinetics and Mechanism Modeling and
Simulation of Basic and Acid Dyes Sorption onto Jute Fiber Carbon: Eosin Yellow,

68



Malachite Green and Crystal Violet Single Component Systems. Journal of
hazardous materials 2007, 143, 311-327.

122- Tahir, S. and Rauf, N., Removal of a Cationic Dye from Aqueous Solutions by
Adsorption onto Bentonite Clay. Chemosphere 2006, 63, 1842-1848.

123- Mittal, A.; Mittal, J.; Malviya, A.; Kaur, D. and Gupta, V., Decoloration Treatment
of a Hazardous Triarylmethane Dye, Light Green Sf (Yellowish) by Waste Material
Adsorbents. Journal of colloid and interface science 2010, 342, 518-527.

124- Li, Y.; Du, Q.; Liu, T.; Peng, X.; Wang, J.; Sun, J.; Wang, Y.; Wu, S.; Wang, Z. and
Xia, Y., Comparative Study of Methylene Blue Dye Adsorption onto Activated
Carbon, Graphene Oxide, and Carbon Nanotubes. Chemical Engineering Research
and Design 2013, 91, 361-368.

125- Chandane, V. and Singh, V., Adsorption of Safranin Dye from Aqueous Solutions
Using a Low-Cost Agro-Waste Material Soybean Hull. Desalination and Water
Treatment 2016, 57, 4122-4134.

126- Ahmad, F.; Daud, W. M. A. W.; Ahmad, M. A. and Radzi, R., Cocoa (Theobroma
Cacao) Shell-Based Activated Carbon by Co2 Activation in Removing of Cationic
Dye from Aqueous Solution: Kinetics and Equilibrium Studies. Chemical
engineering research and design 2012, 90, 1480-1490.

127- Rahimi, M.; Vadi, M.; Branch, S. and Sarvestan, I., Langmuir, Freundlich and
Temkin Adsorption Isotherms of Propranolol on Multi-Wall Carbon Nanotube.
Journal of modern drug discovery and drug delivery research 2014, 2, 18-20.

128- Sui, Q.; Huang, J.; Liu, Y.; Chang, X.; Ji, G.; Deng, S.; Xie, T. and Yu, G., Rapid
Removal of Bisphenol a on Highly Ordered Mesoporous Carbon. Journal of
Environmental Sciences 2011, 23, 177-182.

¥ Ll Gl 5l lilae 3o lS ani ¢ e b s 8 o il a e 3AN 2129
LS a5 a5 Y1 el gad A yas Al o AL SN (e 3,0V aliiad) dav a1 il
9 -1 <2024 «oalall Cunl iy pal) dlaall ¢y ) jal) A8aaliall

130- Derakhshan, Z.; Baghapour, M. A.; Ranjbar, M. and Faramarzian, M., Adsorption
of Methylene Blue Dye from Aqueous Solutions by Modified Pumice Stone: Kinetics
and Equilibrium StudiesHealth Scope. 2013; 2(3): 136-44.

131- Alkherraz, A. M.; Ali, A.; Elsherif, K. M. and El-Dali, A., Equilibrium and
Thermodynamic Studies of Pb (I1), Zn (I1), Cu (1) and Cd (li) Adsorption onto
Mesembryanthemum Activated Carbon. Journal of Medicinal and Chemical
Sciences 2020, 3, 1-10.

69



132-

133-

134-

135-

Alakhras, F.; Al-Abbad, E.; Alzamel, N.; Abouzeid, F. and Ouerfelli, N.,
Contribution to Modelling the Effect of Temperature on Removal of Nickel lons by
Adsorption on Nano-Bentonite. Asian Journal of Chemistry 2018, 30, 1147-1156.
Liu, Y. and Liu, Y.-J., Biosorption Isotherms, Kinetics and Thermodynamics.
Separation and purification technology 2008, 61, 229-242.

Sag, Y. and Kutsal, T., Determination of the Biosorption Heats of Heavy Metal lons
on Zoogloea Ramigera and Rhizopus Arrhizus. Biochemical Engineering Journal
2000, 6, 145-151.

Aksu, Z., Determination of the Equilibrium, Kinetic and Thermodynamic Parameters
of the Batch Biosorption of Nickel (1) lons onto Chlorella Vulgaris. Process
biochemistry 2002, 38, 89-99.

Abstract

Removing organic pollutants from aqueous solutions by adsorption plays an important

role in controlling water pollution. Scientific research on this topic has demonstrated the
potential for effective removal of organic materials, heavy metals, dyes, and other aqueous
solutions using agricultural waste. We have observed differences in their ability to remove these
pollutants.

It is widely used due to its large available quantities, low cost and good efficiency, by

using it as a raw material or preparing activated carbon from it and applying it by the adsorption
process. This study dealt with the use of agricultural wastes of some nut's shells (peanuts,
pistachios and almonds) with their dry surfaces and charcoal as biomass, i.e. by preparing them
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as adsorbents to remove organic pollutants (Congo red dye) From aqueous media, the research
included a study of the isotherm, kinetics and thermodynamics of adsorption of Congo red dye
on surfaces prepared from peanut, pistachio and almond shells, dry powder and coal. A humber
of factors affecting the adsorption process were studied. By studying the effect of contact time,
it was found that the adsorption process on all studied surfaces was fast, as the equilibrium state
was reached at a time of 60 min or less for all studied surfaces. The results also showed that the
degree of acidity affected the adsorption capacity, as the highest adsorption of the dye occurred
in the weak acidic medium and close to neutrality, then decreased in the strong acidic and strong
basic media, and its lowest value in this study was at pH = 11. By studying the effect of the
amount of the adsorbent on the adsorption capacity, it was observed that the adsorption capacity
increased with the decrease in the amount of the adsorbent from 2g to 0.1g for all the studied
surfaces. While the percentage of adsorption increases with the increase in the amount of
adsorbent, the amount was considered to be 0.1g of adsorbent for the dry surface and charcoal
for every 30ml of dye solution. The results also showed for all adsorbent surfaces that the
adsorption capacity increases with the increase in the initial concentration of the dye, which
indicates that the dye adsorption on the studied surfaces is of the physical type. Adsorption
isotherms were also studied. The results showed that the adsorption isotherms are consistent and
similar to the Freundlich isotherm, and not consistent with the Langmuir isotherm, based on the
correlation coefficient of the linear equations (R? >0.99) and the shape of the isotherm is similar
to the (S) shape according to the Giles classification. The effect of temperature on adsorption
was also studied, and it was found that adsorption decreases with increasing temperature when
using surfaces prepared from dry peanut shells and almond shell charcoal, and therefore the
reaction is exothermic. It was endothermic when using other surfaces (peanut shell charcoal,
dry pistachio shell charcoal, pistachio shell charcoal, and dry almond shell charcoal), and the
thermodynamic study also showed that the AG® values for all studied surfaces (dry and charcoal)
were positive values, which indicates that the adsorption process was spontaneous under the
conditions used, and that the AH® values for all adsorbent surfaces were positive.

This confirms that most of the adsorption processes were endothermic, with the exception
of the adsorbents prepared from dry peanut shells and almond shell charcoal, where AH® values
were negative, indicating that the adsorption process was exothermic. Finally, the adsorption
Kinetics were studied, and the results showed that the adsorption process followed a second-
order reaction.

Key words: Adsorption, Congo red dye, Peanut Shells, Pistachio Shells, Almond Shells.
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