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Al el Jie dabisadl 5 jigall Jalgall dul 0 &3 FT-IR 4385 (BET) sl
Juerinal 2ie | Jslaall 5,0y daja 4o jall ABS ¢ V) Ll 3€ 5 ¢ dpadall
o3 Gl drpall 48 S (MB) 830 cpliall 4aua 5 3l & (Fe / attapulgite )
Gy staall e e Jall S0 m gand) A3 ¢ 91 Rl 3S 5 e aaiad Ll 5]
p A9 A el O alee EOE Jlaxindy 4y o) bl Jidad 3 SIS Jglaall 3)) s
by 255 8 Freundlich zise ol 255 Temkin s Freundlich s Langmuir
Jie ¢ A s il el Gl 23 (R2>0.986) Loyl dalae Jeb 51500
e MB daual I3 (AS®) (s 58¥)s ¢ (AH®) (&AWY) 5 ¢ (AG®) 3ad) 4dlall
O el 31351 G Al all eda iy 5 ¢ sl all Bely 5 4uldli 4dee Fe / attapulgite

(82 physisorption b s

JS& (APT) (Attapulgite) culSLUY) (e Jlais - Zhifang Zhang o8 85
Lmidia g 3l A1 salal ol Ll Gy L Jslaall (e glual Ay ) Sia
dile 3 ) ja Gl (APT )it &8 Jead) 4 8 4580l d3a W) jey A glall g ¢ dalSl)
Uil de ganall e (5 5y 52 (CA) clisnd 5 I (men Jlexinly Axins Cagylayg
ISell A (ol dasadll L (e Badl o531 35eY) ailad (il (COOH )
(FT-IR) bl Jalaill ddabis oo APT (bl dlaassll 5 400 i) (ailiadd) 5 (55l
o5 (SEM) el (5 51 jeanall a5 ( XRD) Asisndl A2 3 g Jlai
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JSaedl i i sale) o Aupall sda A i S8y el APT Gl )Y Gaibad
O Y AL Aalia 334 ) sy COOH \ il sane o APT gl daniis (550l
< MB J &l APT 43} 4ws o) (MB),(Methylene Blue )=t 30 cplidll danal
e SV e 200 & MB i di o) oS Aol APT o s (8 ¢ 759,52 Lass
A Al A jall 3 ges 3 I SRV A8 5all 7 99.8 A ) dssi aaMB Jslase
> dSI Langmuir  beSaY a5 50 ae Gadaiy 4y ) 36V s ) Chiay (S
AR <o [ WP P PP U N L VPR RPN PR P ENP VPR SV g LI RN

(53 31 3y dlee

oaes dblug WAl CylSLEY) gl Jiaedy aieleas Zonggao Hu s
i) Jdaall s (MB) GJY! Caliisall dapall ) el e 48 538 ol ey 515 yael
a1V ALE ol A el &3 )Y paibad Jarall LY cpla e
OOl il 38155 51 oall A s dasall V) 5SS 32k 5 8l de jal) (alesl
daal (alY) aall o) Al sl s Langmuir S ais ) zisel ae 13
Sl e 318K 5 298K 3))a ia o xie(mglg ) 271.7 5217.4 s ) Y
A JSG LUSI 000 a0l e Soal 3 seil aotly 1556 GFAS el el el
attapulgite Aaxall cplall Jlaaind (Say g ¢ A8 aladsl g 5) aY) 308 g las Y Hhaill g
D2 Al A 3V 5 5l 8aleS dualiat) g Allad L
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davl g (ATP) SLBY) =l Joaty dielea s (Minhong Xu) o8 2l
XRD lasad Gl 2y cetyl trimethyl ammonium bromide (CTAB)

G o sl ISl s (smy platy o3 daaedll () Jaadll 2y 5 JE FT-IR
(shiall daasl) il 53 ) jaldl Ax ja g Avcadlall Al Jia ) ey A3 figall Jal gall C0l8 63
(ATP)J) 825 e ol clas( ATP ) ()5 = %10 » Jaadl (ATP) (e dlaricadl)
O dpadall A ded colS Lavie daa JE L Jid)l daa )Y bl S
LB Clapall (i 5 S5 45 50 da )3 (50-30) 25 Asyloallda 05 (11.6-3.6)
Sl 251 s3a¥) < G_5Y) clitall < &) Jiall VS el e La ) il

LB el 25 < sSU eal < (3,5

Dsblaad) by ddalis gy CSLUY) s Jpawl Al )3 dielea s Xiaoyu Chen a8

@A KLU a8 4 6l CLS) e (65 ) LYY ) Lgilaal coal 3 4 gilal)
gand (A laaly jeh @Al Osbbadl Jle G e oSh Y S Sy
s CUlSLEB 1 55 LB a5 I 63 15 (- FT-IR ,XRD ,SEM,TG)
A et o) A el casSl ducadall Alall 6 A 50 YA ey Al G shlid) clua
dalaall o) ) 3ieY) e g 30l Al jo JOIA (e IS Cinia gl 3 pH=Q die diaad ) yial

(B0 LA ) Ayl Alalre a1 YT A8 ja 5 (Langmuir ) sieSaY 73 sad

4 guanl) CHSLUY) Gilias ) el L8 4 0 aieles s Weisheng Zheng #85

(Polydopamine-modified granule organo-attapulgite) omebsy sl sl
Cligal) Gt 5 o Jally Guadll e Gk 0o A sens W jaasd 5 (PDA-GOAT)
i) AaYL el 5 Y Ldlidas 5 ¢ (SEM) gesball (35 35S peaall 3 sk 00
BET 48k (e pbudll paay dpndand) daliall Gloa &5 (FT-IR)  4lidlae s (XPS)
Ol daual )3V Aol oagie gand o3 N2 U 500 - )l a5l ddalus s
Gulati ) yiaY ddee of dam el Gl wii s PDA-GOAT J) e (MB) 63!
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s O eY) Llee ae (3ilai JuzadV) 23 sail) IS SIS KN AN A5 el Alalas e
PDA-GOAT e MB )il o cham gl ASalinn g il Al all 5 Langmuir g2 sei
iblu s PDA-GOAT (sSisale) (e ¢ lld (g aa¥) 3l jall dale dlee 4l oS
o) (S PDA-GOAT o i lggle Jgemnll o3 il il | Sl NaBH4 Jslae
DAL Ll e MB A5 (3 sih Jlarina) saley Qi jiaadl o &G

1S Aelia 4 dkhdid) Akl aladdl 4 ja 23elaa 5 (Guangyan Tian) a8
CulSLY) (pda Jaawt a3 3) ) 3ieY) Aabes g alall Jail) (e ¢ sl 411315 aladall gy
(C/APT), (Crbon/ Attapulgite) 4uS 5 Je oWl Jaaly &llay - Attapulgite
Joaill o A Y 3l S) i) salall () aa g adlg (St Starch Laall dbalu s
e Lsie Gl O sl (e JS) &3 ) (adlal) ddaud 5y Jadiall CylSLUYT (e alad) Jaail) oyl
sale) AlSal (e CadSl Lllanind a3 3) HAD Jaiill S5 delin b 4 lall dbeal)
i pall lpe sl AL Gall Balall ypaani o3 81y | Led sl AN Ba ok o Jlad IS5 W 5
G el 45 glall el e G e Al g B AL jal) ddadial) salal) ) ) gan g 28l g auall
sbe e el Jiall g pmd¥) Qsllaly 5,5 il draa 0 IS (0 9%95.5
59 (200 mg/L) W3S i dumy Iy oaall i puall

it 3y IS1 360K adall) ) 3eY) Aul pn adelea s Melina Kotti 8 a3l

LY Ll cplall CylSLEY) e A5l Jdlsall o (CTMA) 4 sa¥) Jil
)Y (aibad A o 6l deliall jde )3l L LawY ¢ ikl (e aall Lgal 3
Sall Jexll 8 5 AY) dgihall o) ae A5l a5 Sl e 3l clipdall L
OS5 Alle wilk N (attapulgite )ele ( CTMA )eale ) yia¥l 3,8 o giall o3
dlee o Sl Ay paill bl Gl ¢ elld e 0l s Jalall Al s ) 8

B9 (Langmuir isotherm ) sy ajis 5 as IS8 aiii ) jiaY)
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Aim of study: Al pal) (g iagd) - 14-1
Flaa¥) Lo 5508 oy 7l il dpelial) claliall Gy 5 sladl s
Sl (saal Jlaxind &3 el il s e ) Lo pas aialy el V) Jiiall drna Lgias
a3l Ll e Luadll 33 T ghas oot Ll aa adall LIS, (ClSLYT ) 4380 yall
Al Al e Taas lue Jaad Vs Lana didl s dnbs ol g0 Lo € e ula¥) oda
ol 03 cpe Cargdl b SUAL Sagail) Alapsy ol 5 ) () 55 Anedl Gl 8 S lally

L
o S Sl Cu il cillee IS (e (Atta) ColSLUY) cplal J daaas -1

Jia Yara ke o ¢80 ( lasaS s s JS50)a sia¥l 5 sl (5 paic
(Atta-m) ek

(Atta-c) 3ol diay Yare | jle ladass  sSil ey )5S

el G Bay il amy JE GUSLEY) msha el 3
. (EDX,SEM,XRD,FT-IR)

Csba Ao (MG) el Jid Al p=d¥) el dasal ) 3iaV) daw s -4
L L 2055l g Jonail a5 J ol SLSY)

cobhu o (MG)=a¥) Jidl dasa ) Ha¥ &S all @lad yall ¢l jal -5
e Lol iU (a5 aaedll a2y 9 J8 CulSLY)

(Jaaadll a5 J8 CUSLUY) # gl e (MG) _w=dY)

Jiiad) dapa ) yiel e Al pall oda 35l = shaudl ()55 ana i Al 50 -7
(MG) _rp=aY)

41




@m\ sl
axdl ¢ 3l

Experimental Part




Chapter Two \Experimental Part Aead) ¢ 3l [ SEY Juadl)

Instruments r Alaxicuall 3 3¢Y) -1-1
DAY 3 eaY) Jlesind dul jall s2a DA o3 ail

UV-Visible Spectrophotometer sl 358 / 40l 228 Cilbaa -1
(Double beam, Shimadzu. 1800, Japan) g s(UV-Vis)

Fourier Transform Infrared Spectroscopys! eall st 425 Cildas -2
(Shimadzu. Iraffinity-1(8400s),Japan) & »(FT-IR)

Sartorius Lab. BL210S, ) ¢ st Electric Balance ¢sbus ) s -3
.(Germany , £ 0.0001g

(Daihan Labtech Co., LTD) ¢ s ¢« Hotplate stirrer Jle= -4
(Daihan Labtech Oven LDO- 060E) ¢ 5 ¢ xise g4 -5

Centrifuge, 6000rpm, Hettich, Germany ,) &5 ¢S« 3k ks -6
. (EBA-20

(POWER SONIC — 0405S) g 55 (s 4 seall (358 ) 5a¥) Slea -7
Sonicater(China)

( Shaking Water Bath) 4i)l~ 4as ) Je jhue jia A slea -8
. (Labtech. South Korea)

| (X-ray Diffraction-6000 shimadzu, Japan) 4wl 4x3¥) 3 Slea -9
gl cpl /48 pall o glall 4y il A a0dd) il

/ ( SEM ) (Scanning electron microscopy) z-tall 5 5 jeaall =10
(Inspect S50 ,FE , Czech Republic ).sb il aud - & slall 48 - jeill daala

Energy-dispersive X-ray ) 4l 4x3Y0 48l i Cililae =11
(XFlash 6110,Bruker,Germeny) ¢ s ( EDX) (spectroscopy
3l and — o glall 2K oy 5l Al

(i -Trans , BP 3001,Singapore) ¢ 5 (pH) i soned) oY) (il Slea <12

BC 3020, TRANS, Singapore) ¥ sall ddua gl (uld jlea =13

.( Instruments
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ard) g 3l [ A il

Chemical Compounds

- daadiieall duiliasl) o) gall -2-2

(1-2) sl & daa sall Ailoasl o all Zaljall 038 & Cilantin

12 agad Holias s Al gall LeiliS 5 Le ol 5 AilasSl) o) sl (i J 50 (1-2) Jsaad)

Jhae | s | Lalk L el Lhasa salall
BIEN % 4 gall
(g/mol)

Merck | 30 35 NH,OH a o ) 2l g o
Aldrich | 98 162.2 FeCl, Al sl &y IS
Merck | 97 666.2 | Al(S0O,);.18H.0 psial¥) Sl S

)
Merck | 99.9 106 Na,CO; o9 puall G g3 IS
BDH 99 458.5 Ca6H3sN:Cl, Jiall dapa
Bty
Aldrich | 99.5 | 176.12 CeHsOs Slu y Sl adla
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Preparation OF Adsorbent Surfaces 18kl 7 shud) judaat_3-2
Attapulgite s sl -1-3-2

Lol Canill pay dihaie (3 s B all elaall (B Gall 8 CulSUSY) aa g
() padB Jile gobe) sl Ubal ang 2y Ll Qi Jiall aish adys
ool cpaeill s a gl giall psall Aalall 4S50 (e clSLEYT Gl e Jsanll
( XRF )3 Al s LY e 5 Sl Glaal) Jlatlly Aaleial) e slaall inmy

(2-2) sl 8 dnaly

CASLEY) (i oS ol ilaeS sl (2 = 2) Jpn

Compounds W1t%
SiO2 49.0
Al20s3 12.6
Fe20s 6.2
CaO 6.2
MgO 6.0

SOs 1.5
Loss on Ignition 11.6
Total 93.1
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Preparation of  (Atta) (Js¥) gdaeall) Cphall (8 gaine Aigsi -2-3-2
Clay Powder ( First Surface)

anl o o Gesdinaa A8 jhe Al g 5 psea IS ) CulSHUY) ala s o

r S By plall (3 smaie Jut o8 ladmy Juad) Alee 3358 lasal aeli (3 5ams )
sl A 3Y 2S5l Adalu gy ) Jacad g Jusdl ol @l jail) ae <l ye s sl el

(80)°C Ljmiajnaie oy dcaia Seldl bl LG ol sally 3y
oab &L lels ool ) zisedll e dime Gl JB S delu 27 sad
Jai elld sy deel Gl e Jpanll (mjal gl S aisalley Ciinall (bl
axall o Jeasll (Sieves) dwlie Jalie Jlasich jeahall (sl
L sdgy At bl gaes 3 (150 M) pasl sl sl
ghadl Gl aaa A0 Al ) (a d) el (250,212 ) um - pseadl

Al CylSLUEY) o il iyl Y] dlee e (1 Particles Size ) Wl
. (SEM,EDX ,XRD,FT-IR) <l aldiely ((1-2 ) JSA A LS g3l axy Jomall

(Atta-m)( ) mhaadl) a guial¥) g daad) s oy CulsllY) cpb Jhaad -3-3-2

Modification of clay Attapulgite with iron and aluminum compounds
(second surface)(Atta-m)

s oddlcal J oY) Jaaadll Cpeay
Al JA (e @lldy yaall Sl 5 jaes Gl LAY phass Jaedl J5Y) A8l -1
(50 Ml ) 4esas asisa¥) 2 00 Jlae M WKLY (pla 0 (25 @)

(1TM) oS5

45




Chapter Two \Experimental Part Aead) ¢ 3l [ SEY Juadl)

(0.05 M ) o385 5 (300 ml ) 4eas SOEN paall 3y ) oK Jglaa ddlical @l 2ay
Tl may & oiels 325 (Hotplate Stirrer) e dbabus jaiuall el jaill aa
e 4delu sad ((Ultra sonic Cleaner ) 4 gall (358 Cla sl cuilall s A
G kil el el Jud s gl CSu laoay delu Caoa Ala e S gpiila
Coal A Aluall aayy A, ) Galeall S aey w3l S Y cle
eSO G Dl ezl pias g md il Ablugy Jiadl) dlee
Ol 100 °C Yy oo IS bylall dapa Caedy M clels GO b
aan 3 Jaie Jaiy gleall b Cadatll am | pdeall Glia e S S
SV ALY (el (Kay 5 aaall Jaaly Y dleaY) s @iy 5 (150 um ) il

DAY (1-2) bl YA o

ol ALY - S el juaa (1-2)Alsbadl

FeCls + 3NH,OH+Atta — Fe(OH); - Atta | + 3NH,CI........(1-2)

)
Atta - Fe

G (300MI) JsY1 culslan e e pnnd o o ssial¥) JLASY A0l 2aLoay) -2
(0.01 M) 355 {Aly(SO4)3.18H,0 } Adlel apiad¥) Gl )8 Jolae
(02M) 355 {NaCOs } psismall i Jslase e (50ml) o
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GV Byl sy 4l Abiats Al w3 A gisal I madd) el sl
i) atll aas Ll (asmald) Jlaal ) Al 28! cy el s (2l Jk)
Ot Gl sesy sl (558 i gl ol Sl b Aol BULiaY) ses g 3all s
Gty ) (0 palall sl ) Adae upaly hial el bt &3 g3l
B aan ) Jiia Al diak A 5 astdV) 5wl ade Ja) A bl
Al P& e (rasal¥) Jad ) gl DY) g Luadll (Sais (150 pm )

45Y1(2-2)

il aalay) -‘;_atﬂ\ C_la...d\ aaal (2-2) Aaladll
A|2(804)3+ 3Na,COs+Atta-Fe+3H,0 — 2A|(OH)3 — Atta-Fe I+ 3N&2804+3C02(2-2)
!

(Atta - Fe - Al) = Atta-m

i Slaiels At aey ((1-2) S 3 LS (Attarm ) daedl mhandl Gandfs i
. (SEM ,EDX ,XRD,FT-IR)

:(Atta-c) i) mhad) ély ) g8 (aalag Jaral) colSLUN) (b Jandill g Jyaad -4-3-2
Modification and activation of modified Attapulgite clay With ascorbic
acid (third surface)(Atta-c):
Lazy (0.1 M) OS5 ((CeHgOp ) dlusSl¥) (ada (1 (1 250M ) spiand
& ol paad) Gadall Jslae I (Atta-m ) S8 whadl e (10 g ) S
& ofiels 335 (Hotplate Stirrer) Jles 4ol s (ped) cpadll g paiusall @y jail)
il (S i ey dels 50l A geall 35 clasally CiE Jlea 3zl gy
g5 AN ALl amy i i) Adee iyl g i) slally e G0 Jgladd) Jut
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32y 160 °C I Laaox Coall 3l A0 @b &8 5 (AleSl oAl (& 73 il
B aaa ) aaa JAie ally alsh O Zisall caa ) am Caaly (lela
L 3 LS ((Atta-c) biial s doedl G xladl R fulee <15 3655 (150um )
( SEM ,EDX , XRD , FT-IR ) <l alaiely duedll any 4adld o5y ((1-2 )

A8V (3-2) Al Al gy el i (S

AN Joawdl) il GLMJ\ Preitu (3-2)@3\:&\\
CeHgOp+ Atta-m + heat — { Atta-m - [CGHSOG ]D = Atta-C} +CO,

+H,0.....(3-2)

ol glee 3y U CSUY) - sl 381 52 585 5 g (1-2) S

E
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b SN 7 gl e ) Y dples Al 3 -4-2

Study of Adsorption Process on Attapulgite Surfaces:
((MG) »ad¥) Jial) dasal ulidl) Jglaall judaasi -1-4-2

Preparation of standard stock solution:

o< (0.1g) &ML ellys (100 mg/L ) 3858 (MG) dia Jslas juasi o

Cas Aapnall Lol A0V el paiesall 70 ge shaial) el (pa il 8 dasall (3 5anse

@ SN e Al (I Lediad) uld@ll Jslaall e dsalie psaa @33 G
.(mg/L) (14,12,10,8,6,4,2)

AESY) (2 sl skl (s -2-4-2

Determination of Maximum Absorption (Amay):

Aibhe Jlea Al (MG) dana (abiaia¥(Apay) phe ) (oo sall Jshll Guad o

Jeaiuly s ( 800-280 nm) sl ea (UV / Vis Spectrophotometer )

23 WS (618nm) (o Aasall (Aax) 28 O 2255 (1em) LeSems JiL1S0 e 43
(2-2) Jsall 8
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el

g Jall [ A Juadl)

2.000

1500

1.000

0.500

0.000

280.00

nm.

(kmax)

50

600.00

800.00

(MG ) dimal 43 pal) - dpaudlil) (558 A2l (alaila) cish (2-2) Jed
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2 B laal) (Aada (paaadi -3-4-2
Determination of Calibration Curves:
A Sk ddlall (e Al & an 3 (MG ) Arsnal 5 plaall Jinie (el o
ipalaiall ad Cilas (MG ) daal (Mpey) <uiins (Mg/L) (14,12,10,8,6,4,2)
Gua 58|l af e pabaia) af au s ¢ MG) 4xua Jdaal (Absorbance)
diﬁ\g@byuS(MG )Mzﬁu\@;.ugcd}ag\g BYTRENGIRTPY et

. (3-2)
2.5 -
y=0.1523x - 0.0169
2 - R2=0.9981
1.5
<
1 -
0.5 -
O T T T T T T T 1
0 2 4 6 8 10 12 14 16
Co (mg/L)

(MG) daza J slaal 8 julaal) (fada (3-2) Jol
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2 ) Y Aland () ) Ga ) (i -4-4-2
Determination of Equilibrium Time for Adsorption Process:
U 3l gl e ( MG) A el Aleal GV e dasT a
pan Olall mhadl () 55) Aeiall gkl cudiny by ((AttaAtta-m |, Atta-c)
Aoadll oda  Ladh (el dale s (3uad) Ax o ¢ 3 adl) Balll 38 5 ¢ Jglall
JsY) hull (e (0.01g) “awal Waxy (50mMI)  Gusd S daw 3l (7) 23k
S B3l 33l ((MG) daaa e (10 M) L) aaaly 35kl 33l Atta)
ic s (Shaker))l» b s B Glsll Cwas Laas (50 mgll)
&5« (120,90,60,45, 30, 20,10)min & 4ilise 4y <5 5 (120 rpm)
dued a5 (Centrifuge) 3Soell okl Glea dblus lall e BN Juad
Al dfldas Slea ddalu sy B3N dpaliaiall (uld o35 (6000 rpm) Ae s (338
SO Cls & gy ¢ (MG ) danal (Mpay) 2= (UV-ViS) 4 jell-dadnill (358
(MG) e S Cloa s B ladl) (faia P& e (MQ\ L) 33250 Cp OV FY) 2o
Ay (4-2) A8) Gi s (MQ/g) sas s (1) el die @ 3 el

0t= Vsol (Co- Co) / M =mmmmmmmmmmmmmm e (4-2)
(1) 5oV 2o (MQ\G) 8 3iadl) 33kl A0S =
(L) 8 Sinall 330l I bl s = Vg
Mg\ L) staall iy 5€ il = C
(mg\ L) (t) el xie Jslaall 38 55 = Cy

(g) 3ol sl 39 =m
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( Atta-m ,Atta-c ) Jdamall Guhall e cpsAY) Gaadadll duially 2y il sale) i
4l (298K) 30 da 2 xie (60miN) s 313N O3 ey OF coladll i
ia ) de(Atta-m L Atta-c) Jdaedl (phall adas O il W (Atta) e

(45min) s o) 3 (e O Lensi B ) jall

2 3N dplead 458 al) el 542

Experiments of Kinetic for adsorption process:

ClSLEY) & sk o ( MG) Arua ) el dglaad 48 ) Al jall jlad <yl

& Aaleal)l cighadll ) S5 JMA e ((Atta ,Atta-m Atta-C) Al Al ad SO

iasn S Al=YL  (308,303,293) K sl claall vie oSl dslud) 3l

LA (I oY) A el AS ) zaladl) o Ldndall (Cp, O ) a8 Cues 3 208 K
. b sh) Alslae g 43S A0 Ayl

Adsorption Isotherm : ) Y cla i) -5-2
AN plall & gl e (MG) daaal )i cile i 5l Gl Cu

P b lad mage LS ((Atta ,Atta-m ,Atta-c)

Effect of Adsorbate Concentration p 8 el Balal) 38 5 il -1-5-2
Canal Ladey Aaydai 3 i (5 )50 daaw 8 (Atta) JsY) handl (e (0.01Q) aoas

@ Sl ) JS Adiae 5815 (Sl 390 IS N ( MG) 4a = (10mI)

S Sl dea b Golsal e Cam (50,45,40,35,30,25,20) (mg\ L)

< (60 min) sxls (308,303,298,293 )K ddliss 4 ) cilau s (Shaker)

k) Sles Al clall ge G Juad A oY) mdanll danally )3V e s

Cusd Loy (6000 rpm ) de e 5 BBy e 3y (Centrifuge) S

4 el — Al (98 422V Adlaas Slea Al s (@il Jslaall dpaliaial)
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s 5 Lebas (MG ksl (g Jomlamiad] olie V) o sl S5kl xie (UV-vis)
Balall AseS Cun 5 3 plaall Jsie JYA e (MQ\ L) 323 50 Cg ¢V 3V i 38 )
. (4-2) @B s 5 (MQ/Q) 33> 52 e OV Y 2ie 3 iadll

(Atta-m ,Atta-c) Sy S prland] dailly Lpuds alaad) Sl phadll 3ale) usd

& O (e eledil 25 (45 Min) sl Ay Cpadasdl SIST ) Y ey e (ST
5 38 duad 324l (Centrifuge) S oall 2kl e ddalu s aliall e @31l Juad
dillas Hlea ddalu sy @I Jslaall dualiaia¥) Cuwd Laxy (6000 rpm ) de s
(Amax)oabaiadl alae Y1 s sall Jshll vie (UV-vis) adiell — dndidl (358 225V
@ie Jlerinly (MQ\ L) 82552 Co OV 5V 2o 3858l Gl @i lgin s (MG ) Aranal
5 _laall

A8Mall s 5 (MQ/Q) 323 53 e OV Y e 3 Jiaall ( MG ) A A4S s a3
Lale oS3 a0 LS5 (4-2)
215 Ales 8 jlall Balall (3Bl ana LilG-2-5-2

Effect of Particles Size in Adsorption :

Ol Jaull (Particles Size) 3 k) salall @las aaa i3 dul ja il
SO Jlaainl &8 Al yall 028 A (MG) a1 3l e ((Atta ,Atta-m ,Atta-c)
chadl 00 (250,212,150) PM & <alise GilEs aaa s (0.010) 58 <l ()5 Slise
O ¥ Giaia g Cua (60MIN) Js¥! gdacdl () 391 (e 305 (298 K) 550 oa 4 )0 J5Y)
(10 ml) L caral g dadai 4 pla (3 ) 50 4536 & Calise il da aaa Ll (A5 4 slusiall
Sl shwe Ja Sl sl (8 Qa5 (50 mg/L) S (MG) daa (0
ablu sy clall ge @I daad Gl 3V e eleiil a5 (Shaker) 43l s 4a 2
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Laaey (6000 rpm ) Ae w5 G3s 4l 324l (Centrifuge) S el 2kl Slea
A el — dpdill (368 dal) dflblas Hlea ddlalusy @I Jslaall dnaliaial) Cusd
G ges (MG ) dxsal (Apay)oabaiadd alae V) oo sall skl 2ie (UV-vis)
Aapa S Cuna g 3 plaall Jaie Jleius (MQ\ L) 8350 Cp VY1 e 38 il
Cual dlld 2y (4-2) B8l a5 (MQ/Q) 32352 Qe OV Y 2ie 33l (MG )
Cagobll sl (Atta-m ,Atta-c) Sl SEN mdasll 4l ALl Aleal) Gl glasll

(45 min) a5 oandandl G 35 (e 30 OS] L

Effect of the Adsorbent Weight s Bkl Balall ¢y i -3-5-2

Oo Adlide sl Clexdul i) dlee o35kl salall o)y il Al

Ay oY cleds) 3 ( Atta , Atta-m , Atta-c ) &3 z skl

O ey (298 K) 3,0~ a0 (10.05, 0.04, 0.03, 0.02 ,0.01) g

dasal (50 mg/L) 3SJis (150 pm ) 38 aasyy zshall ge JS el

AU e AR a8 b)) ) Lt ddeal) Gl shaall Aldy 5 (MG )
G aaa iy S i
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el dles day L) b @A - 1-3
Characterization of Attapulgite surface after modification process
G shall Gl dadll gy JE QLY mha el g
( FT-IR) ¢l eall cand 425V ddllae jlea Jlaiuls  ((Atta ,Atta-m ,Atta-c)
Aol 3Y) ams sy (Fourier Transform Infrared Spectroscopy)
el G eadl Slea 5 (X- ray Diffraction ) (1 XRD)
4asVL Al cass Jlas les s (Electron scanning microscopy ),( SEM )
.( Energy Dispersive X-ray Analysis ) ((EDX) 4wl

D Agsd g gad o) peal) it dadY) b Jallas o1-1-3
Fourier transform- infrared spectroscopy Analysis (FT-IR)

(= (Atta Atta-M ,Atta-C) Jiadll aay g J8 CylSLUEY) Slial i e (5 )

(2-3)5( 1-3 ) JK&Y) e Llias 5 ( 4000-400 cm™) sl (yaa (FT-IR) 4w Joa

b Jaanil 2y Ll dai s CulSLY) dand 5 jaeall mel)l Canas JISEY) 038 (ha (3-3)
(1-3) Jsaall el yal 5 s AY) 7 skl

56




Chapter Three/Results &Discussion ~ 4déliall g (G [ Juadl)

100

Transmittance / (%T)

1041

3300 3600 3300 3000 2700 2400 2100 1800 1500 1200 S00 600
Wavenumbers / (cm-1)
Instrument model=WQF-520 resolution=4 scan times=10

(Atta) CulSLEY) mdand (FT-IR )b (1-3) J<a

University Of Baghdad / College Of Education For Pure Sciences Ibn AlHaitham / Central Seevice Laboratory

80

60

3386

40

Transmittance 7 (%T)

20

469

0 1038

3300 3600 3300 3000 2700 2400 2100 1800 1500 1200 300 600
‘Wavenumbers / (cm-1)
Instrument model=WQF-520 resolution=4 scan times=10

2019/2/2015:3 -ATM- ASF

(Atta-m) Js¥) Jaamill aay Cul&LEY) mdad (FT-|R) <uda (2-3) J<A
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100

"

3626
3402 1647

nsmittance /(%)

Tra

40

20

1041

0

3300 3600 3300 3000 2700 2400 2100 1800 1500 1200 900 600
Wavenumbers / (cm-1)

nstrument model=WQF-520 resolution=4 scan times=10
2019/2/1214:39 -AT C-ASF

(Atta-c) SEI Jaaaill aay CulSLEY) mhaud (FTIR) —aida (3-3) Jsill

(Atta) CSHY) el o IS sp0al) padll dpaatl) Blony ) 53 (1-3) 522
. ( Atta-c) diall Jaeall cylSLBYI 5 ( Atta-m) Jaeall CulSLBY)

Assignment groups ) _
and Vibration Type AUE AT AUESE
Si-O-Si bending 471 469 471
Si-O-Al stretching 525 525 525
Si-O quartz 796 796 795
OH deformation,
Si-OH bending 918 918 918
Si-O stretching 1041 1038 1041
H-O-H bending of water 1651 1647 1649
H-O-H stretching,
Absorbed water S50 SIEE
OH stretching 3627 3627 S8
Crystalline hydroxyl
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CulSLUY (pla S 58 Jaaall aadll e 230 ((1-3) dsaadls ((1-3) S (e Baa3y
o Ao gane (& U5 (13700-2800cm ™) Blies Ay Ay pe Ay Alidia (Atta)
S 5ol madaad allia¥) )Yl () agad s 3641 cm™ die o )l A
L # sl Al CHEul oY) jeaie ge pead il CulSLIYI Al G il
Gl (8 JeS 5 o) de sanad (hllaial) 5] ) agi ad e Db AI(OH);
Gasa dlasijall JaS g Huel) Ao gana 5l Cplall S i e Ba s sall 5 dialiaal) clall
D)) ) asei ddavgia 4 5 (Al,Mg)-OH 5 (Fe,Mg)-OH (el il Claeail)
& 2523 1041 em™T e sala Addy 1650cm ™ die daieal) slall il al sy
Osball S il A5 Sl A il aaalaall (e 223 A (Si-0) e sanal Jhlia¥) ) yiaY)
918cm™ e (Si-OH) Jsilull Ao sanal SUaiY) 31 3a Y1 ) 3 sad dad Lguila ) 253
(Ao sana 3al 68 Lyl cplall (S 55 8 aal sl 4y ) 5Ll el Ll ae 483e L]
dsaadl e ¢ Sl S 5l (6 AN S Sl palaall e () B2 Ao gl aadll
Sipas Badl (Atta-c)s ( Atta-m ) cesbasd) (e S (3-3) 5 (2-3 ) JSSYI5 (1-3)
Aea ey A 0 13 (padaid) ST g 40l 3 jpaall aadll (o dae 1Bl 50 A (e i
(Atta-c) g b la sy JSI ()5S ol 5 Lol s aadll o) Bl 4 dagale yuas 45
Gy dglee () o Jay 138 dlasdlly saaa sl jseha ) Sl axe o Dl
Gl ) o) Gl patd Ggan )l SylCLEY) aa) g aaall g 2 piad¥) e SIS Glans 5 50
12 5 (Atta-m) gad) il 4gn ol (50 Cpball Ay o Jarially dlidie mhandl 4l 58
Leaabia )y ColSTY) iy Ja (g el ) sSu) Ganla Gl Ja Jlad dlae ae (Gadasy Jlad)
H(91)90) (Atta-c) pdand) (o sSil ol Al g sl s sl dglac

i) Ra3Y) 3 g il Jillad - 2013
X-Ray diffraction spectroscopy analysis (XRD) :

O ( Atta ,Atta-M ,Atta-C) daaaill aay g J8 CulSLEY) Clial ik ise (5 52
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ALGBUAY g gl [ Juail

5 (5-3)5 (4-3) JSY) e Ulasy (20 : 5-80° ) sl (ana (XRD) 4idd s

a5 2y sl gl s ALl 5 5005 3 gun ) Ul 55 ) skl 3 JISEY) 038 (a5 (6-3)
zbd (FWHM ) Full Width at Half Maximum §& Y] Caalic die 4 jall (i o
(3-3) 5(2-3) dshaall Aleal )2l s s AV 7 shandl 8 Jaedll 2xy L)yl 5 ClSLLEY)

(4-3) 5

e.éj:\_”a_))l.d\ QQM\U&J&M‘)DM\JJ#‘Q‘}J#@A‘% (2-3) d}l&j\
(Atta) Jaaill Jié CulSLEY) =l ( FWHM )

No. peak 2 theta (20) Intensity d-spacing FWHM
1 5.96 134 13.463 0.304
2 19.82 136 4.535 0.080
3 19.74 104 4.471 0.373
4 26.62 226 3.347 0.229
5 34.84 76 2.589 0.160
6 34.96 70 2.574 0.173
7 50.08 48 1.819 0.146
8 61.94 54 1.497 0.240
Atta

250

200

150

Intensity

100

50

40
2 Theta

60

80

(Atta ) CulSLUY) mland Ayl 423V 3 gaa Caida ( 4-3 ) JSA)
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ALGBUAY g gl [ Juail

(Atta-m) daaeill 2y CUlSLBEY) =had ( FWHM)

No. peak 2 theta (20) Intensity d-spacing FWHM
1 6.82 118 12.814 0.370
2 19.76 104 4.599 0.060
3 19.92 92 4.466 0.347
4 26.62 242 3.342 0.199
5 34.68 62 2.580 0.270
6 35.56 62 2.559 0.260
7 50.08 46 1.818 0.155
8 61.6 40 1.502 0.220

Atta-m
300
250
200
§ 150
- 100
50
0
0 10 20 30 40 50 60 70 80
2 Theta

(Atta-m ) Jiaill ey CUlSHEY) mdand Zoipnd) 289 2 ga Cina (5-3 ) Jil
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A8 g gl JEd) Juail)

(Atta-c) Jsaill 2y CUlSLEY) mhad ( FWHM )

No. peak 2 theta (20) Intensity d-spacing FWHM
1 6.39 110 13.812 0.413
2 19.82 106 4.520 0.160
3 19.92 88 4.457 0.270
4 26.68 292 3.334 0.223
5 34.8 62 2.575 0.133
6 35.56 62 2.555 0.347
7 50.1 36 1.816 0.183
8 62.04 42 1.494 0.207

Atta-c

350
300
250
-*E 200
é 150
- 100
50

0

0 10 20 30 40 50 60 70 80
2 Theta
((Atta-c ) Jaaill amy CSLEYY prhand Aigud Ax3Y) 2 son (i ( 6-3 ) JSA
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01 (4-3) 5(3-3) 5(2-3) Jslalls (6-3) 5(5-3) 5 (4-3) JSIVI (e LaaDly
5 J8 CulSLUEY) Glal aadll S5 (8 st juad ae dglladl Lgiadi g Lgiany 5liad 3 jpaall aadll
Ll dea (a5 den 0o 13 Lempan zshauall 4y sl 8 il uadl) il S5 Laa Jpaadl
O Adledl g 32l g (1 20) dsadl L) pd (A (Olaliy B3 )) Gl Gigas L
Jaamall A2 gay 138 5 CulSLBY) (padal 3 haeal) aadll aread (d-spacing ) 4o shll &b i)
gl il Al Zloas e Als jeS ddme oy ol sl GlanS 5 g
CHSUEY ] i sSY) maalay Jasual) (5 Jaail s Jusmil 3 (3 5 (Atta-m)
e SULLY) oda cilae 3 (Atta-c) gland) gl 4 51 Jaaed As 3 (Atta-m) Jaedl
gl (& A 5 S Ll ils (stSl 5 aall s o saaad¥) Jia ) ealiall sda Jalsi ) 5 JWA)
adle Ui sy Loa. oKLY (bl 55l iy sl (s lalasa s ol 52 31
L) 223D GlLLY) aves 23S 55 La 138 5 5y bl AlSp andan ol 455 e Jasi () 050
il g Jpanill Gillee dm Bas aed el ) ) seda aae SIS (e Lgapas 7 shaul

a9 Jib CulLGY) el Baiand) AadY) Gildal (e dlasica) bl e slaie YU
£ 02 5 i Gl Aldlas (335 7 shud) gaaad sl anall Jaee Gl 23 Jpaxil

D= (KXW (BrryXCOS(B))-evereernrnns (1-3)
SRS
Al dpall aas D

0.9 = 350 GsSi e ldle 55, 6l JSS e adiag 983 gl aae <l g4 5 JSA Jale: k
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( FWHM) i) daws i i Al (g B,y
(Aied) Al da g 3y ) 3) £ ) 40 50
(NM ) sl Jhall: A

U8 gl aaall dane o Jsaall e Jaadly s ((5-3) Jsandl b Lealodl & 3
O3S 5 55al¥1 5 sl ualie 7o e o e Ja Laa a3z (a S) el
CASLEYT BBy Cilaand Gy e Catelis i peall (358 ila sall Jlai ) ALY,
) Al Al il g BB pas sy atii e sl Laa 58] sy ool 2ny

(93) (Atta-c) il mhaudl & 5S) Ay eoalis il 13a

ClSLUY) 5 ( Atta) CHlSLUEY) = shand Jowill ey g J8 (3380 aas ma o (- 5-3 ) Jsaall
. ( Atta-c) il Jarall CulSLBY) 5 ( Atta-m) Jaeall

surface Atta Atta-m Atta-c

Particle size /nm 47.7 47.5 39.3

2 kel (g A gl Jallad -3-1-3
Scanning electron microscopy Analysis (SEM):

Glal (SEM) el (Sg ASIY) jeaal) 488 JIA (e dlag¥) A0 ) g 3 5
( 10000x 55000x )4 <3558 ( Atta ,Atta-m ,Atta-c)diaedll 2y g Jd8 CulSLSY)
(9-3) 5(8-3) 5(7-3) SV e Ulan

64




Chapter Three/Results &Discussion ~ 4déliall g i) [EI) Juadl)

20.00 KV |10 000 x |25.3 mm 3le-2

Hv mag WD spot| det pressure
20.00 kW | 5000 x |25.4 mm| 5.0 |ETD |2 e-2

.10000x 5 5000x 43 uS38 58 die (Atta) CulSLUEY) mhaud SEM 3 5 ( 7-3 ) JSA
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HV még IZI - WD spot | det pessu‘re
15.00 kV |10 000 x [25.2 mm | 5.0 |[ETD |[1.12e-3 Pa Inspect S50

HV mag [ wD ot| det pressure
15.00 kV| 5 000 x |[25.2 mm| 5.0 |[ETD |6.69e-4

4 ,uSi3 8 die (Atta-m) Jeedl) aay CUlSLEY) xdand SEM 3 sa ( 8-3 ) S
.10000x s 5000x
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A8 gt [ Juadl)

In

Inspect S50

5000x 4,nS55 58 die (Atta-c) daaedll aey CUlSLEY) ~daidd SEM 3 5oan (9-3 ) JSA)

.10000x s
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Ofish daaxdll 8 CSLEY) lal (45 ) sea el (sl 5 (7-3) JSa) e Ba3h
Zshall Qailad Ay 5 Al 5 Clraaill y S 45 51 (V) (1 20um) SV G eSS
Laa 4054 g 3ala = sha 013 B S COLSES CylSLEY) il ja aaad Jaa3h 3 (10um)
O ((8-3) JSAll YA (e Baadl Laiy hand) (lalie le Y dusilaia e 3 s Lgshany
CHlELUY] Gl ja Cleead il e Glee agaial¥ g sl GlawS s jam Al dlee
e Lilad i) 5 ) gem cidae) Laa Jodedl) Jid (g 33a J31 il I3 jacal Cilaans )
o o) Sl pmda asdiiy 21,8 el ) ((9-3) JSEN MR e Ay Ll
Claaad 4 Sa CylCLLYT el jad cagidall 304 ) e calae 3 5hall sda Jaxall cylSLGY)
Luilad S gl Cle il (o WA Aagni SS) Ladans st Lae dee B Cililgd QO3 5 j00a
8 Ll s L)l 38 Alianally Ayl A8V 3 gen iy ae Lol (381 555 oxilinl) 028
(O G g aal - shadl JSD ) 3ieY) dr

 Agiaad) Al il (g g8 ddldaa Jullasi - 4-1-3

Energy Dispersive X-Ray Spectroscopy Analysis (EDX)

(= ( Atta Atta-m ,Atta-c) daaaill amy g Jid CulSLUYI Cilial ik e ] jal
a3 JEEY) ol (pes (12-3)5(11-3) 5(10-3) JS&YI Je Ulas s (EDX) 4xs JM&

(6-3) Jsaall 3 Leal 5l s Al all 28 = shandl oS 55 853 5 gal) jualiall ol 21 i
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cps/eV

3.0+

257

2.0

1 Ba
1 Co
1'5‘_ In Fe Mg

il e Na [Al Si In Ba Fe Co
1.0:
0.51 [
OO:J_KAHI_LLHLJ e o5 i i‘L-lh—-u‘L—-LLI ‘ bnnas = Al— "Tll L
1 2 3 4 5 6 7 8
keV
(Atta) CulSLBY) mhaud EDX <k ( 10-3 ) J<&
100X 0.001 cps/eV
90%
eo—f
705
60%
1 'In [ Fe Mg
40 &) 8 Al Si In Fe
30
207
U ¥
0_: m.‘ uhhmml&‘ Mﬂ-n L ﬂL..I.LLMm“.JM...L h‘uu.mlm‘m...u,m
1 2 3 4 5 6 7 8
keV

J(Atta-m) Jeaxill 3y CulSLEY] mdand EDX ks (11-3 ) S
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1.6 cps/eV
1.4—:
1.2;
1.0:
] Ca Ba
0.8 'In Fe
1 'Sb Co [Mg Ca
e Na Al Si In Sb Ba Fe Co
O.Gj
0.45
0.2;
0.0: alldy u[-_fJ s i M D'y lthl LL.L.L.L-bu..- _______ ..._‘I-— lIL L
1 2 3 4 5 6 7 8
keV
(Atta-c) Jaasill 3ay CUlSLEY) mhaud EDX s (12-3 ) JSA
Jaanll 3y 5 0 LYY edand 45 Sl jualind) 4 5l ansil (6-3 ) J 2l
Weight Percentage
ARTEE Atta Atta-m Atta-c
Silicon 27.509 29.880 41.090
Aluminium 13.353 14.586 18.243
Iron 4.283 4,713 4.851
Magnesium 3.286 1.076 5.200
Barium 1.344 - 3.230
Cobalt 1.382 - 1.521
Indium 1.178 1.132 2.438
Sodium 0.666 - 1.550
Oxygen 46.998 48.613 7.593
Carbon - - 6.850
Antimony - - 5.810
Calcium - - 1.624
Total 100 100 100
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Gt Jalat o) (7-3) dsaslls (1 12-3 )5 (11-3 ) ( 10-3 ) JS&Y) e a3l
Al da s S5V s i sSall e ol el dpaxill 8 CllSLBY) (pla (3 pualindl
o2 (5583 3) 8 Gy 5 jA) pualic (o Dl yaally o gial¥l s o sSiball jualic A
A Lgia 5 Gphall Gaibiaddl sy Saais )l o A g Lei S5 (Al malaall ) pualinll
Gl zod) BMA e CylSLY) cpll A3V Jaedll ddee pe oS8 99 3) 5100
yaall o JS i (A 8al) sl s Jaal Ll 3 sl asaial¥) 5 sl CilasS sy
s sall g Clly Sl 2 g )Ll Jia jualinll (amy cl6iA) o Db (S V15 o sl
G st Gl Jana Lea EDX i Lpnaty <0 AU (pe 30Y) aal) Gl o 30
Oelall A0l Boatl) dalee 2ay a3y WS (Atta-m) JSG daaadll aay cplall ailiad
gl il Lol s Ledanditip cly ) Sl Gadla Gl ja 7103 dalee B (e Jarall
O il ) seds aa o saial¥W) 5 O sSoluall (e AS i 8 (5 )30 30l ) &sos (Atta-c)
L5t s 05 S anS ol (S Gl o) et dals oS V) A 8 B sale (aliasl
o5 gl 5 o sandlSI Jio Gl AL sty jualiall G 220 ) seda (M) ALLYL mhaull (4
A sl el s dase (A i O il o3 a5 jlll 5 <l K115 () saria¥W)
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:(Atta , Atta-m ,Atta-c) g shell 4331 i) ALl 4l 023
Study of adsorption ability for surfaces (Atta , Atta-m ,Atta-c)

Equilibrium time: 1O ) -1-2-3

Aan A ke Auly P e (MG) a1 OV AY1 () aad &
Gl il culS Y drpall e Culd 38 555 Adliae Ay @l 8 Ay (298 K sl
(50 mg/L) s 4l 3< 55 (120,90,60,45,30,20, 10) min & 43l
Al ) mlE ((150pum ) Gl aans s (0.01g) 3okl A sall e Sl (g Sanial S8l
O osladll (1) el e () 430 T are ) 3 dpaS ay s ¢(7-3) Jsaad) (S ddue
3 (13-3) JA 8 WS dapall Jedaag ((Atta, Atta-m ,Atta-c) 3ol 7 gl
A (Atta) CWlSLEY) mhu Jlesiuly O3 Als ) Jseasll 2330 a3l o Jaadl
O) 3 58 (Atta-c) hdidl Jadl =l 5 (Atta-m) Jaxadl mlandl 20l Wl (60 min )
O eV (8 Ay i 30k By Jiaty liaiall s3g plall JSEN 1L (45 min ) s 15V (e
s ) Sl Ll slae (e 5 Fiaall 3alall iy ases JEBY A ) 55V Jaany Laday
Gl agee 8 ) 3RV Aakas () 35 e SIS Al oda chnaic) a8 97798) g 5L saldll
Al oda JDA

z s e el ke (MG) da (e () 3ieall 83lall A4S s (7-3) Jgaal)
de  (Atta-c) sl Jarall cylSLEYI 5 (Atta-m) Jarall CulSLEY 5 (Atta) CulLUY)

(298)k 5_) )~ 4a o

t( min) Atta Atta-m Atta-c
d.(mg/g) q.(mg/g) d.(mg/g)
10 39.974 44.630 45.273
20 42.450 46.921 46.186
30 44.242 47.742 47.900
45 45.096 48.326 48.110
60 47.335 48.523 48.136
90 47.795 48.832 48.405
120 47.893 48.957 48.556
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60 -

50 -

L

40 -

—@— Atta 30 -

qe (mg/g)

== Atta-m
20 -
Atta-c

10 A

O T T 1
0 50 100 150
t(min)

(Atta) CulSLEY) 7 o e MG damal () 3Y) () ciliinia (13 -3) JS)
(Atta-c) Budiall Jaaall CUlSLEY) 5 (Atta-m) Jaeall CulSLEYI
) D 4 glal) dpaadl) yyaa3 2223
Determination of Adsorption Percentage

48 CJL....A\ LA‘; @L‘J\ \.@J)LA UA(MG) daua ) ey ( A%):\g)ld\ ol Glaa (a.i
Ay Ualeall A (e ddlida 4y ) s Gila 53 2ke g4l

(Cc _Ct)

A%= X100  serrsssssssssrrssnnsssasneennn (2- 3)

rohd
(mg/L) Slas s dapall Sliy) 5 5l 58 C
. (Mg/L) Slas s (1) Gl vie danall 35S 55 8 C
DV e A sl il & A%

G ey ke (A%) Sl 55D &y saall el Crams 5 (8-3) Jsaall b i) z o) i
3o all Gla s die ((Atta ,Atta-m ,Atta-c) 0l 7 shadl s Zaaall Jdlaa o (1)
(16-3)5(15-3) 5 (14 -3) JKaY) 4 (308,303,298, 293) K
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el e (MG) Baa 00 (( A%) 315D Ay siall Al 5 (Cy) 5553 o8 (8-3) Jsaal

Lldiall Jamall CulSLUYI 5 (Atta-m) Jaeall CulSLEY) 5 (Atta) CulSLEY) mdaw e

.(Atta-c)
293K 298K 303K 308K

Surface t Ce Ce Ce Ce
(min) RO (o) | A% BEEORRCN (e | A%
10 10.814 78.37 10.026 79.95 6.533 86.93 2.284 95.43
20 10.118 79.76 7.550 84.9 3.978 92.04 1.976 96.05
30 8.384 83.23 5.758 88.48 2.179 95.64 1.956 96.09
Atta 45 3.256 93.49 4,904 90.19 2.153 95.69 1.818 96.36
60 3.026 93.95 2.665 94.67 1.982 96.04 1.699 96.6
90 3.007 93.99 2.206 95.59 1.772 96.46 1.687 96.63
120 2.954 94.09 2.107 95.79 1.707 96.59 1.641 96.72
10 6.421 87.16 5.370 89.26 4.011 91.98 0.800 98.4
20 4.898 90.2 3.079 93.84 2.494 95.01 0.689 98.62
30 3.460 93.08 2.258 95.48 2.304 95.39 0.623 98.75
Atta- m 45 3.099 93.8 1.674 96.65 1.332 97.34 0.577 98.85
60 2.009 95.98 1.477 97.05 1.247 97.51 0.341 99.32
90 1.674 96.65 1.168 97.66 0.853 98.29 0.334 99.33
120 1.503 96.99 1.043 97.91 0.794 98.41 0.328 99.34
10 7.137 85.73 4.727 90.55 3.959 92.08 1.707 96.59
20 6.723 86.55 3.814 92.37 2.770 94.46 1.529 96.94
30 6.125 87.75 2.101 95.8 1.569 96.86 1.142 97.72
Atta-c 45 6.027 87.95 1.890 96.22 1.457 97.09 1.063 97.87
60 3.328 93.34 1.864 96.27 1.405 97.19 1.037 97.93
90 1.890 96.22 1.595 96.81 1.109 97.78 1.030 97.94
120 1.713 96.57 1.444 97.11 1.037 97.93 1.024 97.95
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Kinetics Study A4S Al Al jal-3-2-3
) e dglaad a1 g plall HLidl) 8 3ade (5S4 Al alaill (e daell lia
(Lagergreen) ¢S SY SN 0¥ Agjall A8 a (o4 A8 all Z3all sda
O el dland dlanl) i) e Leiadat a3 Al e bl Alalra 5 A0S 5B A yall 48 ja
CUSLEY T (Atta-m) el CUSHEYI s (Atta) CHSLEY) = shull e (MG) i
Al Al Al (Atta-c) bdiadl Jasdll

2 (CeuSUSY ) Al 990 A sal) Adalas -3 -3-2-3
Pseudo First Order Equation (Lagergreen)
OS54 (MG) dasa ) ial Aglee e 438 Y1 4 jall (S jall 23 gaill Gaadai o
Gl aaa 3okl 33l (e (0.01g) Jlerinhy dulall 0 7 5hudl e (50mg/L)
bl J3A e (308,303,298,293) K Adlida &y, ja Gla py 2ie (150 pm)
LY Jeadl B S35 3 (13-1)

(18-3) 5 (17-3) JSEY! e J pumal 25 A3 Y1 A pall Alalaal ial) Jicil (yo
(kp) )5S eyl calh e JS e Jgemnl) o5 JISEY) 028 adaliiy Jie ey (19-3)
(9-3) dsaalla (8 (e LS () 5l die (q) B iaall alall 43aS
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Atta-c
3 -
2 _
1 _
eT=203k __ O
g0
WT=298K &
g -
T=303K £
-3 -
0 T=308 K
-4
-5
-6

Janall SYSLEY) mhas e (MG) 4asal (¥ A jall ) 5aY 28 )a (19-3) S
Adlise 4y ) s Ala oy die (Atta-c) Ldiall

zshadl e (MG) Axsa ) 5ieY (A5 A pall 48 ) il 63l 2 a5 (9-3) Jsaad)
:\ALM‘LJ‘)\‘);QL;JJJ.\Q :Lu:‘JJM 248

Surface Atta Atta-m Atta-c
Ky R* | . Ky R* | . Ky R? e
T(K) min™ mg/g min™ mg/g| min? mg/g
293 0.07496 | 0.866 | 20.308 | 0.042541 | 0.981 | 7.8351 0.042 0.8523 13.683
298 0.0558 | 0.960 | 18.229 |0.042142 | 0.981 | 5.0676 | 0.0373 | 0.8903 | 3.53131
303 0.04995 | 0.910 | 4.9245 | 0.047776 | 0.972 | 5.3434 | 0.0429 | 0.9314 | 3.44938
308 0.03423 | 0.926 | 0.7659 | 0.059596 | 0.865 | 1.2762 | 0.0626 | 0.9269 1.0269
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1A53LSl) 4Gl 4 yal) Adlaa - p-3-2-3
Pseudo second Order Equation
=Y il Ba ) el dlee o KN 4500 A jall (Sall 3 gaill Gk o
a5kl 3alall (10 (0.01g) Jlexivdy Al pall a8~ shadl e (50 mg/L) S
Aalaall J3A (1 (308,303,298,293) K 4dlide 4 ) ja Gla ja die (150 pm) suis
Y Jaadll i la S35 ) (15-1)

(21-3) 5 (20-3) JSiY) e Jgmnl) &5 LMK 26N 4 yall Alalaal L) Jiail) e g

A pall 31310 de pull Cull e IS e J paall &5 ISV 038 a5 @dald (05 (22-3) 5
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293K

298 K

303 K

o 308K

Atta-c
3 .
2.5 -
5
1.5 -
1 -
0.5 A
0 T T T T T T )
0 20 40 60 80 100 120
t(min)

140

Jaxall CUSLEY) mhaws e (MG) Ananal 400 45 jall ) 5iaY) A8 ja (22-3) Jsl)

Adliaa 4y ) ja Gla o 2ie (Atta-c) il

z bl e (MG) apa ) el 280 45 jall 4 jall Cul 63l 4 a3 (10-3) Jsaall
.:\ﬂﬂi.aa.g‘)\‘);&\.;‘)édlc :Lu:‘JJM 248
SUIEEE Atta Atta-m Atta-c
kz 2 Qe kz 2 qe kz 2 Qe

| R el <l R | 4 R
T(K) min~.mg".L mg/g | min".mg".L mg/g | mint.mg".L mg/g
293 0.00638 | 0.999 | 48.583 | 0.012302 | 0.999 | 49.158 | 0.006285 | 0.9989 | 49.420
298 0.00681 | 0.999 | 49.171 | 0.019419 | 0.999 | 49.389 | 0.023704 | 0.9999 | 48.897
303 0.02132 | 0.999 | 48.735 | 0.021692 | 0.999 | 49.593 | 0.028918 | 0.9999 | 49.254
308 0.10991 1 48.426 | 0.11122 | 0.999 | 49.750 | 0.133299 | 0.9999 | 49.053
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Elovich Equation : gedol Adalaa ¢ -3-2-3
5S5h (MG) dasa il Llee ezl Abladd S all #35alll Gubi &
S8y anay 33kl okl (e (0.01g) Jlerinly Al ol a8~ e (50mg/L)
il M5 (40 (308,303,298,293) K Adlids 4y ) )a s p3 2ie (150 pm)
LY daaill 8l S3 a0 (16-1)

JEEY) e Jpamnll 5 Int Jiie Qp puy Adalosgo gl Alabaad Ll Jiail) (ga s
ol e Jganll 23 JISEY) odgd Jadly aal@ll (a5 (25-3) 5 (24-3)5 (23-3)
(10-3) dsaadl A leal pal a3 Al 5 e slyl dAlalaal 48 jal)
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ALGBUAY g gl [ Juail

zshull (e (MG) dxua ) 3iaY g sl Aalaad A8 jall Cugl 3l 08 a5 (11-3) J 2]

Atta

Atta-m

Atta-c
B o Rz B a RZ B a RZ
g.mg' | mgg' min? g.mg™" | mgg!min™ g.mg™' | mgg’min™
T(K)
293 | 0.259 8485.599 | 0.843 | 0.486 | 3.64x10° 0.964 | 0.406 | 5916901.58 | 0.845
298 | 0.295 48054.32 | 0.965 | 0.604 | 1.366x10' | 0.887 | 0.741 | 6.623x10"° | 0.862
303 | 0.548 7.31x10° | 0.795 | 0.0203 118.7729 | 0.941 | 0.870 | 4.215x10 | 0.865
308 | 3.945 1.875x10%° | 0.945 | 0.0201 132.3668 | 0.915 | 3.408 1.124x10° | 0.828

( R® > 0.999 ) Lli ¥ Jeles ad ol (11-3)5(10-3)5(9-3) dslaall (e Laadl
(Atta-c) bdiall Jaeall culSLUEN 5 (Atta-m) Jaxadl ClSLUESU s (Atta) culSLU
Ualus 0 4 gl all G e eI oa LUK AN 46 ) Alalas Aalu gy 4 sassiall
el Al all o) LS sl 4 = gland) JS1 e ol Al g 1 5¥) Ayl Alilas
Letay 51 3ieY) CilaaSl Alanl) ol we Adiaia (S5 A0 A pal) (335 4 pusnall ) i)
Soall zisaill ) it Alandly g gh) Allaas V) A el e ST Ll aae
Blee ozl Aolaay V) Agjall S all 23 gaill (o Gldail HiS) 400 435 5l
OB 4l 50l a8 shaudl jaaa s 31 all Gila )3 aead jumdV) Jiad) dxua ) il
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Determination of Activation Energy shap i) A8 (s -3-3

Aol a8 (Atta-c) el Jaeall CulSLEYI 5 (Atta-m) Jaeadl CulSLEYI 5 (Atta)

%9 (Arrhenius Equation) s i) datas alaiuly

INk=INA—=E,/ RTucrrrrrverrrrreenenn. (3-3)

C ol
(min.mg™.L) Slas g (LA A0l dg pall) ) jieY) de yudl culd K
cos)) Jalaa DA
(J.mol™) Glas g ki) 48l Jiai : B
.(8.314 J.K . mol™) Glas g < el Al culdll - R
(K) Adllaall 3 ) jallas o0 T

JEEY) Ao Jans Al pall 2l # bl e JS1 (1/T ) Jae (Ink ) puy 2ie g
Cus Fa Gl (Say an )l e U aiesal) aal) Jas (e 5 (28-3)5 (27-3)5 (26-3)
Gy (Atta) oLV xhal dwaly  (144.44  Kjmoll) sl culs
Jaall Cyl LM danilly Lol (Atta-m) Jasall LY 4l (1100.20 Kj.mol™ )

( 140.34 KJ.mol ™) stuiié (Atta-c) Ll
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1/7 (K9
O T T T
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In kz
)

na ) el dolaal Jandiil) A8 Gluad g g ) A83a] Sl Jiiaill (28-3) J<A)
. (Atta-c) hdid) Jazdl) cylSLSY) cLu.u <=(MG)
O Laas O (e ol ) 155N g 55 e e sbaa Wl g Jmadil] 38a )i )
138 5 e 5158V i (80 Kj.mol™ ) (e oS! Ayl a8 2 glanll Japiil) 43k i
L0 Gxuall 53l 2 shaudl oy Jalaill 5 8 e

p )Y dples (B8 )) ad) o ja g S AN s il 423
Effect of Concentration and Temperature Change on Adsorption
Alae a5 all da o Sy ] Laall o jall A 380 s 80 Al 0 Cadd
Sl Jslal (e Ailine 381 5 et 3 Al il 28 7 sl e (MG) B e
2 solall ey e g2 4 (50,45,40,35,30,25,20) mg/L A dapall
(= JS (45 min )5 (Atta) zedl ( 60 min ) o135 (w5 (1 308,303,298,293 )K
. (150 pm) z shudl 338y aasy 5 (Atta-c) 5 (Atta-m) Cpslaud)
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Study of Adsorption Equilibrium : JI3a¥) ¢l s 4wl a -1-4-3

de (MG) dua 1S 5 ad Jlae dolaall (e ) OIEY) die 3 Yiaall 3alall add ans ) o
5(29-3) Al JKEY) DA ey (12-3) dsaall pasadly (G ) oY)
e (MG) s ) 5iel dalaily Lalall e 555391 (o Jsmall 3 (31-3) 5 (30-3)
Liidl Jadll cylSLEYI5 (Atta-m) daedl CulSLEYI s (Atta) <ulSLEY) o
. (Atta-c)

CulSLUY) 5 (Atta) CHlSLBY) mbaw Je (MG) 4va ) 1Y (e Cp ad (12-3) Jsaal)
Adidae 4y ) a cilau (Atta-c)  Ladiall Jaeall culSLEY) 5 (Atta-m) Jaeal

T(K) 293 298 303 308
surface | C | Ce Qe Ce Qe Ce Qe Ce Qe
mg/L | mg/L | mg/g | mg/L | mg/g | mg/L | mg/g | mg/L | mg/g
20 | 1.404 | 18.596 | 1.359 | 18.642 | 1.247 | 18.753 | 0.932 | 19.068
25 | 2.343 | 22.657 | 1.713 | 23.287 | 1.536 | 23.464 | 1.227 | 23.773
30 | 2.606 |27.394 | 1.963 |28.037 | 1.680 | 28.320 | 1.450 | 28.550
Atta 35 | 3.394 | 31.606 | 2.120 | 32.88 | 1.766 | 33.234 | 1.608 | 33.392
40 | 5.633 | 34.367 | 2.225 | 37.775 | 1.936 | 38.064 | 1.674 | 38.326
45 | 6.638 | 38.362 | 2.639 | 42.361 | 2.048 | 42.952 | 1.884 | 43.116
50 | 9.829 |40.171 | 3.145 | 46.856 | 2.160 | 47.841 | 1.963 | 48.037
20 | 0.479 | 19521 | 0.42 | 19.58 | 0.387 | 19.613 | 0.367 | 19.633
25 | 0.728 | 24.272 | 0.623 | 24.377 | 0.498 | 24.502 | 0.328 | 24.672
30 | 0.827 |29.173 | 0.643 | 29.357 | 0.538 | 29.462 | 0.426 | 29.574
Atta-m | 35 | 0919 |34.081 | 0.866 | 34.134 | 0.590 | 34.41 | 0.505 | 34.495
40 | 2.376 | 37.624 | 1.339 | 38.661 | 0.958 | 39.042 | 0.564 | 39.436
45 | 3.427 | 41.573 | 2.166 |42.834 | 1.286 | 43.714 | 0.656 | 44.344
50 | 7.051 | 42.949 | 2.974 | 47.026 | 1.976 | 48.024 | 1.516 | 48.484
20 | 0.919 |19.081| 0.636 |19.364 | 0.61 | 19.39 | 0.452 | 19.548
25 | 1.267 | 23.733| 0.761 | 24.239 | 0.669 | 24.331 | 0.525 | 24.475
30 | 1582 |28.418 | 1.299 | 28.701 | 1.004 | 28.996 | 0.722 | 29.278
Atta-c | 35 | 2.186 |32.814 | 1.825 | 33.175| 1.102 | 33.898 | 0.754 | 34.246
40 | 2.888 | 37.112 | 2.481 |37.519 | 1.601 | 38.399 | 0.873 | 39.127
45 | 3.886 | 41.114| 256 | 42.44 | 1.818 | 43.182 | 1.037 | 43.963
50 | 5502 | 44.498 | 3.598 | 46.402 | 1.864 | 48.136 | 1.148 | 48.852
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Cida 3 J V) Gl 8 W 583 a3 Gl 5 (3-1) eSSV Aalad aall O Jleriiasl a3
CulSLUYI 5 (Atta) CulSLEY) mlas e (MG) dsa ) 5ieY 4l i) e
Alide Byl a Glayn de (Atta-c) hdid)l Jaeadl culSLEYI (Atta-m) Jaeadl
pfinaall oAl 2l g Jaall (0 eSS il i s 85 (308,303,298,293 ) K
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ch (e (MG) dasa ) 5ieY R? ad s A pail) e Cul 6 i (13-3 ) Jsaal
die (Atta-c) fadiall Jazall culSLUY 5 (Atta-m) Jasall ColSLEY) 5 (Atta) culSLEY)

aﬂ“.\i.a'é‘)\‘); Gla
Atta Atta-m Atta-c
T(K RZ Qmax k|_ RZ Omax k|_ R2 Omax k|_

(K) (mg/g) | (L/mg) (mg/g) (L/mg) (mg/g) (L/mg)
293 0.989 | 50.461 | 1064.11 | 0.997 | 46.518 | 4081.4 | 0.997 | 60.436 | 1939.3
2908 0.310 | -192.92 | -2465.1 | 0.989 | 58.866 | 4614.89 | 0.968 | 63.652 | 2754.44
303 0.929 | -38.537 | -380.4 0.951 | 68.906 | 6021.09 | 0.829 |104.516 | 4415.46
308 0.620 | -113.1 | -1873.5 | 0.830 | 70.540 | 8291.67 | 0.111 |695.035 | 31857.7

L ¥ Jdbee sl e (13-3) deaall B8 5l bl e Jaadl

s i A all claall Cilida sie = sladl JSI_le&Y Alslad (R? > 0,111 )
(109) Al %@C}Luj\ K e (MG) B ) il ke o eSSV Aalas Glikail

Freundlich Isotherm s oAl 8 a o - b-1-4-3

e ds¥ duadll (B L S e (5 (B-1) Gl 8 Aldladd adll JRA Gkt o
Jarall ClSLY) 5 (Atta) CHlSLEY) s e (MG) Arsa 15 dan paill bl
abl& s Jaa (e 5 AdliRa 3 ) s Gl o die (Atta-c) dadiall Jasal) CylSLBYI 5 (Atta-m)
(36-3)5 (35-3) Ji¥! A LS (INC, ) Jiie (NG, ) ooy (0 ) poiicsal) ol
3y A ()5 )Y Ard Lulie amy 21 (Kp) Gt b il §5 s 35 (37-3) 5
(14-3) sl (Al 8l oda ozl o) iy ) i) Bl Lulds
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InC
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Atta-m
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4 17
& T=293K W

B T=298K ue 3

T=303 K

Inq,
N

O T=308K

CuSLEY) o e (MG) a1 e (ilany j8 <l i 500 (1 36-3) JSal)
Aaliag 5 s Gla J-'\C(Atta-m)

Atta-c

4.5 -

©T=293K 2.5 -

WT=298K o 2
T=303 K £

OT=308 K

I T \°J T T T 1

-1 -0.5 0 0.5 1 1.5 2
InC,

CUSLEY) mdans e (MG) Arma ) 5ieY (ilaiy 58 <l i 500 (37-3) JSall
Adlisa 3 ) s cila y0 2ie (Atta-c)

97




Chapter Three/Results &Discussion ~ 4déliall g (ol JEIEY Juadl

chn o (MG) da ) 55aY R add g Ay jaiill (il 8 Cul i ad (14-3 ) Jsaal)
die (Atta-c) fadiall Jazall culSLUY 5 (Atta-m) Jasall ColSLEY) 5 (Atta) culSLEY)

dalida 3 Oladla
Atta Atta-m Atta-c
T(K) Rz kf n RZ kf n Rz kf n

293 0.928 | 17.280 2.482 0.802 28.492 3.724 0.962 21.493 2.117

298 0.961 13.08 0.847 0.903 31.934 2.385 0.972 25.504 2.110

303 0.978 | 11.926 0.567 0.863 37.56 1.961 0.957 29.61 1.452

308 0.967 | 19.419 0.802 0.696 45.401 1.881 0.981 43.045 1.048

Ol daually 5 ) jall da ja 30l ) ae a3 (Kp ) af O (14-3) dsaadl e a3l

3 5 yiaal) salall dpaS 32l ) gl V) dxws 23y e Jy I ( Atta-cs Atta-m)
Ol daally 3l da o By (Ke) Aed JE ey 5yl pall dale dulesd) (583
Bl (n ) Al 8 all oAl A ey, 10910) (Atta) Jaedll e cdlSLYI
ol adl da o saly 3 )Y sl 3aly ) Ao Jy (1 Atta-cs Atta-m) Gdasall Gpadaudl
Blee o Jle 8 L) b (R®>0.696 ) LY Jelas o ) daailly Ll (197)

J108) LY g ) z i G adde b Laa (il a5 50V Al SISV
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Tempkin Isotherm : s OSafiaigil -c -1 -4 -3
Se (8-1) 8 ajdis il Aalad  adll JKEN Gulat Loayl 4l jall s3a JOA
Jarall CylSLBYI 5 (Atta) CHSLUY) mdaw e (MG) dana )Y Ay adll bl
puy ol dua ARG B a Gla ) die (Atta-c) sl Jasall LY (Atta-m)
Lall ablsiy Jae (a5 (40-3)5 (39-3)5 (38-3) JS&Y) 4 WS (InCe) S (qe )
(15-3) Joaall (& sl A (S Ol o3 il i)

Atta

60 -
50 -
40 -

#T=293K o
o 30 -

[T=298 K
T=303 K 209,
®T=308 K 10 |
0 .
0.5 0 0.5 1 1.5 2 2.5
In C,

vie(Atta)  ulSLEYI pla Ll (MG) &haa 31 5eY (a5 e i 3 ( 38-3) Sl
Adlida 3 ) a cla o

99




Chapter Three/Results &Discussion

ALGBUAY g gl [ Juail

€T=293K
WT=298K

T=303 K
OT=308K

Atta-m

60 -

50 -

e
@)
w

!

-1 -0.5 0 0.5 1 1.5 2
InC,

Jurall LY mhaw e (MG) disa 1 Y ¢S5 cila ydi 5 30 (39-3) JSall

:\ASSM 'BJ\J; Q\;JJ .l.\s;(Atta-m)

€T=293K
WT=298K

T=303 K
OT=308K

Atta-c

60 -

50 A

\-%

e
@)
w

-1 -0.5 0 0.5 1 1.5 2
InC,
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cha e (MG) dasa ) 5ieY R? s A saill (81l il (15-3 ) Jsaal)
die (Atta-c) fadiall Jazall culSLUY 5 (Atta-m) Jasall ColSLEY) 5 (Atta) culSLEY)

Aalisg 3l s dla
Atta Atta-m Atta-c
2
T(K) | R? kr by R? kr by R kr by
293 0.956 3.696 11.566 0.865 33.242 8.412 0.992 4.235 14.519
298 0.964 1.173 36.478 0.956 11.556 13.595 0.962 5.950 14.719
303 0.937 1.063 53.935 0.930 9.858 16.917 0.950 4.134 21.82
308 0.910 1.610 38.165 0.783 12.159 18.156 0.972 4.079 30.576

led ddaale 33y Ay, S (15-3) Jsaall 8 by oS i ad aiii JA (e
bl dagadall s 5l 3eY) dms B3l e Ja 1y Akl JSU 5 all da o saly

S L s (R? > 0,783 ) BLiLY) Jalae ail dowilly Wl ) 5ieY) dleal 35058l
pofis ) gism 0sS Almnally | (R > 0,606 ) L8 3 peil Ally e (b Loo
J108) s 8 o3 gad e JB) OS5 sl ) 0 AalaiSU AaiDle SV (S
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Calculation thermodynamic functions : 4l ge Al J)gall Qlea -5-3

G Aalise 4y )l ja Gl o (8 ) ) Aakas lia s 4Spalin ge il Al jall o
Ll o duale S 1)) ) 5iaY) Aglead s ( AH® ) olall (s simall 8 i) Laay
D) sy UK ATl s o) ) e Al ot ( AGS ) Bualdl (e dila L 5 ) yall
Alas G gan 22y il Jall AUATY 400 slinl) (i sl Ba 3 ia s ( AS® ) (s iY) (A
(Y Jeadll 8 L S5 a3 )5 4] ¥ aleal) (e ) sall o8 ol s ) i)

: Aalaall i &3 AG® lsal -1

AG® = - RT IN Kegerrerrerrerseresnsens (10-1)
oV
(). mol™) sall 4l & el :AG®
(K )Aalhaall3 ) allds 2 =T
.(8.314 ) . mol™.K 1) <l jlall aladl il : R
Gl A a IS e adla oSars ) 5ieY) Aalead (Saalinasa il ) YIS ;g

 Laaa L83 25 il A5Y) Aabaal) (e

_ My

k
€4 CeV(L)

(11 =1)
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2ol 3
. (mg/g) wlan 5 & Fiaall 3Ll A0S (g, )
. (mg/L) Slas s o) 3V die Jshaall 38 55 (C)
() S S Jslad s (1)
. (g) ©las g3 3l salall (55 (m)
Aale b K3 e Sl s (Gibbs Equation) (e Aalae Gudai AS® Glua o322
DG = AH® = TAS®  eovvvveeereeesersee, (1-1)

el LeS3 e Sl g aga uild Aalas aladily AH® a3 -3

o

In keq = W + Constant ... ...... ... ... ... -(9-1)

oy leba s Ble o Jomnai Cum (/T ) i (Inkag ) o poss 4 05

. . R .. —AH°
JIs z1 50l a5 (43-3) 5 (42-3) 5 (41-3) JSEY) A LS il Jiay Lgadali

(16-3) Jsaall & ASualins sa il
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b e (MG) Aana )1 5ieY ) e 4S0alin ga il Jsall 28 (16-3) Jsaadl
die (Atta-c) dial Jarall cylSLEY) 5 (Atta-m) Jaxall culSLUY) 5 (Atta) culSLEY)

Adlide 4y ) s Sla 3
Atta
T(K) AH° AG® AS®
(kJ/mole) (kd/mole) | (I.mol* K™
293 -20.257 366.425
298 -23.807 372.192
303 87.106 25206 370.665
308 -25.877 366.828
Atta-m
T(K) AH® AG° AS°
(kJ/mole) (kd/mole) | (J.mol™.K™
293 -21.229 350.362
298 -23.955 353.631
303 81.427 -25.440 352.696
308 -26.562 350.614
Atta-c
T(K) AH® AG° AS°®
(kJ/mole) (kd/mole) | (J.mol™.K™
293 -21.920 365.29
298 -23.450 364.296
303 85.110 25592 365.355
308 -27.293 364.945

CSLEY) mhas e (MG) daa ) il Gllead ddlss (585 (AG®) o O 13y

O e Ju 13 (Atta-c) Ldial) Jasall CulKLSY 5 (Atta-m) Jasall CulSLUYI 5 (Atta)

Aol L Lgiad 313355 5 5S3al Aalai¥l sead Cganll Aleas s AL 1580 ulee

sl Ju 13a 5 (Atta-c) el Jamall CulSLUEY 5 (Atta-m)  Jomall CulSLUEY) sl

9o Lae 1Y) ddlee &gan A gen 33l ) o) (padand) (pda e 3 el dasall dnaS 33l )
109 QLY mland Al 4ile
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a3 el ddenl (AH © ) AEY) 5 5l pall (5 sinall b il ad o Jaadl SIS
Jaeall CulSLEY) 5 (Atta-m)  Jaeadl CulSLEYI 5 (Atta) ColSLUY) mbu e (MG)
Aok & rohull IS Je ) ) dapda o) de Ju Lae daa 50 ilS (Atta-c) hadiall
) ) pall Ay 8305 e B3I Jiaiad) 1Y) dddee g we i 13y Bl all
iy all A5 3 ¢35Vl Alae (38155 lle Galasial dulae 25n s Aullaia) ) (uSay
3L Aaaii 3yl jadl As o 300 e la HLEN) de pw dla g alall Hghall s JAJa 3 Yiaall
e i Al 038 5 5l all Ain 3 Bl Ll pdad) <l sad JA3 8 Sieall G 34k
Baa ) i) dlead (AHC ) Aad o)) Jaadl Al Aen e e (e 130 GO Al il
O e Ju (180 KImol™ ) e Sl (a Aulall a8 #shdll jeals (MG)
(el g gill (e ) 5iaY)

CSLEY) mhan e (MG) A ) sie)l dleal (AS) (s 08Y) S sl o Ll
il cigd (Atta-c) bdiadl Jaeall CulSLUBYI 5 (Atta-m)  Jaxedl CUlSLEY) 5 (Atta)
Ba) ) Lelam) 8 o 5l Aapall i o) o Lee Lise Tl Ll
OS5 ) WS 43l ey 138 5 Las paliaiaV) 5 31 5] J e die prhanadl e (46 sl
(O Al e 50 g sall il Jad) 200 sde ol ) mdasdl e <y )

Effect of Adorbent Weight : kel Balal) ¢y Bl - 6-3
e Sl 5858 Jlerindy Sl 55eY) Llee e 5l Balal) ()35 L Ll Al 2 s

Joxall CulSLSY 5 (Atta) CulSLEY) ) 35l & shull e ddide ) )5l 5 (MG) dsa
G2 ana 5 (298K) 3)) s~ A d die 5 { (Atta-c) el Jasall CulKLSY 5 (Atta-m)
as (46-3)5 (45-3)s ( 44-3)JSEN)s (17-3) Jsaalls (150pm) 35kl sakal)

DY A4S s lall salad) 3 s il
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8l 7 shaud) e JSV Adlida o) 35l 8 (MG) dasnal ) 5ieY) 4aaS o (17-3) Jsaad)
& (Atta-c) did) Jasall CulSLEY) 5 (Atta-m) Jaxadl LY 5 (Atta) CulSLEY)
(298) k3~ 4s 0

Surface m(g) C, (mg/L) de (MY/9)
0.01 47.184
0.02 24.488
Atta 0.03 50 16.339
004 12.277
0.05 9.843
0.01 47.847
0.02 24.682
Atta-m 0.03 50 16.459
004 12.354
0.05 9.886
0.01 48.701
0.02 24.715
Atta-c 0.03 50 16.512
004 12.395
0.05 9.9424
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Atta-c

0 0.01 0.02 0.03 0.04 0.05 0.06
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)l 8 (Atta-c) tadiall Jarall il KLY Slall ehand) ¢ 35 uad il (46-3) Jsal)

(298K ) 5l dayd e (MG) dasa

8 Jiae aS ol ) (46-3) 5 (45-3)5 ( 44--3)J3Y15 (17-3) Jsaad) e Lan ]

3a3na Al Joad ) Al Hal) 28 AelaiY) aread (0.01g) O e 0SS (MG) Adpa (e
Balall eSS () LS 5 (MG) 3 _yiaall Balall 40aS (po g LY Ads po (85 el Balall daS Jiad
iy Jall pend aaad @l g Al ol 08 Aadai¥) apaad Sl hand) (55 80k ) ae JE 3 Yiaall
Gila ey, il e 138 Jlall ol (35830 ) ae LA sT Al Alladl) 18l gall e 3 Jiadl)
Ua ce ke 4 (0.01g) Cosl e sS85 A 5 Je W15 Jiaall salall 4aS 3o (Say A
Dl ol e Fiaall A0S Glaalls () 5 Jslaall 5 el edad) (5 iaall 3alall 40eS] o) 5 53
e 8 eall Balall 4S5l el pad) Eigas 1 agay 28 Ll mdaadl (55890 ) ae
Joladdl 1) 5 iaad) salal) (e ApaS Slall medanad) 5 e ) @iy Lae Jslaall s el pelans

L 35 e Cal iV Bl 3 Al e s el bl () 5Bk ) e 213y 138
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Effect of particle size D Bkal) Balal) (383 aaa B -7-3
(MG)  daa el 85 5kall salal) 380 ana s 5805 48 el Al j3 6 ) ja)
Jarall CulSLUY) 5 (Atta) CulSLUY) 3Ll # shaull o Gle &3 aladiuly @l
Gy aaay Ae K (Atta-c)  hdsedl  Jadl KLYy (Atta-m)
Glall JS (g sluia )5 5 (298 K) 301~ 43 & aliasa (250,212,150 ) pum
Jsaall & Ay il il G palg ( 50mg/L Jirsall Jolaad <l 3 555 (0.01g)

Sl 13 a5 (49-3) 5(48-3) 5 (47-3) JSEY)5(18-3)

k_u\SLUY\ SJLA\ palall RN S Al ( MG ) drya J\‘).LA;\EH ?:\3 (18-3) d}dﬂ\
da )0 die (Atta-c) il Janall CHlSLUEY) 5 (Atta-m) Jasall CylSLEY) 5 (Atta)

(298K )
Surface Par';icle size C, Ce Je

um) (mg/L) (mg/L)| (mg/g)

150 1.345 48.655

AL 212 30 3.663 46.337

230 6.237 43.763

150 1.240 48.760

ALEH 212 >0 1556 48.445

230 2.284 47.716

150 0.774 49.226

AIERE 212 30 0.978 49.022

230 1.208 48.793
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Conclusions .alalitiuy) -8-3
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O Aden Gl a5 dpalall Al dplaa) ) jaial (a jal 5 Al jall 028 alail ey
e il 5 il sl
 Badale A3 gyl A g Ancadla o die Al jall ) a) -1
saa Ao DS maally a eialWL Jarall el dasiii g by 5 S (aalay Jaadl) -2
A ) i) LN Cua (e Lagin 45 )ladll
Al 5 Aol o3l Bae agial¥y aaall LS pe Jlerindy Ol o) jal -3
Al e ALl 5 daslill ol il Cus (e el
Gl ¢l al &5 ey Vol ) SVl (aday CulSLEY) ala Jiaady apdss -4
Al ol il Cum e LAl Al ) e )l 5 Ll apasll 5 o saiad V) LS s
A ) el Aghiall
sae Lsall Jal sall 5 435 guall sl cilidat b dusl all 038 & Janall (ppdal) Jlexindd -5
Y sl Jia oAl Gligle 3R Aulall sda A Jaradl phall Jlexiul -6
AL jualiall ) Ll 2
s sh zind ¢ sSaluall sl o saaizall Jie (5 A1 ualing abiaai & (a5 (phall Janliss -7
LS yaliall o) Cilzaall Jie <l slal 3 3l

116




References sbadll

1- Zubair H. and Jhung S.H., Removal of hazardous organics from
water using metal-organic frameworks (MOFs):Plausible mechanisms
for selective adsorptions :Journal of Hazardous Materials, 283:
329-339. (2015).

2- Connel D. W., Basic concept of environmental chemistry, Lewis
Publisher, New York., 339(1997).

3-Turk A., Turk J. and Witters K., Ecology Pollution environmental, W.
B. Sunders company, London, 217(1972).

[(2000), e, 3 il 5 la 1. oy Al ST, (315 s, o0 -4

5- Bretherick L., Hand book of Reactive chemical Hazard, 2¢d Ad., Willy
and Sons, New York ,(1979).

6- Albanis T.A, Hela D.G., Sakellarides T.M. and Danis T.G., Removal of
dyes from aqueous solutions by adsorption on mixtures of fly ash and
soil in batch and column techniques ,Journal Global Nest Int J ,3(2):
237-244,(2000).

7-Fares Wan, Abdul Rahim and Esmail, Adsorption on Bauxite Mineral
Using Batch Equilibrium Test, American Journal of Applied Sciences ,6
(10): 1826-1830, (2009).

8- Georgiadis |.K., Papadopoulos A., Filippidis A., Godelitsas A.,
Tsirambides A. and Vogiatzis D., removal of malachite green dye
from aqueous solutions by diasporic greek raw Bauxite , Bulletin of
the Geological Society of Greece, 2 : 927-933 ,(2013).

9-Krishnadas,Indu Sasidharan M., Ashok and Ayoob , Investigation
onto feasibility of an adsorbent for chromium abatement with its
extended application for real mine drainage water, Journal of
Environmental Science and Health, Part A, 48(1):67-78, (2013).

10-Roberto A., Vincenzo C., Amedeo L.and Raffael M., Advanced
oxidation processes (AOP) for water purification and recovery.
,EISevier Catalysis Today, 53 : 51-59, (1999).

117




References badll

11-O'Melia C. R., Coagulation and sedimentation in lakes, reservoirs and
water treatment plants. Water science and technology, 37(2):
129-135, (1998).

12- Chekli L., Eripret C., Park S. H., Tabatabai S. A. A., Vronska O.,
Tamburic B. and Shon H. K., Coagulation performance and floc
characteristics of polytitanium tetrachloride (PTC) compared with
titanium tetrachloride (TiCl 4) and ferric chloride (FeCl 3) in algal
turbid water. Separation and Purification Technology, 175: 99-
106, (2017).

13- Ramstorp, MContamination Control in Practice: Filtration and
Sterilisation, John Wiley and Sons, (2008).

14- Al-khalisy S., Al-Haidary Abdul Muhsen A. and Al-Dujaili H.,
Agueous Phase Adsorption of Cephalexin on to Bentonite and
Activated Carbon, Separation Science and Technology, 45( 9): 1286-
1294, (2010).

15- Skoog D. and West D. M., Fundamentals of Analytical Chemistry,
2" ed., Holt, Rinehart and Winstone , Inc., 168, (1969).

(12004 ) , 119,050 3, 2 ¥ dndls, 7 shall 5 Jéall shasS, o, o bl 2016

17- Saleh J. M., Surface Chemistry, 1°* ed. , Baghdad University
press,1- 383, (1980).

18- Sharma K. K. and Sharma L. K., A text book of Physical chemistry
8 " ed. , Vani Educational Book, India, pp. 550-557 ,(1986) .

19- Atkins P. W., Physical Chemistry, 6" ed. , Oxford University
Press, Oxford, 857-864, (2001).

20- Scharm A. and Ricca F., Adsorption —Desorption Phenomena,
Academic Press, Inc, New York, 57,(1972).

21- Diran Basmadjian, The Little Adsorption Book , London University,
London, 366-372, (1996) .

22-Osick J. and Cooper |I. L., Adsorption. John wiley and Sons, New
yourk, 120,(1982) .

118




References sbadll

23 —Barrow G. M., Physical Chemistry,Sth ed., MeGraw- Hill, New
York, 418-424,(1988).

24. Barrow G. M., Physical Chemistry, 3"ed.,, Mcgraw-Hill , Japan,
738-747 ,(1973).

25- Szabo Z. G. and Kallo D., Contact Catalysis, Elsevier
Scientific publishing Comp., Cobnhagen, 1: 134, (1976) .

26- Osick J. and Copper I. L. L., Adsorption, Wiley, New York, (1982).

27-Adamson A. W., Physical Chemistry of surface , 4"ed, John Wiley
and Sons, New York., (1982).

28- Kapoor K. L., A Text Book of Physical Chemistry , Macmillam india
limited india ,1 : 449-452 ,(1999).

29- Tarkih H. ., Liquid- solid Adsorption studies: an Experimental study
and mathematical Modulation of Multi stage adsorption, Victoria
University of Manchester, UK,(1973).

30- Roberts M.W. and Mckee C. S., Chemistry of the Metal- Gas
Interface, Clarendon press, oxford, 33,(1978).

31-Ravi V.P., Jasra R.V. and Bhat T.S.G., Adsorption of Phenol, Cresol
Isomers and Benzyl Alcohol from Aqueous Solution on Activated
Carbon at 278, 298 and 323 K, J. Chem. Technol. Biotechnol., 71:
173-179, (1998).

32- Stumm W. and Morgan J.J, Aquatic Chemistry: An Introduction
Emphasizing Chemical Equilibria in Natural Waters ,John Wiley and
Sons ,New York,780, (1981).

33-Weiser H.B., A Text Book of Colloid Chemistry, 2" ed., John Wiley
and Sons, Inc., New York, 89-92, (1956).

119




References sbadll

34- Antropov L.l., Theoretical electro chemistry, Mirpublishen, 2"ed.,
Moscow, (1975).

35- Kuriacose J. C. and Rajaram J., Chemistry in Engineering and
Technology , TATA Me Graw- Hill Publishing Co. LTD New Delhi,
1:573- 580, (1984).

36- Wright E. H. M. and Powell A.V., Physical Chemistry in Condensed
Phase, Journal of the Chemical Society, Faraday Transactions 1,
68- 1908,(1972).

37- Giles C.H. and Smith D., A general treatment and classification of
the Solute adsorption isotherm, Journal of Colloid and Interface
science, 47, 3 : 755-765, (1974).

38- Giles C.H., Mac Ewans T.H., Nakhwa S.N. and Smith D.,Studies in
adsorption. Part XI: A system of classification of solution
adsorption isotherms, and its use in diagnosis of adsorption
mechanisms and in measurement of specific surface areas of
solids, J. Chem. Soc .,786: 3973-3993,(1960).

39- Giles C.H. Anthony P.D.S. and Lan A.E., A general treatment and
classification of the solute adsorption isotherm part. Il. Experimental

interpretation , Journal of Colloid and Interface science, 47(3) : 677-
778,(1974).

40- Vindo V.P. and Anirudhan T.S. ,Sorption Of Tannic Acid On

Zirconium pillared clay, J. Chem. Technol. Biotechnol., 77:92-101,
(2001).

41- Alberty R. A., Physical Chemistry, 7" ed., John wiley and Sons, New
york,16053-16059,(1987).

42-Langmuir |.,The adsorption of gases on plane surfaces of glass, mica
and platinum. Journal of the American Chemical society, 40(9):1361-
1403. (1918).

43- Freundlich H., Colloid and capillary chemistry, Metheun, 1885-
1964,(1926).

120




References sbadll

44- Tempkin M. I. and Pyzhev V., Kinetics of ammonia synthesis on
promoted iron catalyst, Acta Phys. Chem. USSR ,12: 327-356,(1940).

45- Mall 1. D., Srivastava V. C., Agarwal N. K. and Mishra |l. M., removal
of congo red from aqueous solution by bagasse fly and activated
carbon : kinetic study and equilibrium isotherm analyses,
Chemosphere, 61(4): 492-501 ,(2005).

46- Barrow G.M., Physical Chemistry. 3 ed., McGraw- Hill Co., New
York,459, (1973).

47-Norde W. and Lyklema J., Thermodynamics of protein adsorption ,J.
Colloid Interface Sci., 71: 350-366,(1979).

48-Gaikwad R. W., Electronic Journal of Environmental, Agricultural and
Food Chemistry, 3 (4) : 702-709, (2004).

49- Robert L., and Pecsok , Modren Methods of Chemical Analysis 2"
edition , John Wiley and Sons, New York , P:54-55,(1976) .

50-Ho Y. S. and McKay G., A comparison of chemisorption kinetic
models applied to pollutant removal on various sorbents. Process
safety and environmental protection, 76(4) : 332-340, (1998).

51-Yuh-Shan H., Review of second-order models for adsorption
Systems, Journal of Hazardous Materials, 136 : 681-689, (2006).

52- Parimalam R., Raj V., Sivakumar P., Adsorption isotherms , kinetics,
thermodynamics and desorption studies of reactive orange 16 on
activated carbon derived from Ananas comosus (L.) carbon, Arpn
Journal of engineering and applied sciences, 6 (11),15-26, 2011

121




References sbadll

53-Lim S. C., Behaviour of backfill materials for electrical grounding
systems under high voltage conditions, Journal of Engineering
Science and Technology, 10 (6) : 811 — 826,( 2015).

54- Lee J. K., Park G., Ryu.S. K. and Kim J. H., Effect of two —
step surface modification of activated carbon on the adsorption
characteristics of metal ions in waste water Il, dynamic adsorption,
Carbon Science, 4, (1): 14-20,(2003).

55- Gupta N., Kushwaha A. K.and Chattopadhyaya M. C., Application of
potato (Solanum tuberosum) plant wastes for the removal of blue
and methylene green dye from aqueous solution, Arabian Journal of
Chemistry ,2(4) : 309-312, (2011).

56- harma K. K. and Sharma L. K., A Textbook of Physical Chemistry, g
ed., Vani Educational Books, India,551-553,(1986).

57- Chipofya V.H. and Mc Connachie, Characterization of activated
carbon produced from agricultural waste materials for taste and
odour removal in drinking water supplies, 1* Warfsa/Water Net
Symposium : Sustainable use of Water Resources, Maputo, 1-2., 1-
4,(2000).

58- Banat K. M., Principle of Clay Mineralogy , Baghdad University
Press, Baghdad, (1980).

122




References sbadll

59- Grim R., The History of the development of clay mineralogy, Clays
and Clay Minerals, 36(2), (1988).

Jaaall Cad o cldll 5 cul LY ) okl alasiina) Jsa A )3, e 2 a3 308 ) 455 -60
el ) An AN RIS jiiale dlle ) Sl A glaa (e galoa Jl1 (52 5 Jle o) 58S
(2009 ) 320 Gaals

61-Murray H.H., Occurrences Processing and Application of Kaolins,
Bentonites, Palygorskite-Sepiolite and Common Clays , Applied Clay
Mineralogy, Elsevier, Amsterdam, (2007).

62- Ismadji S., Soetaredjo F. E. and Ayucitra A., Natural Clay Minerals
an Environmental Cleaning Agents, Clay Materials for Environmental
Remediation, 5-6, (2015).

63- Laidler K. J. and Meiser J. H., Physical Chemistry, 2" ed.,
Houghton Mifflin Company, Boston, 854-857, (1995).

64- Manahan S. E., Fundamentals of Environmental Chemistry , Third
Edition, 674, (2013).

65- Andrade F. A., Al-Qureshi H. A. and Hotza D., Measuring the
plasticity of clays: A review , Applied Clay Science, 51:1,
(2011).

66- Musso T. B., Parolo M. E., Pettinari G.and Francisca F. M., Cu(ll)
and Zn(ll) adsorption capacity of three different clay liner
materials , J. Environ. Manage, 146 :50-58, (2014).

67- Mittal V., Polymer Layered Silicate Nanocomposites: A Review,
Materials, 2 :992-1057, (2009).

123




References sbaall

Lngl) JLlY) e saaa £ gl ekl jumat | (il sy G i 68

Al 48 yal) culiand) (ldal alasinly caleall @il gl Jao) 45y )k,

Al -aiigll (l fA8 puall @ glell 4 il A0S (laa ) dedie iiiala
.(2015), 5 -3,

69- Asghari |. and Esmaeilzadeh F., Manipulation of key parameters in
RESS process for Attapulgite particles utilizing in drilling mud and
Eng.,112 investigation on its rheological characteristics , J. Petrol. Sci.
, 59-69, (2013).

70- Baltar C.A.M., da Luz A.B., Baltar L.M., de Oliveira C.H. and Bezerra
F.J., Influence of morphology and surface charge on the suitability of
palygorskite as drilling fluid, Appl. Clay Sci,42 :597-600, (2009).

71-Shi W.X., Duan Y.S,, Yi X.S., Wang S., Sun N. and Ma C. ,Biological
removal of nitrogen by a membrane bioreactor-attapulgite clay
system in treating polluted water Desalination,317:41-7, (2013).

72- Xinguo X., liling Z., Ruiyu J. and Qi, X., Application of Modified
Attapulgite Clay as the Adsorbent in Gasoline Desulfurization,
Catalyst Research, 16(3) : 63-68, (2014).

,Cl Ll el poad 8348 jal) LYY bl Ladla (5 AL, sbad) 273
. 1993 553l Ldaa, il g oo ol gl sall @l ey 8

74- Michael R. and Wolfram Scho., Handbook of Theoretical and

Computational Nano, American Scientific Publishers, 8, (2006).

124




References sbadll

75-Hall A.R. , An L., LiuJ., Vicci L., Falvo M. R., Superfine R. and
Washburn S., Experimental Measurement of Single-Wall Carbon
Nanotube Torsional Properties, Physics Review Letters, 96.1334-
1336, (2006).

76- Soto M., BoyerT.A., Biradar S., Ge L., Vajtai R., Elias-Zuniga A.,Ajayan
P.M. and Barrera E.V., Effect of interwall interaction on the
electronic structure of double — Wall carbonnanotubes,
Nanotechnology, 26(16) : 165201, (2015).

2381} Jumdl 136 Jal (e s L 5) 535 28 jall lle Aaa ¢ 0] Gy dana =77
.(2010), 374,

78- Al-Futaisi A., Al-Jamrah A. and Al- Rawas A.,Evaluation
of The Potential of Using an Omani Attapulgite as a Sorbent in
Treatment of Contaminated Water Department of Civil and
Architecture Engineering ,Sultan Qaboos University , Ninth
International Water Technology Conference(Sharm El-Sheikh,

Egypt),(2015).

79- Li-Feng Ch., Hai-Wei L., Yang Lu, Chun-Hua C. and Shu-Hong
Yu ,Synthesis of an Attapulgite Clay @Carbon Nanocomposite
Adsorbentby a Hydrothermal Carbonization Process and Their
Application in the Removal of Toxic Meta lons from Water, American

Chemical Society, 9 (20): 17290-17305, (2011) .

125




References sbadll

80- Al-Sharify A.N., Rahma H. A., Study the Adsorption of Yellow
(W6GS) dye from Aqueous Solutions by using Attapulgite Clay, Iraqi
National Journal of Chemistry, , 45:1-10, (2012).

81- Sadiq .J. B., Zahraa. H. A. and Suaad. T. S. , Adsorption Study
For Removal Of Rhodamine 6G From Aqueous Solutions By Using
Iragi Attapulgite And Flint Clays, Journal of Babylon University/Pure
and Applied Sciences,21 (5),(2013) .

82- Aseel Aljeboree ,Adsorption of methylene blue dye by using
modified Fe/Attapulgite clay, Journal of Pharmaceutical, Biological

and Chemical Sciences, University of Babylon,(2015) .

83- Zhifang Z. , Wenbo W. and Aiqgin W., Highly effective removal
of Methylene Blue using functionalized attapulgite via hydrothermal
process , Journal of Environmental Sciences( China) ,33 :106-115
,(2015).

84- Zonggao H., Fengjuan Sh., Guangxue L., Bing Z. and Hongsong Z.
,Removal of Methylene Blue from Aqueous Solution by Adsorption
Onto Modified Attapulgite Clay, American Scientific Publishers , 4:
316-323,( 2015) .

126




References sbadll

85- Minhong X. , Jvxiang W., Jing Li and Yunfeng Wu , Removal of
Dyes from Aqueous Solution by Adsorption onto CTAB Modified
Attapulgite , International Conference on Chemical, Material and
Food Engineering , (2015).

86- Xiaoyu Ch., Xiaoxu S., and Yihe S., Attapulgite Nanofiber-
Cellulose Nanocomposit with Core- Shell Structure for Dye
Adsorption, School of Material Engineering, Jinling Institute of
Technology, Nanjing 211169, China,(2016).

87- Weisheng Z. ,Hailing W., Zhaolian Z. and Peng W., Adsorption
performance of polydopamine-modified attapulgite granular
adsorbent for methylene blue ,Water Science and Technology ,77(1)
, (2017).

88- Guangyan T. ,Wenbo W., Yong F. Z., Li Zong, Yuru K. and Aigin W.,
Carbon/Attapulgite Composites as Recycled Palm — Qil-Decoloring
and Dye Adsorbents ,(2018).

89- Melina K., Androniki P., Pinelopi P. and Afroditi X. ,Removal of
Cationic Surfactants from Water by Adsorption on Attapulgite,
Computational Water, Energy, and Environmenta Engineering , 7 :
111-118,(2018) .

90- Blanco C., Gonzalez F., Pesquera C .and Benito I., Differences
between one aluminic palygorskite and another magnesic by
infrared spectroscopy, Spectrosc. Lett. 06 : 659—673, (1989).

91- Mendelovici E., Infrared study of attapulgite and HCl treated
attapulgite, Clays Clay Miner, 21 :115-119, (1973).

92- Langford J.I. and Wilson .A.J.C. ,Scherrer after Sixty Years: A Survey
and Some New Results in the Determination of Crystallite Size, J.

Appl. Cryst. 11:102-113,(1978).

127




References sbadll

93- Monshi A., Foroughi M. R.and Monshi M.R. ,Modified Scherrer
Equation to Estimate More Accurately Nano-Crystallite Size Using
XRD, World Journal of Nano Science and Engineering,2(3),:154-
160,(2012).

94- D.Y. Jiang et al., Fabrication of a New Type Modified Attapulgite
and its Best Adsorption Conditions of Cu®' lon, Advanced Materials
Research, 549 :234-237, (2012).

95 —Esraa A. J. , Ahmed N.A. and Hamdhiah H. J., Preparation
Nanocomposite Cuo-Attapulgite, Used as Catalyst in Photo
Degradation of Methyl Orange, World Journal of Environmental
Biosciences, 7( 1): 104-109,(2014).

96- Babarinde N.A.A., Babalola J.0. and Adegboye K.A., Kinetic
,isotherm and thermodynamic studies of the biosorption of
cadmium(ll) by snail(lymnaea rufescens) shell,J. Appl. Sci. Res., 4(11):
1420-1427,(2008).

97- Onundi Y. B., Mamun A. A., Alkhatib M. F., and Ahmed Y. M,,
Adsorption of copper, nickel and lead ions from synthetic
semiconductor industrial wastewater by palm shell activated
carbon, Int. J. Environ. Sci. Tech., 7(4): 751-758,(2010).

98- Kalavalthy M. H.,Karthikeyan, T., Rajgopal S. and Miranda L. R.,
Kinetic and isotherm studies of Cu (ll) adsorption onto H3PO,-
activated rubber wood sawdust, Journal of Colloid and Interface
Science, 292(2): 354-362,(2005).

128




References sbadll

99-Yosof A.M. and Malek N.A., Removal of Cr (VI) and As (V) from
aqueous solution by HDTMA- modified zeolite Y, J Hazard Mater,
162(2-3): 1019-1024,(2009).

100-Ahmed N. S.E., The use of sodium edate in the dyeing of cotton with
reactive dyes, Dyes and Pigments, 65: 221-225, (2005).

101- EImoubarki, R., Mahjoubi, F. Z., a, Tounsadi, H. Moustadraf, M.,
Abdennouri, A., Zouhri, A., El Albani, N., Barka Adsorption of
textile dyes on raw and decanted Moroccan clays: Kinetics
equilibrium and thermodynamics, Water Resources and
Industry Elsevier, 9 :16-29, (2015).

102- Ravi V. P., Jasra R. V. and Bhat T. S.G., 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, 71(2) : 173-179, (1998).

103-Welder. G., Chmisorption , An experimental approach, Butterworth
and Co. publishers. London.,8. 196-200,(1976).

104-Basma, Clay-polymer Nanocomposites as Adsorbent for Some
Organic Pollutants ,M.Sc. Thesis -University of Baghdad, (2011).

105-Shamsizadeh A., Ghaedi M., Ansari A., Azizian S., and purkait
M.K., Tin Oxide nanoparticle loaded on activated carbon as new
adsorbent for efficient removal of malachite green-oxalate: Non
linear kinetics and isotherm study, Journal of Molecular Liquids,
195:212-218,(2014) .

106- Al- Kazragi M.Abd Ul-Rasool, Preparation and physical treatment of
new bauxite surfactants composite material for the adsorption of
some organic compounds PhD .University of Baghdad/Collage ibn
Alhaetham ,pp165,(2017) .

129




References sbadll

107-Xiaoming P., Huang D., Odoom-Wubah T., Fu D., Huang J. and
Qin Q., Adsorption of anionic and cationic dyes on ferromagnetic
ordered mesoporous carbon from aqueous solution: Equilibrium,
thermodynamic and kinetics , Journal of Colloid and Interface
Science, 430:272-282,(2014).

108- Nwabanne T. Joseph ,Okpe E .Ch., Igbokwe K. Ph., Asadu C. Ch. and
Onu . Ch. Elijah , isotherm and kinetic modeling of adsorption of
dyes tuffs onti kolanutIS (Cola acuminata) shell activated carbon
shell Journal of Chemical Technology and Metallurgy, 51 (2) :188
201,( 2016).

109-Melichova Z. L., Hromada A. and Luptakova, Rev. Roum.Chim,

59(3- 4):165-171,(2014).

110- Amrhar O., Nassali H. and Elyoubi M. S., Adsorption of a cationic
dye, Methylene Blue, ontoMoroccan lllitic Clay, J. Mater. Environ.
Sci., 6(11) 3054-3065,(2015).

111- Entezair M. H. and Bastami T.R., J. of Hazardous Materials,

Mashhad, Iran, 959-964,(2006).
112- Gao, WahiY.R., Kan T.A., FalknerC.J.and Tomson L.V.M.B., Texas

America.,9585-9593,(2004).

130




Abstract

In order to study how to increase the adsorption efficiency of the Iraqi
Attapulgite clay, two modifications were made to its surface. The first
was the introduction of iron and aluminum, the second by
thermodynamic activation and the introduction of carbon is
represented by ascorbic acid. The changes in the surfaces were studied
and compared with Fourier-transform infrared spectroscopy (FT-IR) ,
X-Ray diffraction spectroscopy( XRD) , Energy Dispersive X-Ray
Spectroscopy Analysis (EDX) and the scanning electron microscopy
(SEM). The susceptibility of the three surfaces to the adsorption of the
methyl green dye (MG) was studied from its water solution as a model
for a water pollutant. A number of variables affecting on the
absorption ability , Such as adsorption time, increasing temperature,
changing the concentration of the absorbent material, changing the
weight of the absorbed material, and increasing the size of the
absorbed. The kinetic study of the adsorption process found that the
equilibrium time of MG adsorption on the surface of the Attapulgite
clay (Atta) is 60 minutes, the modified Attapulgite (Atta-m) and active
modified Attapulgite (Atta-c ) is 45-minute and found that the
adsorption capacity increased by increasing the temperature of all
systems (Endothermic process). The kinetic study showed that the
kinetic model of the Pseudo second Order Equation the most
applicable to the three systems , Was also calculated The activation
energy of the three systems was greater than (80 kJ / mol), indicating a
preference for chemical adsorption. In addition, the experimental
results were applied to a number of adsorption isotherms such as
(Langmuir , Freundlich, Tempkin), And the thermodynamic functions
of the three systems were calculated. The standard free energy (AG °)
was a negative value. This indicates the spontaneous occurrence of the
adsorption process. The standard enthalpy (AH °) was positive.
Indicates that the Endothermic systems are also The standard entropy
(AS °) is indicative of the increased randomization of these systems .




The Republic of Iraq
Ministry of Higher Education and
Scientific Research

University of Baghdad

College of Education for Pure Science

( Ibn Al-Haitham ) Department of Chemistry

Characterization of Biophysical Modification
for Iraqi Attapulgite Clay and Study its
Adsorption Efficiency

A thesis

Submitted to the College of Education for Pure Sciences /lbn Al-
Haitham of the University of Baghdad in Partial Fulfilment of the
Requirement for the Degree of Master of Science in Chemistry

By
Hussein Jawad Hassan

B.Sc. in Chemistry College of Education for Pure Science / ibn Al-
Haitham University of Baghdad

Supervised By
Assist. Prof. Dr. Ahmed Mohammed Abbas

2019 A.D.
1441 AH




