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ABSTRACT

Synthesis of amine group—functionalized, water—dissolved

organoclay and its removal behavior with malachite green

By Eui Jin Kim
Advisor : Prof. Hyun Jae Shin, Ph.D.
Department of Chemical Engineering,

Graduate School of Chosun University

Malachite green (4-[(4-dimethylaminophenyl)-phenyl-methyl]-N N-
dimethyl-aniline, MG), aniline green, basic green 4) is known to a toxic
chemical widely used as a dye. Historically malachite green was determined as
health risk to humans who eat fish contaminated with that. In addition, the
United States Food and Drug Administration (FDA), detected MG in seafood
imported by China, has banned in 2006 year. As a result, the development for
removal techniques of MG is required. In this work, the potential feasibility of
organic nanoclay which has capability for long-term trapping of MG was

investlaated. Among  various organic clays, aminopropyl-functionalized

_Vi_



magnesium phyllosilicate (AMP) clay was selected due to higher solubility
(dispersity) in aqueous media. This organoclay, which was initially prepared as
a bulk precipitate by room temperature where hydrolysis/condensation of
3-aminopropyltriethoxysilane in ethanolic solution of MgClz, consists of stacked
sheets of a talc-like phyllosilicate with covalently attached aminopropyl groups
that extend into the intarlamellar spaces. Prepared AMP clay was confirmed by
X-ray diffraction. The operating variables through initial dye concentration,
AMP clay dosage, initial solution pH, and temperature with MG removal were
studied to equilibrium/kinetic and thermodynamic phenemina in this system.
Removal of MG showed that the process was cationic exchange mechanism
between magnesium ions and MG removal was strongly pH-dependent. The
maximum removal percentage was obtained from pH 5 to 10. The equilibrium
process was described by the Langmuir isotherm model. Maximum sorption
capacity by AMP clay was to be 22742 mg/g at pH 105 and room
temperature. The Kkinetics of MG sorption on AMP clay followed the
Lagergren’s pseudo—first-order model. The thermodynamics parameters of
activation of Gibbs free energy, enthalpy and entropy were evaluated according
to 20, 40, 60 °‘C. We found that AG, AH, and AS are 334.14 kJ/mol, 47.74
kJ/mol, and -0.97695 kJ/(K*mol) at 20 C 353.28 kJ/mol, 47.58 kJ/mol, and
-0.97621 kJ/(K * mol) at 40 C 373.40 kJ/mol, 47.41 k]J/mol, -0.97849 kJ/(K * mol)

at 60 T respectively.
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Table 1. Idealized structural formulas for some dioctaheadral and triotahedral 2:1

phyllosilicates

Mineral group Dioctahedral Trioctahedral

Pyrophyllitetalc  Pyrophyllite Talc
[A14(Sis)O20(OH)4 [Mgs](Sig)On(OH)4
Montmorillonite Hectorite
M myH2Ol[ Al xMg](Sis)O0(OH)1  M™ wnyH20[Mge-<Lix] (Sis)O0(OH,F)4

) Beidellite Saponite

Smectites " i " i
M /vy H2OL AL (Sis-x Al )O20(OH) 4 MY oy HaOlMge] (Sis-xAl)O20(OH )4
Nontronite
M 5y H20[Fed(Sis xAly) Oz OH)4

Micas Muscovite Phlogopite
Kol ALJ(SigAl)O2n(0OH) . Ko[Mgsl(SigAl)O2(OH),




Figure 1 (a) 9 smectite®) WEZ F+2E JERPPATE. SmectiteAE AE X2
5 Es] olslsly] Yl talcAlE S AHRY, taleT AHAEZ Ul tetrahedral site €}
octahedral site:> 7H7F Sit', Mg”'2 2% A4 slol A" oz FAo|th &
7} &2 9Fgl dipolar, van der waals$l® -2 wal it} o]o] HkE] mica AE % st
A&l muscovite® Si¥7} AIYZ tetrahedral site’} A3E o] glo] w¢ Ak 2
9l AslE WA "o} Aot &= Atolo] EASHE potassium o2l o3& F3H
U} Smectite®] k= F S talc9t mica®l Mst #el T3 AX=E Eldh
Smectite®] A3d} S Figure 1 (b) o Yyl #Ho =z AAstE SigOyp F
0.4-1.2¢ B9 #e vehd. o HAstes Fslksty] $18) Fatsl ®@ oo HE
FF Abo] gztoll EgtelA Hurh A AE oA iR S 55 Ad ol
(Ca®) & ¥getm glovt FF e F45Na)S E3Th Smectite ] D o A
7} &3 A2 montmorillonite™ octshedral site?] AP d¥7} Mg® 2 2 35

ool Lo] ¥F3sle] AstE wlA . HectoriteS] 79 octahedral site ¢ Mg”
grRo]l Li'z H3to] glo] AsE Wt} o]o] ul&] beidellite ¢+ sponite:
tetrahedral site®] Si*7b AP'® X850} 118}& vebWTh Octahedral sited] X%
H smectite EF 4tA A AA A W7t EXESIY tetrahedral siteo] X[ Ed
smectited £ A= thAa %E‘@QE LA gkt
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d-spacing
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e.g. In case of Montmorillonte

n+ g
Mo fn . 20[A’4.0"ngx}S's‘o)Ozo(OH )4

Isomorphous substitution of octahedral Al al by Mg =
In case of x=0, Al4(Si 30)O2(0OH),

4(+3) + 8(+4) + 20(-2) + 4(-1) = 0, No substitution

In case 0fx=l.5, [Alz_s Mg]s(SI 3‘0)020(0}“1)4
3.0(+3) + 1.0(+2) + 8(+4) + 20(-2) + 4(-1) =-1.0
Excess negative charge

Tetrahedral

®-Sie-Al

O -0orOH Positive charge deficiency : 0.4 ~ 1.2e per Sig0;

(b)

Figure 1. Scheme of clay structures : (a) Idealized structure of smectite clay

and (b) Isomorphous substitution of octahedral lattice.
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A28 Sol-gel method
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sol-gel method °l A]
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A3&8 Malachite green (MQG)

Basic green 4 R+ victoria geen B® &8 A+ malachite green(MG) 2] 24
< CuHxCINzolth HEAME He dAHo® 23 Jdugdd Ferth #2332
364911 g/mol ©|™ pH A2 pH 0.2 ¢ pH 115 o]t}
Malachite green® @42 W= slo| =S FA = Ao A tho]
ddl3 Seste] p, p-volotn|mEgtolHd W ¢S THEAL o|AE o
Aoz Atglste] #dAshA Hw MGZF ™ FF24L Figure 2 (a) 3 ZTh
Malachite green< B, 45, 7l 59 G e A&5He EFAdve 95
o] dFolm, xdFet dF AFF FAE ot 1930 F-H AREs2 Ta
] | B &3 AEFo| e Edde] B Vg E
v 2EAGAA ded)E BRddd w2l vsrelMe 19709 FERE - 37 o

= =
FAHoE BaF 490l BT AEEAL S gon, &

(J' =
-3 Eyolt} MAFEY R FEHn AU o gkl AAGE W] T2
% ol ALgE MG dAEo] FA19) Jenco MGLR 3
2 AW APL BAAY o FH% leuco MGE MGLE 4

5]
ghet = FAlsal Sl AAolth MG ol 27t =+ 69017 pH 4.0+ 100%

617 nm, 265 nmelA HNFFadE 7HAH, MGe] Al
A AZUe Fel 235t leuco MG HHl2 3o
YA G ol 28xHd FEste] AEY &FolA EAZ o= =49 §
g2 welA "ok A wde] §23 W chromatic MG2 82 38 1)
Hry, FFo] o]Fojx Heoli= carbinol based] FEZ WaHA = o Fejrt H
S ou AEHA mEA HAUIEA "Hoh AEe o] mdsiA HAE u
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leuco MG dHjz d&to] ww o FH7} =HA2 W F4LE v =, AlE
el &8k 7)F s oA A "t
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Figure 2. Chemical structure of malachite green, (a) chromatic MG, (b) carbinol

base and (c) leuco MG.
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A 3 A AH
A1d AsA=

Aol ALgT Ao

flo

A Junsei AHEZ) 9] malachite green (oxalate) 98.0% |,
magnesium chloride heaxhydrate 93.0, Sigma-Aldrich A€
3-aminopropyl-triethoxysilane 99% & J3dte] A3 AF&stA o, MG €2
33 FHFE o] &3le] 300 yM BE=Z A Fxsle] L3 (photolysis) WA E ¢35}
of o 3tol H#E 5 Zad wg} ofF 108] oA 1008) 245t AFE-SEA
=3

A2-d AMP clay ¢ A4

AMP clay 9] @42 &7 22 ¢AE AF FAsA0 0.84 g2 magnesium
chloride heaxhydrateE 20 go] @29 &34AZ ).

AA3) galdw gh9 1.3 mLe 3-aminopropyl-triethoxysilane (APTES)2- 3F
WA golFn kgl 5 G Fo] dAe] FHZo] FAEE et 244
ZF ke shTh annke] ik §908 3000 rpme] FEE 1083 94 R e

ThA] o ELef L8471 & IAEZHE 517

r\l

)

=5 Ao AMP clayg <

3 H#ZE Fste] AMP clayg €43}
&
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A34 &EAH

1. Ultraviolet visible (UV-Vis) spectrophotometry

200 nmell A 800 nm FY7FAE 1008 7sfe] 2
AlaeE AGAe AFE5EY 2™ malachite green®] 5 5=+ Beer-lambert
HAE o] gt GRSty oluf  AMES  EFEAST  (molar

1=

absorption coefficient) += 148900 M ' ¢cm* ©]th.

2. Elemental analyzer (EA)

CE InstrumentsAte] EA-1110242 2 o]&3lod AMP clay & 0.1 g/mL
2 A FZsle] FHEE FHOHEY)AIE 99.99% AbAaE ol&3ste] C, H, O,
Ne| steku] & glshs o

3. Inductively coupled plasma atomic emission

spectroscopy (ICP-AES)

AMP clay ¢+ MG %3 F HAdEd ¥exo] 9= Mg, Siel dHe
43171 918t AMP clay & 0.1 g/mL ¢ §== Ax3 F A6
Ao, 300 uM 9 MG 2 1L AZ3 ¥ AMP clay ¢ v=7F Z+7F
01 g/L, 04 g/L, 06 g/L, 08 g/L, 16 g/L, 24 g/L 7} H =& Yo &+
HOAARE gk & 1AE A At AT AH AHES HEste] 47
Mg, Si¢] %<&  Perkin-ElimerAte] 2330E @& o] &3lo] 43152

W Rf power: 12Kw, Torch height 15 mm from inductive coil,
coolant gas rate: 14 L/min, plasma gas rate: 1.2 L/min, carrier gas
rate: 1.0 L/min, purge gas rate: 3.5 L/min, optical system: double

grating in czerny-turner mounting U3 22 A 43}
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429

Si solid nuclear magnetic resonance (NMR)

242 12.0 kHz® magic angle spinning 2 Elol 4] Bruker science A}
9] Bruker AVANCE 400WB =48 Al-&3le] Sie] As& g2lssitt.

Ion chromatography (IC)

AMP clay © <Alste Clo] &8 43517 f1ste] AMP clay®] &
E=7F 01 g/mL & AX3E5 MetrohmAte] 761 compact ICE ©]-&35}o]
A A ol E3FEO] = Clo e A48t

Fourier transform infrared spectroscopy (FT-IR)

AMP clay ¢ MG3 AMP clay %3 IdE9 A% H3ES g8y
918kl AMP clay #23 300 uM o] MG & 1 L A1x% 5 AMP clay
08 g & A7l & FAd"E IHAES dAEHE ol 8ot s H
40Col A 24 AZF AFxste dojzxl B8 Therm Fisher ScientificAl€]
nicolet 6700 =18 o]-&3te] 500 cm ‘oA 4000 cm ' @ o] el A
FAlste] ZA s

Scanning electron microscope (SEM)

Hitachifke] S-4800 R d& o] &sle] 7h&S 10-18 kVel Al #asg
o B AFoAE 274 100 mm, 74 550 umel p-type(100) ©ZAH
A el el 200 nm SiO: Fo] F3d 71HE AHEsS T 7]
W x¥e friER Vg l"ﬁ:"’f%% AAsE7] $18A4 wet-station &
SPM cleaning (I:SOy4 : H-02 = 4 : )3} DHF cleaning (D.I. water :
HF = 10 : D AL 53 7]%’}8 A= % 5 AMP clay 01 g 2 1
mL & F/FFAA 2087 253 AFH7E o] &ste] $AF] ‘i}ﬂ/\]L
T A dolH fleA &riE AAT F HFsAh
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8. Transmission electron microscope (TEM)

JEOL Aol JEM-2100F =298 A&3te Algd E43519 0. 2
A& A7 100 mm, 74 550 um<?l p-type(100) @24 Al

SER)
Bk

of e 200 nm SiO: ZF°] 28 7|¥E& AMESTh 71 B
713 71e BE4ES AAS] 984 wet-station & SPM cleaning
(HoS04 : HoO2 = 4 @ 13} DHFE cleaning (DI water : HF = 10 : 1) Al
AeAde T8 7S AHeE H AMP clay 01 ¢ & 1 mL & <HFF

4 2087 28T AHIE ol gl 9dE WA F AT
o] oA fulE AAT H BISA

9. X-ray diffraction (XRD)

X'Pert PRO MPD, PANalytical, Netherlands & ©o|&3lo] =43}

W, ool FAxAL Cu-Ka : 40 kv, 30 mA, Scanspeed 2° / min, 20

1 20-90° Stk
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A 44 A3 2

A14 pHel °lg AA

MGl S48 dZefo] sttt dzelxzddM MG = Figure 3 9] (b) ¢ FH
2 A = oy FHlE AT 45 MG & 219 HAE 4 Ha H
TS g2 255 nm olth. olgk= R E A xdst = (a) o FEHE EX)
shH, olw) HuUFFE 42 617 nm ottt HUIFFE kel ¥MI= MG 9 d=d
o AAFZANA olFAFY EA Fol oA o] F
HAUFHE e FobAE A4S HAY MG & T7FF
oA kA s7E At skAw pH 7F 9712 ¥ekA HW MG & 974 @ HE
st HAFE = ghol WshA
AMP clay 7} A2 ©& F 7} e MG < H
Este] ekt
AA w7 Eol A pHel &3 F3FE w-§ Fastth & Aol FRAL 9=
o}o] pHol|l 2J3t gk golslr tel HCI# NaOHE o] &3t x7] pH#t&
WA A 242k e] pHE R AA S B G F2EE Sdskaitt. 1 23 pH 3914 4
o] AFHoAM = 40% ©]5tY] B AAEE BF o pH 594 117-4 9] < & of A
= 90-99% 9] =& AAES HAHFigure 6).
MG & o] &% AT F SUF ByrhFE o438 Hameed”o] d7o]4= pHY}

ol AW BIEAFE S BFS nGon, oA UF FNHRE o §F
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Figure 3. Chemical structure of malachite green (a) acidic form and (b) basic

form.
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Figure 4. UV-vis spectra of malachite green 3 uM in DI water at pH 10.02.
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Figure 5. Spectra of malachite green on each initial pH and after reaction of

malachite green with AMP clay.
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Figure 6. Effect of pH on equilibrium uptake of malachite green (3x10°M) by
AMP clay (0.01 mg/ml) at room temperature.
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SE2d 4 ) fstel /% WA MGH AMP clayshel w574

4 g5k th 30 M ¢ MGell 0.24 mg/ml ¢ AMP clay & HHgAIAH A
BE FREE 617 nm PPN Aol FYEE Fre| gor WINEL §
% =

Hro Frgo] 3o Beer-Lambert W22 o] &350, MG o 53453t
£ 148900 M 'em & AbgElh Ade] Ax MG # AMP clay9) wH-E A A7
< 120822 AT ¢ AAKFigure 7). £ AT WESAZHE UE FHAE
o] &3 Ao vl EH, T %HW}E%’, obatzt WRE7) A A gy
g o] 83 Hameed®] HFolAlE wbgEAAzIe] ZbZE 210%, 140%, 703,
80-170%- 22 Z4¥h & A9 o] &3 Mittal™e] AFolAM= 1505, 2o

2]2 o143 Zhang™o <TFAME 1808, Tgehts R YUge o4
Hamdaoui’”®] 7o A1+ 200%, chitosan bead® ©]-&3 Zehra Bekci’e] <17-9]
M= 3008 HEADL bentoniteE ©] €3 Emrah Bulut™e] ¢fo A= 60%-e
WA 7ol AQFET 2 AT A #1208 22 kg FAAED H
sste] w5 whe WMEFANGE A AL delag.

=
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Figure 7. Kinetic study of malachite green with AMP clay.
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Figure 8. Effect of adsorbent mass on the adsorption of MG by AMP clay.
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Table 2. Reported maximum adsorption capacities (mg/g) in the literature for

MG obtained on low-cost adsorbents

Adsorbent qe (mg/g) References
Activated carbon 509 45)
AMP clay 334.7 This study
Bentonite 178.6 43)
Bagasse {ly ash 170.3 46)
Jute fiber carbon 136.6 47)
Biomass of Pithophora sp. 117.6 48)
Activated carbon (waste apricot) 116.3 49)
Cyclodextrin-based adsorbent 91.9 50)
Activated slag 74.2 51)
Hen feathers 26.1 38)
Iron humate 19.2 52)
Arundo donax root carbon 8.69 39)
Sugar cane dust 4.88 53)
Activated charcol 0.180 54)
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Figure 9. Pseudo—first order Kkinetics of malachite green onto AMP clay for

different initial pH.
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C.

G~ (1/qmaxKL)+(az/qmax) (3)

= K.C" (4)
A71M g = FAAY SFAT F2HE ¥ (mg/g)e VS g¢n. g 9
HAdgt(mg/g), C. & FIFNA MG v% (mg/l), K, & FFAUA< add
Langmuird % oW, K, ¢ n & 247} S2A19 Faaa FH44=2 ow e
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Figure 10. Langmiur plots for adsorption of MG onto AMP clay.
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A44 h4 &4
AT FAG] wAle wE2R FEFE A7) $sted MGe 271%
=¥ 3 uM, AMP clay®l %+ 001 mg/mL = 3k, ¥H&2%E5 29315 K,
31315 K, 33315 K 2 WA AVPAA Azto] g FAEe Wals #edin
27t SUHETE HE FRYL SUtske Aew veuten, A (D A 4
ARk Lo ARslo] ZF NG mo A SR 2 P FAEE ALEs
(Figure 11).

g43 dyA (E,) ¥ Arrhenius 1#]3%

< vt o] kddT

2EYH & £ Ao Arrhenius 2

(7

Ink, = RT+1nA

ANk & FAFEAPEESEE AR (g/mol - min) 99| ElH, R & VAN

(83154 J/mol-K), T © A% (K), A £ Arrhenius™¥+E vt} Figure

11 o AXAe 7172 F3sl9 &4 A (E,) & 5019 k]/mol 91 Aoz x=

APE A TE SR RS A9 E ouloA] HEety] fiste] 2o HF AN
o] #AE Ve = van't Hoff 28 o] &38}9 ).

dinK/d(1/T)= — AH/R (8)
7y 2ol Abge K B 4 (®)°] "idste] 1/7T 9 Wale] ©& InK o W&
ZHEE A" A F2Eg-e] Qg WEE AHASE e, AG & 2 (9E
A -gsho] FstH T

AG=RTIhnK 9)
AG=AH—TAS (10)
A3} o g9 Zro] 5-40 k]/mol & B84 F2L 40-800 kJ/mol & 3}8HZ
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Figure 11. Plot of Ink versus 1/T for malachite green onto AMP clay.
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Table 3. Thermodynamic parameters for adsorption of MG on AMP clay

Ea AH AS AG
T (kJ/mol) (kJ/mol) (kJ/mol - K) (kJ/mol)
293.15 4774 -0.98 334.14
313.15 50.19 47.58 -0.98 353.28
333.15 47.41 -0.98 373.40
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A5A weEstolEnid el AA WAUS A

dHtA MR T FAAY HAEE Fold E AFY FFHTAHY WSS
82135} 7] $138led scanning electron microscopy (SEM), elemental analyzer (EA),
ion chromatography (IC), inductivly coupled plasma (ICP), fourier transform
infrared (FT-IR), x-ray diffraction (XRD)ZE o|&3to] ZAxaZ Folstgct. A
e B2 ot Figure 12 7 22 Eobs sttt MG AMP clay2te] &
2 o] w7 Ee] oS Fro g gt AdE U & drthFigure 13).

@ito] o] oA x| 3

T-ZA ol 2 Eo|7M A A ol®2 A HWA AMP clay® S TZ27F B E A At
(Figure 14). o] gto =z <Qlsle] 51 H AMP clay® 7% wo 4%

w3 Aeld 24EE MGH 932 o/ HEed WA ddee 34
| B

=

= u o] o] Fo]x|= FAlo|t}h o] sl d4L Figure 16 ¢ (¢)
o golst 4= it} XRD spectrumol A (a) AMP clay9 5960 -i%2] peak
AMP clay9 &A%< semctiteZ2E YEM= peako|t}. o] peako] (c
reaction productol Al A FH X ¢= Ao = AMP claye +%7F 53 EHe st

Jd=E AFste] B4 A3 g& Evi® AMP clayot MG3 A2 &3 ¥ o
AS G F UK Table 4). SEM-EDAX data™ AMP clay ®r¢] 9428
A% A7 2Z A magnesium® silicon®] $HEF H|E FQlsty] flste] FH A

EA, IC, ICP-AES datat™ AMP clayelt BFg-&E9] AU E o] &sle] o] w&3A
9] W7l ZE 3 AMP claye 73248 39517 ¢5ld =AsE. 1 A3 AMP
clay %42 [CIHN(CHz)als[SisMgiOs(SisClHi ]2 gelaltg o, AL 9]

a4 % b molxl Aem frlw MGl $A EAsk: Zlew A 5 9]
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o} &3k FT-IRS A3 E T3l AMP clay9] 2H&7]91 olvlo] ¥-g-Eo % EX)
k8- 3ols)ar, silicon® A#H peake] AAS E3dle] Figure 12 o w7l &S
gelsksl.

MG3} AMP clay®] o]2m 32 3<ldlr] sl MG HEZ 270 ppm & i1
gt 5 AMP clay®d] 558 S7H#A A5 A9 magnesium silicon®] 3H#-& g
ol thH(Figure 19). =1 A3} AAe] A& A A5 o] magnesiumd} silicon©]
AEH e, AMP clayd] Fo#o] 02 g oA 24 g 22 So49T5E HEYs
magnesium< 14.38 ppmell 4 1142 ppm2 =2 silicone 27.06 ppmol A 290.2 ppm<2
2 F7lekslth 08 g ol 3 FEHe Ae e HET AdEe] st H& S
o} AMP clay”’} ##o 2 ¥k2-3le] magnesium©] clay® T30 HolA ¥
HheEE3 4 Aol dojub: Adjolth PSi-NMR datacl A #H-&E] T ¢
| A W3ty ke gRlstaitt. o] A% W9 Sie FRe OH7| Wol
Ak 2E & 7 Sl tH(Figure 18).
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Step 1. Covalent bond Step 2. [onic bond

Figure 12. Scheme of cationic exchange of AMP clay with malachite green.
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(a) (b) (c) (d)

Figure 13. Optical images of AMP clay with malachite green (a) exfoliated
AMP clay in DI water. (b) malachite green in DI water. (c) mixture
of AMP clay and malachite green for 10 minutes, (d) mixture of

AMP clay and malachite green after 3 months.
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Figure 14. XRD patterns (a) AMP clay, (b) malachite green, (c) reaction

product with malachite green.
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Table 4. Result of AMP clay and reaction product on SEM-EDAX, EA, IC,
ICP-AES

SEM-EDAX

Elmt SpectType inten.Corrn. STD  Element 96 Sigma % Atomic %

Mg ED 1.195 155 17.07 0.12 21.18
Si ED 1.018 1.61 37.00 0.16 39.74
Cl ED 0.771 148 4593 0.18 39.08
Total 100.00 100.00
EA
No. C(%) H(%) N(%) S(94) 0(%)
AMP clay 13.3 5.6 6.7 N.D. 94
AMP clay+MG 78.1 7.5 3.0 N.D. 4.6
IC
Fe Mn /n Cu B Na Cl
No.

(ppm) (pm) (ppm) (ppm) (ppm)  (ppm) (ppm)
AMP clay 0.000 0.000 0.000 0.000 0.000 0.000 296.52

ICP-AES
. weight Ca Fe Mg Mn Si
0.
(g/mD)  (ppm) (ppm) (ppm) (ppm) (ppm)
AMP clay 0.0012 N.D. N.D. 2712 N.D. 5.953
AMP clay + MG 0.0010 N.D. N.D. 0.009 N.D. 0.233
DI water - N.D. N.D. N.D. N.D. N.D.

_45_



(a)

Transmittans(T%)
G5

4000 3000 2000 1000

Wavenumber(cm'1)

Figure 15. FT-IR spectra of (a) malachite green, (b) reaction product of AMP
clay and malachite green and (c) AMP clay.
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Figure 16. SEM image showing (a) powder AMP clay, (b) exfoliated in D.W.
sheets of AMP clay, (¢) exfoliated in EtOH sheets of AMP clay and
(d) mixture of AMP clay with malachite green.
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Figure 17. TEM image of reaction products between AMP clay and malachite

green.
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Figure 18. “Si-NMR data of malachite green and reaction products.
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