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Fibrous illite, critical point-dried from methanol, lllitic clay and zircon grain, Tar Springs Formation Mixture of fibrous and platy illite.
(Upper Mississippian, Chesterian Series), Illinois Basin Bone Spring formation, Permian Basin, USA

Rotliegend Sandstone, North Sea
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Fe-rich 'Muloorina lllite' from Muloorina, S. Australia




- YBI0[E(Illite)S] B2

®

H}

ﬂll)l

21 ™ Q| M
4~1,000um I}
HelMs 4Eo10] Ofxy
Lp b EItJE%I
3zt

XM e

o

o
ZHo|
S =
o

/C(;I

-




gefo/E(lllite) 5% & S5 -L£F X 2

Corents lnts avalabie ot Scie Dérot
Chemical

Chemical Engineering Journal Engineering
Journal

Jowrnal homepage: www.elsevier,com/locate/cal

Review

A review on the adsorption of heavy metals by clay minerals, with @ "
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ARSTRACT
Adserpuon has been proved 10 be the best pocess of Water Ereament decause of s Sgmilcant sdvas
tages. Clays and thele minetaly soe abundast snd (Seap material socoeufully uwd for decades a8 an
adsorbens $3¢ PemOVIng 100 heavy metals from agquesus solunons. Clays and their minerals, boc i

s et al v eaedfied Sorm. efSectively rersove various Beavy ssetalt from squeown selotion, a1 e
wevely discussed in thin review, Thas decadied review compdies thorough Mevat
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OMferent boxk aquatic metal poliutants. However, modification and furthes dev he systhesis
of trrerd Clay materials and Dheir appbcation to atuocd Blferent e L which would
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als ax an adhorbent, This review article prewenind s otline clasus

vereread pollut

endance polumon contmal. 1) =l serded
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aiedeying. Nineness of grain colour after fing. hardness. cohesion.
4 capacity of the surface tn take Secoration Clays are
drous aluminosilicates which composed of mixtwres of fine

ped clay mmerals, crystals of other saneraly, and metal codes
On the bass of wech qualities, clays are var
s wuch as smectites {mone
e, serpostine, (rophylkce (Lik
B was Grim, in 1962, who Nirst proposed
ssification of clay minerals, which lead £ the basis for out
lining the nemenclature and the differences Between various clay
minerals Accoeding to Grim, important groups of clay mises
al aoe Raoknite, moctmoniioniie, and iISte. Alment, 2 clays com
poned of one o¢ meer members of these there grougn | 50
shows Geim's clavification and lateice st of clay mineral

Clays and clay minerals hive sl particle sire a0d (omplex
potoss structure with high specsic surface area. which allows
stroag physical, chemical interachions with dissolved species.
These interactions are @oe 10 the electrostatk repulsion, orys
tallinity, and adsorption or specific cation exchange reactions.
The ly porouns werface area that possesses astractive foroe vug-
gesty that the Bosding power will aluo be high [ 30)

Chisa clay, 2 peimary, atciest, and perest clry, used fiest by (he
Chinese. Its muin component is kaolwite, however, in addition it i
a micxture of different minerals which frequently COMains quare.

mica, fekdspar, e, and mOntmoe
CLAY MINLEALS
(e :
Bradiee. | v
1) Bogubes mined-Aeyer
s
T o prer
e b Os 4 ilay o (€

£ 308 (20171 4042 “

nite composed. mainly, of hydroes magnesium-cal
alu silkcate called montmoriBionie, wh
f the 1 e proup. It ty co S
posed of very fine particies, which produced by B situ devitrifica
of velcanic ash

The term M

maoritien:

4 used both for a group of eelated clay
rriserals and for 3 spec greup Senectite is
the mineral aame given o this groep of Na. Ca, Mz, Fe, and LiAl
Kates. The mineral names in the smectie grosp which are most
commenly are Na-momtmeniioaite. Ca-mantmonikaite,
saponie {MgL pete (Fel and hectorite (U
thite. together wich chionge, Is the muin component of common
clay and s persenit 33 an impurity i Enestons Bt group
includes hydrous micas, phengite, Sramesiite, celadenite, snd
tlavconite (a green clay sand), which is Sormed bry the decon
tiom of some micas and feldipars
Bal clay, & fioe-grained and highly plastic sedimentaey clay,
conststs malnly of kaolnite, mica, and quarte with small amounts
of organkc matter and other minerals. This type of clay has the
mercially valwes and wh near white firing characteristics
Compured with pramary ching clay, the Ball clay contaim
fably Ngh propoction of extroesely fine particies. full clyy
weve the coarsest, with 20-30% finer than 0.2 pm aad 45-607 feer
than 1 pum
shows the ehemical componinion of various types of nat
urak clay ménerals 01} Resulis showed that they are mainly
constituted of Aluming and slica in Maje quactities. 41om, calcium
magnesiem oxde, and ocher elemenss in minor quantities. The loss
rition values indicated that clay has lower carbonacoous mat
tre and igher méneral mattey contents | 100 Ressits clearly con-
firmed that clay aad clay minerals Bave the seperd pote
used a5 e effective adsorbent in reducing the concentrations of
various Contaminants. especially heavy metals. is water and
Wastewates treatment decame they are richly componed of sikca
aluming, iron, cakium. and magnesim oxides

i member ¢

rema

il to be

3. Strecture of cayy

The structure, crystal chemistry, ssineradogy, and serface chem

y of clays are resporsible foe thek imponast rele in nateeal
environments. and their wieful esvisoamental and indestrial
catons. The prooeering work of Ress, in 1927 |102) Hes

geicks and Fry, in 1930 and Pavd

stroduced the crystalinity the
trectures of clay msinerals, The majo of the clay msineraly,
mainly componed of Liyers contaiming ailica and aluming sheets,
which beleng (0 the class of Layer silicates or phytositicates group.
These groups can be subdivided acceeding to the type of um
strecture. Clays consist of 2 imerc
tined with a second sheet ke grouping of metallic a1oms, cxygen,

and tydroxyl The basic structure units are divaded into silica
shoets and brucite or gitbsie sheets | 1081095 The 111 clay
miseral type consises of one tetrahedral hevt () ) and one

cctahedeal shoet T30

Octabedrons comiat two planes of hydroxyl wns Between
which ies 2 plane of magsesium or alsmisum i, which is typ
ially cosrdinared by hydreny! shoets octahed
Groms are alo arranged in 4 hexagosal partem which called
hedeal shoets

The 2:1 (three layer) Liyer Lattice slicates consnt of twe silica
tetrabedral shoets betwoen which |s an actabedeal sheet, The 2:1
clay minerals inckade the mica and smectite groups, which Jre
the mout abusdant among the clay mineraly, The verpentine sad
mica group is ssbdivided on the basis of Soctabedral and triocts
hedeal type
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Key Phrase

Clays and clay minerals have small particle
size and complex

porous structure with high specific surface
area, which allows

strong physical, chemical interactions with
dissolved species.

These interactions are due to the
electrostatic repulsion, crystallinity,
and adsorption or specific cation exchange
eactions.

Chemical Engineering Journal
308 (2017) 438-462




220/ E(lllite), TF= &

O

Large dissolved
organic molecules

s =42 29 2l

Small dissolved
organic molecules

™ A5
= . X
: A ' %
Micro Pore

Meso Pore

2tst™ Binding

Cation and Organic paring

g2y =3

Capillaryg21t0f| (2 7|5 L} S%t

0| 2(lon) Exchanging

ol hydrogen bonding U0 = wetsH g X2t



o/3f0[ E (Illite) 8] Z2[-3}8IE Z A

4 N

Anionic Clay + + Cationic Metal

Negatively charged

Positively charged

- )

Electrostatic Interaction(Physi-sorption)
8714 2o oot 22| 2

Chemical Interaction_Covalent bond

(Chemi-sorption)

SRLYS 53 sty AT

-




- 22f0/E(lllite)S] 202 @ EHCation Exchange Process)

STEP. 1

ZtZto] 0|2(lon)EL B E YU2to| ELt Z#2 HEE S (Clay Mineral)
HH7|M0j|LX| (Electrostatic Energy) O & 2

£ 717

= a




2/2f0[ E (lllite)S] 2FO/=2 il 2F(Cation Exchange Process)

STEP. 2

+| CHARGE

AOOTHAR ROOTHATR

ojuf, o] 2ugr2 MEZSLHOM SFIA7|2] X7l &= X2 “Qo|2u 2 (Cation Exchange)Z| LO{'H

oxygen

oxygen

Isomorphic Substitution

by oxygen
oxygen 0 oxygen YE

oxygen
oxygen

&3& X|2H(Isomorphic Substitution) : M E&&(Clay Mineral)2| ZHT X B3} ¢l0| A 27|9| |Xt7t X|gtg|= w14t



&/2f0/ E (lllite)S] Physical Property

Sorption of Heavy Metals on Clay Minerals and Oxides: A Review
DOI: hitp://dx.doi.org/10.5772 /intechopen.80989

illite, kaolinite and Kaolin, and has the higher affinity for cd relative to other metals
[68]. The sorption was at the maximum at pH 6 and 100% adsorption of 50 mg/L
Cd. The sorption rate follows pseudo-first-order kinetics whereas the Langmuir
model is used to describe the isotherm model [68]. Similarly, Pb(II), Cd(II), Ni(II)
and Cu(II) sorption on kaolinitic clay from Longyan, China, show maximum
sorption in 30 min and reduction of Pb concentration from 160.00 to 8.00 mg/L
[69]. Another study found that adsorption of Cd(II), Co(II), Cu(II), Pb(II) and
Ni(II) onto Acid treated kaolinite have great potential for removal these metals
from aqueous solution compared to untreated kaolinite [70]. However, the use of
natural and modified kaolinite clays for the removal of Cr(VI) for contaminated
water is pH dependent and the adsorption increases from pH 1-2 at equilibration
time of 240 min [71].

3.3 lllite

The adsorption of Caesium on clay made up of predominately of illite in the
presence of small amount of organic matter and Fe-Oxide indicate that presence of
organic matter play significant role for Cs uptake. The adsorption is described by
Freundlich [48]. Maximum sorption of Caesium on to clay soil occurs at pH 8 and
ambient temperature [72]. Comparative study of Cs sorption on illite, montmoril-
lonite and kaolinite show that Cs is most reactive and has strong affinity for illite
Edited by Serpil Edebali compared to other clay [73]. The sorption data was successfully modelled with 1-pK

Diffuse layer model [73]. In another study, thallium is found to associate with illite
in natural environment and sorption studies reveal that TI(I) sorbs more onto illite
than smectite [74]. The affinity for TI follows this sequence: MnO, > illite > smectite
= ferrihydrite > = ALO; = goethite > SiO,. However, in presence of Rb, Cs, Ti
adsorption to illite is less [74].

Advanced Sorption Process

Applications

3.4 Bentonite

Removal of silver and copper in a binary solution containing the two ions with
Verde-lodo bentonite reveals that the adsorbent has high adsorption affinity for
copper than silver [75]. Cu adsorption on Verde-lodo bentonite is more at an
elevated temperature and attained adsorption capacity of 0.110 mmol/g at 60°C,
whereas silver attained 0.090 mmol/g at 20°C [75]. In another study, adsorption of
indium on chitosan-coated bentonite is best described by Langmuir isotherm
whereas the adsorption kinetics fits the pseudo second order [76]. Thorium (IV)
sorption onto activated bentonite depends on temperature, pH, ionic strength, and
type of anion and the adsorption kinetics can be described by pseudo-second-order
model [77]. The activated bentonite is effective for removal of thorium (IV) and
associates with it via surface complexation [77]. In the another study, bentonite was
effectively used to remove thorium (IV) at pH 3, equilibration time of 18 h and 25°C
= and adsorption was fitted to Freundlich, Langmuir and Dubinin-Radushkevich
Adva nce d S 0 r tlo n Pro CeS S isotherm models. Desorption experiment shows that thorium (IV) is best recovered

p with 1.0 M HNO; [49]. However, the use of bentonite for sorption of heavy metals
has some negative effect. This is because increase in concentration of heavy metals
such as zinc, lead and copper results to decrease in liquid limit, swelling potential,

Applicatiorls swelling pressure and free swelling of bentonite but increases its hydraulic conduc-

tivity due to sorption of heavy metal in the double layer structure [78].

3.5 Natural clay

Edited by Serp il Edebali Competitive adsorption and desorption cadmium, chromium, copper, lead and

zinc on natural clay show difference in the optimum maximum pH of adsorption

9

Chemistry, Published 2019, DOI:10.5772/intechopen.80989
Sorption of Heavy Metals on Clay Minerals and Oxides: A Review
Ifeoma Mary Ugwu, Onyedikachi Anthony Igbokwe
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Comparative study of Cs
sorption on illite,
montmorillonite

and kaolinite show that Cs is

most reactive and has strong
affinity for illite

compared to other clay

Chemistry, Published 2019,
DOI:10.5772/intechopen.80989




&/2f0/ E (lllite)S] Physical Property

154 2180 BaASAWA £XI0 BB SHAALY o3 T
sBANSY THAK Y

Table 5. Deodorization of functional PP film
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(ppm) 3% 5% 7% 10% 3% 5% 7% 10%
grargelq g g Achel, ‘23 ik, “Univensity of Califoria, Davis 0 200 151 151 149 147 149 147 146 144
30 176 141 140 137 137 139 137 136 135
Environment Corresponding Package by Quantitative Mixing System 60 169 125 124 122 a2 124 122 121 120
with Functional Inorganic Material and Polyolefin Resin 120 145 us 7 us 115 17 115 14 14

A% & Ao, %ol oM st o o4 F ¥ MB A& AR = A YolEY Q=
7hetd && ¢ 4 Aok £ 1,500meshe) et of Atglo] ghgro] 10%ol4 ZisW YgtolE
et PPYE B 4o] 325meshe) e} A §4 ol WE¥AHel e

Hisam Kim, Hyunju Lim' and Youngmi Park’

Knit Design, Korea Textile & Fashion Polytechnic college, 971-1 Galsandong. Dalsegu, Daegu, 704-901, Korea

1o _ £ AL ¢ 4 9o A2 3 she] <l2}o] E 7| ¥
'Advanced Organic Materials Science and Engincering, Kyungpook National University 1370 Sankywhdong, Bukgw, Docgu, 702-701, Korea ?_”"v-} 'lﬂ S tll #& 2 © Al Lﬂ "‘)'0: ” m'}‘f\h to t l, t ,HV =
“Division of Texiles and Clothing, University of California ar Davis, Davis. CA 95616 USA a2y SHA}E 70-98%9 £ vAE AE ¢ .Z_Snmh golE7t e BFE
% 9. QepolEf Pt Belojag o $4%E & 4 Ao, ‘%““’l A
(Received: July 24, 2008/Revised: November 13, 2008/Accepted: December 5, 2008) (PET) "J\,—l l, xm? v 2 Huge i ,.:g o] FAE|E= AL A% 4 AUt 7%}
Abstract- Akxdmhhnhmmkmulknwldmkm&\\iop(mngpncbg\whammmdmm(o T0%014 ANE A& 4 AU, PP EL 10%9] YetolEst $HE HES B4 o H
improve food safety. In this study, @ new method, experimental device and technology for envi ponding pockages of gHAol 20% FE2A 2oy HRAYA xg¢ A E Aok UW ARl FEpAAE 1,500

polypropylene (PP) film has been developad 1o provide effective temperature buffering during the transpor/flong-tem storage of A% bW 9ok o|i: PETS PPO) a7z mesh YetolE7F 7% 74 € PPY Az
grains or foodstuffs from the supplier to the market. ‘This quantitatively optimized mixing system emabled to produce PP films with o} Hula jolof 7]Ql8 Holgt AlnET. &, st 2ol Mg REAQY Aoz yolv, EF W
the 700~1,400d (width;1.53am, thickness0.01-0.5a). In the whole mixing systems, the finely-granulated inorganic illite and PP dRyote] AP RS + At 7 @ Lok ofuet Wat A AL o M/B Ao Ke Ph rase
virgin chip for master batch (M/B) chip was calculated by digital measurement methods, and then the M/B chip for PP film was 1 o)Solx 7AW PP |3 PET7 o 1,500mesh?] AztolEH 1-7% WS Yol A7} y

Mplod ough 2 a0 Je sl 1T kg oo The proaesd T2 P s cmonond it £l el s Sl B GUBE Ao, 18R AIAE A gol G TABAD P AAWES VE F U
infrared radiation (FIR) emissivity, activity and d properties. The results revealed that the (wo differendy vm.’vl RSB g Ao A0 An¥t
grain-sized illte could he show homogencoudy dispersed cn PP clip surfce, and as the increasing of illite content, the FIR e0ad 9 Y34 AdfelAe} oA et %
emissivity and the anion emission rate of film was increasingly improved. In both of 325 and 1,500 msh-sized illte contained PP F& dtolEst EotE PP HEol o @ Y 2] 2 4 1 ooo OI O_I I-lgl L-l Hi2x= © OF
chip, of course the antimicrobial activity was good. But the ultimate deodorization rate for ammonia gas of PP film were found to AL AFYoEH BAHE FUW ATRE AL - ~1, ”m— == - o=
be approximately the same. £ A%dd. ol# A= MEBAAA oju] AAR o] =g Ahoa9lE (4100244685 )9 B (e]] o
Keywords: pohpropylene film, illite, functional inorganic material, master batch chip, quantitative mixing system uheh ol dolE gAe sgdd ¥, Ad « ST AUE ol Y AFY. (KRF- xH L} J_l} Egl MHE Ter,
g3 Aed s A Y Ao Augc 2007-357-C00128) Al LH—T'—7I x_l _hI- =] OI x_l A O] §I_A
1. 2 ALY, B34 Fol Holy v, ¥A72 Y 478 B Hned =-llo -] xIEE_A *—r L=
chge] ozl e A4l Rof, AEHO05% Y AES ZPAE ALe) A PP Yol 5. Nata et al, Gazz. Chi 5 H I' =
”:”Ti ’@@ii;ﬁlﬂﬂl‘-z‘:--‘r—ﬁ%‘—j Zl;%f’.%jf lz U}‘ A4 40| "”o’bl-ﬂlﬁh"t i2ko] $7hl etolEf EYE HAAM 712 Bt v " '(,].95.7::“ e sl e L
d Ao ol2iA B/ B 3 SFAE 2LURES A4y 229 FAL W) YA AR AzPPE A 4 Ak AAE ok 2. Y. S. Jeong, Polypropylene, Polymer, 4(4), 337-
oM ¥4 PASD AHE 9 BS FHNI s A AYHel BolAe, 249 HFLE solon, Azy PP UHY BAL Hredch 343(1980)
7l A8 gt Y AR, FFE ERAL & g 5 59 ©@Ao ‘21°1 RN oF ¢ & UHYY R Fol Wi, #H gEgol 9 ¥ 3. D. W. Lim, S. R. Yun, K. W. Kim and J. S.
FHch wd AdAoz APF $¢ FAE Agoze $8o oo Y. 4, B34 F AE 9 JEFY xR 87 Ma, KR Pat. 0003672(1996).
3% & s AR nFF WY Yoz webA uelEojut gqoﬁ;\gﬂﬂg} zo] 95g e $4% 27 A4 % AN AHSE Y 4.S. J. Choi, KR Pat. 0005951(2002).
54 EzzudArer)y Eduds ze 02 JfuEl gal, Hojy EuA 7AY 7t E7F vf$ WS AAW F At YepolE 5. M. Yani, M. Hiral and M. Shoda, Ammonia
¥ ol g3t ol °l‘ AU = 9 yoggol aFsEE EAL QEARIA 32 A% # it 7154 PP WEL U0l E9} virgin PP Gas Removal Characteristics Using  Biofilter

.Jﬂ AZHoE ZFYUsA EUY + e H2& with Activated Carbon Fiber as a Packing
A2g9 24y olRjZAE, &, o] A& Material, Environ. Technol., 19, 709-715(1998).
ste] J=7b ohE 325mesh®} 1,500mesh 6. D. J. Lee. A Study on the Geological Occurrence,
Aeto|EQ} zine s‘man]» wax$ YY) RS the Mineralogical and Physico - Chemical
sto] PP U FI 50% 2 E7F U 22 Properties of the Yucheon Sericite Ore in

2 7ldi€d. 2 F PP REAFH 17 gof gk FYofMi 1980 e PP&AY o
’aw A% 242A, 43 °‘*‘€M ARt WA, go] F7bslol, o & AARA A4 Bl

o

Corresponding author. Tel.: +82-53.754-7298; Fax.: +82:53-752-7584; e-mail: ymp9397@yonsei.ac.kr

J. of the Korean Soc. of Dyers
and Finishers, Vol. 21, No. 1

J. of the Korean Soc. of Dyers and Finishers, Vol. 21, No. 11 1|




2/2}0/ E (Illite) 2/ Physical Property ztolze) 7]

Contents lists avadable ot ScienceDirect =

3 in the frayed
esented here confirmed
callapsed frayed edges and offer
e0 after short contact

n ex.

Applied Clay Science

Lanarion §

sibility of Cs abseeption,

, consistent with de Kondng and Comans (2004
Journal homepage: www.elsevier.com/locate/clay ——

Research paper
Caesium incorporation and retention in illite interlayers @ sk

e of Cs to expanded Ca-interbayers
o unders zand the long term fate of Cs in the collapsed
1. Cs absorpeion can take over a year to reach equilib
1991 ans and Mockley, 1990
ot et al, 1999) so it was crucial to study the
ion aver this timescale. Fig. 2 peesents High
Je Annular Dark ¥ HAADF) STEM micrographs of illite viewed
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LA oxt uniform thickness, the intensity of the MAADF imuge is
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Wl (Fig. 24) EDX analysis
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The mobibty of Cs in temperate seds iy
Trayed edges of Mite mterlayers. N
ower both the sheet and Jong term

Layer spaces that varied in isensity
2b.and ¢}, In these samples a number of the

oven

ot imvestigates the adsorptica of Cs to @ite at the molocd

< 0 ehextre oy [TEM) Images shawed that atter initial tion &3t the frayed edges. Cs aterlayers we ¥ than the 2:1 layers {Fig. 20}, Additionally
e = migrated Ino the (13te mterlayer decoming incorpotated within the maseval senucrure. Caesiums initially ex soeme of the illite u\\ allzes a single Interlayer was partially beighter
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ELIMINATION OF ORGANIC POLLUTANTS
FROM URBAN WASTEWATER BY ILLITE-
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ABSTRACT

The main purpose of the peosent stody s the identification of the
physicochemsical characieristics of local clay from 2 southeast peovince of
Algeria (El Oucd) and sts use in wastowater treatment foe the removal of oeganic
pollutants, Obtained granules were characterized different physico<bemical
methods. Noray diffraction shows o magonity composition of illite, modermely of

kaolinite and minonty of quartz. FTIR showed ¢ prosence of all e

eristics peaks of the studied clay. BET method re

s a specific
aboet 110 m¥/g. SEM shows imegular shapes with mgped edges. The value of
CEC is about 20416 mmel 100g. The agitation spocd ¢

h2Sapm, contact time

130min, pH of £.5, and clay mass of 2g and operatory temperature of 30°C were

fixed as the optimal conditions of the wastewaler tre:

Ihese optamal
mation results by reducing COD, BODS, and SS
with removal rates of $6%, 71,86%, and $2.17% respectnvely

KEYWORDS: Clay, Wastewater, Organic polhants, Al

coaditions showed a good ¢

1. Introduction

Clay is used as a rock term and as a particle-size term in the
mechanical analysis of sedimentary rocks, soils, ete. As a rock
term, it is difficult to define precisely, because of the wide variety
of materials that have been called clays. Clay refers to a naturally

occurring matenal composed primarily of finc-grained minerals.

o
I'he minerals found in clay are generally silicates less than 2
microns in size (Fukushi et al, 2014; Markov et al, 2005;
Erdemoglu et al., 2004),

The interest given in recent years 10 the study of clays by
numerous laboratories throughout the world is justified by their
abundance in nature, their low cost, and the presence of electrical
charges on their surfaces and, above all, the exchangeability of the
interfoliar cations. All these properties make clay a material of
exceptional quality (Touhtouh et al,, 2014), Several previous works
(Ayu et al, 2017; Mervette & Fatma, 2016; Khan, 2017;
Mohammad Kashif Uddin, 2017; Mazloom: & Jalah, 2017;
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Figure 5 Varation of removal rates of COD, BODS and SS
depending on temperature

4, CONCLUSION

Clays have been utilized as an adsorbent and as an ion-exchange
material for the removal of jons and organics due to their low cost,
natural abundance, high adsorption capacity, and ion-exchangeable
property.

The Granulometric analysis study showed that the soil contains

42% clay mincrals; the latter contains mostly illite, some kaolinite
and a bit of quartz, and has a specific surface arca 110.786 m*/g
and has also a cation exchange capacity of 20.416 mEqg/100g.

These propertics enable the clay to be used for the removal of

organic pollutants in significant amounts of urban wastewater. For
that rexson it was sought to find the optimal conditions for the
removal of organic pollutants to obtain water that has standards
that make it suitable for agricultural and industrial use.

By studying the factors affecting adsorption (speed of stirring,

contact time, pH, clay mass and temperature) it is possible to select

optimal conditions for reducing organic pollutants by adding a
concentration of 3.33 gL with an acidity of around 8.5, The
operation is carried out at 30 °C near normal temperature and 625
rpm for 150 minutes.
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The experimental results
revealed that the rate of
adsorption of organic
compounds
increased gradually with the
increase for clay used.
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Effective Removal of Lead Ions from Aqueous Solution
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Abstract: Illite-smectite clay is a new mixed mineral of illite and montmorillonite. The ability
of nano illite/smectite clay to remove Pb(ll) from slightly polluted aqueous solutions has been
investigated. The effects of pH, contact time, initial concentration of Pb(II), nano illite/smectite
clay dosage, and temperature on the adsorption process were studied. The nano illite/smectite clay
was characterized by X-Ray Diffraction (XRD), Fourier transform infrared spectrometry (FTIR), and
Scanning electron microscopy (SEM). The results showed that Pb(Il) was adsorbed efficiently by
nano illite/smectite clay in aqueous solution. The pseudo-second-order kinetic model best described
the kinetic of the adsorption, and the adsorption capacity of nano illite/smectite (I-Sy,) clay was
found to be 256.41 ug-g "~ for Pb(ll). The adsorption patterns followed the Langmuir isotherm model.
Thermodynamic parameters, including the Gibbs free energy (AG), enthalpy (AH), and entropy (AS)
changes, indicated that the present adsorption process was feasible, spontaneous, and endothermic
in the temperature range of 298-333 K.

Keywords: Pb(ll); nano illite /smectite clay; adsorption kinetics; adsorption thermodynamic

1. Introduction

Water is a source of life. In recent years, a large number of studies have indicated that the water,
especially of rivers, in urban areas has been seriously contaminated by heavy metals [1-3]. Because
heavy metals are not readily degradable in nature and accumulate in animals as well as human bodies,
people who drink water or eat food containing heavy metals for a long time are susceptible to disease.
Therefore, heavy metal contamination in the water environment has attracted great concern owing to
its environmental toxicity and persistence.

Lead is a widely distributed and accumulative pollutant, and is the third-most common toxic
element in the heavy metal toxicity list. It is also one of the 10 chemicals that the World Health
Organization (WHO) has set out as a cause for significant public health concerns. Once the lead in
the environment through various ways enters the human body and accumulates, the nerve, digestive,
immune, and reproductive systems will be compromised and the health of human beings will
be threatened, especially that of children [4,5]. The permissible limit for lead in potable water is
0.01 mg:L " [6]. The removal of Pb(Il) has become a great concern globally due to these toxic effects of
Pb(IT) on living beings. In the past few years, various techniques have been used, such as chemical

Water 2018, 10, 210; doi10.3390/w 10020210 wiww.mdpi.com/journal /water
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Figure 1. XRD spectra (A) and FT-IR spectrum (B) of nano 1-Sy,

SEM analysis is another important tool used in the determination of the surface morphology of
an adsorbent. In this stud

M was used to probe the change in morphological features of nano I-Sp,
and Pb-adsorbed nano I-S,, (Figure 2).

Figure 2. (A) SEM micrograph of nano I-Sq, (before adsorption); (B) after Ph(ll) adsorption.
3.2, Effect of Adsorption Conditions

3.2.1. Effect of pH

The effect of pH on Pb(1l) removal rate
It was observed that the levels of adsorption e

iency of Pb(Il) increased significantly with increasing
pH. The removal rate of Pb(IT) on nano I-S;, was only 41.25 % at pH 2.0. In addition, the removal
rate of Pb(Il) tended to equilibrate at pH 4.0. When the solution had a pH > 6.0, the solution of Pb(II)
gradually formed Pb(OH); precipitate, and the solution system became relatively complex.

s investigated at 298 K for 60 min as shown in Figure 3A.

U2to|E9| H(Pb) E%

Key Phrase

adsorption mechanism was
predominant for the
adsorption of Pb(ll) on
nano I-Sm. The saturated
adsorption capacity of Pb(ll)
on nano I-Sm in the aqueous
solution was 256.41 ug/g

Water 2018, 10, 210;
doi:10.3390/w10020210
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Exploring the Sorption Mechanism
of Ni(ll) on lllite: Batch Sorption,
Modelling, EXAFS and Extraction
Investigations

Xiaolan Zhao'*, Shirong Qiang’, Hanyu Wu', Yunbo Yang™*, Dadong Shao’, Linchuan Fang®,
Jianjun Liang', Ping Li* & Qiaohui Fan®

'N ,"‘- h A mick at the il interface was i ing batch,
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rmmmmmn NI} sorption on illite was strongly dependent on pH, contact time, temperature,
and initial Ni(D At a low ieatial NiK the ion vge species of =X N

and the inner-sphere complexes including =S'ONi*, =S"ONi* and =S"ONIOH® spacies are obumd
on the sorption edges of Nill) on ilite, As the initial NiIl) concentration increased to 1.7 x 10 "moliL,
precipitates including surface induced precipitation of s:NKOM), and amorphous Ni(OM), became more
significant, especially under neutral to alkali jons. EXAFS analysis that Ni-Al layered
doubile hydroxide (LDH) can gradually form with an increase in the contact time. At pH 7.0, o -Ni(OH),
was produced in the initial stage and then transformed 1o the more stable form of Ni-Al LDH with
increasing contact time becavse of the increased Al dissolution, With an increase in temperatures,
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Figure 3. Sorption and modeliag of Ni(I1) oo illite as 2 fanction of pH a1 dilerent initial Ni(l1)
trations. (a) Sorption edges on illite at different initial NMI) concentrations, (b) Sorption moded at

« 1.7 % 10" "mal'L. () Sorpe wodel at C,, o= 1.7 % 10 ' molL. (d- ) Soeption model of cases
1.2.4nd Jar G, 171 SL o 20E/L, 1= 0,01 M N3CIO,, All samples were tightly capped in
contrifuge tubes and shaken for §

EXAFS spectra in this stady. were formed ansd were possibly dominant for Nilll) reten
PH rang ", Figure 3{ shows that five disferent species were necessar
on e at Gy = 1.7 10" molL. Below pH &5, the
the sorption were ~ 3% and 0%, respectively. In the pH ras
and the 15Cs of =S"ONIOH" were respoesible for Ni{11) so
amorphas NHOH), were predominant. The sorption species and precipita
were confinmed in the observed pH range by X photoelectron spectrascopy in the supplemental information (S1)

1 the neutral to high
prion edge of Ni(11)
wo species 5 X,NI* and =5"ON* were predomin.

e from 7.0 10 9.0, 5 NHOM),.. ams
tion. Above pH 9.0, the ISCs

STONIOH" and
of Ni{11) o4 the illite water interface

EXAFS analysis of reference samples.  EXAFS spectra and the radial structure functioes (RSFs) of ref
erence samples NINO,),, Ni-phyllosiicate. Ni-AL LD, and 3-NHOM), are shown in Fig. 4. Figure 4A shows
(NO,), i the k' (A) function stk > 30A ', isdicating that N{NO,), possessed a singie

werrt surrounding the Ni stoam that was primarily the hydration shell. The &'y (4) fusctions
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2 small beat hich i charac

R\ (&) function; sotably, there wat & typ
teristic of Ni precipigation and is due to the naghboring stoms. Therefore, the sorption speciation was accurately
distinguished froen these characteristic oscillatons in the k' () functions. Figure 48 shomws the corresponding
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Ni(ll) sorption on illite was
clearly affected by the pH
values. However, over 90% of
the Ni(ll) was adsorbed on
illite above pH 8.0.
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Abstract

This work examines the beneficial
Formulations, spas and acsthetic medicine.
administered {gastrointestinal protectors, antidinrrhocaics) or for topical
cosmetics) is described, Their use as excipients and their influence in the bioav .llulih' of the organic active pnn\'lpk L
described, both in the liberation process and in its possible degradation effect. Among their uses in spas, clay minerals
herapeutic activity, in geoths lotherapy and p ds is ted upon. Morcover, the applications of the clay
mincrals in acsthetic mcdlum‘ 1I.n LILan and mnl-.mnw the skin and to combat compact lipodystrophies, acne and cellulite) are
also described. © 2002 Elsevier Science BV, All rights reserved.

5 for human health of clay mincrals, describing their use in ph ical

action as active principles in phammaceutical formulaions orlly

s Chay minern

: Pharmaceutical formalations; Spas; Aesthetic medicine

1. Introduction ples {Bech, 1987; Roberison, 1996; Veniale, 1997), In
the Ancient Greek period, mud materials (Lemnos

The use of minerals for medicinal purposes is Earth) were used as antiseptic cataplasms to cure skin
almost as old as mankind itself. Minerals have been afflictions, as cicatrisers or as a cure for snake bites.
sed for curative ends since Prehistory. There are Both Hippocrates and
indications that Honto Ervectus and H. Neanderthalen- duced classifications of medicinal earths, Most of

these mat are clays, given different
depending on [hur origins or on the
a method of cleansing th This might h.:u their mi ition and prop . For
been due 1o their mimicking animals, many of which example, ]‘iam .\rmrm. r \f\s_r”rﬂga. T Lemnia, T
insti ely use minerals for the above purposes. The Cimedia, T. Sowdptica, T, Evetria, T. Negra, ete. {Bech,
inal earths in Mesopotamia and Ancient 1996; Glammatteo et al., 1997). Furthermore, Cleopa-
Iso been proven. The use of Nubian earth tra, Queen of Egypt, used muds from the Dead Sea for
nflammatory or the use of mud materi cosmetic purposes and Marco Polo describes how in
for mummification of cadavers can be cited as exam- his travels he saw Muslim pilgrims cure fevers by the
ingestion of “pink carth™ (Veniale, 1996).
e first wi nllu\ reference known to

six used ochres mixed with water and diffe
of muds in order to cure wound i

t upon the
and a description of their curative
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E-mail address: carefeicaes (ML Cametero) use of “stones

01691317025 - see front matter © 2002 Elsevier Science BV, All rights reserved.
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bowel, its pH slowly rises and it forms an acid—base
equilibrium, which will give rise to the neutral clin-
damycin form. As the dry, physically adsorbed in
the clay by ionic forces, it is desorbed slowly in the
bowel, where the majority of drugs are absorbed,

lival Clay Science 21 (2002} 155-163 159

obtained for other anti-inflammatories such as hydro-
corisone,

The degradation of a drug can occur in the pres-
ence of a |.|<|) |n|nLr|| even lIumLI\ the two are um

when it ;I\any,s. nto ar il form, Therefore, the

hsory ul lind: in is [ 1 when it is
d d wit illonite and its 1 i
on is prolonged (Porubean et al., 1978).
The beneficial effect of ding the lib

drug united to a clay mineral can also be achi
increasing the ionic force on coming into contact w
inal fluid, if administered orally, or with the
skin if administered topically. Therefore, some min-
erals, such as tale and kaolinite, which are used as
dermatological protectors and adsorbent:
superficially adsorbed antibiotic, analgesi
taminic which are released on contact with damp skin.
Another example of the liberation advantages
where an interaction exists between the drug and
mineral is that of wate: i
and smectites have th
organic compounds which absorb ultra-violet radia-
tion thus enabling them to be used in sun screens w
protection factors (Del Hoyo ot al., 1998; Vicente et
al., 1989), Absorption/desorption studies carried out,
have demonsirated that the level of absorption is good
and that even systems containing low drug levels have
ultraviolet radiation absorption capacity. The
ption of N-methyl-8-hydroxy line methyl
sulphate on smectite m: [l ve principle’s
desorption in salt water slower, which means that
the active principle remains on the skin longer during
bathing (Vicente et al., 1989).

3.2 Inflwence in the drug s degradation

The phenomena of interaction between a drug and
a mineral excipient can accelerate the drug’s deg)
dation, thus losing its therapeutic activity. This has
been demonstrated in numerous research works car-
ried out in recent years {Porube tal., 1979
Hermosin ct al., 1981; Comejo et al., 1983; Forteza
et :\I. 1988, 1989). It has hwn proven, for example,
that de i an anti-infl v, degrades
in the presence of palygorskite and sepiolite although
this degradation is more rapid in the presence of the
former, because of the Fe of palygorskite catalyses the
degradation reaction. The same result has been

The minera ve charge, which
means that nlnh, it is in Ilu.‘ uumduh it will absorb
protons. 17 a drug which degrades in the presence of
protons coincides in the stomach with a clay mineral,
degrade more
not there, This is the case with digoxin, a cardiovas-
cular tonic that degrades by hydrolysis, catalysed by
acids, in the presence of monmorillonite. Studies
undertaken have demonstrated that the drug degrades
more rapidly in the presence of montmorillonite than
when it is dissolved alone. At pH 2, digoxin degrades

20%% in 1 h while in the presence of montmorillonite it
degrades completely in the same time (the time of
gastric residence), a fact 1o be taken into account
when administering it (Porubean et al., 1979).

3. The use of clay minerals in spas

Clay minerals are widely used in . They are
mixed with water (geotherapy), mixed with sea or salt
lake water, or minero-medicinal water, and then
matured (pelotherapy) or mixed with paraffin (para-
muds). The clay minerals which are most used are
smectites and kaoli
skite are also used. They are applied alone or more
frequently as complex clay minerals muds. Cale
quartz, feldspars, ¢ e present as minor
or trace minerals. The principal properties of these
clay minerals which make them wscful in spas are:
their absorption/adsorption capacity, their high cation
exchange capacity. plastic properties, rheological
propertics, grain size and cooling index (Bettero et
al., 1999; Cara et al., 1999, 2000a,b; Ferrand and
Yvom, 1991; Gorgoeni et al.,, 1999; Jobstraibizer, 199%;
Minguzzi et al., 1999; Sinchez et al., 2000a; Summa
and Tateo, 1998; Yvon and Ferra 1996; Veniale,
1997, Veniale and Setti

On the other hand, ry to study the
presence of toxic elements as As, Ph, Hg, Cd, Se, Sh,
Cu, Zn, ete., in the clay—water mixed used in spas,
about all, it is necessary to know their mobility for
avoid possible intoxications. It is imponant to know if

ometin

A I}(Spa) = OF0IM =8
StA| 220]= O] &

Key Phrase

The clay minerals which are
most used in spas are
smectites and kaolinite,

although illite and

palygorskite
are also used.

Applied Clay Science 21 (2002)
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l Summary

COD : 86%
Pb, Ni, TI(l), CS

BOD : 71.86%
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