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(pH-meter) s s el oY) Gald e Jlaxinds il (il

Sl W A8 a A o, 10-2

2al ellhy A wdiall (359/ A0 5all Aa 2V g Aaal 50 Leaiti a8 S jall il pall asas
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X-Ray diffraction -2 Abad) A 3 goa sk, 3-1-3

ZN/AI-LDH 2S5 52l 405 o s iall/ i jlall ol dal Ay i da 3V 05 n Al 00
Gl nhall s d X-ray  diffraction 4wl 2aSY) 25 a Cayha i 0 (3-3) JSill
Al il e by Sl gl il e JS 1 el Aqlee Jd A )l il il a3k
1ie (003) s siall pgdny o (MR=2) Al sall 4wl Lgi sl 01 (009)<(006)<(003)
23.079° 4zl M asie s gl (006)cs simwall 5 7.687A" ()i sk Alaeass 11.501° a1
A8l uey 56 34,543° 5l M 2 ie ;o1 (009) (s sisall Lal <3.850A" (d) dmysb Alsay g
S5 uel) Al Lkl e e A S ) 1l aa g 2.594A° (d) A sk
Gl gl ) el aie B Al Guaa « (003) s 5ianall]12,201 A sl e d=8.8A il Ciay ol
Gy gy alinid gl lavwdad i Zn/AIFLDH clih mhas e il 5l g ol il
s (4-3) JSall s (100 gl 8 o piandl g 3l aaal) 53l el a4 gl
a8 ) dan g Ty a uS g paell 4l il Gall xda o 1e(NO35',SO™,) dalload) il 30 ) il
e sVl ) e A lee aay Agdliie il sl g el il s Y (d) A sh) gl
O3Sy il S g <l il i) JSE o) (a0 sy g S 5 Haned) A0l Gl ikl da s

alifa

S 5 el A & gl GGl (XRD) dimal) 22891 3 n il (b8 Clily a5 (1-3) sl

n Peak 2Theta d 1/11 FWHM | Intensity | Integrated
no. (deg) (A) (deg) | (Counts) Int
(Counts)
MR=2
1 2 11501 | 7.687 100 0.524 983 26887
2 7 23.079 | 3.850 37 0.395 363 7685
3 4 34543 | 2.594 29 0.644 282 9372
MR=3
1 2 11.286 | 7.833 100 0.475 1047 29061
2 3 22.668 | 3.919 37 0.470 385 11575
3 4 31.679 | 2.822 33 0.294 341 5295
MR=4
1 1 11.309 | 7.817 100 0.481 935 27726
2 4 22.654 | 3.921 37 0.271 344 5009
3 2 31.728 | 2.921 34 0.511 317 10402
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Atomic Force Microscope (AFM ) -2 4,00 B 68N g, 4-1-3

ATl S g Haell A gl s el Cpa Al Glidal LAl mda Wl A o
R Y 20 P [ S S O (7—33_)c(6—33_)c(5—33_) Jal e w i wm i s all o esa
A S et G A0 jall Cilaaadll 48 Hedad (531l 5 camS 5 Hauel) 405 4y S

bl e p il Sl WA 5 sa gy (7-3D)¢(6-3D)¢(5-3b) JS—all Ll
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el il (19.26nm) (1.99nm ) (1.13nm) 25— o< —1ll s MR=(2,3,4)
2S5 el il nall/ Gam Al il i ead o D e Lae i) e 255G
sy Ll (average of particles sizes) <l jall alaal Jasxs )y jpall 3 daliia
MR=4 “all (75.91nm) 5 « MR=3 4xill( 85.91nm)<MR=2 4l (92.49nm)

MR=2

CSPH Imager Surface Roughness Analysis
Image sze 2033 43nm X 2046 14om

Ampitude parameters
SaiRoughness Average) 0246 [nm)
$q(Root Mean Square) 0269 [nm]
Ssk(Surface Swewness) 019
Sku(Surtace Kurosis) 204
Sy(Peak-Peak) 115 [m]
Su(Ten Point Height) 0,626 [om)

Hybnd Parameters

Sst(Mean Summ Curvature) -1.4) [1/nm]
Sdq(Root Mean Square Siope)  0.0177(1/am)
Sdr(Surface Area Raio) 00155

Functiona! Parameters

Si(Surface Beanng index) 416

SciCore Flud Retention index) 142

SwiValley Flud Retention Inde) 0.0991

Spk(Reduced Summt Height) 0.0373(m)

Sk(Core Roughness Depth) 0,886 [nm]

SWi(Reduced Valiey Depth) 0,194 ]

% heightintgrvals of Bearing Curve)  0.0694[am]

joht nfervas of Bearing Cunve) 0,036 [nm]
Sd height intervais of Bearing Curve)  0.364 [am)
Sdc height infervals of Bearing Curve) 0,517 [m]

Spatal Parameters
Sds{Densty of Summés) 0 [tum2]

Fractal Omenson 245

(b) (a)

3\:1.1\_13 {a}.t.m“/uv.gmj&\ g_ﬂ.s.i:l J\M‘\}“ a:um 5 ) ga (b) .JLU‘Y\ :\7\.1\_\3 5 ) g (a) (5-3) JE
MR=2 « (AFM) :\_Uﬂ\ E}ﬂ\ PVl :\.L:.m\_g.\ M}JJ@\
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Topography
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OSPH Imager Surface Roughness Analysis
Image s2e:2043 350m X 2029 20nm

Ampitude parameters
Sa(Roughness Average) 0.354 [nm]
SofRoot Mean Square) 0423 [om)]
Ssk(Surtace Skewmess) 3%
Sku(Surface Kurtosss) 229
Sy(Peak-Peak) 185
SaTen Point Heght) 1.12 [am)

Hybrid Parameters

Sst{ldean Summit Curvature) -1 2 [tinm)
S8q(Root Mean Square Siope)  0.017]tinm]
Sar(Surtace AreaRato) 0.00685

Functional Parameters

SoiSurtace Bearng inder) 391
Sci{Core Puid Retention index) 135
Svi(Valley Flud Retention Index) 0.118
Spk(Reduced Summt Height) 0.05 [
SkiCore Roughness Depth) 124 [nm]
Svi{Reduced Valey Depth) 0.379 fnm|

Sdc 0-50-5% height infervals of Bearing Curve) 0108 [om]

S eightintervals of Bearing Cunve) 0 0831jnm]
56 height intervals of Bearng Curve) 0.504 om)
S 50-95 height intervals of Bearing Curve) 0.799 [om]

Spatal Parameters
Sds(Densily of Summis) 0 [1um2]

Fractal Dimension 244

(b) (a)

Ll e):\.\di/u...\m_)\aj\ laalal J\.su;y‘ W5 pan (b) JL’A;\)“ 3 ) g (a) :
MR=3¢ (AFM) il 8 il sgana iau 52 30 5 2l

(6-3) Jsl

MR=4

18.000m

Pixels = (336,356)
Size = (2057am,2034um)

OSPH Imager Surface Roughness Analysis
Iage 22.2056 540m X 2057 T4om

Amgitude parameters
SafRoughness Average) 36 [om]
SofRoot Mean Square) 431 [nm]
Ssk(Surface Skeaness) 0274
Shu(Surface Kurosis) 221
Sy(Peat-Peax) 191 fom}
Sa{Ten Point Hexght) 188 [m]

Hybrid Paramelers

Sse(Mean Summit Curvature) -0 0117]1inm]
Sda(Root Mean Square Slope) 0251 [t/nm]
Sdr(Surtace Area Rafio) 3

Functional Parameters
SoifSurtace Bearng index) 1
StliCore Fiud Retention inder) 139

Svi{Valiey Fiuid Retenton index) 0.11

Spk(Reduced Summit Heght) 132 [nm]

Sk(Core Roughness Depth) 124 [am]

Svk(Reduced Valiey Deptr) 349 fom]

-5(0-5% height intervals of Bearing Curve) 233 o]
5-10% height ntervas of Bearing Curve) 0
height inteevals of Bearng Curve) 513 [
5% height ntervals o Bearng Curve) 807 [m]

Spatil Parameters
Sds{Densty of Summis) 695 [{um2]

Fratal Dimension 256

(b) @)

MR=4 « (AFM) %l 3 ) jene Lo 5 20 5 y10g)

(7-3) sl
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(ZNTAL-LDH) S 5 31 Al o gaiall/ s JAY il b o 51 51, 2-3

Al a gsiallf ia JAY) B mh e ) i) a gl | 1-2-3
S g g

A o il /o AN il e e g saall LT Sy @l ) el Al 3 o

dpaala 41103 298K ) ya da o ade ) 3AY) Gla gl (e Jsandl a8 i 2 S el

dsrally Nl e aliy sl y @l il e JS1(9-3) 5 (8-3) ISl 48 mia 50 LS pH=7
(sl e iy 85 Gyl e JS1(3-3) 5 (2-3)

Balall o g () B a1 3863 Gl 8 bl () agan (s NN e(Gilles) v
5l old Slall mha ) e il ¢ 3allsalyy e Uiy puilaie , @ mha e 585l
Gl i i o) O Y S 5 8alg Ja 2l Fiall a pi s 30 ¥) JSS 0 Sy 5 o8 g ) 5aY)
6 el i) aa s 3aall salal) Jadas of (108109 5 e (agh i IS mla ) e
197 (Hydrogen bonding)ia s ouell salill paa®i 5 & e

Aol A ladl) Aay all U g o3 gall il €5l 5 ) 55l by 3 ldae i ys us
(49 451 e jle ) (il s

LogQe=LogKs+1/mLogCe.........oen..... (1-3)

<l ) el et sa w35 (3-3) 5 (2-3 ) s>—115(9-3) 5(8-3) Js—ally
Jans LogCe Jolaa LogQe O A8l a y 2ie g (Al )8 A Taleal ‘éj\}_ﬁ\ e iy Sl

il e S (4-3) 5 (3-3) Jsialls (11-3) 5 (10-3) JSlly i g L oS it aaa e

L sl e il LS
5ol A 2S5 Huel Al o suiall/ AN il mha e <l il ) 3l (2-3) Jsasl
PH=75298K
MR=2 MR=3 MR=4
Co Ce Qe Co Ce Qe Co Ce Qe
ppm | (mg/L) | (mg/g) | ppm | (mg/L) | (mg/g) | ppm | (mg/L) | (mg/g)
5 2.533 | 0.616 5 3.007 | 1.328 5 2.582 | 1.209
10 | 4398 | 1400 | 10 | 55872 | 2752 | 10 | 5.886 | 2.057
15 | 6.242 | 2189 | 15 | 6.769 | 5.487 | 15 | 7.322 | 3.839
20 | 7327 | 3168 | 20 | 7517 | 8322 | 20 | 8.460 | 5.770
25 | 7.728 | 4318 | 25 | 9540 |10.306 | 25 |[11.193| 6.903
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== |\VIR=2
12
e VIR=3
MR=4
10
8
0
=T+
g 6
T
lof
4 /
2 / -
0
2 4 6 8 10 12
Ce(mg/L)

M})w\@meyi/wju\a@chﬂ;c s geall 5 ) el e i g 3l (8-3) JSA)
PH=7 5298K 3~ s x

A 2S5 el Al o giiall/ pea AN Cilish mlas e il SN ) sl (3-3) Jaall
_pH=7 5 298K 5l

MR=2 MR=3 MR=4
Co Ce Qe Co Ce Qe Co Ce Qe
ppm | (mg/L) | (mg/g) | ppm | (mg/L) | (mg/g) | ppm | (mg/L) | (mg/g)
5 4.003 | 0.997 5 3.011 | 1.326 5 2.136 | 1.145
10 | 6625 | 3375 | 10 | 6525 | 2316 | 10 | 5.897 | 1.641
15 | 7869 | 7.131 | 15 | 7.984 | 4677 | 15 | 7.657 | 2.937
20 | 9.354 |10646| 20 | 9.356 | 7.096 | 20 | 10576 | 3.769
25 |12.470|12530| 25 |12276| 8482 | 25 |12.142 | 5.143




(36) Results and Discussion

.....................................................

Qe(mg/g)

14
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== MR=2
== MR=3

MR=4

6

8

Ce(mg/L)

10

14

L o piall/ e S Clinds o e o g0 geaall G S 1 il il 5 ) (9-3) JSA
PH=7 5 298K 2l a4y 2S5 gl

. 298K 5)ya da o s geall il Ce Qe (e S s e 5l a (4-3) Jsaall

Co MR=2 MR=3 MR=4

ppm Log Ce Log Qe | LogCe Log Qe | LogCe Log Qe
5 0.403 -0.210 0.478 0.411 0.410 0.082
10 0.643 0.146 0.768 0.439 0.769 0.313
15 0.795 0.340 0.830 0.739 0.864 0.584
20 0.864 0.500 0.876 0.920 0.927 0.761
25 0.888 0.635 0.979 1.013 1.048 0.839
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il S el lasiinall ol Cildana (e Jalii Y1 Jalaa 5 Aoyl alas 3 Cul 8 lea o3

(5-3) Jsaall A LsS

3l gl /ppem A i o o a0 gl il il GELSS 8l 5 b (5-3) Jsaall

S g gl
NO;
MR
K n R?
2 0.884 1.624 0.974
3 0.812 1.855 0.917
4 0.483 1.242 0.906

298K 5l s da hy a s seall iy S Ce,Qe (o IS s jle 51 2 (6-3) Jdsanll

Co MR=2 MR=3 MR=4

ppm LogCe | LogQe | LogCe | LogQe | LogCe | LogQe
5 0.602 -0.001 0.478 0.122 0.329 0.058
10 0.821 0.528 0.814 0.364 0.768 0.215
15 0.895 0.853 0.902 0.669 0.884 0.467
20 0.970 1.027 0.971 0.851 1.024 0.576
25 1.095 1.097 1.089 0.928 1.084 0.711
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ébﬂ&b)ﬁ\dﬂ&@ﬁuﬂ\ Y k_ﬂ_d:auwjal.u‘)‘)“ &W}%ﬂ\ﬁhﬁ@\ﬂ&.&heﬁ}
(7-3) Jsaal

3l gl /ppem A i o o 03 gl €l S i Cal 55 (7-3) Jsaal

S g gl
S07,
MR
Ks n R’
2 1.814 2.961 0.980
3 0.600 1.394 0.908
4 0.276 0.834 0.882

A d0laad A dadl) A 8l L o gy aall Ly €5 ol 8 )3l il A allaa Cya g
) b mge LS A i A Be e Jaasi (Ce) Jtlie (Ce/Qe) ard Cnm Al o
{47 359 Astaall a5 (13-3) 5 (12-3)

Ce/Qe = 1/a +(b/a) Ce

............

A 2S5 el Al o giall/ g AN s mhas e o g0 geall i) Sl (8-3) Jsaad)

PH=75 298K 5~

MR=2 MR=3 MR=4

pg;)n Ce CelQe Ce Ce/Qe Ce CelQe
(mg/L) (9/L) (mg/L) (9/L) (mg/L) (9/L)

5 2.533 4.112 3.007 2.264 2.582 2.135
10 4.398 3.141 5.872 2.133 5.886 2.861
15 6.242 2.851 6.769 1.233 7.322 1.907
20 7.327 2.312 7.517 0.903 8.460 1.466
25 7.728 1.789 9.540 0.925 11.193 1.621
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 MR=2
4.5 B MR=3
4 - MR=4
35 -
I s
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g 25
S~
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15 -
1 .
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0 2 4 6 8 10 12
Ce(mg/L)

AL o giall /pma JAd Gl mhas e a0 geall G 51 Y eS8 Clagiio (12-3) JSl)
RINCPPRLPa|

A 2S5 el Al o giall/ppea A s b e o g0 peall Sl S ) il (9-3) Jsaal
PH=75 298K 5l

MR=2 MR=3 MR=4

Co
ppm Ce Ce/Qe Ce Ce/Qe Ce CelQe
(mg/L) (g/L) (mg/L) (g/L) (mg/L) (g/L)
5 4.003 4.015 3.011 2.270 2.136 1.865
10 6.625 1.962 6.525 2.817 5.897 3.593
15 7.869 1.103 7.984 1.707 7.657 2.607
20 9.354 0.878 9.356 1.318 10.576 2.806
25 12.470 0.995 12.276 1.447 12.142 2.360
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Al a giall/ (i JA s o e 51 30aY) 8 5 ) A ja il 2-2-3
(ZN/AI-LDH) a8 g 0l

il s e o el LS S 5 i) 85l Aa  ils Al 0

LaS¢(298-318K) (—siall (5,1 all saall pasia e 2 g pagl &l o g i/ (a1

Sl il il e JS3(15-3) 5 (14-3) JSll s (11-3) 5 (10-3) Jsaall odda n e
Al al il @l dacadall Sl 5ieY) cile s sl o Gy s e

bl mha s el Sl g el Sl gl 1) o) A el @il sl
oalall g il (A leall (51 3l pall da ja ol Mo iy 2 S g sl Al o gaiall/cpaa A
dyag e 1 Jayy (Y il ol ey 4 cla LS (Endothermic  Process ) &) -l
ilee Giga s iaa sl (Adsorption) ) —is) Alee 5 ( Absorption) gal—aisl Al
Ao o a3 ) Clale Jals 8 5350 5 yheall iy Jall o) sl (Sorption) pealaas
108 51l da jasaly ) aie La )

A o giall/ G Al clinda mhau e a5 gaaall <l 535 3) i) 85 jall da o 58l (10-3) Jsaadl
[(298-318 K) (sl (sl al) saall Gaa 208 5 gl

Co 298K 308K 318K
MR | ppm
Ce(mg/L) | Qe(mg/g) | Ce(mg/L) | Qe(mg/g) | Ce(mg/L) | Qe(mg/g)

5 2.269 0.682 1.785 0.803 1.057 0.985

10 3.659 1.585 2.957 1.760 2.195 1.951
2 15 4.872 2.532 4.271 2.682 2.932 3.017
20 5.753 3.561 4.577 3.855 3.533 4.116
25 7.211 4.447 5.957 4.760 4.501 5.124

3) 1.943 2.038 1.869 2.087 1.584 2.277

10 3.850 4.100 3.534 4.310 2.954 4.697
3 15 4.335 7.110 3.955 7.363 3.586 7.709
20 5.546 9.636 4.556 10.296 4.124 10.584
25 6.158 12.561 5.631 12.912 5.114 13.257

3) 1.005 1.997 0.657 2.171 0.446 2.277
10 2.638 3.681 2.321 3.839 1.521 4.239
4 15 3.797 5.601 3.273 5.863 2.533 6.233
20 5.567 7.216 4.451 [7.774 3.586 8.207
25 6.853 9.073 5.714 9.643 4.638 10.181
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o spiall/Ga Al clidda mlaw e a0 guall il 38 ) el 850 pall Ao 53l (11-3) Jsasd)
(298-318 K) il (sl oall (saall Gam 20uS 5 el 4005

Co 298K 308K 318K
MR | ppm
Ce(mg/L) | Qe(mg/g) | Ce(mg/L) | Qe(mg/g) | Ce(mg/L) | Qe(mg/g)
5 3.548 1.452 2.580 2.420 1.741 3.259
2 10 5.635 4.365 4.534 5.466 3.676 6.324
15 7.553 7.447 6.523 8.477 5.754 9.246
20 9.459 10.541 8.489 11,511 7.529 12.471
25 10.321 14.679 9.594 15.406 8.495 16.505
5 3.806 0.796 3.290 1.140 2.387 1.742
10 8.387 1.075 7.806 1.462 6.903 2.064
3 15 12.509 1.660 10.129 3.247 8.838 4.108
20 15.612 2.925 14.516 3.656 13.225 4.516
25 17.935 4.710 16.322 5.785 15.354 6.430
5 4,532 0.187 3.487 0.605 2.674 0.930
10 7.741 0.903 6.580 1.368 5.724 1.710
4 15 10.709 1.716 9.765 2.094 8.452 2.619
20 13.096 2.761 12.013 3.194 10.567 3.773
25 13.870 4.452 12.967 4.813 12.387 5.045
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s mha s o ) ia¥) a i g ) (b dpidaalad) A0 il 3-2-3
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ES all e Al S 5 el gl 5 el e sa sl gidl (HOY) S 5 gl il sl
a—e Bl Y1 el s U AL Wl a3l g (NAOH) s 5 dpaelall A 0all Loyl
ApeS i A iy & o)l il G gl 5 o sl el (e S5 58 6 sl e Jany 4l
(A19AL2) 5 5104 alal)




(48) Results and DiSCUSSION. .........c.ccvevieeieeeeeeeeeeeeeeeeeee e AZBL) g bl

o spiall/Ga Al clida mlaw e o g0 guall <l 535 3) i) 8 Jslaall dpaals 505 (12-3) Jsaal)
S g gl 4l

Co pH=2 pH=4 pH=7 pH=9 pH=12

a Ce Qe Ce Qe Ce Qe Ce Qe Ce Qe
(mg/L) | (mg/g) | (mg/L) | (mg/g) | (mg/L) | (mg/g) | (MY/L) | (mg/g) | (MI/L) | (mg/g)

5 1974 | 0.756 | 2.195 | 0.701 | 2.533 | 0.616 | 2.973 | 0.506 3.134 0.466

10 | 3.639 | 1.590 | 4.201 | 1.449 4398 | 1400 | 4.897 | 1.275 5.786 1.053

15 | 4840 | 2540 | 5.546 | 2.363 | 6.242 | 2.189 | 6.942 | 2.014 7.635 1.841

20 | 6.042 | 3.489 | 6.542 | 3.364 | 7.327 | 3.168 | 8.327 | 2.918 9.083 2.729

25 | 7.032 | 4.492 | 7.443 4389 | 7.728 | 4318 | 9.378 | 3.905 9.984 |3.754

5 1.314 | 2.457 | 2.280 1.813 | 3.007 1.328 | 3.821 | 0.786 | 4.013 0.658

10 | 2.659 | 4.894 | 3.534 | 4310 | 5.872 | 2.752 | 6.245 | 2.503 6.762 2.158

15 | 3.787 | 7.475 | 4556 | 6.962 | 6.769 | 5.487 | 7.634 | 4.910 8.432 4.378

20 | 5.104 | 9930 | 5.852 | 9432 | 7.517 | 8.322 | 9.104 | 7.264 9.756 6.829

25 | 6.579 |12.280 | 7.306 |11.796 | 9.540 | 10.306 | 10.543 | 9.638 | 11.086 | 9.276

5 1.896 | 1.552 | 2.003 1.498 | 2.582 1.209 | 2.963 1.018 3.021 0.989

10 | 4.856 | 2572 | 5440 | 2.280 | 5.886 | 2.057 | 6.132 | 1.934 6.635 1.682

15 | 6.790 | 4105 | 7.102 | 3.949 7.322 | 3.839 | 7.853 | 3.573 8.546 3.227

20 | 8.004 | 5998 | 8.217 | 5891 | 8.460 | 5.770 | 8.674 | 5.663 9.267 5.366

25 | 9.366 | 7.817 | 9.654 | 7.673 | 11.193 | 6.903 | 11.532 | 6.734 | 11912 | 6.544
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o spiall/ppa Al Gk mha Lo a0 geall Gl S ) el 8 Jslaadl dpaals 50 (13-3) Jsaal

S g gl 4l
Co pH=2 pH=4 pH=7 pH=9 pH=12
ppm
MR Ce Qe Ce Qe Ce Qe Ce Qe Ce Qe
(mg/L) | (mg/g) | (mg/L) | (mg/g) | (mg/L) | (Mg/g) | (/L) | (mg/g) | (MI/L) | (mg/g)
5 1483 | 3,517 | 1.870 | 3.130 | 4.003 | 0.997 | 4.237 | 0.763 | 4816 | 0.184
10 | 3.945 | 6.055 | 4519 | 5481 | 6.625 | 3.375 | 6.963 | 3.037 | 7.546 | 2.454
g 15 | 5.687 | 9.313 | 6.580 | 8.420 | 7.869 | 7.131 | 8.578 | 6.422 | 9.207 | 5.793
20 | 7.935 | 12.065 | 8.709 |11.291 | 9.354 | 10.646 | 9.758 | 10.242 | 10.326 | 9.674
25 | 9.580 |15.420 | 11.225 | 13.775 | 12.470 | 12.530 | 12.983 | 12.017 | 13.542 | 11.458
5 0.835 | 2.776 | 1.612 | 2.258 | 3.011 | 1.326 | 3.538 | 0.974 | 4.013 | 0.658
10 | 2.774 | 4817 | 3.354 | 4430 | 6.525 | 2.316 | 6.964 | 2.024 | 7.380 | 1.746
’ 15 | 4.258 | 7.613 | 5.177 | 6.548 | 7.984 | 4677 | 8351 | 4.432 | 8917 | 4.055
20 | 5.096 | 9.936 | 6.235 | 9.176 | 9.356 | 7.096 | 9.821 | 6.786 | 10.327 | 6.448
25 | 6.387 |12.408 | 7.096 |11.936 | 12.276 | 8.482 | 12.783 | 8.144 | 13.208 | 7.861
5 0.368 | 1.852 | 0.513 | 1.794 | 2.136 | 1.145 | 2.645 | 0.942 | 3.023 | 0.790
10 | 2433 | 3.026 | 2.721 | 2911 | 5.897 | 1.641 | 6.236 | 1505 | 6.753 | 1.298
‘ 15 | 3.578 | 4.568 | 4567 | 4173 | 7.657 | 2937 | 7.987 | 2.805 | 8.428 | 2.628
20 | 5428 | 5828 | 6.516 | 5.393 | 10.576 | 3.769 | 11.125 | 3.550 | 11.592 | 3.363
25 | 6.584 | 7.366 | 7.672 | 6.931 | 12.142 | 5.143 | 12.658 | 4.936 | 12.983 | 4.806
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S g gl Al gaiall/ i JAY) il e e 51 A8 A, 4-2-3
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il e o3l el 48 a el il Jslaal i) 38 il s il (14-3) Jsaall
. MR=2 «(pH=7)5 (298K) 3, = da 3 208 5 sl 4l o guiall/pana LAl

Time Co=5 ppm Co=10 ppm
(min) | gt(mg/L) | (ge-qt) | Log(ge-gt) | gt(mg/L) | (ge-qt) | Log(ge-qt)
15 0.045 | 2.422 0.384 3.548 | 2.054 0.312
30 0531 | 1.936 0.286 3.792 1.810 0.257
45 0.635 | 1.832 0.262 3.967 1.635 0.213
60 0.921 | 1.546 0.189 4278 | 1.324 0121
75 1.097 | 1.370 0.136 4396 | 1.206 0.081
90 1352 | 1.115 0.047 4551 1.051 0.021
ge=2.467 (mg/L) ge=5.602 (mg/L)
Time Co=15 ppm Co=20 ppm
(min) | gt(mg/L) | (ge-qt) | Log(ge-qt) | qt(mg/L) | (qe-gt) | Log(qe-qt)
15 7006 | 1.752 0.243 11.931 | 0.742 -0.129
30 7228 | 1.530 0.184 12.021 | 0.652 -0.185
45 7359 | 1.399 0.145 12.096 | 0577 -0.238
60 7523 | 1.235 0.091 12.172 | 0.501 -0.300
75 7732 | 1.026 0.011 12.228 | 0.445 -0.351
90 7876 | 0.882 -0.054 12.288 | 0.385 -0.414
ge= 8.758 (mg/L) ge=12.673 ( mg/L)
Time Co=25 ppm
(min) | gt(mg/L) | (ge-qt) | Log(ge-qt)
15 14.947 2.325 0.366
30 15.142 2.130 0.328
45 15.436 1.836 0.263
60 15.537 1.735 0.239
75 15.797 1.475 0.168
90 16.00 1.272 0.104
qe=17.272 (mg/L)
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Sl mhs e o) el 48 a8l il Jslaal i) 3l s 580 (16-3) Jsasd

MR=3 ¢ (pH=7)5 (298K) 3l 1 da )2 2S5 juell 4l o aiall/aa A

Time Co=5 ppm Co=10 ppm
(min) | gt(mg/L) | (ge-qt) | Log(ge-gt) | gt(mg/L) | (ge-qt) | Log(ge-qt)
15 1534 | 0.459 -0.338 3.461 0.667 -0.175
30 1.687 | 0.306 -0.514 3.632 0.496 -0.304
45 1.795 | 0.198 -0.703 3.745 0.383 -0.416
60 1.865 | 0.128 -0.892 3.876 0.252 -0.598
75 1.900 | 0.093 -1.031 3.967 0.161 -0.793
90 1.928 | 0.065 1187 | |
ge=1.993 (mg/L) ge=4.128 ( mg/L)
Time Co=15 ppm Co=20 ppm
(min) | qt(mg/L) | (ge-qt) | Log(ge-qt) | qt(mg/L) | (ge-qt) | Log(qe-qt)
15 7.388 | 0.843 -0.074 11546 | 0.937 -0.028
30 7533 | 0.698 -0.156 11.676 | 0.807 -0.093
45 7.723 | 0.508 -0.294 11.811 | 0.672 -0.172
60 7.822 | 0.409 -0.388 11.907 | 0576 -0.239
75 7947 | 0.284 -0.546 12.047 | 0.436 -0.360
90 8.032 | 0.199 -0.701 12135 | 0.330 -0.481
ge=8.231 (mg/L) ge=12.483 (mg/L)
Time Co=25 ppm
(min) | gt(mg/L) | (ge-qt) | Log(qe-qt)
15 14547 | 0.913 -0.039
30 14646 | 0814 -0.089
45 14.765 | 0.695 -0.158
60 14.906 | 0.554 -0.256
75 15.021 | 0.439 -0.357
90 15100 | 0.360 -0.443
ge=15.460 (mg/L)
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Sl b e o) el 48 a8l il Jslaal JIai¥) 3 a5 (18-3) Jsasl
MR=4 «(pH=7) 5 (298K) 3l A 52 2 5yl 4L & gaiall/ G Al

Time Co=5 ppm Co=10 ppm
(min) | gt(mg/L) | (ge-qt) | Log(ge-gt) | gqt(mg/L) | (ge-qt) | Log(ge-qt)
15 1.652 | 0.766 -0.115 3.738 0.376 -0.424
30 2013 | 0.405 -0.392 3.899 0.215 -0.667
45 2162 | 0.256 -0.591 4.002 0.112 -0.950
60 2289 | 0.129 -0.889 4.056 0.058 -1.236
75 2372 | 0.046 -1.337 4.082 0.032 -1.494
90 | ... | .|
ge=2.418 (mg/L) ge=4.114 (mg/L)
Time Co=15 ppm Co=20 ppm
(min) | qt(mg/L) | (ge-qt) | Log(ge-qt) | qt(mg/L) | (ge-qt) | Log(ge-qt)
15 6.462 | 1.216 0.084 10.147 | 1.393 0.143
30 6.865 | 0.813 -0.089 10.448 | 1.092 0.038
45 7073 | 0.605 -0.218 10.681 | 0.859 -0.066
60 7176 | 0.502 -0.299 10.932 | 0.608 -0.216
75 7362 | 0.315 -0.501 11.114 | 0.426 -0.370
90 7427 | 0.251 -0.600 11.226 | 0.314 -0.503
ge=7.678 (mg/L) ge=11.540 (mg/L)
Time Co=25 ppm
(min) | gt(mg/L) | (ge-qt) | Log(ge-qt)
15 12.083 1.724 0.236
30 12.488 1.319 0.120
45 12.643 1.164 0.065
60 12.916 0.891 -0.050
75 13.165 0.642 -0.192
90 13.285 0.522 -0.282
qe=13.807 (mg/L)
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Sl mhas e o)) el 48 a8 il I Jglaad Sai¥) 58 il s il (20-3) Jsaal)

MR=2 «(pH=7)5 (298K) 3,1~ da )2 2 5 el 4l o guiall/pana LAl

Time Co=5 ppm Co=10 ppm
(min) | gt(mg/L) | (ge-qt) | Log(ge-gt) | gt(mg/L) | (ge-qt) | Log(ge-qt)
15 0.095 | 0.902 -0.044 2.273 1.102 0.042
30 0.238 | 0.749 -0.125 2,513 0.862 -0.064
45 0478 | 0519 -0.284 2.721 0.654 -0.184
60 0562 | 0.435 -0.361 2.843 0.532 -0.274
75 0645 | 0.352 -0.453 2.957 0.418 -0.378
90 | ... | ... | ... 3.032 0.343 -0.464
qe=0.997 (mg/L) ge=3.375 (mg/L)
Time Co=15 ppm Co=20 ppm
(min) | gt(mg/L) | (ge-qt) | Log(qe-qt) | qi(mg/L) | (ge-qt) | Log(ge-qt)
15 5646 | 1.485 0.171 8.854 1.792 0.253
30 5849 | 1.282 0.107 9.127 1519 0.181
45 6.104 | 1.027 0.011 9.362 1.284 0.108
60 6.228 | 0.903 -0.044 9.535 1.111 0.045
75 6.334 | 0.797 -0.098 9.721 0.925 -0.033
90 6.513 | 0.618 -0.209 9.875 0.771 -0.112
ge=7.131 (mg/L) ge=10.646 (mg/L)
Time Co=25 ppm
(min) | gt(mg/L) | (ge-qt) | Log(ge-qt)
15 11.032 1.498 0.175
30 11.143 1.387 0.142
45 11.371 1.159 0.064
60 11.560 0.970 -0.013
75 11.703 0.827 -0.082
90 11.838 0.292 -0.159
ge=12.530 (mg/L)
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A o giall/ Cpa A ik s el Sl Jglaal ddlid 380 51 Kg o (21-3) Jsaal
MR=2¢ (pH=7) (298K) )~ dx )2 2S5yl

C, ppm K,g min™ x107
5 1.621
10 1.566
15 1.128
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il e o) Fial 48 a8 iy S0 Jslaal i) S A s 580 (22-3) Jsaal

MR=3¢ (pH=7)5 (298K) 3,1~ da )2 20 5yl 4l o guiall/pana LAl

Time Co=5 ppm Co=10 ppm
(min) | gt(mg/L) | (ge-qt) | Log(ge-gt) | gt(mg/L) | (ge-qt) | Log(ge-qt)
15 0044 | 1.945 0.288 2,082 1.393 0.143
30 0.356 | 1.633 0.212 2.387 1.088 0.036
45 0722 | 1.967 0.102 2.604 0.871 -0.059
60 1.031 | 0.958 -0.018 2.779 0.696 -0.157
75 1240 | 0.749 -0.125 2.947 0.528 -0.277
90 1.403 | 0.586 -0.232 3.038 0.437 -0.359
ge=1.989 (mg/L) ge=3.475 (mg/L)
Time Co=15 ppm Co=20 ppm
(min) | qt(mg/L) | (ge-qt) | Log(ge-qt) | qt(mg/L) | (ge-qt) | Log(qe-qt)
15 6.218 | 0.798 -0.097 9.682 0.962 -0.016
30 6.369 | 0.647 -0.189 9.874 0.770 -0.113
45 6.462 | 0.554 -0.256 9.987 0.657 -0.182
60 6591 | 0.425 -0.371 10.146 | 0.498 -0.302
75 6.666 | 0.350 -0.455 10.233 | 0.411 -0.386
90 6.755 | 0.261 -0.583 10.302 | 0.342 -0.460
qe=7.016 (mg/L) ge=10.644 (mg/L)
Time Co=25 ppm
(min) | gt(mg/L) | (ge-qt) | Log(ge-qt)
15 11.633 1.091 0.037
30 11.810 0.914 -0.039
45 11.978 0.746 -0.127
60 12.138 0.586 -0.232
75 12.263 0.461 -0.336
90 12.344 0.380 -0.420
ge=12.724 (mg/L)
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A5 o paal/ a8 i e e iy S0 plaal Gilia 381 iy Kig o8 (23-3) Jsaall
MR=3 «(pH=7) 5 (298K) 5__~ &2 1S 5 ]l

Co ppm Kag min™ x107
5 1.635
10 1.566
15 1.473
20 1.450
25 1.427
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il e o)) Fial 48 a8 iy S0 Jslaal i) S A s 580 (24-3) Jsaal

MR=4 ¢ (pH=7)5 (298K) ) s Ay 20 5 sl 4508 o gyiall/Cppa jal

Time Co=5 ppm Co=10 ppm
(min) | gt(mg/L) | (ge-qt) | Log(ge-gt) | gt(mg/L) | (ge-qt) | Log(ge-qt)
15 1642 | 1.222 0.087 3.306 0.797 -0.098
30 1.925 | 0.939 -0.027 3.466 0.638 -0.195
45 2131 | 0.733 -0.134 3.589 0.514 -0.289
60 2343 | 0521 -0.283 3.717 0.386 -0.413
75 2442 | 0.422 -0.374 3.829 0.274 -0.562
90 2533 | 0.331 -0.480 3.882 0.221 -0.655
ge= 2.864 (mg/L) ge=4.103 (mg/L)
Time Co=15 ppm Co=20 ppm
(min) | qt(mg/L) | (ge-qt) | Log(ge-qt) | qt(mg/L) | (ge-qt) | Log(qe-qt)
15 6.320 | 1.023 0.009 8.460 0.964 -0.015
30 6.546 | 0.797 -0.098 8.692 0.732 -0.135
45 6.712 | 0.531 -0.199 8.875 0.549 -0.260
60 6.866 | 0.477 -0.321 8.921 0.503 -0.298
75 6.982 | 0.361 -0.442 9.078 0.346 -0.460
90 7.044 | 0.299 -0.524 9.148 0.276 -0.559
ge= 7.343 ( mg/L) ge=9.424 (mg/L)
Time Co=25 ppm
(min) | qt(mg/L) | (qe-qt) | Log(ge-qt)
15 11.991 0.867 -0.061
30 12.163 0.695 -0.158
45 12.278 0.580 -0.236
60 12.425 0.433 -0.363
75 12.526 0.332 -0.478
90 12.594 0.264 -0.578
0e=12.858 (mg/L)




(64) Results and Discussion

...................................................................

Log(ge-qt) mg/L

-0.7

0.2 -

0.1 -

-0.1 ~

-0.2 -

-0.3 -

-0.4 -

-0.5 ~

-0.6 -

®5ppm
W10 ppm
15 ppm
X 20 ppm
X 25 ppm

20

40

Time(min)

60 80

100

Gl mha e g 500 guall iy € 5l 30Y Lagergren Claioe s (23-3) &
PH=75 (298K) 5 sa da oy AV 38 5l CaBlialy 3 5 Haed) 45 & siall/ s jlad)

.MR=4

A o giall/ Cpa A ik s el Sl Jglaal ddlid 380 51 Kg o (25-3) Jsaal

MR=4 « (pH=7)5 (298K) 5] s~ Ax ya 28 5yl

C, ppm K, min™ x10
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10 1.750
15 1.681
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;\,'\.\UI ej,).hl\/ G Al <lauh Gh.u ui; BB "4 ;\.GJM g.an 5l Z\QJA J..Q'u 5-2-3
(ZN/AI-LDH ) 1S 50l

C_Ja_%,\:_e’ﬁa}_mn Iy 58 g @l 5 ) bl A€ a3 ) pall da jo pils Al ja
el el By s Baasall o 5V 2ie 5(298,308,318)K (o 4dlisa 4y ) j)a <ila )2 Zn/Al-LDH
(25ppm) <y 58l 5 <l il Jglaa 58 55 die 5 (1S g suell Al o saiall/ Cpea jlall clih )

55l da jn Ll (36-3)¢(34-3)¢(32-3)¢(30-3) ¢(28-3) ¢(26-3) Jslaall cring
¢(29-3)¢(27-3) Jslaall mua 53 5¢ (ZN/AI-LDH) gdass (e a5 saall Sl 58 5 i y35 ) il ey
1 Lagergren adalas Jueaiuly cilagiaall Je e Ky a2 ¢(37-3)¢(35-3)¢(33-3)¢(31-3)
Cots slaadl o3 il ey sl e ey S g el il e JSTANSY ¥ Al Allaa ) i
Jeldill de ju Jana 330 ) (A g2 3l adl da jasaly p GV 5l adl Gla jasaly o i Kyg 4ad )
((24-3) JSEY) 3 i se LaSy, 195 5Ll salall Jals 83 jiaal) salall Hliil 3aly ) aie Liay)
sl e a s sall Gy s 5 @l il (e JS1(29-3)¢(28-3) «(27-3) «(26-3)¢(25-3)

O Al i o e a5 guall <l 535 3) Y Aoy 33 all da a5l (26-3)J saal
MR =2 ¢(298-318K) cxail 5l all (saall (anmn 2 5 yasll 4505 o srially

Time 298K 308K
(min) | qgt(mg/L) | (ge-qt) | Log(ge-qt) | gt(mg/L) | (ge-qt) | Log(ge-qt)
15 15.378 2.411 0.382 17.256 | 1.787 0.252
30 16.445 1.444 0.159 18.176 | 0.867 -0.061
45 16.816 0.973 -0.011 18.636 | 0.407 -0.390
60 17.268 0.521 -0.283 18.858 | 0.185 -0.732
75 17.412 0.377 -0.423 18.946 | 0.097 -1.013
90 17.572 0.217 -0.663 18.989 | 0.054 -1.267
qe=17.789 (mg/L) 0e=19.043 (mg/L)
Time 318K
(min) | qgt(mg/L) | (ge-qt) | Log(qe-qt)
15 18.928 1,571 0.196
30 19.768 0.731 -0.136
45 20.131 0.368 -0.434
60 20.332 0.167 0.777
75 20.421 0.078 -1.107
90 20.457 0.042 -1.376
0e=20.499 (mg/L)
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Ona Al Gl sl e s seall @l 535 ) Sl de a5 el da o ils (28-3)Jsaad)
MR =3¢ (1 298-318K)) (s aill (sl all (saall (pania 20 5 jugl) 4505 o suiall/

Time 298K 308K
(min) | gt(mg/L) | (ge-qt) | Log(ge-qt) | gt(mg/L) | (ge-qt) | Log(ge-qt)
15 | 15670 | 3.172 0.501 17.839 | 1530 0.184
30 | 16596 | 2.246 0.351 18536 | 0.833 -0.079
45 | 17.198 | 1.644 0.215 18.763 | 0.606 -0.217
60 | 17.857 | 0.985 -0.006 | 18978 | 0.391 -0.407
75 | 18.168 | 0.674 0171 | 19.145 | 0.224 -0.649
90 | 18342 | 0.500 -0.301 | 19232 | 0.137 -0.863
ge=18.842 (mg/L) 0e=19.369 (mg/L)

Time 318K

(min) | gt(mg/L) | (ge-qt) | Log(ge-qt)

15 17526 2.360 0.372

30 18.358 1.528 0.184

45 19.024 0.862 -0.064

60 19.309 0.577 -0.238

75 19.496 0.390 -0.408

90 19.683 0.203 -0.692

0e=19.886 (mg/L)
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Opa AN s s e o 0 gaall Sl i ) Sl de s (B30l A 0 il (30-3) 52!
MR =4¢ ( 298-318K)) (s aill (sl all (saall (pania 2S5 jusgll 4505 o guiall/

Time 298K 308K
(min) | gt(mg/L) | (ge-gt) | Log(ge-qt) | gt(mg/L) | (ge-qt) | Log(ge-qt)
15 15224 | 2.923 0.465 18.386 | 0.900 -0.045
30 16.067 | 2.080 0.318 18.632 | 0.654 -0.184
45 16.538 | 1.609 0.206 18.864 | 0.462 -0.335
60 16.983 | 1.164 0.065 19.021 | 0.265 -0.576
75 17372 | 0.775 0110 | 19.134 | 0.152 -0.818
90 17598 | 0.549 0260 | 19.189 | 0.097 -1.013
ge=18.147 (mg/L) 0e=19.286 (mg/L)
Time 318K
(min) | qt(mg/L) | (ge-qt) | Log(qe-qt)
15 17.980 | 2.382 0.376
30 18.973 | 1.389 0.142
45 19561 | 0.801 -0.096
60 19.867 | 0.495 -0.305
75 20.069 | 0.293 -0.533
90 20.200 | 0.162 -0.790
ge=20.362 (mg/L)
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OpaAll Gl o e o g geall @l S ) el de s (B3 pall ds o 5l (32-3)dsaall
MR =2¢ ( 298-318K) (sl (s 51all o2l (aa 3 5 sl A 5 pisall

Time 298K 308K
(min) | gt(mg/L) | (ge-gt) | Log(ge-qt) | gt(mg/L) | (ge-qt) | Log(ge-qt)
15 | 12528 | 2.151 0.332 13.908 | 1.498 0.175
30 | 12975 | 1.704 0.231 14137 | 1.269 0.103
45 | 13356 | 1.323 0.121 14.354 | 1.052 0.022
60 | 13543 | 1.136 0.055 14540 | 0.866 -0.062
75 | 13766 | 0.913 0039 | 14.764 | 0.642 -0.192
90 | 13.964 | 0.715 -0.145 | 14900 | 0.506 -0.295
ge=14.679 (mg/L) 0e=15.406 (mg/L)
Time 318K
(min) | gt(mg/L) | (ge-qt) | Log(ge-qt)
15 14.438 2.067 0.315
30 14.945 1.560 0.193
45 15.192 1.313 0.118
60 15.458 1.047 0.019
75 15.707 0.798 -0.097
90 15.810 0.695 -0.158
0e=16.505 (mg/L)
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Temperature(K) Kag min™ x107
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Opa Al Gl o e o gy geall @l S ) el de e (B3 jall ds o 5l (34-3)d sl
MR =3 «( 298-318K) sl (51 all (s3al) (pan 30 5 el A6 o piially

Time 298K 308K
(min) | gt(mg/L) | (ge-gt) | Log(ge-qt) | gt(mg/L) | (ge-qt) | Log(ge-qt)
15 5.831 1.234 0.091 6.911 1.767 0.247
30 5.918 1.147 0.059 7.093 1.585 0.200
45 6.076 0.989 -0.004 6.236 1.442 0.158
60 6.091 0.974 -0.011 7.428 1.250 0.096
75 6.243 0.822 -0.085 7.672 1.006 0.002
90 6.332 0.733 -0.134 7.842 0.836 -0.077
ge=7.065 (mg/L) 0e=8.678 (mg/L)
Time 318K
(min) | gt(mg/L) | (ge-qt) | Log(ge-qt)
15 7.539 2.107 0.323
30 7.786 1.860 0.269
45 8.125 1521 0.182
60 8.264 1.382 0.140
75 8.431 1.215 0.084
90 8.682 0.964 -0.015
0e=9.646 (mg/L)
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Temperature(K) Kag Min™ x10™
298 0.690
308 0.990
318 1.013
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u.u.a‘)\;j\ LL\AALGL“L_AG eﬁd}.\aﬂ h_iu.i“‘).\s J\).\.A\ :&c)‘;‘;'&‘)\‘)ﬂ\ A\A‘)J ‘)_\_,t‘, (36_3)‘.5}&\
MR =4 «( 298-318K) o ail s all aall (s 2008 5 1l A o gl

Time 298K 308K
(min) | gt(mg/L) | (ge-gt) | Log(ge-qt) | gt(mg/L) | (ge-qt) | Log(ge-qt)
15 9.893 1.237 0.092 10468 | 1565 0.194
30 | 10.035 | 1.095 0.039 10.735 | 1.298 0.113
45 | 10292 | 0.838 0076 | 10.948 | 1.085 0.035
60 | 10456 | 0.674 -0.171 | 11.168 | 0.865 -0.062
75 | 10554 | 0576 0239 | 11.387 | 0.646 -0.189
90 | 10.683 | 0.447 -0.349 | 11482 | 0551 -0.258
0e=11.130 (mg/L) ge=12.033 (mg/L)
Time 318K
(min) | gt(mg/L) | (ge-qt) | Log(ge-qt)
15 11.575 1.038 0.016
30 11.753 0.860 -0.065
45 11.975 0.638 -0.195
60 12.100 0.513 -0.289
75 12.164 0.449 -0.347
90 12.273 0.340 -0.468
ge=12.613 (mg/L)
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Temperature(K) Kag min™ x107
298 1.381
308 1.427
318 1.473
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Activation Energy (Ea) -: bl A8 Gl | 6-2-3
Sl s (e g3 gl Sy 55 S i 1 il Jay i) A Bla (pppal o
(Arreheniu  Equation) o sl Adalas (e alaie Wl 3 a5 el 4000 o soiall/Gpaa A1)

Kag= A exp™ D (3-3)
Jiag
(min™) 4las 55 51 5! Jae il - Ky
. Pre-exponential Factor ¥ bl ol A
Ll 43 ; Ea
((8.314 J.mol ™ K yaiad 5 <l jall i - R
(K)sooallda,n: T
ole Juani odle ) Aldlaall iy e 5l 34 xie
Log Kag= Log A- (Ea/2.303RT)............ (4-3)

sy A (e g st Adalae (e Sl aie WL Jay i) 4 8Ua cie (4-3) Adaledll (e g

Ladasiivedad o Joani Eon (1/T) dillaall 55 pall da jo g lia J e Kpg atijle sl ar

o s L a0 280 e (st ) 38 el (a5 (E0/2.308R) (5 5 4 Josd
sl el 5l s @l ) e JS e (31-3) ¢(30-3) Jsadl

Slope = -Ea/2.303R 1 sbn Jaall

o saiall/aa Hlall il b e a0 geall @l i) 3V Aoy Jara Cul a8 (38-3) Jsaall
. (298-318K) uuaill sl all sadll e 2S5 jagl) Al

MR | Temperature(K) | L/T(KH)x 10° | Ky (minT)x 107 Log Kag
298 3.355 3.178 -1.497
2 308 3.246 4.744 -1.323
318 3.144 4.882 -1.311
298 3.355 2.533 -1.596
3 308 3.246 3.132 -1.504
318 3.144 3.178 -1.497
298 3.355 2.210 -1.655
4 308 3.246 3.062 -1.513
318 3.144 3.546 -1.450
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MR=3
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298 -1766.0 12.953
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MR=4
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298 3.355 1.166 0.673 0.648
308 3.246 1.187 0.762 0.682
318 3.144 1.217 0.808 0.702
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MR=3
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308 4940.1 2537.6 7.800
318 2374.7 8.067




.....................................................................

(85) Results and Discussion Aadlial g il

A st/ G A il o (e 515531 ol i A sl (AH) o 0
(i Jalial) Jzadl) Sl 5 ) 35 LS (Endothermic) 3ol —all dale Aalee 3yl
L 5 51 Al s 53 a3l ae el 53 Faall <y 3l

Al o gaiall/ Al e s e 53 G A (AG) ard aii s
Gl pall 8 e LS Ay il oy, Bl e ( Spontaneous) (LBl o uS 5 nel)
Al e SV e Of ) e sall (AG) B Lale VL
.( Non-Spontaneous)

ol (o Lt (o Laldail Q3 ()55 5 30al) iy pal) o (N 2 A 5all (AS) B
D s (Adsorption) ) 5! s (Absorption) gebaia¥) il J sas xic




&l ol Juledlf

i bt el I bedednst S/




(86) Conclusion &Recommendations...............ccoceveivieinenienenne Gl gl 5 clalingy)

Conclusion s claliiiy) | 1-4
A 5Y w5 el Al Gl Jleail A plSal Lgtle Jganll o ) piliall & Ll
el el 5l gl sl

Alih mha o e il <l g el y il LS pal ) 53y il g 30 o) cpt Al all o2a 8]
O =iz 1 (Giles) casioail Lid g (S5,S,) & sl 4diie 2 o€ 5 pasgll Al o giall/ 0 jla)
Lo Alalas atiy ) yiaY)

Al o saiall/pa Al clida el 5l gl ) el S pal i) Jelds ol 2
(Endothermic) 3_)_all pale Jelii s 2S5 ol

b e il &l gl il Gl pe ) el (8 A aaladl AN GELS A ) 0 i A< 3
VAN N | I P DO S R S W P g VPR P S PP N /S RO BN | P -4
PH=9,12 sacldll Ll = ST ) e Jay PH=7 Jalaidll Ll die Jay g «pH=2,4

o saiall/cpaa AN e mh e il Sl g el LS e 3l A€ e L w0 4
Lot sl pall s g L5l 2l oy g i) 5 € il eal il ol 3y il A0 ) (o) Cadisly
_3)\)&“ :\._AJJ 'édl_)‘)d.\.cdcuﬂ\ 2\.9‘)....: 33\.,3‘}5

5=SA 330 ) 5 ¢ () U=V adie 3 el Balall 1S yiBaly el 35 g dar Al A 8Ua aa 8 5
te ) Il s o g3 guall ) yE ) Yl die A g A ST () O BY) i

MR=4>2>3
1Y) i i o Japial) 48U 30 ) o A gl onail) i 5 (1S Y
MR=4>2>3

i) ge A JSI(ge) O 3=V ade S il 3ol ) LS 4 ga pall il S ) 3 Al L
é‘k’\u,pﬂ\um

MR=3>4>2
(Y i o Japill A8y 50l ) canes A sl anaill i 5 1S4
MR=3>4>2

5l LS e 3l 3l e Lagergren ddalee (3-8 5 3—ie¥) A8 ja by A ldes 2ic 5.6
AN oY) A ) cle L adty <l <l



(87) Conclusion &Recommendations.............c.ccccecveeveeureeeneeneennnn. Gl 5ill 5 Claliziny)

80_24 a_ﬂ_"\:u.\ﬁ\ K) NO_3 Q‘)—‘-“‘ U J<l (ASad‘AGad‘AH ad) 2\—.35"“\-’:‘3)‘“)3\ d‘,ﬁj—“ ?:‘J v
Bl dale el aea 0l (AH,g) @l Cisuza gl 5

ilae Ol ) i A sl Ll Aal 515 ia) cle L Gl Al AG g ad gl cai g
Alee 49 pdie (s o Lgia QYA (4 Sy AS g o Ll 5 ¢ Al 5 e <3S ) iy
L) (81 Aam go o L ST o) e Loalamil ol 31 3V

Recommendation Sla gil) 2-4

BJ\_)JX\‘)_E.\QAM\:\_)}JLA\Q\AS)A\M&)_EJP:\M\}UL&\JJHPiW\U_A1
Jtia (s A1 i yame DU S sl il Lo LS8 el g0 Al ol gl g Bl (5 i one

i o Qo A sal) olsall g dunda wall lual) 853 5 ga (3-S5 il oy IS g i a gill L gl
Ol sla e

Erm el 3l Jlae 8 Lete s Al c¥laasae 33l el pall sy alastu) (LY 2
2 Sy ey ad e sl ad e s Lgdlida (i A A glal) o) sl ladial e s
8 pmaliall GSLY) snd dgua g a sl g omall Ll Sladial e L) Joasd s hall Jlae
093 O3 Ay g A )X ) sy (omall JlBall o jad (83 sl ) e Joaniy i) s
eV daa e had ol cand

il s ) iS5 Aalls A gy) YA 1S € 5 gl Al il il it Lyl Sy 3
LJstll

u}._S&AJM”MYL_AAﬁ\}M”M J‘ﬂ&&jﬁ&&&@\@\@)ﬂﬁ&é)&\bw\ A

Ve b Ar) s Agarl il ()55 & shadl sda Qe e Ay gazanll ol gadl 1 il A8 m Al
olaall g






(BB)RETEIBNCES. ...ttt enns el

1. dmals o (Adlad) Al ale e ghasdl Judall e Eulg e glaall jad anig e Ao Guua ¢ gl
(1988)c ASadl Hla ¢ 3 pal)
2. Dix .H.M., "Environmental Pollution" ,1% Ed, Wiley ,New York (1979).

3.Goel.P.K., "™ Water Pollution : Causes, Effects and Control*, New Age
International , p.2,(2006).

4. Agarwal. S.K, " Water Pollution ", APH Publishing corporation , New Delhi,
p.16,(2005).

5.Sharma. B.K., "Environmental Chemistry”, Krishna Prakashan Media, Goel
Publishing house , Meerut, First edition, p.38,(1994).

6. Gareth .M. E. and Judith .C.F.,"” Environmental Biotechnology Theory and
Application”, John Wiley &Sons, Second edition ,p.70 ,(2011).

7. Gary .S.M., "Living with the Earth : Concepts in Environmental Health Science”,
CRC press , Third edition , p.376,(2007).

8. Rita .C.,"” Hand book Elemental Speciation ,Il Sepsis in the Environment™, Food
,Medicine and Occupational Health, Medical ,John Wiley and Sons,(2005).

9.Fujishima. A., and Maeda X.J." Electro Chemistry”, Soc .Vol.128,
p.1731,(1982).

10. Christensen .H., and Corfitzen .H.J., Physical Chemistry ",
V0l.869,p.1588,(1982).

11. Peyton. G.R., and Glmze. W.H.," Environmental Sci.", Technol.,Vol.
22(7),p.761,(1988).

12. Digiano .F.A, and Kong. E.J."J. Amr. Waste Water Assoc." |,
(JAWWA),Vol.38(5), p.312,(1986).

13.Frimmel F. H., "Water Chemistry at the EBI", Anuual Report of the Water
Chemistry Division , Engler- Bunte —Institute ,p.1-115,(2000).

14 i g il s B sl iYalie a8l ol allaa A Al ¢ 3Ll GBS iy s

Faala ¢ o pball B o)y 5380 A gyl o unandl Ll 52 Al a5 B se g dudaa Al ) 3l ga (pe Anicas
(2010)¢ (30



(89) RETEIENCES........ovieeeeeeeeeeeeeeeeeeeeeeeeeee ettt ettt eae e el

15.Banat K.M., "principle of Clay Mineralogy ", University of Baghdad Press,
Baghdad (1980).

16.Hanny N.B., " Treatise on Solid State Chemistry ", Surface Il ,
Vo0l.68,p.14,(1976).
17. (1985)¢ 1450=, Jeasall dxala " dpelivall slalliMe adl J) (S )5S 0

18.Ponec .V., and Knor.Z., Cernys ,"Adsorption on Solides", I®* Ed, ButterWorths,
London ,(1974).

19.Adamson,A.W.,"Phisical Chemistry of Surfaces" ,Wiley ,New York,(2001).

20. Dancan .J. Shaw, BSC," Introduction to colloid and Surface Chemistry ",3"
Ed,(1980).

21. ¢ 3z drala ¢ (Y daadall <Maac Ll Jal gl 5 mdaall eliai€ 1 ¢ xdlia deae s
.(1980)¢68-13-25-36 =

22.Scott R.P.W., "Mechanism of Solution retention in Chromatography .In High
Pefromance Liquid Chromatography”, Brown, P.R., Hartwick, R.A., Wily ,
NewYork ,(1989).

23. Scik .J.0., and Cooper I.L." Adsorption ", John Wiley and Sons |,
NewYourk,15,(1982).

24.Erdener .K., etal ,Turk .J., "Chemistry",22,pp.227-236,(1998).

25. Panday .K.K., Gup. Prasad and Singh .V.N.," Water Res.",19(7),pp.869-
873,(1985).

26. Adamson A.W.," Physical Chemistry of Surfaces",3™ Ed, Wiley Inter Science,
(1976).

27. Hayward D.O., and Trapnell. B.M.,"Chmisorption”, 3" Ed, Butter Worths ,
(1964).

28. Tompkins F.C., "Chmisorption of gases on metals”, Academic press,91978).

29. Yong D.M., and Crowell A.D., "Physical Adsorption of gases", Butter
Worths,(1962).

30.Gregg S.J., and Sing K.S.W., "The adsorption of gases on Porous Solids", in
refrence 9:9,231,-359,(1976).



(O)RETEIBNCES. ...ttt el

31. Pirotii. R.A .,and Thomas .H.E., "Physical Adsorption ,The Introduction Gasses
with Solid ", John Wiley and Sons, New Yourk ,(1971).

32.Atiknes P.W., "Physical Chemistry", Fourth Edition ,Oxford university
press,(1994).

33. Adamson A.W.," Physical Chemistry of Surfaces",4™ Ed ,John Wiley and Sons,
New Yourk ,(1982).

34. Abodo.M, Nosier. S.,Eltawily .Y., Fadt .S., and Elkhaiary .M.,"J. Environmental
Science and Eng., and Toxic and Hazardous Substance Control",32,1159,(1997).

35. Maron .S.H.,J.B. Landon," Fundamentals of Physical Chemistry ", Macmillan
Plishing Co., London,(1974).

36. Doming M., Fermandez .1., and Morals .F.G.,"J. Chromatog ,29,14,(1984).

37.Douglas M., Ruthven ," Principles of Adsorption and Adsorption Process", John
Wiley and Sons,Inc.,p.7,(1984).

38.Mcbain J.W., "The sorption of gases and Vapours by Solids", Rouledge, London,
Chapter 5,(1932).

39.Chatterjee S, Lee DS, Lee MW, Woo SH., "Nitrate Removal from aqueous
Solutions by cross-linked Chitosan beads conditioned with Sodium bisulfate”, J.
Hazard Mater ,166(1),pp.508-13,(2009).

40. z shw o 4 suandl LS pall Gany ) Fied Al )2 e dene i iy ) ¢ 5 s0a])
(2002)¢ 2 5 el ¢ iliall Ty 501 A0S ¢ piale Al e Mgl il

41. Dsaaall (8 e o Jsndl) QLS jo ) Jiel ClS ja A ja e s liae s ¢ oalial)
(2000) ¢ 3 S daals ¢ Clill Ty 1 K ¢ el Al M

42. Laurier L.S., "Surfctants: Fundamentals and application in the petroleum
industry ", Cambridge university press, p.5,(2000).

43. Brunauer S., Emmett P. H., and Teller J.,Amer.Cher.Sco.,66,309,(1938).

44. Brunauer S.," The Adsorption of gases and Vapours”, Vol.1, Princeton
university press ,Princeton,(1974).

45. Oscik J., and Cooper I.L., "Adsorption™, John Willy and Sons, New York ,
p.33,(1982).



(QL)RETEIBNCES. ...ttt el

46. Langmuir I.,J.Amer .The Adsorption of Gases on Plane Surfaces of Glass Mica
.and Platinum," Chemical Soc.,40,1361,(1918).

47. ¢ Jallaall g o) guall 4y ) padl dpaiall™e s sl e e 3¢ s 2308 3 cpa
(1993) ¢143 (e Fpmslil Gl
48. Metcalf and Eddy, "Waste water Engineering " 3" Ed ,317,(1991).

49. Krenzer H.J., and Gorel Z .W., "Physisorption Kinetics", Springer Verlay ,
Berlin,p.12,(1986).

50. Lagergren S., (1898) Bilk. Svenska Ventensk apsaked Han 1.24 as cited by
G.S. Gnpta ,G. prason and V.N. Singh. "Water Res.", 24,p.45-50,(1990).

51.Singh A.K., Singh D.S., Pandey K.K., and Singh V.N.,” Wollastonite as
Adsorption of Removal Fe (I1) from Water"J. Chemistry Technology, Biotechnol.,
42,39, (1988).

52. Francois T., Brian G. T., Victor L., and Kan W., "Mesoporous Silica Nano
particles Deliver DNA and Chemicals into Plants”, Nature Nanotechnology ,
2,p.295,(2007).

53.Ramsden  JJ.," What is  Nanotechnology ?"  Nanotechnology
Perceptions,1,p.3,(2005).

54.Feynman R., "There plenty of Room at the Bottom ", Pasadena,29,
December,(1959).

55.Taniguchi N.," On the basic Concept of Nanotechnology ",Proc., Int.,Conf.,
Proc., Engng Tokyo, Part 1l ,Jap. Soc.,Precision Engng,(1974).

56. )ﬁu&\}«cw\jﬂwih)ﬂmjnc"yu\haﬁﬁz\ﬁm "‘)Lu.d\(ﬁ.\mw
(2010)¢ 5555 27+(Ly sms ~Ckad)

57. Eric K.D.," Engines of Creation the coming Era of Nanotechnology", Anchor
Book,(1986).

58. cd\.ug}l?,cJM\M\:\M\;U'ng;w&sw;;ﬁtﬂ‘@ﬁ"c@baﬁludw
(2009)

59. Rathjen D., Read L, Binks P., and Cornel B., Nanotechnology ",Australian, 1%
Ed,p.8,(2005).



(D2)RETEIBNCES. ...ttt ettt el

60. Hillie T., Munasinghe M., Hlope M., and Deraniyagala ," Nanotechnology
Water and Development , Journal of Infectious Diseases, 187, p.19,(2003).

61. Grasshoff K.L., Eberhardt M. and Kremling K. E.," Metgods of Seawater
Analysis" 2" Ed ,Germany (1983).

62. Wasse B.,Gezahegn F., and Nestor F.," Removal of Nitrate ion from
Aqueous Solution by modified Ethiopian bentonite Clay", International Journal of
Research in Pharmacy and Chemistry ,ljrpc,4(1), (2014).

63. Pukett L. J., Environ ,"Sci.&Technol", 29:408-414,(1995).

64. Allaby M.," Dictionary of the Environment " 3" Ed . University Press, New
York ,p.423,(1989).

65. Lee H., Patrick M., Terrence O., Joe R., and Thomas Stuhldreher, " Nitrate
Pollution of Ground Water" .

66.Mikuska P., and Vecera Z.," Simultaneous Determination of Nitrite and Nitrate
in Water by Chemiluminescent Flow-Ingection analysis ", Analytical Chemical
Acta,495, p.225-232,(2003).

67. Ozturk N., and Bektas T.E.," Nitrate Removal from Aqueous Solution by
Adsorption on to Various Materials", J. Hazardous Materials ,112,155-162,(2004).

68. Mizuta K., Matsumoto T., Hatate Y., Nishihara K., and Nakanishi T.," Removal
of Nitrate —Nitrogen from drinking Water using Bamboo Powder Charcoal ",
Bioresource Technology ,95,255-257,(2004).

69. ) Il A8 5 A yai Alea ga 1 L) Adida olie 8 juse Aallaa e i A 5l
(2004)4 m)}:\&a\; ¢ dawaigl) HLJ\}MM\Z\_AS‘ J:ﬁ.m;u:duj c"@JLﬁd\}M‘;

70. Chatterjee S., Lee M.W., Woo SH.," Nitrate Removal from Aqueous Solutions
by Cross-Linked Chitosan beads Conditioned with Sodium Bisulfate " J. Hazard
Mater,166(1):508-13,(2009).

71. Sharon O.S., Bruce L.D., Wayne W., "Drinking Water: Sulfur(Sulfate and
Hydrogen Sulfate)" .

72. L) Adadlas A alial 4y B L) (and 48 sl slad) " ¢ Jlal) jua i) ae

.(2009)¢ (2) 2221l¢(3) Alaall ¢ aslall L) daals Ase ¢ S sall dnals



(93) RETEIENCES. ..o vt el

73. ALl 5 A gl s 0¥ 95 ) 3l jealindl (amy 3 55 Al 50 e alaall 4y S s g 2iga

+ 1all O el Alaa ¢ el IS ¢ Ll Almalane” (b e (5 JLike (3Lied Byl a3
(2007)¢ (14) Asall (1) 3321

74. Morris ME. ,Levy G.," Absorption of Sulfate orally Administered Magnesum
Sulfate in Man", J. Toxicol- Clin Toxicol .20(2),107-114,(1983).

75. Ram Reddy M.K., Xu Z.P., (Max)Lu G.Q., and Diniz da Costa J.C.," Layered
Double Hydroxide for CO, Capture :Structure Evolution and Regeneration", Lnd.
Eng. Chem. Res., 45, p.7504,(2006).

76. Chang Z., Evansa D.G., Duana X., Vialc C., Ghanbajad J., Prevotb V., De
Royb M., and Foranob C.," Synthesis of [Zn/Al-CO;] Layered Double Hydroxide
by a Co-precipitation method under Steady —State Condition ", Journal of Solid
State Chemistry ,178,p.2766,(2005).

77. Nalawade P., Aware B., Kadam V.J., and Hirlekar R.S., " Layered Double
Hydroxide: A review" Journal of Scientific and Industrial Research ,Vol.
68,267,(2009).

78. Cavani F., Trifiro F., and Vaccari A.," Basic Properties of Mg/Al Layered
Double Hydroxide Chemistry by Carbonate , Hydroxides ,Chloride and Sulfonate
anions", Journal of Inorganic Chemistry, 34, p.883,(1991).

79. Aisawa S., Ohnuma Y., Hirose K., Takahashi S., Hirahara H., and Narita E.,
"Intercalation of Nucleotides into Layered Double Hydroxide by ion- exchange
reaction ", Applied Clay Science ,28, p.137,(2005).

80. Kok —Hui G.,Teik —Thye L., zZhili D., " Application of Layered Double
Hydroxide  for Removal of Oxyanions : A review", Water Research,42,
p.1343,(2008).

81. Farahnaz B., Mohd Z. H., Sharida F. and Zul;arnain Z., "Development of Druge
Delivery Systems Based on Layered Hydroxide for Nanomedicine"”, Interational
Journal of Molecular Sciences, 15,p. 7750-7786,(2014).

82. Olanrewaju J., Newalkar B. L., Mancino and Komarneni S., " Simplified
Synthesis of Nitrate from of Layered Double Hydroxide ", Materials Letters |,
45,p.307,(2000).



(94) RETEIENCES.......eeveeieeeeeeeeeeeeeeee ettt eae e el

83. Lshikawa T., Matsumoto K., Kandori K., and Nakayama T., " Synthesis of
Layered Zinc Hydroxide Chlorides in the Presence of Al(II)", Journal of Solid
State Chemistry, 179, p.1110,(2006).

84. Youwen Y., George F.V., Hongting Z.," Selenium Adsorption on Mg/Al and
Zn/Al Layered Double Hydroxide ", Applied Clay Science , 20 ,p.13, (2001).

85. Ayawei N., Ekubo A.T, Wankasi D., and Dikio E .D.," Synthesis Application
of Layered Double Hydroxide for Removal for Removal of Copper in Waste water
",International Journal of Chemistry, Vol. 7(1), p.122,(2015).

86. Inacio J., Taviot- Gue ho C., Forano C., and Besse J.P.,” Adsorption of MCPA
pesticide by Mg/Al- Layered Double Hydroxide", Applied Clay Scien, 18,
p.255,(2001).

87. Moranadi S., Prinetto F., Di Martino M., Ghitotti G., Lorret O., Tichit D.,
Malagu C.,Vendemiati B., and Carotta M.C., " Synthesis and Characterization of
gas Sensor Materials obtained from Pt/Zn/Al Layered Double Hydroxide™, Sensors
and Actuators SNB ,9449 p.1,(2006).

88.Maria C.A., Mihaela S., Doina H., Marceh I.P., " Layered Double Hydroxide as
Adsorbents for anionic Dye Removal from Aqueous Solution ", Environmental
Engineering and Management Journal, VVol. 14(2), p.381, (2015).

89. Paulo C. P., Eduardo L. C., Gilmar de A. G., Joao B.V.," Adsorption of Sodium
dodecylsulfate on a hydrotalcite —like Compound. Effect of temperature, pH and
ionic Strength”, Colloids and Surfaces A: Physicochemical and Engineering
Aspects, 154, p.399,(1999).

90. Lv L., He J., Wei M., Evans D.G., and Duan X., " Uptake of Chloride ion
from Aqueous Solution by Calained Layered Double Hydroxide : Equilibrium and
Kinetic Studies ", Water Research ,40, p.735, (2006).

91. Badreddine M., Khaldi M., Legrouri A., Banoug A., Chaouch M., De Roy
A., and Bessd J. P.,” Chloride —hydrogeno Phosphate ion- exchange into the Zinc
/Aluminum — Chloride Layered Double Hydroxide", Materials Chemistry and
Physics ,52, p.235,(1998).

92. Tian Y., Wang G., Li F., and Evans D.G.,"” Synthesis and thermo-optical
Stability of O-methyl red —intercalated Ni/Fe Layered Double Hydroxide material™,
Materials Letters, 61, p.1662, (2007).



(95) RETEIENCES.......eevieeeeeeeeeeeeeeeee ettt ettt eneeae e el

93. Zhongliang W., Enbo W., Lei G., Lin X., " Synthesis and Properties of Mg,Al
Layered Double Hydroxides Containing 5-fluorouracil , Journal of Solid State
Chemistry,178, p.736,(2005).

94. Rashad Gh. M., Someda H.H., " Synthesis of Zinc —Aluminum - Layered
Double Hydroxide and Their Application in Removal of Technetium from Aqueous
Solution”, Arab Journal of Nuclear Science and Application, 48(2),p.22,(2015).

95. Mahlerbe F., and Pierre J., " Investigating the Effect of Guest —Host
Interactions on the Properties of Anion —Exchanged Mg/Al Hydrotalcites", Journal
of Solid State Chemistry,155, p.3332,(2000).

96. Das J., Patra B.S.,Bliarsingh N., Parida K. M., " Adsorption of Phosphate by
Layered Double Hydroxide in Agqueous Solution”, Applied Clay Science |,
232,p.252-260,(2006).

97. Marcio J .D. R., Fabiano S., Jairo T., Joao B.V., " Effect of PH , Temperature
and ionic Strength on Adsorption of sodium dodecylbenzen Sulfate into Mg-Al-CO;
Layered Double Hydroxides"”, Journal of physics and chemistry of solids , 65,
P.487,(2004).

98. Hin Hussein M. Z., Sarijo S. H., Yahaya A. Hj., Zainal Z., " Synthesis of 4-
Chlorophenoxyacetate —Zinc / Aluminum - Layered Double Hydroxide
Nanocomposite :Physico —Chemical and Controlled Release Properties™, Journal of
Nanoscience and Nanotechnology ,Vol.7, p.1, (2007).

99. Murrel J. N., and Bucher E. A., " Properties of Liquids and Solution", Jhon
Wiley and Sons ,New York ,255,(1982).

100. Cardoso L. P., Celis R., Corngjo J., and Valim J., " Layered Double
Hydroxide as Supports for the Slow Release of Acid Herbicides", J.Agric .Food
Chem. ,54, p.5968,(2006).

101. Cornejo j.,Celis R., Avlovic I.P., Ulibarri M.A., and Hermosin M.C.,"
Structural Changes in Phenol-intercalated Hydrotalcite caused by heating ", J.
Mater. Chem., 35, p.771,(2000).

102. Hin Hussein M. Z., Sarijo S. H., Yahaya A. Hj., Zainal Z., " Synthesis and
Characterization of Hippurate - Layered Double Hydroxide Nanohybrid and
Investigation of its Release Property ", J. Iran. Chem. Son., Vol. 7,p. 45,(2010).



(96) RETEIENCES........evieeeeeeeeeeeeeeeeeeeeee ettt ettt enenas el

103. Elkhattabi E. H., Lakraimi M., Badreddine M., Legrouri A., Cherkaoui O.,
Berraho M., " Removal of Removal Blue from Waste water by Zinc- Aluminum —
Chloride - Layered Double Hydroxide " , Applied Water Science , 3,p.431-
438,(2013).

104, Apal 4S0alin ga 55 Al Jay juaad” ¢ eVl ae ela ) Slllue 4 5 aue aea 32ala
(8)232) ¢ luasl o shal 8 oK1 Alaa 28 oS aalae i) By 1) 4K (Ml pail) o e MP,
(2013)

105. Al-Banis T.A., Hela D.G.,Sakellarid T.M., and Danis T.G., J.Chem., Vol .2
(3),p.237-244, (2002).

106. Kipling J.J.," Adsorbents from Solution of Non", Electrolytes , Academic
Press, London , New York,(1965).

107. Giles C.1., and Amith D., J. Colld .Interface Sci., 47.,111,(1974).

108. Rovi V. P., JasraR. V., and Bhat ,T.S. G., J. Chem. Technol . Biotechnol., 71,
173-179,(1998).

109. Grommena R., Hauteghem 1.V., Wambeke M.V., and Verstraete W., "An
improved nitrifying Enrichment to Remove Ammonium and Nitrate from
Freshwater Aquaria Systems ", Aquaculture ,211,p .115-124,(2002).

110. ol s ) 3lST sl e Cliall (s 5l el " anla slin ¢Sl
(2006 ¢ 48581 daala ¢ cbiall A il IS ¢ prinale Al " o gial¥) g i3
111. Aoki T., & Munemori M., "Water Rose", 16, 793,(1982).

112. Namsiveayam C., and Angeetha D ., "Removal and Recovery Nitrate From
Water by ZnCl, Activated Carbon from coconut Core Pith ,an Agriculture Solid
Waste ", India Journal Chemical Technology , Vol.12, September, p.513-
521,(2005).

113. Ali A., Amir H. M., Simin N., Roshanak R. K., Mohammad S.," Nitrate
Removal from Aqueous Solution by Using Modified Clinoptilolite Zeolite”, Arch
Hyg Sci,3(1), 21-29,(2014).

114. Panday K. K., Prased G., Singh V.N.,"” Removal of Cr(VI) from Aqueous
Solution by Adsorption on Fly ash Wollastonite™, J. Chem. Techol. Biotechnol. A-
Chemical Technology, 34, p.367-74,(1984).



(D7)RETEIBNCES. ...ttt ettt el

115. Weber J. Jr., and Morris J. C., " Kinetics of Adsorption on Carbon from
Solution”, J. Sant . Engng Div. Am. Son. Cir., Vol. 89,p.31,(1963).

116. Atkins P.W., "Physical Chemistry ", 7", Oxford University Press, Oxford ,
(2002).

117. (it (S 5538-3)]-2J 151 &S ya Al )35 ppemnd " ¢ (s3gall die S ¢ parnal)

(2006) ¢4 s daalas ¢ il Ay il A0S ¢ privala Al ) <"J g jlasel Jid S5 4] 55



Abstract

The pollution of the water is the most important reasons that effects on
human health. To eliminate this problem nano compound (Layersdouble hydroxide)
was synthesized ,it has the ability to detention the anionic (NO73,S0™?,) between
their layer®.

This thesis present the adsorption of NO; and SO, anions from agueous
solution on the LDH nano particles, using Uv-Visible spectroscope technique at the
equilibrium stage to mesue the quantities of the anions .

The shapes and the type of the isotherm obtain from the experimented data
were found to be comparable in all cases to the Freundlich equation.

Studying the effect of temperature on the adsorption at the rang (298-318K)
found increasing of adsorption with increasing of temperature, and through
calculated thermodynamic function values (AH,g, AGag, ASqg),the result showed that
the positive AH,q value when high the temperature refer to the was endothermic
interaction, it was negative AGyy values (1197.4 J/mol) for MR=2 when nitrate ions
are adsorbed this indicates that the non- spontaneous adsorption process, and were
negative AGy for MR=3,4 ,(-1766.0 J/mol), (-695.2 J/mol) this refer to spontaneous
the interaction. Either AS,y values they were positive (14.616 J/mol. K),
(12.453 J/mol. K),(17.637 J/mol.K) for MR=2,3,4 this indicate that the nitrate ions
adsorption on the LDH is less ordered. The AG,y negative values (-3523.6 J/mol)
for MR=2 is refer the sulfate ions adsorption was spontaneous and was is
non- spontaneous for MR=3,4 (3312.5 J/mol),(2815.2 J/mol).Either AS,y were
positive value when the sulfate ions adsorption on the LDH is(27.372 J/mol.K),
(30.366 J/mol .K), (7.130 J/mol.K), for MR=2 ,3,4 this refer to the less order.

Study the effect of the acid function ,the result showed that the acidity of the
solution increases withe adsorption as following:-

pH=2>4>7>0>12
The result at nitrate ions adsorption :
MR=2 4.492 >4.389 > 4.318> 3.905 >3.754
MR=3 12.280 > 11.796>10.306 > 9.638 > 9.276
MR=4 7.817>7.673>6.903>6.734 > 6.544



The result at sulfate ions adsorption:

MR=2 15.420 >13.775>12.530 > 12.017 > 11.458
MR=3 12.408 > 11.936 > 8.482 > 8.144 >7.861
MR=4 7.366 > 6.931> 5.143 > 4.936 > 4.806

The kinetic studied of adsorption nitrate (NO’; )and sulfate ( SO, on the
Zn/Al-LDH surface when using different concentration and fixed weight of the
LDH at (298K) ,pH=7 ,the result show (K4) is decrease with the increase of the
solution concentration:

Co(ppm) =5>10>15>20>25

The (K,g)value for the differ concentration for the NO; ions.

MR=2 9.672 >9.212 > 8.981> 8.751> 8.060
MR=3 2.625>2.349 >1.934>1.381>1.289
MR=4 4,513 >4.168> 2.072 >2.026 > 1.589

The (Kqq) value for the differ concentration for the SO“,ions.

MR=2 1.621>1.566>1.128>1.105>1.059
MR=3 1.635>1.566 >1.473 > 1.450 > 1.427
MR=4 1.773>1.750 > 1.681> 1.635> 1.612

Also (Ky) increases with temperature increase when fixed concentration as the
following :

T(K) =318>308>298

The (Kq4q) value for the differ temperature for the NO’; ions.

MR=2 4.882>4.744 > 3.178
MR=3 3.178 > 3.132 > 2.533
MR=4 3.546 > 3.062 > 2.210

The (K,q) value for the differ temperature for the SO%ions
MR=2 1.473 >1.450 > 1.427
MR=3 1.013 > 0.990 > 0.690
MR=4 1.473>1.427 > 1.381



The activation energy(Ea) value is different for the molar ratios when the
NO;,S0%, ions adsorption .Ratio best for NO’; ions adsorption is MR=3 the
activation energy (Ea)=7.572 J/mol ,was while is ratio best for the SO, ions
adsorption were MR=2 the activation energy (Ea)=1.093 J/mol .

Studying the crystallinity of the LDH by XRD and found the different planes
of diffraction.
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