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(MIN?) Clas 5 L3S Y A0 ) Jolall de ju s Ky
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Q(1-g2) = gz e e (1= 38)

(min O-5) Glaa g Ml de i ky G

Layers Double Hydroxide(LDHS) s g i) 4l cidahal) -2-1
hydrotalcite = 4xi S s sl @) anjonic claysadladl @bV Gl b s
Wb Boe sl i) (18 (Mg Al (OH)ys COs 4H,0) dall dasiball b 3a 53
Cligh) gbbl Aijlie daphll 8 Lion Lk oda a5 1842 ale sl
(e ia a5,1942ale Feitknechtllal) L s s Jsl s cationic claysies sl
ISl ALE aglaly ddle Cligly 4 A Daalll daa g ik e Al Ak LS g

@0) 35Y) Axpall Ll s @9 Jiaill ) 3) sill s

[M 2*1.xM3*%(OH)2] [A™wm).]. mH20
M2t = Zn?*, Mn?*, Mg2+ . Co*, Ni¢* ,C&t, Fet, CU

M3*= Al Fe*, CPY, Ga*, V3, Co*

Gasall sV Jig s MBY W sl O casdl oY) MZ Jie das
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(CO:%, SQ?7, PO2 , NOy , CF,OH) 4 sme 3 il ga¥ill
S8 B s gl 502U Al sl a4l JisS x
X =M /M2 +M3*
(2520 0,2< x < 0.33250a 4ladd
dadall Jala cls oS0 s il 8 Jiad
elal Gl g 22e Jiim

ISy IS AL WD OIS o) g an sl W) Jsn ol a5 50 (550 Cam
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onad b Laga 5 1S T 0 (sl 5o Aadl (f 5 Aiadall) Jals ALl il oY) g g aaida g
o ladall 400 58l 5 Abesll pailiadll
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7ebn a5l (LDH g )2 5 ned) 4l cildulall a5 oma g (1-1) JS4
( chem. Office )
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Applications of layered double hydroxides
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- ol daslae g Al s JL (e 4815 (e Zl) -3
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Nano History s\l &b -3-1

Olaid )l ) S e (Al all alladl sa ) s 3 S L) (e ) O
Sy eV Amaall ALl jaige G LaLE) ) 45 ualas & Richard  feynman
Al g 32l ) Gl 53 as AlSal (e sy | el Shae) Cus 1950,le oLy il
lealsa oo Llad aliafisans al & e Jandl 5 Ll 0 i fisale ) 3y )k e
Coay fua Hlaiall cus gl i A GE Al osl )l (815 il Bale ) Ji A laY)

L9 Leall ) e (sl sl 4 Bk ele JLA 3 5ne 4l Lengie

&) das e Asilomar seise 8 sladall aal glel #01975.le i
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5 Aalide Uil Jaad Cus ¢ guall Lgaia yal die 3 jaae (ailad Ciluuall o3gd ()
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Nano Technology Sl A8 4

Lol o Ap gl Gy )zl Al Al ol das o clEll Gaal e (e
Nanose d (sads sl AalS (o d8ide AalS gilill 5 400 jdll 5 400l sl 52
(%) (109 m) 4 e (ul 32 5 oo il
dbaul oY) Y A laa Bpmeall cLEYE Gl Bas Syl Ul sl
Oy e 50 (100-D) ox Ul = 5l 535 45l o sall g (35 SISV o sSn 5 jSall
S Gl 7 A gy dda (30 Sl 2ad 5 (e el g L S
iU o pall Aapda 8 plud) LAY Culally bl LAl sosll e ey (ST
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5 liY) Lelial e s (100 N0 Wdbad) (e Cpans (ubie Sy A1 ) sall a5
A 5l G o S il Aelia L aadiis Al (Nanotubesz sl Sl ghauy)

. Carbon nanotube
Alagy) 4G4 oilil o) gall -3

Gaabise Ll (305 (100 NM)oe AU ) aall e Waalay) (ulie Jay Al 3 gall 8
S 515 SiOz O sSalsaall 208 ) Jia Dl Sl 20l SH JAN Cum S0l yaall ) sl 5 2l 5180
Anbll 3 3eal) delica g b gl oUa g c Ll ol a5 i g 3SIY) Aelia A Al )O3 o saialY)

Plant Growth Regulators Al geill Gilakiie -6-1

dplia o Allas Aoadgand <l il cld Ll V) clal) L s Y 4 gae il LS g0

AaS il gaill g e Leple (Bllay (Al bl 8 Aanda B ) geay S5 1) G ga el

Gligan Jia lgde AVl sae ilallaias Jaaiid s Synthetic Growth Hormones

Growth s«ill wlalaic s Growth Substances<ill 3l s« «<Growth Hormoness<ill

Growth Activators s«ill &l jiaa (e JS Jedy paY¥) ~3aa¥l o) 3) Regqulators
. Growth Inhibitors sill <Uasia

el Al ja e slalall (Saig e auldll G Al dly e galll Gledaiay alaial) T
e Glie (S Yy (AUXINS ) LS oY1 o ol Ll 3 A Liegn Loy saill Slalaia
(L1AA) das damy sai O30 8 SVl il (a3 ) (Quxeiu) 4idd) daK)
DA e b daga il pilE i Sy il 8 Lagads 3sa gall LAY (mala J il
gludly ¢ Hsdall o i ¢ Al aludil 3aat ¢ 31,51 A3 A0E Ay il e IS
Al o cag Allad LS all oda 0585 G JaY s Bladl sai s (a5 (A Al

- L) € ) Cal) s
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Instruments 3 3¢a¥-1-2
.53 Amankil (3 58 il AadV) cihaa - 1
Apple ( PD-303 u.v.) Spectrophotometer Germarigarbala University
L Apdaalal) A b Slgs -2
pH-Meter ~-WTW-720-ionlab Germany
8lall A aSaa g 31 3¢s 2954 (e plea Sl -3
Themostated Shaker Bath , GFL (D-3006) Germany

LSl Lkl Sl 4
Centrifuge , Megafuge 1.0 , Herouse Sepatech , @gym

4 ke ol e ol 98 bea ALgS Qo -5
Electric Sensetive Balance, Sartorius medeiah, Ba 210 S ,Germany
(X-Ray diffraction) 4l dad¥) aga cibha -6
Shimadzu XRD-6000 powder diffractometer Japanenhihology University
(FT-IR) 81 paal) il dadS yuj 6y sa3 Cilha-7

Spectrophotometer Japaifrourier transform infrared (FTIR) Perkin-Elmer 1 R25
using KBR pellet in the range ¢f00-4000)cm' in KerbalaUniversity.

ubline e e S jeS (Ae-8
Hot plate with magnetic stirrer , LMS-100 , Korea
Al o) sall 5 ) o) gl L 56S ) 4-9
Laboratory Oven, Memmort, w. Germany

(SEM) el S35 5SS 5 Saall =10

Shimadzu SEM, Japan in Technology University
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Chemicals Materals AilaasSt) 3 gal) -2-2-

4l 5l Wpailad (o panaly oA (1-2)d sl (B3 98 dall Ailrasst) 3) gal) cilantid

Alesiouall Libpasl) G sl 2(1-2) Jgaadl

Molecular
Chemical
Substance Weight Purity % Source
Formula
g/mol
Indole Butyric
Acid
C12H13NO : :
(IBA) 12H13NO2 203.000 99 Across . USA
Zinc (I) Chloride ZnCl2 136.400 99 HI Media
Aluminum(lll) BDH chemicals Ltd ,
Chloride AICI3 133.500 89 Poole England
Sodium FLUCK- Garanite ,
Carbonate Na2CO3 106.000 7 Switzerland
Sodium Phosphatd ~ NasPOq 163.944 99 BDH chemicals Ltd,
Poole England
Hydrochloric acid HCI 36.500 98 POCH
Sodium hydroxid NaOH 40.000 g9 [ BPH chemicalslLtd,
Poole England
Sodium sulphate NazSOy 142.000 99 BDH chemicals Ltd,
Poole England
Sodium Nitrate NaNOs 85.000 og | BDH chemicals Ltd,
Poole England
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Al 4 il S jal ypani-3-2

A5 a8 I (oo 3 ZEE2 el cpm el sl 5 ppinate1-3-2

(e

ZNClo G Al olS Jolaa juzaad-]

Y baus A adall e 1.4g DI G Gaea Al 258 Jslaa jpani o
53S0 Jslae sl ellyy | ol 40% 3 S5 500 eldl (050 mL
A sall ol GO U B e AT 3 ) S e 5 53 o AdaaSle 0 0.2M

2= Conlall Al gall dyil) g 30 (198 Latie o s2ial) 4y 518 J glaa jyant-?

JsY) b s 8 mlall 50 0.7 gAY 0 AIC3 psial¥) 25l Jslaa ypiani o
S Jolae puanil iy g il 40% (8 S5 Sl elall e 50ML G
0.1 M

3= Cunlall A gall ycuil) g5 (158 ekl o guial¥) 838 Il jpians-3

sV b s 8 mlall (50 0.5g 213 50 AICI3 psial¥) 2y ) 5 Jslaa jpuan o
S0 sl juaailellyy Il 40% S S5 SsD el 50 mLé
.0.07M

4 = Cpalall ) gal) dadl) g 30 (198 Ladie o galal¥) 3y 518 Jglaa ypudant4

s s b ) 30 0.3 g 41 e AlCIs astiad¥l 2 5lS Jslae jpani
S Jslae juaail el 51 4000 (S S s el (e 50 ML 4
.0.06 M

5 =¢palall 4 gal) dadl) g e (5% Ladie p gaial¥) &) 918 Jglaa juiaai 5

Jslae suaailellyy | 5l 40% 8 S sl elall (e 50mML 2 JsY)
. 0.04 M)sS s
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NaNOs/ NaOH ¢ 4 sal) dpudl) s 34 jmaad -2-3-2

sLall 30 5O ML 4 el (30 (0.850)g 41 (30 NaNO; Jslae i o3 -1
0.2 M S 5% Jdaa juaailellh g 5 sal U

5 Ll e 50 ML 5 mladl 30 0.8 g 41 50 NAOHU slae jpasi &5 -2
0.4 M 38 jis Jslae jumail el

(IBA) & sigall paala Jgail Jglaa ydaai —3-3-2

Jslae yuasil elld s J Y (0 100mML 4 0.02g 413 (e Jslaall 138 juass &
(200 ppm)_S_&

gl 4ol b€ pal) puand (5ob 4-2

spaaill Gy sh dla
-:Direct lon-exchangemethode &bl As¥) Jaalldsy b -1

Znr Al-Cl- ) 28 5 gl 4005 o sriall -a il Clinh juaad &5 46 jhll oda
saill alaia oladl 5 ((CO- Precipitation) sidal) cum il 45, b 4aul 52 (LDHss
&t WS lon - exchangas»Y¥) Jalll 44 jlay 2S5 pnell Al clddall Jaky
—o g (1 — 1A) habadl

Fsom Shlug 2) AlICI3, Zndy cealddl (0 50 mL ddlal ellag (A
0.2 MBS Gl 205508 rle 5858 (5% S (AT 8 (A5 T
79 Jslaa 50 50 ML GV (R = 5,4,3,2) cralall agl gal) Conill Cadialy
s Al 2% Cua R = 0.5 4 gl il s Jelaill s S NaOH ,NaNG;
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oyl Adlialy elld g (am yill Liadll duaalall allall ) pH = 9,379 e (B
Al aclis 243201 & 3y 1l ¢ yamy &3 (2 M) NAOH 502 seall 2S5 508 (4
e g IS el ahall Slea dausd 0 Jeady el ey s il JST 5 paingl) Al
Laday 548 all 5 ) A o (A il 9 O je (5-4) (5P elally sy o5
LA Y leain adas g

M2+ (an +) + M3+ ( A|3+)

. Zn?*
(2- 5) Ratio = TEr

50 mL

kA o il |

ey daalyg

NaNOs; + NaOH

50 mL H;O

NaNO3
NaOH

Ratio

= 0.5

NaOH (2 M) i < ki dilal g | pH=9.3

dolu 24 330l g jall jary
!

S all 2kl Gl Aol g Juad
1
LDHs S
1
O35 Oada oo selly aia
I
FT-IR , X-Ray , SEM4aul ¢ (=i

ZN-Al — Cl - LDH 338 g 3¢d) Al S jal) ppudant (1 — 1A) habada
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A e (oA 80 J ol 53 e Jledany B) palddl Jglaa JINAOH - (2 M) iy &ua (B)
PH = 9.3 s il 25 Cus Aol Baal g Jany 5 <l ylad

NaOH (2 M)

Y Aclu (B) saaly ate il Hlad Adlal |

M2+ (Zn2+) + M3+ ( A|3+ )

ZTl2+
Al3t

(2- 5) Ratio =

50 mL

L pH=9.3
iclu 243l @)AX\ ey
!

53S0 H Sn A s ook
‘5.1):\\).“ PPN Sl (5—4)d.m:; (‘.\3

l

LDHs S

Oa s oah ool sl Cada
}
FT-IR , X-Ray , SEMikul 5 (add

Zn -Al — Cl - LDH S g 40U S jall jpaanti (1 — 1B ) habda

5 S AT 5l JES) (A ) Ay el i S gh iy ) e (58D OIS
;\.a.hl...uj slau g
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80 Al Jany 35 panadl LDHg e 1g 330 @llds L DHg- IBA icasi ai o
330 200 C 40 (B 4ddad ey A pall ol AL AN e Sl oy A
(200 ppm)sS s pasall IBA  saill aliia Jslaa (30 (50 ML) ) il o3 iy
ol ol s @l adll e Jle plaay a3 Glele OO 3aa] Jolaall e o
o ia g oLl Ju 5 g8 al) 2l Slen el gy Jomd @3 ) A3 Baal edalindl)

(2-1) bhadl LS 33

1 g LDHs

1200C

50 mL

IBA 200 ppm
1

Sile L G a4l PrLY!

!

mebaliall & s el ol jaill e

A8a0 8 ) a da s
!
g—'!ﬁ\m\ slalls &l ye (5_4)@ ?:'
!
LDHs - IBA oS

JAEl A8k [ DH s -IBA  dlagd) 458Ul s pall padasd (2-1) hbia
5:Y)
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.. 67 (CO- Precipitation) ¢ bdall cuw il
358 mie oo B0 mL ddlal by dagll 4l LS el jaiasd W
O5Ss Cun (AT 8 e (Il 53 50 Al dan 3) janall o saialVl g Gua il
e (R= 5,4,3,2) oealall A sall il GDaL 0.2 M WS ZnCly 385
i Cua Sl lass 8 200 ppmesS s IAB (s 50 mi <l ol A
& (2 M) psprgall 2uS 5 508 (e Ol el A8y clld g pH =9.3 2ie s il
s 5 iosall @ljail e e alen & Aoy o3 el O B3l el & 53
Ciia Wanry 54 55 elally alud g abiad i Al 200 a5 eualiseall & jadl)

L0 ok ARl ) ada 0 B

M2+ (an +) + M3+ ( A|3+)

ZTL2+
Al3t

(2- 5) Ratio =

50 mL

il R e cily |
RSN

IBA (200 ppm)

50 mL Js

l

NaOH (2 M)Jstas (e il ylad ALl

pH= 9.3

!

el G Baal g all jee

3 e alea
l

S350 L en Al g Jucd
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i)
LDHs - IBA S
)
Oa s oah ool sl Cada
)

FT-IR , X-Ray , SEMakul 5 sadd

2 A S0l A8k [ DH s -IBA Adagd) 4sill) il pall judaal ((3-1 ) Jakada
ilal)

CullS LY pdiall Aad) Jabal) A8 lay panall ga Ciluldl) b asdiad s 1) oS yall g
) g L gda o A IBA AgaSy il ) cibud A (e elld g Luadl) 48, jhal)

e g gl Al a8 (1-X) 5 X ad gy (2-2) s

RI x| 1| (M2,M3(OH)2] [A™wm.]. MH20

2| 0.33] 0.67|\[ Zn2+s; Al3*033] [IBA] M H 20

3
0.25| 0.75 [Zn2+0_75 A|3+o.25] [IBA] MH 20

0.20 [ 0.80f 1 Zn2+, 60 Al3*020] [IBA] M H 20

0.16[ 0.84) [ Zn2+) g4 Al®*16] [IBA] M H 20
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Preparation of Standard Solutions Al Jullaal) julaali 5.2

: Na2COs psd sl Cligi IS Jslaa judaad

NaCOs le (3« 3.2 g iy o530 saaall i g9 &) i) Jsladl) ypuans o3
138 (o5 0.600 M S Jslae pmail elldy 3 el (0 50 ML &
320 0.006 M5 0.060 M xS daidall Jallaal) juzaas &5 K pall Jsladll
s Ll (e 50 ML (A iid &5 S jall Jslaall (e canliall aaal)

:NasPOys s gall cligh Jolaa spans

ot NasPOy e 50 4.9 g4I o s00 sl s gl il J slaal) yinat o
32 e 0.600 M Sn Jslae paail @lldy sl S eldl 0 50 ML
3l 0.006 M5 0.060 M S daidall Jallaal) juzaas &5 S yall Jsladll
LS el e BOML () cidd o5 58 5l Jslaall (g ol paal

:N@SO4 52 ul) iy 1S Jslaa gpdan
&t NaxSO4 e (= 4.3 g popdsmall Gl S Jslaal ol Jolaall jumat &
138 (a5 0.600 M :Sh Jslae jpaail @lldy 553 slll ge 50 mL
33L 0.006 M 5 0.060 M S i 4ddaall Jillaall juaai o3 58 sall Jslaal)
LB el e 50 ML M id o5 S el Jlaall e canliall anal)

: NaOH asidgall 2S5 o Jslaa judad

P HCI sl gutgd) paala Jslan juaad

-5

L 50 4.2 ML 3562 M 385 oy 5 ) paela Jslas peinni o5
il oLl e 25 ML ) paadl L) 5119 MS el 55 5 gl
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b slaal) india g aBSY) o gall Jshall (s -6-2
Determination of Amax and calibration curve

sabaia¥) Cih 31 &3 Ay caboaial e sdie Giang g2 alae Y1 a sall Jghall (ppnil
(800-200)cs2all (ana dmiiall (3 58 -4 yall 228Y) Cililan Jlarindy [BA saill alaial
>l dshll S5 (1) em eaoall akie s 3550 U e dla Jlarinly i 51
(3-2) s 291 nmeke )

Abs.

0.527
ey
0.400 iT i —
I} ‘g"
ol
i
13
0.200F o i -
= s
|
= [111]
, ||
| | III
o.ocolll_1 - t 1
260.00 300.00 350.00 400.00
nry

IBA saill pliial plie¥) (254l Jsbll gy (3-2) Je&

3%




L ypasd 35k e 3855 Gabiate¥) G A8all Jie 5315 pladll inie (e a3 LS
(IBA) &yisall paes Joxi) dslaa g0 ppm (60-1002l) Gan Anliia 3:S) 5
alel asadl Jshll aie €0l s3] abaie¥l Gl iy dulall 8 andiidl
(4-2) sl b (e WS S il g Gabiaia¥) (il sl o) &z s (A may)

LV sm g S aB a5 Y S X+ b aiaeall Bkl Aslaa (e

0.5 +
0.45 - y =0.0081x - 0.0437 &

0.4 -
0.35 -

o
w
1

0.25 -+

Absorbance
o
N
1

0.15 -
0.1 4
0.05 -

0 10 20 30 40 50 60 70
Concetration/ppm

(IBA ) 5 Jglaal 5 pilaal) u-‘“‘ @'4\95, (4_2) JS
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IBA saill aliia ) a3 dud jo -7-2

il Yo [DHg- IBA 3 aadl ¢ shudl ik G o saill alate ) el 4l )3 o
adine Jllae ) ga) 30 Jliily 30 (Sl Jasg (A 3 panally Adlisall 4 gl
e (NaSQOy , NasPQOy , N&CO;3) o« (10.006 , 0.06, 0.600 mol/L) Sl
JS B aas (110 ML) s @by &l S 3al @lldg (1291 nm)akae V) oo sall Jshall
8 sl 7 shull (10 (0.002 g)_Se IS Casaal 5 L) Jliall Jidlaall (e (5 mL)leie
o2 Camiay ai 585 JSLALD aaall () (06l n Al £ lie W)l 23V as
ais i AN (9 ) gall aa) cons Laany 4 2l 5 ) m Ao as Sl (e plaa (8 (5,1 53l
o sall Johll e At (o)) b Gabaiel) 308 (Wl o3 13Sa 5 Galialel) laia s
LS a Ay Sy 580l Lla ) GAL ¢, v adl) A aaad a3y akeY)

CWls Ll Ladll Bhaskars lagergranddatas Jleainly ) jaill

Gliah G e IBA sl 4 pial) dpedl) Al 2 -8-2

280 iy (0 5O dpmasdiall (352 AxdY) Calian Aol 5y paill 4 ghall Andl) A jo @i o3
@l S oall (30 0.002 g Alal & ey 2 M S50 HCI Jslae 0o 5 mL
A el sl alae ) o sall Jshall vie L) (aliaiell jlaie Gl &5 Glld any 5 Siagd)
g ALl (C) () IS i 38 il Aasdy g ¢ (Cr) Adal) Jaba llall (55030 JSI 58 53l
-3l A gl Al Gl o3 381 Alalaall Con 5 SIS 30 e

Release% =§—t X 100
T
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Identification Composition S A gadds -1 -3
(FT-IR) sl and) cond dadBU p 8 pgaicih- 1 -1 -3

(IBA) saill alaia (mpdii a3 ) ¢ b juanall Gl yall Gadiiil o) jeall cond dadl) Ll 40585 Cuardiin
(IBA-Zn/AI-LDH) <S5l €3S 5 (ZN/AI-Cl-LDH) 208 5 gl 40 o siall/(ppa jlall il

(IBA) sl (aala Jsail gail) aliial o) paal) ciaddaddd 68 psadcih 1-1-1-3
de ganal Jaall €l ) yin) < jeds 288 ¢ Aigea a5 die B hraall 4l (e daal) gaill aliia ekl

de ganal 2l (C-H) de sane Lol 3047cmt 2ie dslas ¥ (CHp) 4e sanad dxill (C-H)
sie 5 AUl 5 jeaall A jall Ll ¢ (IBA) 8 2947cmt vie as 31 jia) daja el 231 (CHy)
et Agila 551 (C=C) A sanal Ll Ll | Apadlall (C=0)4e gana N 223 Leils 1697cm?
(CHp) 4e seaad Aadill (C-H) Ao sanal elind¥) palaial Lal ¢ 14440 e 8 Spee 4e
(1-3) JS&s (13) Usaadl i pmmse s LS 0D (1738 cml) vie el Al V)

et Cian g IBA J a8l gag 8 jnaall adadl : (1-3) Jeia

vC-H vC-H vC=0 |vC=C oC-H

Herbicides|| » romatic Aliphatic | Acid | Aromatic [ Aromatic

IBA 3047 2947 1697 1444 738
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Al agaiall /o Al cligal pljeal) cad AndM gt mead ih2-1-1-3
(ZN/AI-CI-LDH ) S 5041

Can ¢ Ape Gy die 5 el aall (e uaell auS s el AalE A gl /e Al clids @ ekl
vie 3 Ll 5yl dajall Wl 3443 cmt e (O-H) 4e saaal Ll ) jial daja < yeka

56150mt e jall i LS ¢ i) G 3 sa sall(Cl) 4o sane (M 2523 38 1363t

e sl Al skl (3 s e 9 (Zn-0) 5 (Al = 0) sl il I 428 cm?
[(2-3) 52 5 (2-3) sl B se o LS S el Rkt

cm® &las g2 (Zn/Al-Cl-LDH) J 423 30 8 j2aal) ajadl (2-3) Jg2a

Herbicides vO-H vCl v (Al-O) v (Zn-0)

Zn/AI-CI-LDH 3443 1363 615 428
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ABBUY § @S Lottt G Juadl)

Bl sHimanzy
40 425
1363 _ 52E "
3443
s — e Inog T 000 14 VBT LAl 1300 B 800 af
e
||||||||| o Mol of Somns Lo Doty Dt/ Time: 1100013 085744 1
Risoiubion s
NEoTWiHS Usar, Atrrin

(ZN/AI-CI-LD H) e g sgd) il o gl /e A cilihal (FT-IR) gqass (2 -3 )JS4

(Zn/Al- IBA-LDH) S sall ¢l paad) it 4238 4y 5h jgas ik -3-1-1-3
dad) e Flad e Ju snaall 8l ajall e 32l (ZN/AI- IBA-LDH)  <Soall kil
Cladall 3 jaaall o jallec 4 )lie 2S5 el Al o saiall/Cpa )WY Gliids (g (IBAY) gmanll 0 5Y)
35 2=R) 4l sall Conill oDl D) Ay s S jall o all aes o Jas o Cum a0u gyl AL
Lall ) ya) I 3443 et ie i pal) Al juli G o Lo A ()5S5 Lie 5 uaaall (55 4
353 gils 1616CmT 2l e el 3 jueal) Aol Ll | A sall Conill CaBEAL (O-H) 4e sanal
Ll 4iiles¥) (C=C) 4e sane I 1458 cm? die dajall juii LS | duadall (C=0) 4e sane
sl LSl i G (CF) e sana 2ny ) el 4ild 1363 cmr? aie 3 paall Laall ) sela
LS 798cmtaie edsi Al 5 )Y (CHy) e sanad 48l (C-H) de sanal sliadV) (aliaial, diagll
0778 Nl Je (Zn—0) 5 (AL —0) a3l 5al I 428cm?t 5626cm? cliejall i

(3-3) Jsill 5 (3-3) dsaall (A mnse 5o LS,
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(Zn/ Al — IBA — LDH )

GSall (FT-IR ) géase (3-3) Jsa

41

(Zn/Al- IBA-LDH) AR G\ @ P (3 3 Ny==
v (C=0) )
i _ . v (C=C) || vCI' | &(C-H) || v (A-O) | v (zZn-O)
Herbicides| vO-H Acid Aromatic Aromatic
BAZUAL | 3443 | 1616 1458 | 1363) 798 | 626 | 48
HsHmanzu
B sHmaDzL
1615 :"1;1-58
1363
739"._ 428
3443 ' ';:62-:6




Azl g gitish EJEY Juadl)

X-Ray diffraction 4wl dad¥) 3 ih-2-1-3

dlee J8A Rl A Jgall ca g5 5 anall LS pall A b Ae IV s ga il Wl B a S

Gl il ra g il sy (hKT) Al b siwall (IBA) s s—anll 50D ala8Y)
X-Ray diffraction At ad) A SV 2 g a5 (2-3) J 525 (110,009,006,003)
alaait Ll 15 laaay y A sall J Ay pLady) A dee Jo8 (o) diuball Glow apd 8 GOEAY) JOLA Gag
G AY) Gl il A 30 5 A = 1.540A 5(n=1) ) & (MA=205in 6 )& s— Atalas
Com S puel A di dadall S ga A Sy (g suianll O 5V paa e pafidall o 4
il 2 ay 7.60A sl a8V e J 8 5754 3l aie 003 sl (s siwall (d)
adingy 14.8 A oluid dmeal 3 A0 v 4 5 (5 il (IBA) saill alaia oladl
= =Sl sl A o clidall o Jadadl (5 (e 003 505! (s simall 8 Aaidall e
Gl d g A see B gamy g lidall (ppaba JA0 28 gl alaia () ria g pLa8Y A lee 22y  Aad
= OS2 ol e K bl Jici g Jalall da Ll | 003 (s siall (4 0 Aaid 2 Sl
s a2 (1-3) bdadall 3L (19 =20 10 5 sl aiad g 0 uS g juel) Al 4Gl

oo Al alaaiuy @lld g (17.1 nm)eeaa OS5 (crystallite size (L)poskd!
80 (Scherres equation )

KA
B cos@

. )Myu\abya)#\e& ‘L
85l S5 s (0.90) s sl ) culi K
(0.154 nm)s sbuy Al 42530 o gl Jshalli)

.u ‘;‘:\ . we :B

il 5:0
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e e Y I ol
Sample doos, A doos , A dow ,A d110,A aA
Zn2Al - LDH 7.72 3.89 1.93 1.50 3.00
ZnsAl - LDH 7.60 3.80 1.90 1.50 3.00
ZnsAl - LDH 7.64 3.80 1.92 1.51 3.02
ZnsAl - LDH 7.76 3.89 1.94 1.51 3.02
ZnsAl —LDH-IBA 14.8 7.4 3.7 1.51 3.02

Wi g (IBA) sail alile 43k alad) les Jb XRD g J342(3-4)

600
003
4001
006
Intensity 009 110
W/ (A
200
006
003 009
110
(B)
0 |

0 5 10 15 20 25 30 35 40 45 50 55 60 65

dgree/26

Zn-Al- Cl- LDH S all (A) (XRD) Asipedl) 4281 2 g cishs guda g3 (4-3) JSll
Zn-Al- IBA-LDH Sl (B)
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Ladlial) g gty EEY Jaaill

HO

O
indole butyric acid

0.760 nm

—_—
=)
(9%}
S
2

l

_l

IBA - LDH

SS9 pagd) Al cliudal) JA3 (IBA ) O alad) s g (1-3) alada

( Chem. Office )g=bin pladiuly
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Azl g gitish EJEY Juadl)

Scanning electron microscope (SEM) zsball (g AN jgaal) -3-1-3

die 3 yasall 4 gLl GlS Jalls Zn/ Al- LDHg 2S5 jaed) 4005 calaudall NS BN GLMS\ G
(5-3) S comgo SEM s Y1 Leadl plasinls olis R=(2 ,3,4, 5) &dlidl d sl sl
Gy Lgudany (958 AS) yie iy )y Lend sedai Al 2S5 el A0 Clakal | S AV el ) sa
58l Sl (65 e Lt 1 a1 J gt Ll il QIS ) Baad 5 daliiie e olaal
ae 138 5 (5 semall (591 Al e Uy Lea IBA (5 sumall S yall pladl 33 51 Zn/ Al-IBA- LDHs
seaall e dhadle ey FT-IR Gl dppudl 428V gpa (i lgle Jpanll o3 odl) il
LSl 5 dpalusall ALl 5 mildially 4pad S 55 2 smn 5 ala8Y) dalae U8 30 5 Haued) 40U Clipdal (59 ST
Iy )y s s Oanedl U S pall G5 S jeadl) sa i (s (B dehilie 8 Lgalaal
S 5 el) Al Qlidall s [BA™ seill ahiie G dealad) Gllal) dais clialall o 4lle daabiss
S a5 I 53 S 5 gl Al il Ja0s el aladl ol 4 Bl il jal) sy Lo 13a

CApahia 4y 0l ) i ) alatie e (e
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G Juadl

SEM MAG: 5.00 kx SEM HV: 10.00 kv

MName: 1-3 WD: 13.31 mm 10 pm d
Date(m/d#y): 01/28/14 Performance in nanospace n (A)

- : = B =%
SEM MAG: 1.00 kx SEM HV: 10.00 kv T T T Y T N B | VEGAW TESCAN

Name: 2-1 WD: 12.92 mm 50 pm i
Date(m/dsy): 01/28/14 Performance in nanospace n (B)

Zn-Al-Cl- LDH Sl (A) (SEM) geiall (5 AN gl cish i 52 (5-3) Js
Zn-Al- IBA-LDH sl (B)
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Zn/Al IBA--LDH s S pal) &zl (s (1 [BA gaill aliia ol 4y gial) dgeadl) dusd j2 2 -3
30 Sledan g (B B sl QLS pall i g (e IBA selll alaia ) jail 4 giall Al da) )y

&= lon- Exchanges sy Jadll 43y )l R=(5,4.3,2 Adlide 4 9o o g s A1 5 ye S 6l
0.080 50.600) M leie JSl diliae 38 yis g (N&SQy 5 NagP Oy s NapCO3 ) 4dise bl 5l JM&
(0.006

DAY dadl) ddabaall aladinly
Release% -—-g—; x 100

LS il )yl e (1) 0m 3 Qe paall psadll e £ X 100 w3 sy Gesk 05

(13-3)s (12-3)y (11-35(10-3 5(9-3) 5 (8-3) (7-3) 3(6-3) Iy

.(6-3) 5 (5-3) sl (A As a5 Al a5 IBA™ Hoad Ay giall Al sl s Ha)
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AGBUAN g Uil | e e G Juadl)
90 -
80 - 80 -
70 -
70 -
60 | 70 -
60 -
50 - 60 -
50 -
o R 40 ¥ 50 4
NMO % 3
] b 30 - @ 40 -
30 - s 2 30
@0 - 2 *
10 - 20 -
10 -
O 0 T T 1 10 -1
' ' ' ' 0 500 1000 1500 0
0 500 1000 1500 2000 . ' ' !
t/mi t/min 0 50 100 150
min .
t/min
Na.PO:(0.6M
Na,P0,(0.006M) Na,P0,(0.06M) ‘Na;P0:(0.6M)
80 - 80 - 70 -
70 - 70 - 60 |
60 - 60 -
$50 - %0 3 50 1
20 7 g0 B 40 -
&30 1 20 - & 30 -
20 - 20 -
10 - 10 - 20
O T T 0 T 1 10 n
0 1000 2000 0 1000 2000 0 o
t/min t/min 0 20 40 60 80 100120
t/min
Na,S0,(0.6M
Lo Na:504(0.006M) Na,50,(0.06M) 250,(0.6M)
80 -
60 1 38 70 - j
50 - 60 -
" 60 L 5
D 40 - ¥ 50 @ 2"
© ] o 40
& E 30 & 30
20 - 20 20 -+
10 -
10 10
0 T T T T O T T T
0 . . . . 0 500 1000 1500 0 500 1000 1500
0 1000 2000 3000 4000 t/min t/min

t/min

ribal) Jaa gl R=2 4 gal) dgaadl) die Adang) 4 pilil) lidall (i (a (IBAY) i) a4 siall cadl) gy (6-3)J8
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BBl g G |11 e e Y Juail
Na2C03(0.006M) Na2C03(0.06M
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% 3 40 A
u 14
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LEBLL) g giliil) EIE Jaaill
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ALZBUA g I |ttt ettt reeees G Juadl
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BULBUAY g ) | oot L) Juadl
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AEBUAN 9 LI |t re e G Juadl)
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AGBUAN g Uil | e e Gl Jaadl)
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LEBLL) g giliil) S Jaaill

Concentration 0 .
R Sample (mol L) IBA % t/ (min)
0.600 82 150
Na;COs 0.060 75 1480
0.006 68 1380
0.600 75 90
) NasPOs 0.060 73 120
0.006 66 2630
0.600 74 1510
NaSQ. 0.060 70 1530
0.006 66 3080

0.600 84 100
Na:COs 0.060 77 1440

0.006 77 1570

0.600 76 1450

4 Na:POs 0.060 71 1480
0.006 69 1600

0.600 70 1430

Na:SQ: 0.060 63 1500

0.006 61 1590

0.600 84 120

Na;COs 0.060 77 160

0.006 55 1500

0.600 69 1470

5 NasPOx 0.060 61 1440
0.006 57 1560

0.600 62 180

Na:SQ: 0.060 35 1470

0.006 52 1470

e by A Lagd) 45300 clidal) f ¢ (IBA ™ )0 Al 4 giall Al g (e 31 gda g (5-3) Jaa
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Ul Sacadl)

AZBU g U | eeree s
Concentration i} .
R Sample (mol L) IBA % t / (min)

0.600 93 100

Na:COs 0.060 82 110

0.006 79 480

0.600 85 110
2 Na:POs 0.060 77 80

0.006 72 1440

0.600 82 160

Na:SQ: 0.060 79 1440

0.006 76 1500

0.600 93 70
Na,COs 0.060 83 170
0.006 82 1500
0.600 77 170
4 NasPOs 0.060 75 1440
0.006 71 1500
0.600 74 160
Na:S0 0.060 69 1440
0.006 67 1440
0.600 85 80
Na;,COs 0.060 76 110
0.006 71 1470
0.600 70 110
5 NasP O, 0.060 62 190
0.006 59 270
0.600 57 150
Na:S0. 0.060 48 150
0.006 44 380
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Na,CO,(0.006M) Na,C0,(0.06M) Na,C0,(0.6M)
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2
1, | RE=0739 3 14 0.1448
1 7 12 -
5 %6 T 1-
g 08 85 T
% 06 oy = 08 7
o W W
¥ 04 23 2 067
0 2 0.4 -
0.2 -
0 ) !
0 2000 0 1 0 T T T T 1
. 0 100 200 0 20 40 60 80 100
t/min
t/min t/min
Na:PO(0.006M) Na:PO.(0.06M) Na:PO.(0.6M)
. ~ B y = 0.004x - 0.032 25 - y=0.016x - 0.366
9 y = 0.0044x + 14 R = 0.842 R? = 0.854
7 | 0°78¢ 2
— 1 - —
%6 S S
1.5 -
s S 08 - E
T ] ]
<4 % 0.6 - ® 1 -
S 3 2 2
T ' 0.4 A
2 0.5 -
1 0.2 A
O T 1 0 T 1 0 T T 1
0 1000 2000 0 100 200 0 50 100 150
t/min t/min t/min
Na.S0.(0.006) Na.S0.(0.06M) Na.S0.(0.6M)
B . y =0.010x - 0.149 ) y =0.0069x +
0.3 -V—o.gzzgx0+50.187 2 R? - 0.897 1.4 0.0152
0.25 - ' 1.2 4 R2=0.915
= = 15 1 T 1 -
5 02 - S S
<. . ~ S~
5 S 5 0.8
& 0.15 - a 1 -
~ — S— 06 A
T i Ky 5
9 0.1 < o5 | 2 04 -
0.05 - 0.2 -
0 T 1 0 T 1 O T T 1
0 100 200 0 100 200 0 50 100 150
t/min t/min t/min

AN s gl R=5 dis (IBAT) Q5D A gY) 4N Adlaa gy (21-3) J8i

67




. k1

Concentration . R2

R | Sample " (min-Y) ’
(mol L) (IBAY) (IBA)
Na:CO3 0.600 0.082908 0.635
0.060 0.009212 0.414
0.006 0.002303 0.687
NasPOs 0.600 0.363874 0.708
2 0.060 0.02303 0.936
0.006 0.02303 0.847
NaxSO4 0.600 0.011515 0.293
0.060 0.004606 0.720
0.006 0.006909 0.535
Na:CO3 0.600 0.002303 0.222
0.060 0.080605 0.605
0.006 0.06909 0.888
3 NasPOs 0.600 0.004606 0.923
0.060 0.004606 0.540
0.006 0.004606 0.826
NazSO4 0.600 0.002303 0.418
0.060 0.004606 0.552
0.006 0.006909 0.811
NaxCO3 0.600 0.006909 0.278
0.060 0.006909 0598
0.006 0.006909 0.886
NasPOs 0.600 0.002303 0.817
4 0.060 0.002303 0.314
0.006 0.002303 0.346
NazSO4 0.600 0.009212 0.796
0.060 0.004606 0.357
0.006 0.004606 0.340
Na:CO3 0.600 0.016121 0.850
0.060 0.018424 0.868
0.006 0.018424 0.691
5 NasPOs 0.600 0.009212 0.772
0.060 0.011515 0.997
0.006 0.004606 0.485
NaxSO4 0.600 0.004606 0.684
0.060 0.018424 0.895
0.006 0.009212 0.845
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. k1

Concentration . R2

R | Sample " (minh ’
(mol L) (IBAY) (IBA)
Na:CO3 0.600 0.013818 0.893
0.060 0.002303 0.224
0.006 0.002303 0.496
NasPOs 0.600 0.025333 0.908
2 0.060 0.018424 0.921
0.006 0.009212 0.621
NaxSO4 0.600 0.004606 0.925
0.060 0.004606 0.353
0.006 0.004606 0.891
Na:CO3 0.600 0.006909 0.161
0.060 0.011515 0.405
0.006 0.009212 0.827
3 NasPOs 0.600 0.011515 0.266
0.060 0.009212 0.728
0.006 0.013818 0.918
NazSO4 0.600 0.004606 0.858
0.060 0.004606 0.554
0.006 0.004606 0.485
NaxCO3 0.600 0.006909 0.235
0.060 0.002303 0.391
0.006 0.006909 0.659
NasPOs 0.600 0.004606 0.353
4 0.060 0.004606 0.549
0.006 0.002303 0.906
NazSO4 0.600 0.011515 0.412
0.060 0.006909 0.551
0.006 0.004606 0.760
Na:CO3 0.600 0.032242 0.935
0.060 0.13818 0.780
0.006 0.13818 0.739
5 NasPOs 0.600 0.036848 0.854
0.060 0.009212 0.842
0.006 0.009212 0.785
NaxSO4 0.600 0.013818 0.915
0.060 0.023030 0.897
0.006 0.046060 0.500
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NaZC03(0.006M) Nazc03(0.06M) Nazco3(0,6M)
y =0.031x + 1.731 =0.0211x + =
60 - o2 0998 7 - y 50 - y =0.0284x +
0.3428
50 6 40 4 R? = 0.9996
40 >
4 30
t/ct 30 t/ct t/ct
2 3 20
2
1
10 1 0
0 T T 1 O T 1 0 T 1
0 1000 2000 0 200 400 0 1000 2000
t/min t/min t/min
NasPO.(0.006M) Na:P0.(0.06M) Na;P0.(0.6M)
) . y =0.0304x + 5Q - y=0.029x +0.802
60 1 W loa0r 80 1 1.5912 R? = 0.998
50 50 - R?=0.9971 40
40 40 30
t/ct 30 t/ct 30 t/ct 2
20 20
10 10 10
O 0 T 1 0 T 1
0 1000 2000 0 1000 2000 0 1000 2000
t/min t/min t/min
Na.S0.(0.006M) Na.S0.(0.06M) Na.S0.(0.6M)
y = 0.039x + 3.891 _ y=0.040x +4.265 _ y=0.033x+1.485
80 1 R?=0.999 100 R2=0p78 60 R?=0.998
70 80 50
60 40
50 60
t/ct 40 t/ct t/ct 30
40
30 20
20
10 20 10
O T T 1 O 0
0 1000 2000 0 2000 4000 0 1000 2000
t/min t/min t/min

Al i gll R=4 die (IBA") GsdU A4S ) Addaa puda g (26-3) JS&

75




BB g gl A Juadl
Na.CO,(0.006M) Na.CO:(0.06M) Na.CO:(0.6M)
_ y=0.029x +2.283 y =0.028x + 1.037 y = 0.026x + 0.106
60 R2 = 0.999 50 + R?=0.998 50 ~ R?=1
>0 40 40
40
30 30
t/ct 30 t/ct t/ct
20 20
20
10 10 10
0 T T 1 0 0
0 1000 2000 0 1000 2000 0 1000 2000
t/min t/min t/min
Na:PO.(0.006M) Na:P0O.(0.06M) Na:PO.(0.6M)
60 4 Y= 0.034x +1.153 60 - y=0.032x+0.642 60 - Y=0.031x+0.960
R?=0.999 R? = 0.999 R?=0.999
50 50 50 -
40 40 40
t/ct 30 t/ct 30 t/ct 30
20 20 20
10 10 10
0 T ) 0 0
0 1000 2000 0 1000 2000 0 1000 2000
t/min t/min t/min
Na.S0.(0.006M) Na.S0:(0.06M) Na.SO.(0.6M)
=0.034x +2.077 =0.032x+0.
70 - y = 0.0354x + 60 - ' - (;;98 60 - =003z 0544
2.6197
01 r=o0g9 >0 >0
50 - 40 40
40
t/ct t/ct 30 t/ct30
30 -
20 20
20 - 10
10 - 10
0 0 0
' ' ' 0 1000 2000
0 1000 2000 0 1000 2000 )
. . t/min
t/min t/min

(AFEN) b gll R=4 die (IBA') OB Al 451 Aslas ria gy (27-3) 8

76




AGBUAN g Uil | e e G Juadl)
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. k2 x10

Concentration . R2

R | Sample 0 (L mg? min?) ]
(mol L (IBAY) (IBA)
Na:CO3 0.600 25.537 0.942
0.060 23.956 0.999
0.006 16.812 0.999
NasPOs 0.600 5.080 0.983
2 0.060 3.598 0.999
0.006 1.298 0.997
NaxSO4 0.600 4.361 0.998
0.060 2.950 0.990
0.006 2.939 0.976
Na:CO3 0.600 24.802 0.999
0.060 5.687 0.997
0.006 1.597 0.982
3 NasPOs 0.600 6.873 0.998
0.060 5.295 0.981
0.006 1.487 0.989
NazSO4 0.600 5.673 0.999
0.060 4,54 0.963
0.006 2.831 0.985
Na:CO3 0.600 56.849 0.999
0.060 13.477 0.940
0.006 12.144 0.998
NazPOs 0.600 29.795 0.998
4 0.060 17.231 0.997
0.006 10.084 0.997
NazxSO4 0.600 18.702 0.998
0.060 7.996 0.978
0.006 4,288 0.999
Na:CO3 0.600 8.199 0.997
0.060 4.657 0.814
0.006 3.079 0.999
5 NasPOs 0.600 7.558 0.999
0.060 6.484 0.999
0.006 4,997 0.999
NaxSO4 0.600 6.949 0.999
0.060 6.093 0.948
0.00 1.827 0.998
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. k2x10-4

Concentration . R2
R | Sample 0 (L mg*min) ’
(mol L (IBAY) (IBA)
Na:CO3 0.600 26.415 0.964
0.060 18.059 0.998
0.006 17.137 0.772
NasPOs 0.600 18.811 0.999
2 0.060 15.671 0.992
0.006 15.474 0.999
NaxSO4 0.600 16.909 0.998
0.060 11.345 0.999
0.006 7.334 0.998
Na:CO3 0.600 12.036 0.996
0.060 4.007 0.998
0.006 1.986 0.996
3 NasPOs 0.600 11.081 0.998
0.060 6.258 0.997
0.006 3.749 0.997
NazSO4 0.600 7.505 0.998
0.060 3.600 0.978
0.006 3.408 0.999

Na:CO3 0.600 87.51 1
0.060 65.801 0.998
0.006 3.95 0.999
NazPOs 0.600 16.522 0.999
4 0.060 10.535 0.999
0.006 10.418 0.999
NazxSO4 0.600 11.702 0.998
0.060 6.092 0.998
0.006 5.143 0.999
Na:CO3 0.600 20.598 0.991
0.060 14,511 0.982
0.006 12.713 0.999
5 NasPOs 0.600 6.602 0.893
0.060 5.300 0.853
0.006 4.434 0.999
NaxSO4 0.600 8.163 0.999
0.060 7.453 0.998
0.006 1.163 0.859
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. Kd

Concentration - R2
R | Sample " ( min©-5) :
(mol L) (IBAY) (IBAY)
Na:CO3 0.600 0.522781 0.847
0.060 0.345450 0.766
0.006 0.032242 0.666
NasPOs 0.600 0.398419 0.871
2 0.060 0.333935 0.809
0.006 0.041454 0.870
NaxSO4 0.600 0.251027 0.739
0.060 0.071393 0.681
0.006 0.029939 0.854
Na:CO3 0.600 0.893564 0.617
0.060 0.274057 0.810
0.006 0.075999 0.886
3 NasPOgs 0.600 0.075999 0.811
0.060 0.041454 0.850
0.006 0.036848 0.843
NazSO4 0.600 0.041454 0.843
0.060 0.050666 0.783
0.006 0.046060 0.785
NaxCO3 0.600 0.568841 0.905
0.060 0.046060 0.804
0.006 0.027636 0.889
NasPOs 0.600 0.085211 0.869
4 0.060 0.034545 0.843
0.006 0.032242 0.883
NaxSO4 0.600 0.407631 0.791
0.060 0.027636 0.747
0.006 0.041454 0.675
Na:CO3 0.600 0.329329 0.903
0.060 0.276360 0.761
0.006 0.073696 0.839
5 NasPOs 0.600 0.541205 0.993
0.060 0.057575 0.834
0.006 0.057575 0.834
NaxSO4 0.600 0.214179 0.851
0.060 0.370783 0.817
0.006 0.119756 0.796

il gl &) atall 05U (R2) 5 (Kg) BUl de s il ad gy (11-3) Js
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. Kd
Concentration - R2

R | Sample 0 (min-09) ]
(mol L (IBAY) (IBA)
Na:CO3 0.600 0.246421 0.817
0.060 4.147703 0.528
0.006 0.135877 0.417

NasPOs 0.600
2 0.060 0.324723 0.720
0.006 0.324723 0.720
0.292481 0.979
NaxSO4 0.600 0.248724 0.820
0.060 0.032242 0.639
0.006 0.041454 0.660
Na:CO3 0.600 2.240819 0.574
0.060 0.700112 0.505
0.006 0.511266 0.796
3 NasPOs 0.600 0.589568 0.508
0.060 0.506660 0.764
0.006 0.018424 0.654
NazSO4 0.600 0.059878 0.804
0.060 0.050666 0.785
0.006 0.016121 0.458
NaxCO3 0.600 1.259741 0.691
0.060 0.290178 0.621
0.006 0.241815 0.635
NasPOs 0.600 0.221088 0.836
4 0.060 0.089817 0.787
0.006 0.057575 0.883
NaxSO4 0.600 0.587265 0.505
0.060 0.237209 0.719
0.006 0.071393 0.698
Na:CO3 0.600 0.403025 0.870
0.060 2.137184 0.676
0.006 0.071393 0.810
5 NasPOs 0.600 0.506660 0.747
0.060 0.184240 0.749
0.006 0.513569 0.794
NaxSO4 0.600 0.234906 0.827
0.060 0.112847 0.798
0.006 0.006909 0.336

AHEN gl B alall 5 (R2) 9 (Kg) BUdl de ju clh 0 dagy (12-3) Jse

91



Ct -
LS gaball Dsadl o (log(1- ) 5 bl snall (o 199 O psm i) Aadie (e

5(36-3)5 (35-3) 5(34-3)5 (33-3) 5 (32-3) 5 (31-3) 5(30-3) Jsay) b

ka
2.303

Aadl 7 AT A g 5 s 4l (oAl Ll pofilne Jad e Ul ema 1230 ((37-3)

U oo Laadilgins (12-3) 5 (11-3) Cdsan 8 4naall g dlill) 4oy s a5 Kd
G 5V ST s ABle ) 0 g g it R2 2 QDA (e sV Jolill A8 e e dlall

e zitind Rd 5 R? s (s 5 (550¥) Jolill dlee
N2>COs > NasPOs > NaySOa Jabus s¥1 <adlialy Il Judoatl s 6Ll de s g

@LA Ja.uj @SM\ sl 4 ol L_i\_ﬁ)d\ ks R (e J)A:\AM ng.o.add\ Oyl -2
S Tl 5 e ST L e g dile ) sl

92



i 01§ SAEAN) 1oooooeeeeessesessssesessesssesseesssssssseesssss s ssssesen &N S
- claliiiuy)-1-4

Glas Jaby [BA salll alaie aladly @lld g dagll 45 6l GUS pall jaiand (Say -1
L83 (5 hay A 5 jugl) Al & griall /aa AT Cauadl)

S S o Jpanll Lgie Ol jae (10 Ld Wl JON exchange 43,k sl &5 -2
O elliy Sy e LI IS clidall Jaly gail) aliie Jgan G ) dila) ol ) e
- U Gabiaial) (i dxilia

Ak dlew OIS Laiy 2l3Y) lee an (14, 8 A) OS IBA-LDH ik cles &) -3
A (e Ny AV dlee las ) el Lee (7.60 A) ala8Y) U8 LDHs
FT-IR clg

ala i AlAa kel Jilaall 8 IBA™ s panll oY) ol 4l dpndll () -4
cpadiuall Jglaall 38 el

pspdgeall il Jlall Jolaall 8 culS gaill alaial 4y 5a8 dad el () -5
AY) Bl YL 5 jlas

S g (85 pumaall Clidall G e el B S V1 Jalall A8 s () -6
s oo o g A5 jumaall LSyl 45 jlia g

Y a1 4 i et el Jans sl (A i) ) aS e () -7

Al Al A Hl ) Jalall 48 ja audS -8

(Y s gl s S all jpumail s s Judl () -9

. R=3 2ie cilS 4 e 4 il -10

il gl (S el Lea pall cilaliial Alela 3l 5 ciliahal) aladind (Sar11
ol ol Sl e Jl & e dama )X B e Lede 2y bl o) ) ddll
i gl oyl ) L i A8 ) i) il e ilaliial)

e o) aliie e IS AT (S G Ll Al e Aaritnd) A L]0
Aaly ol (B abeaty

(17.1 nm) _haey 4ied CuilSh Cpagll (5 il oS pall 5 ) shll aas s 25213

93



Clia gill g CALELNYY L &I Juadl)

-1 Glagill-2-4

2S5 uel) L Gkl e Jasall gaill alaie Lgd aadieg dalia Gl a6l ) -1
A5 e paiesdl) pail ol g L e

oe m\.ﬂ\ J\)m‘}]\ ( Lﬂs.ﬂ vﬂhj 4_14}:]““ \J.}B\A,J\ jas 3 L;Q\AJJH‘ 034 (a\..\;.:.u' i \uSA.a -2
. "@‘h&

8 lellanind 5 Alle dpdbise o Led Ll cliglal) laia¥ juaadll L DHg alasiul -3
) e b 5o A Lgalasiind I AdLa) ¢ olyall 485

94



] ol Huad

References Dbl

1997&;&43 3 :\A)xd\ J\J .h 3 o\:\.d\ :\Aj\.xa 3 u:'.u”jJJ & NI

2. L. Barreira, P. Lito, B.M. Antunes, M. Otero 4.in, J .Rocha, E
.Pereira and A. Duarte, "Silva CM Effect of pH oadmium (II)
removal from aqueous solution using titanosilicB&ES-4", Chem.
Eng.,J155(3): pp.728—735(2009).

3. V. J. Inglezakis and S. G. Poulopoulos , " Adsormpt lon Exchange
and Catalysis Design Operations and Environmenggdliéations " ,
New York , B'Ed, P. 38253-263 (2006) .

4. O.Liebknecht , " Fabricaciion indstrial carbonadf@ados para
descalcificacion del agua " U.S.PAtD60, P. 191 (1935) .

5. P.Smit, " Fabricaciion indstrial carbones sulfaysad para
descalcificacion del agua "U.S.Patp63 , P. 191 (1935) .

6. B.A. Adams and E.L. Holmes," Synthetic ion examwn resins "
J.Soc. Chem. Ind54, P 1, (1935).

7. J .Dranoff and L. Lapidus, "Equilibrium in tergaion exchange
systems", Ind. Eng. Chem9 (8): pp.1297-1302 (1957) .

8. K.A.Mauritz and R.B.Moore , "State of understamgdiaf nafion".
Chem. Rev]104: pp.4535-4585 (2004).

9. A.Zagorondni, "lon exchange materials: properdied application. st
ed Elsevier", Amsterdam (2006).

10.R.K. Nagarale, G.S. Gohil and V.K. Shahi, " Readatelopments on
lon-exchange membranes and electro-membrane pestesadyv.
Colloid Interface Scil19: pp.97-130(2006).

11 H .Strathmann , " lon-exchange membrane separptmresses.sled
Elsevier", Amsterdam(2004).

12Y .Tanaka, "lon exchange membranes: fundamentafsl a
applications", ¥ ed Elsevier, Amsterdam/ The Netherlands (2007).

95



] ol Huad

13A.A. Zagorodni , " lon Exchange Materials Propesti and
Applications ", ¥ Ed , Amsterdam, The Netherlands, P 29411,
221 (2007) .

14Y.S. Ho and G . Mckay. "The kinetics of sorptidndovalent metal
lons on to sphagnum moss peat ", Water Rds.RP. 735- (2000) .

15.S. Lagergran "Zur theorie der sogenannten adsorgeloster stoffe
Kungliga Svenska Vetenskapsakademiens" ,Handlingdy P. 1
(1898) .

16 R. Bhaskar , R.S.R. Murthy, B.D. Miglani and K. Visvahan ,
"Novel Method to evaluate diffusion controllede&be of drug from
resinate ", Int. J. Pharn28, , P. 59 (1986) .

17.P. Nalawade , B. Aware , V.J. Kadam and R.S. HaleK Layered
Double Hydroxide : A review ", J. Phys.B8 , p.267 (2009) .

18 M. I. Carretero " Clay minerals and their beneatficeffects upon
human health",Areview , Appl. Clay Sdi21, pp.155-163(2002).

19.S. Gago, M. Pilinger,T. M. Santos and [.S. Gonesglv'Zn-Al
Layered double hydroxide pillared by different dimaxylate
anions", J. Ceram. -Sililk4, pp. 155-158 (2004).

20.T. Kameda, M. Saito and Y. Umetsu, "Preparationd an
Characterisation of Mg-Al Layered Double Hydreesd
Intercalated with 2-Naphthalene Sulphonate andNaphthalene
iIsulphonateMaterials Transactions", Materials $eations47, No.
3, pp. 923 - 930(2006).

21A. Vaccari , " Preparation and catalytic propertad cationic and
anionic clays", Cata.Todayl, pp. 53- 71(1998).

22. S. M. Sumari, Y. Yasin, Z. Hamzah , "ADSOR®NIOF ANIONIC
AMIDO BLACK DYE BY LAYEREDDOUBLE HYDROXIDE,
ZnAICO3-LDH "The Malaysian Journal of Analyticati8nces,13 (1):
pp. 120 - 128(2009)

96



] ol

23.M. K. Ram Reddy, Z. P. Xu, G. Q. (Max) Lu and J. @niz da
Costa, " Layered Double Hydroxides for £Qapture: Structure
Evolution and Regeneratibn Ind. Eng. Chem. Redl5, P. 7504
(2006) .

24.Z. Chang , D.G. Evansa, X. Duana, C. Vialc, J. GGbsd, V.
Prevotb, M. de Royb and C. Foranob , " SynthekiZn/Al-CQO;]
layered double hydroxides by a Co-preciptati method under
steady-state conditions" ,J. Solid state. Chet78, P. 2766 (2005) .

25.Z.P Xu, G.S.Stevenson, C.Q. Lu, P.F.Bartlett andsRy, "Stable

suspension of layered double hydroxide nanopesiah aqueous

solution™.J. Am. Chem. Sqd28, pp. 36-37 (2006).

26.F. Malherbe, J. P. Besse, "Investigating the &ffe¢ Guest-Host

Interactions on the Properties of Anion-Exchange -Allg

Hydrotalcites"J. Solid State Chenil55(2), pp.332-341(2000).

27.M. Zammarano, S. Bellayer,J.W. Gilman, M. Franceséh L.
Beyer, R. H. Harris and S. MerianiDelamination of organo-
modified layered double hydroxides in polyamide § elt
processing", polym47, pp.652-662(2006).

28 K.H. Goh, T.T. Lim and Z. Dong" Application of layered double
hydroxides for removal of oxyanions: A reviewWater Reseaech ,

42 , P 1343 (2008)

29.F.Cavani, , F. Trifiro and A. Vaccari.. " Bagooperties of Mg/Al
layered double hydroxides intercalated by carbgnaiglroxides,
chloride and sulfonate anions ", J. Inorg. Che3d, P. 883(1991).

30.S. Aisawa, Y.Ohnuma, K. Hirose, S. Takahashi, Hiahkara and
E. Narita , "Intercalation of nucleotides into layered double

hydroxides by ion-exchange reaction” , AppliddyCScience 28 ,
P. 137 (2005).

97



] ol Huad

31.K.H. Goh, T.T. Lim and Z. Dong" Application of layered double
hydroxides for removal of oxyanions: A reviéw Water Reseaech ,
42 , P . 1343 (2008)

32.P. Merced Layered double hydroxides and human health: An
overview " , Applied Clay Science, pp. 103- 12D0Q7).

33Y. Kuang and L. Zhao ¢« Morphologies , Preparations and
Applications  of Layered Double Hydroxide Micro-/
Nanostructures J. Mater.Res. , pp.5220-5235 (2010).

34.C. Bolognesi," Genotoxicity of pesticides a review of human
biomonitoring studiesMutation Researcltb43, pp. 251-272 (2003) .

35.J.J. Ramsden " What is Nanotechnology? " , Nahatdogy
Perceptions], P . 3 (2005) .

36.F. Torney , B. Trewyn, V. Lin, and K.Wang, “Mesapas Silica
Nano particles Deliver DNA and Chemicals into PsahtNature
Nanotechnology 2 , PP. 295 (2007) .

37.D. Rathjen, L. Read, P. Binks, and B. CornelINahotechnology ",
1sted ,Australian , P. 8 (2005) .

38.T. Hillie , M. Munasinghe , M. Hlope and Y. Deraagala , " Nano
technology Water and Development " , Journal tédtious Diseases,
187, P. 19, (2003)

39.R. Feynman "There plenty of room at the bottofRasadena 29
December (1959) .

40. il 5 dcliball p ddlaiall 3as gl A g " Sl L SRS " laxal) (a o
2010 543 276 (L sm -(3iad)

41. K. E. Drexler " Engines of Creation the comingaEof
Nanotechnology " Anchor Books ,(1986) .

42. Qb 132 sml) Gllall dnals ¢ " yos e jac g SIS " Calla (w6
2009

98



] ol Huad

43.N. Taniguchi " On the basic concept of Nanoteobgwl!". Proc. Int
Conf . Proc. Engng Tokyo , part Il, Jap. Soc. Bien Engng (1974)

A4, 2321 ib jaall Alle Alaa ol lae Jal (e il Lin SUSE 30y B o
2010 ', 374

45.L. Jia and Y. Zhao and X. Liang, Fast evoling naobhology and
relevant programs and entities in China, Nano Tp@aypp.6-11
(2011).

46.S.N. Pandey and B. K. Sinha, ( Plant PhysiologyUniversity of
Kanpur ,pp. 425-432, (1987).

A47.. bl & g paka ol & 5 Bsd ) g ablllae o g 0lall ne By
melall Eaaall g Il a 1all 5 )55 381 5al Ay 5 seanlle (Ll L sl a2 L)
1982 (252-248)s=

48.. 4c) ) 4 aladiuly | adl Gl JUS)) G a ey dme a g (A 0
. (2013 Aaala / a¥) LN &y S e (i) Anns)

49.B. M. Phillip and I. S. Samuel , " High-Temperat&hemical and
Microstructural Transformations of a Nanocompo€itganoceramic
", Chem. Mater.7, P. 454 (1995) .

50.V. Prevot, C. Forano and J. P. Besse, " Synshasséd Thermal and
Chemical Behaviors of Tartrate and Succinate latated Zn/Al and
Zn/Cr Layered Double Hydroxides " , Inorg. Chem 37,
P. 4293 (1998) .

51.M. Kaneyoshi and W. Jones, " Exchange of interdagrephthalate
anions from a Mg/Al layered double hydroxide: fotimoa of

99



] ol Huad

intermediate interstratified phases ", Chem. Rlegters ,296, P.
183 (1998) .

52.F. Millange, R. Walton and D. O'Hare , " Time-rlegd in situ
X-Ray diffraction study of the liquid-phase recaounstion of Mg/Al-
carbonate hydrotalcite-like compounds ", J. Mat€hem., 10,
P. 1713 (2000) .

53.E. L. Crepaldi, P. C. Pavan and J. B. Valim, " dkniexchange in
layered double hydroxides by surfactant salt Faonat J. Mater.
Chem.,10, P. 1337 (2000) .

54.J. Olanrewaju, B.L. Newalkar, C. Mancino and S. leoneni |,
"Simplified synthesis of nitrate form of layeredutble hydroxide ",
Mater. Letters 45, P. 307 (2000) .

55.S. Aisawa, S. Takahashi, W. Ogasawara, Y. Umetsil Ea Narita

Direct Intercalation of Amino Acids into Layere®ouble
Hydroxides by Co-precipitation " , J.Sol. Stat.e@h ,162, P. 52
(2001) .

56.M. Rafael , C. Herosian, M. J. Carrizosa, and h€' Inorganic
and Organic Clays as Carriers for Controlled Relead the
Herbicide Hexazinone" , J. Agric. Food Che®0, P. 2324 2002) .

57.Z. Chang , D.G. Evansa, X. Duana, C. Vialc, J. (blagad, V.
Prevotb, M. de Royb and C. Foranob , " Synthes[Zn/Al-CO3]
layered double hydroxides by a Co-preciptatimethod under
steady-state conditions"” ,J.Sol. Stat. Chedv.8, P. 2766 (2005) .

58.A. Legrouri, M. Lakraimi, A. Barroug, A. De Roy anHP. Besse
"Removal of the herbicide 2,4- dichlorophenoxyatefrom water to
zinc/aluminum—chloride layered double hydroxides" Water
Research 39, P. 3441 (2005) .

100



] ol Huad

59.S . Morandi, F. Prinetto, M. Di Martino, G. GhigttD. Lorret, D.
Tichit, C. Malag'u, B. Vendemiati and M.C. Carofta Synthesis
and characterisation of gas sensor materials aatarom Pt/Zn/Al
layered double hydroxides " , Sensors and ActaadiNB ,9339,P.
1 (2006).

60.L. P. Cardoso and J. B. Valim , " Study of addsbicides removal
by calcined Mg/AlI-CGQ-LDH" , J.Phys. Chem. Sol.67, P. 987
(2006) .

61.T. Kameda, M. Saito and Y. Umetsu " Preparationd an
Characterisation of Mg—Al Layered Double Hydroxidetercalated
with 2-Naphthalene Sulphonate and 2,6-Naphthaleiselfhonate,
Mater. Transactions4,7(3) , pp. 923 -930(2006) .

62.J. Plank, Z. Dai, P.R. Andres , Preparation andatdtarization of
new Ca—Al-polycarboxylate layered double hydroxide$iater.
Letters 60 ,pp.3614—-3617(2006).

63.Y. Tian, G.Wang, F, Li and D. G. Evans , "Synibesd thermo-
optical stability of o-methyl red-intercalated N#Hayered double
hydroxide material " Mater. Letterssl, P. 1662 (2007) .

64.S. H. Sarijo, M. Z. Bin Hussein, A. Hj Yahaya and Zainal |,
"Hybridization of chloro phenoxy herbicides withyered double
hydroxide for the formation of layered organic-iganic
encapsulated agrochemical nanocomposites" , 4d.Miat. 182 , P.
563 (2007) .

65.M. M. Mdajat, K. Yusoff and M. Z. Bin Hussein "Sfesis of
Glutamate/Zinc/Aluminium-LayeredDoubleHydroxide
Nanobiocomposites and Cell Viability Study" Cutr&l@anoscience ,
6, P. 391 (2008.

101



] ol Huad

66.J. Wang, Q. Liu, G. Zhang, Z. Li, P. Yang, X. Jing , M. Zhang,

T. Liu and Z. Jiang " Synthesis, sustained release properties of
magnetically functionalized organic—inorganic Mitst
Amoxicillin anions intercalated magnetic layeredubdle hydroxides
via calcined precursors at room temperature " Stdte Scie.l]l,
P.1597 (2009).

67.G. Guadalupe, J. E. Ferreira, W. H. Schreiner andMypych,
"Intercalation of an oxalatooxoniobate complexifdyered double
hydroxide and layered zinc hydroxide nitrate'J,Colloid and Interf.
Scie. ,330, P. 352 (2009) .

68.R. Roto, F. Nindiyasari and |. Tahir, Removal of
Hexacyanoferrate(ll) Using Zn-Al-Oac Hydrotalcits @an Anion
Exchanger , J.Phys. Scig(Q(2), pp.73—-84 (2009).

69.M.S. Gasser , " Inorganic layered double hydrexids ascorbic acid
(vitamin C) delivery system—Intercalation and theiontrolled
release properties”, Colloids and Surfaces B: riBgofaces 73,
pp.103—-109 (2009).

70.S.H. Sarijo M. Z. bin Hussein , A. H.j Yahaya and Z. Zulkarnain
" Synthesis of Phenoxy herbicides-Intercalateceitegly Double Hydroxide
Nanohybrids and Their Controlled Release Prop@ty'tent Nanoscience ,
7, P. 199 (2010) .

71.K. Klemkaite, I. Prosycevas, R. Taraskevicius, Ahinsky, A.
Kareiva, " Synthesis and characterization of leglerdouble
hydroxides with differen cations (Mg, Co, Ni, Allecomposition
and reformation of mixed metal oxides to layeradittres", cent.
Eur. J. Chem9(2) , pp. 275-282 (2011).

72.Y. Noory, " synthesis and characterization ofaigirid compounds
and kinetic controlled release study of 2,4- Dicbphenoxy acetate

and 4- chloro phenoxy acetate from Zinc/ Aluminuwayered double

102



] ol Huad

hydroxide by direct ion exchange method", MS.Gsitheollege of
science- University of Karbala (2011).

73.M.Adnan M., " Prepration and characterization of N nanohybrid
with folic acid and suggestion equation to evaluate diffusion of
the active agent”, MS.C thesis college of sciendmiversity of
Karbala (2012).

74.R. Rosa, C. Leonelli, " Microwave-assisted Me#taRtion Method
for the Intercalation of Carboxylic Acid Anions int.ayered Double
Hydroxides", J. Micro. Power Electromagn. Endr.(1), pp. 12-23
(2013).

75.C. Nyambo, P. Songtipya, E. Manias, M.Maria ,J.@asand C.
Wilkie , " Effect of MgAl-layered double hydroxide excdggd with
linear alkyl carboxylates on fire-retardancy of PMNnNd PS",

J. Mater. Chem18, pp. 4827-4838 (2008).

76.F. Leroux, M. Adachi-Pagano, M. Intissar, S. Chadve, C.
Forano* and J. Pierre Besse, " Delamination astacking of
layered double hydroxides ", J. Mater. Cheth,pp. 105-112(2001)

77.M. Ibrahim, A. Nada and D.L. Kamal, " Density fatianal theory
and FTIR Spectroscopic study of carboxyl grougdpA Phys, 43,
pp.911-917 (2005).

78.J. Cornejo, R. Celis, I.P avlovic, M.A.Ulibarri, &.C.

Hermosin, "Structural changes in phenol-interealatydrotalcite
caused by heating " , J. Mater. Chefs,, P .771 (2000).

79. I. F. Alexa, R.F. Popovici, M.Ignhat E. PopovicicaV.A.Voicu,
"Nano- toxic nanocomposite containing captoprikeioalated into
green inorganic carrier", Digest Journal of Nantmals and
Biostructures 6, pp.1091-1101 (2011).

103



] ol Huad

80.L. M. Ahmed, "Enhanced photocatalytic Active of OFfi
Nanoparticles by Metal Department”, ph . D thestdlege of
science- University of Babylon (2013).

104



Abstract

Soil Pollution by growth regulaters or other pollutants then poured in to
ground water is consider as the most important reasons that affects on
human health. To control this problem we synthesis nano hybrid
compounds through intercalation of (Indole butyric acid) inside
Zinc/Aluminum layers double hydroxide by using direct ion exchange
method. Then control the rate release of this anionic in to agueous
solution as carbonate, phosphate and sulphate for different concentration
by using direct ion exchange method . This layers have high ability to
anionic exchange prison this anionic among its layers then control rate

release in to specific liquids.

They had character this compounds by X-Ray powder diffraction used
Bragg law to measure the : (d) , Fourier Transform Infrared Spectroscopy
(FT-IR) and (SEM) there techenque were proved the nano hybrid

formation .

The results showed the release of nano hybrids to specific liquids in
diffierent concentration as well as diffierent acid functions by direct ion
exchange method. It was found to be contorted by parabolic diffusion at
the beginning of the process. On the other hand , the whole process is
followed by pseudo-second order rate expression according to Lagregrans

equation .

It has been studied the percentage of rate release for anionic

(IBA") from Zinc/Aluminum layers double hydroxide .

The results were asfollows :



__High percentage of releasein different liquid follows this arrangement :

Na,CO3> NagPO4 > NapSO4

_ High percentage of release in different concentration to the same liquid

follows this arrangement :
0.600 > 0.060 > 0.006

The effects clarified that the kinetic ion exchange for the number of
percentage release to anionic (IBA- ) from the layers of nano hybrid
compound that synthesis in precent ethanol is being faster than other
nano hybrid compound synthesis in precent watery if show nano hybrid
compound synthesis in watery parabolic diffuision from other nano
hybrid compound synthesis in ethanol and the release time highter nano
hybrid compound synthesis in watery is highter than nano hybrid
compound synthesis in ethanol .
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