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2-0xyhydrazino-N-(2-methylen-yl-hydroxyphenyl)pyridinium (OMHP) ion was immobilized onto Na-
montmorillonite clay (MMT). The modified clay (OMHP-MMT) was used for the removal of Cu(Il).
Experiments were carried out as a function of solution pH, stirring time, effect of some common ions
and eluent type, concentration and volume. MMT, OMHP-MMT, and OMHP-MMT-loaded Cu(Il) were
characterized by X-ray diffractometry, electronic and infrared spectra, and elemental and thermogravi-
metric analyses. OMHP is suggested to be intercalated into MMT parallel to the aluminosilicate layers,
with a capacity of 56.4 mEq/100g. OMHP-MMT shows good stability in 0.1-1molL~! hydrochloric or
nitric acids, ammonia hydroxide, concentrated Na*, K*, NH,*, ClI- or SO42. It shows good removal effi-
ciency and selectivity towards Cu(Il) at pH 3.0-8.0 and stirring time 10 min with an removal capacity of
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chloride 119 mEq/100 g. Most common ions do not interfere with the removal process except Fe3*. Extracted Cu(Il)
Intercalation could be quantitatively recovered by 10 mL 1% thiourea in 0.1 mol L-! HCl with 100-fold preconcentration
Removal factor. OMHP-MMT was successfully applied to recover Cu(ll) from different samples.

Copper(I) © 2010 Elsevier B.V. All rights reserved.

1. Introduction

More and more people are facing water scarcity that does not
only mean its insufficiency but also its being contaminated by haz-
ardous materials. Heavy metals such as lead, mercury, and copper
are considered among the worst hazards as they cannot be decayed
chemically [1]. Most of the traditional technologies developed
for removing heavy metals from solutions such as ion exchange,
adsorption [2], chemical precipitation [3], reverse osmosis, elec-
trodialysis [4], and solvent extraction [5], whilst effective, are very
often costly, time-consuming and/or themselves use hazardous
materials. Solid phase extraction using functionalized materials,
could avoid such drawbacks while maintaining selectivity and
efficiency [6-10]. Natural, synthetic, and modified inorganic and
organic solids have been successfully employed in this regard.
Among this group, aluminosilicate minerals such as montmoril-
lonite (MMT) act as potential ionic exchangers for heavy metals
due to their low cost, high abundance, easy manipulation, and
harmlessness to the environment [11-19]. MMT is a very soft
phyllosilicate mineral of the smectite family, having two SiO4-
tetrahedral sheets sandwiching a central AlOg-octahedral sheet
(type 2:1). Chemically, it is hydrated sodium calcium aluminum
magnesium silicate hydroxide (Na, Ca)x(Al);(SizO10)(OH),-nH,0
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[11-13]. It has a defective structure because of the isomorphic sub-
stitution of the Mg or Fe atoms for the Al atoms (octahedra) and
the Al atoms for the Si atoms (tetrahedra) so that the negatively-
charged aluminosilicate layers accommodate exchangeable cations
such as Na*, CaZ* and/or Mg2* in the interlayered-spacing for the
sake of charge compensation [12]. These exchangeable cations
are strongly hydrated in the presence of water, resulting in a
hydrophilic environment at the clay surface [13].

MMT has recently attracted many separation applications with
or without modification to enhance separation efficiency and selec-
tivity. Despite its negative surface charge, MMT has little affinity
for heavy metal ions such as Co%*, Zn?*, and Cu?*, hence fur-
ther functionalization is necessary [17]. Cu(Il) ions were removed
from an aqueous solution using heat-treated MMT and its poly(oxo
zirconium) and tetrabutylammonium derivatives with extraction
efficiencies 28.8, 7.1 and 27.3mg/g despite their high cation
exchange capacities (CEC) were 153.0, 73.2 and 47.6 mEq/100 g,
respectively [14]. MMT was modified with hexadecyltrimethylam-
monium ions with a capacity of 96 mEq/100 g then the organo-clay
was functionalized with 2-mercapto-5-amino-1,3,4-thiadiazole
with a capacity of 23.5mEq/100 g which is finally used to extract
Hg(Il) [15]. MMT modified with sodium dodecylsulfate could
extract 0.032 and 0.083 mmol/g Zn2* and Cu?*, respectively at pH
3.3[17]. Methylene blue was immobilized onto MMT-predominant
bentonite with a capacity of 36 mEq/100 g and used to extract Hg2*
at pH 6.0 with a capacity of 37 mEq/100 g. [19]. However, the MMT
is more favorable than bentonite as MMT has higher specific sur-
face area and capacity whereas bentonite is a mixture of phases
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Scheme 1. Resonance of 2-oxyhydrazino-N-(2-methylen-yl-hydroxyphenyl)
pyridinium chloride.

[11,19]. Vermiculite, a 2:1 mineral clay, was applied as adsorbent
for removal of Cd2*, Mn2*, ZnZ*, and Cr3* from aqueous solutions
with capacities of 0.50, 0.52, 0.60, and 0.48 mmol/g, respectively
[20].

The paper aims at functionalizing Na-montmorillonite clay with
2-oxyhydrazino-N-(2-methylen-yl-hydroxyphenyl)pyridinium
(OMHP) chloride as a chelating hydrazone derivative to extract
Cu(Il) ions from water samples.

2. Experimental
2.1. Materials

All chemicals were of analytical reagent grade otherwise stated.
Double distilled water (DDW) was used throughout. MMT (sodium
montmorillonite) was provided by Southern clay products, Inc.
A Cu(ll), as chloride, stock standard solution, (1000mgL-1) from
Merck was used for the preparation of intermediate standard
solutions by an appropriate dilution with DDW. Salicylaldehyde
and Girard P (2-oxyhydrazinopyridinium chloride) were purchased
from Aldrich. OMHP chloride was synthesized according to litera-
ture [21,22]. Ethanol and Toluene was supplied by EDWIC, Egypt.
Granite samples were kindly supplied from Prof. Dr. IM.M. Kenawy,
Mansoura University, Egypt.

2.2. Synthesis of OMHP-loaded MMT (OMHP-MMT)), and
Cu(Il)-loaded OMHP-MMT (Cu-OMHP-MMT)

OMHP (Scheme 1) was synthesized according to literature
[21,22]. 5 g of Girard-P were refluxed with 4 mL salicylaldehyde in
50 mL of absolute ethanol over water bath for 4 h. The reaction mix-
ture was left to cool till white crystals were separated out. These
were filtered off, recrystalized from ethanol and finally dried in
vacuum desiccators over anhydrous calcium chloride. Yield: 6.5¢g
(74%) of (OMHP). Found: C, 57.93; H, 4.78; N, 14.25; Cl, 11.75. Calc.
for C14H14N30,C1(291.71): C, 57.64; H, 4.84; N, 14.41; Cl, 12.15%.

MMT (100 g) was activated by stirring in 500 ml of 0.1 molL~!
HCl for 2 h, washed with DDW, filtered and dried at 80 °C for 24 h to
yield 99.4 g of the activated clay coded MMT,. Then 10 g of MMT,
were added to 200 ml ethanolic solution (95%) containing 2 g of
OMHP and refluxed with vigorous stirring for 24 h. The yellowish
yield was centrifuged, the supernatant solution was discarded, and
the yield washed and centrifuged three times with ethanol followed
by water. OMHP-MMT was dried in vacuum oven at 80°C for 6 h
and the yield was 10.95g.

To synthesize Cu-OMHP-MMT, 1g of OMHP-MMT was sus-
pended in 100 mL of 10mgL-! of the metal ions at pH 5.5. The
mixture was stirred for 1 h at a constant rate. The resulting greenish
suspension was centrifuged, the supernatant solution was dis-
carded and the procedure was repeated with increasing the initial
metal ion concentrations (100 mLof0.1,0.5and 1 gL~! of the metal
ions) at pH 6.0. This graduation in concentration of metal ions is
to reach the “saturation” till the plateau values (adsorption capac-
ity values) were obtained. The clay suspension was centrifuged,
washed three times with 5mL DDW then Cu-OMHP-MMT was

dried in vacuum oven at 80°C for 6h and the yield (1.15g) was
stored in a desiccator.

The cation exchange capacity (CEC) of MMT was determined
according to the literature [23] by back-titrating excess 1 molL~!
ammonium acetate. Analysis of ammonia was performed in a well-
ventilated room, where no ammoniacal solutions were stored,
using the Koroleff method [24]. For the determination of Cl~ in
OMHP or OMHP-MMT, 0.5 g was enrolled in a piece of sodium and
heated gently for 10 min then heated vigorously for another 10 min
and dropped in 25 mL DDW. Cl~ was determined by gravimetric
determination as silver chloride. Cu(Il) in 0.5 g Cu-OMHP-MMT was
determined by flame atomic absorption spectrometer (FAAS) after
elution with 10 mL of thiourea in 0.1 mol L-1 HCL.

2.3. Apparatus

A Perkin Elmer 2380 atomic absorption spectrometer was used
for direct measurement of Cu(Il) at wavelength 324.8 nm. An auto-
matic VARIO EL ELEMENTAR instrument was used to determine
the percentage of C, H, N and S. X-ray diffraction (XRD) charac-
terization was carried out using a powder diffractometer Philips
‘X-pert Pro’ attached with secondary monochromator, automatic
divergence slit, nickel filter and a Cuy,; radiation source operated
at a generator voltage, 45kV and current, 40 pA. The instrument
was run at step scan mode within 26 angle 4-70°. For reliability
of data, each sample was scanned several times. X-ray florescence
(XRF) analysis for MMT was carried out for powder (<74 pm) sam-
ples using X-ray fluorescence equipment PW 2404 with six crystals.
Crystals (LIF-200), (LIF-220) were used for estimating Ca, Fe, K,
Ti, Mn and other trace elements from nickel to uranium while
the crystal (TIAP) was used for determining Si and Al and PXI for
determining Na and Mg. The concentration of analyzed elements is
determined by using software Super Q and Semi Q programs with
accuracy of 99.99% and confidence limit 96.7%. For the analysis, the
clay was formed as powder pellets (Pellets method) which were
prepared by pressing the powder of the sample in aluminum cup
using Herzog presser and 10t pressure. BET surface area of the clay
was investigated by Sorpty-1750 (Carlo Erba Instrumentation). The
IR absorption spectra were recorded in KBr tablets on a Mattson
5000 FTIR spectrometer. Electronic spectra were recorded for the
sample in Nujol, on a Unicam UV/Vis UV2. Thermogravimetric anal-
ysis (TGA) was carried out using a Shimadzu thermobalance at a
rate of heating 10°Cmin~! in a purified N, atmosphere. The pH
was adjusted within the range 2-10 using a Hanna 8519 digital pH
meter using 0.5 mol L' of NH4OH and 0.2 mol L~! of CH3COOH.

2.4. Batch mode removal of Cu(Ill) onto OMHP-MMT

A total of 20 mg of OMHP-MMT was suspended with constant
stirring for different time intervals in 25 mL of 20mgL~" of Cu(Il),
as chloride, at different pH values. The concentrations of the inves-
tigated ions in the filtrates were determined by FAAS. The removal
efficiency (E, %) was determined using Eq. (1), where G and Cf
are the initial and final metal concentration in the solution phase,
respectively.

po G- Cr(mg/L)
G (mg/L)

The effect of the volume of the eluent (1% thiourea in 0.1 mol L~!
HCl) on the recovery of 50 p.g of Cu(Il) from 1L of DDW, collected
from one batch-mode separation processes onto 100 mg OMHP-
MMT, was studied using the optimum conditions; pH 6.0, and
stirring time = 10 min.

The effect of interfering ions on the recovery of 50 g of Cu(Il),
extracted onto 100 mg OMHP-MMT from 1L of solution, was stud-
ied using the optimum conditions. The residue was filtered and the

x 100% (1)
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Table 1

XRF analysis of MMT clay.
Metal Si0, Al,03 Fe,053
% 61.32 21.54 3.82

MgO
245

Cao
0.23

Na20
2.63

K;0 TiO,
0.15 0.1

LOI at 105°C is (6.42%), LOI at 1000°C is (13.52%).

collected metal ions were eluted with 1% thiourea in 0.1 molL~!
HCl.

2.5. Application of removal process of Cu(Il) onto OMHP-MMT

Pool water from Sakaka and well water from Tabarjel, Saudi
Arabia were filtered using a sintered glass G4. One liter of DDW
or the water samples was spiked with 10 and 50 g of Cu(II), and
100 mg of OMHP-MMT was dispersed in each. The mixture was
buffered to pH 6.0 with acetate buffer (CH3COOH/NH4OH), stirred
for 10 min, and filtered. Another fresh 75 mg of OMHP-MMT was
added to the filtrate, adjusted again to pH 6.0, stirred for another
10min, and filtered. The residues were, gathered, washed with
DDW buffered to pH 6.0 then the separated Cu(II) was eluted with
10 mL of 1% thiourea in 0.1 mol L~! HCI and determined with FAAS.
In each case, the samples were analyzed in triplicate otherwise
stated.

The suggested separation method was also applied to the ref-
erenced granite samples [25,26]. 0.5 g of the sample was dissolved
in boiling HF and HNO3 acids till near dryness, diluted, filtered and
completed to 1L. Then the removal process follows as illustrated
for the pool water sample.

3. Results and discussion
3.1. Characterization of MMT clay and its modifications

MMT has a reasonable BET surface area (Sger =86 m2 g~1) com-
pared with the literature 19.8, 235, and 128 m2g-! [7, 15, 27,
respectively]. It has a density of 2.7 gcm~3. The total CEC of the
clay is found to be 83.2 mmol/100¢g indicating that it is moder-
ately charged clay as expected in similar clays; 153, 34.4, and
90mmol/100¢g [7, 9, 16, respectively]. XRF analysis of MMT is
showninTable 1.1t shows thatitis composed of typical constituents
of MMT [11-13].

The powder XRD patterns of MMT, OMHP-MMT and Cu-OMHP-
MMT are shown in Fig. 1. MMT shows the presence of a single phase
of MMT, PDF 13-259. The high background of the diffraction pattern

220
200
180 Cu-OMHP-MMT
160
140

120 !
100 LI, OMHP-MMT

Intensity, a. u.

80
60
40
20

MMT

10 20 30 40
2,°

Fig. 1. XRD patterns of MMT (1), OMHP-MMT (2) and Cu-OMHP-MMT. Cuyq; radi-
ation source.

and the broad peaks indicate that MMT is poor crystalline which is
common for such clays [13]. The basal interlayered-spacing of MMT
is found to be 13.55A as concluded from the 001 diffraction line
observed at 20 6.523°. This indicates the presence of a single water
layer in the van der Waals gab of MMT [13]. The basal interlayered-
spacing of OMHP-MMT was found to increase to 13.9 A as concluded
from the 001 diffraction line observed at 26 6.357°. This negli-
gible enlargement suggests that OMHP is intercalated into the
interlayered-spacing of MMT, lying parallel to the aluminosilicate
layers and replacing the interlayered cations and water molecules.
This agrees with the literature as in the slightly charged clays such
as montmorillonite and hectorite, the organic cations are oriented
lying flat between the aluminosilicate sheets [28]. Upon interca-
lation of Cu(Il) into OMHP-MMT, the basal interlayered-spacing
almost did not change. Its value was observed to be 13.42 A (20
6.44°). This indicates that Cu(ll) is inserted in the interlayered-
spacing.

The results of FTIR spectra of MMT, OMHP-MMT and Cu-OMHP-
MMT are tabulated in Table 2. Multiple broad bands were detected
for MMT in the range 3700-3000 cm~! that are attributed to the
OH stretching frequencies. This indicates the presence of at least
three types of OH groups that are suggested to be isolated OH
groups, indicated from the band at 3630cm~! [29], and those
involved in hydrogen bonding. The band of the OH bending vibra-
tion is observed at 1637cm~! whereas the AI-AI-OH bending
frequency was observed at 916 cm~!. This may be considered char-
acteristic of a di-octahedral smectite-type 2:1 layer [30,31]. A
strong band was observed at 1044 cm~! characteristic of the Si-O
stretching frequency. The tetrahedral bending modes for Al-O-Al,
Si-0-Al, Si-O-Mg, and Si-O-Si were observed at 621, 524, 468,
and 432cm™!, respectively [32]. IR absorption spectra of OMHP-
MMT showed the development of additional small bands at 1709,
1633, 1624, 1565, 1491, and 1278 cm~!. They are assignable to
vC=0, C=C/C=N, Secondary amine §NH, N-C-0, §C=C of aromatic
ring, and C-0, respectively [33]. This confirms the intercalation of
OMHP onto MMT. IR absorption spectra of Cu-OMHP-MMT showed
the disappearance of the bands due to C=0, and §NH observed in
the pattern of OMHP-MMT. Also, the bands at 1561 (N-C-0), and

Table 2
Infrared spectra of MMT, OMHP-MMT and Cu-OMHP-MMT.

MMT OMHP-MMT Cu-OMHP-MMT
3630 3626 3625
3443 (broad) 3428 (broad) 3426 (broad)

3091 3091

1709

1633 1633
1637 1624

1565 1561

1491 1490

1447
1362

1278 1277
1044 1047 1047
916 916 917
799 792 797

763 753

727

676 677
621 624 623
524 522 523
467 464 464
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Table 3
Elemental analysis of OMHP-MMT, Cu-OMHP-MMT and their corresponding capacities.

657

Clay C(%) N (%) H (%) Cl= (%) Cu(In) (%) Capacity (mEq/100g)
OMHP-MMT 9.51 + 0.09 236 + 0.03 1.49 + 0.05 - - 56.4 + 0.6 OMHP/OMHP-MMT
Cu-OMHP-MMT 8.56 + 0.05 2.10 + 0.03 1.61 + 0.06 3.82+0.05 6.73+0.15 119+ 3 Cu(ll)/OMHP-MMT
Values are given in mean values (X) & its standard deviation (o) for three measurements.
1490 cm~! (8C=C) were red shifted and new bands were developed
at 1447 and 1362 cm~!. These mean that Cu(Il) is bonded to OMHP 1004
in the enol form via O and N atoms.
The elemental analysis data of OMHP-MMT and Cu- OMHP- . 95 4
MMT are shown in Table 3. The percentage of C and N (C% and N%) c;) :
and was used to calculate the functionalization capacity of OMHP & 90 4
(Comup) according to Eq. (2): = §
S 85 3
C 500 ( =i = :
= X - T :
OMHP (Mol. wt.of OMHP x mole fraction of Cin OMHP 35
n N% > : \\_
Mol. wt. of OMHP x mole fraction of Nin OMHP 75 | OMHl;:n;MT
xmEq/100¢g (2) ; : i : t : :
200 400 600 800

The organic capacity of OMHP-MMT derived from the elemen-
tal analysis was found to be 56.4 mEq/100 g, which is comparable
to those obtained for reported organically-modified layered clays
[14,15,18]. No chloride was found in OMHP-MMT. XRF analy-
sis of OMHP-MMT for CaO and Na,O indicates the decrease of
their concentration to 0.14% and 0.23%, respectively. This indicates
that they may be replaced by OMHP in the interlayered-spacing
of MMT. The elemental analysis of Cu-OMHP-MMT indicated the
uptake of 119 mEq Cu(Il)/100 g of OMHP-MMT. This indicates that
OMHP-MMT has high removal capacity towards Cu(Il) compared
to modified MMT [14,17]. The ratio of Cu(I[):OMHP in Cu-OMHP-
MMT is 2:1 whereas, chloride was detected in 1:1 ratio in respect
to Cu(Il).

TGA curves of MMT, OMHP-MMT and Cu-OMHP-MMT are
shown in Fig. 2. MMT shows the presence of three major thermal
decomposition stages. The 1st stage (6.01%) occurs at 65°C and is
attributed to the adsorbed and interlayered water [19,32,34]. The
2nd stage (1.43%) occurs at 482°C and may be attributed to the
gradual loss of structural water suggested to represent the adja-
cent OH groups. The 3rd stage (2.97%) occurs at 667 °C and may be
attributed to the loss of structural water, initially present as isolated
OH groups. Similar thermal decomposition stages were previously
observed and described for Ca-rich MMT [32]. They also agree with
the IR findings of the presence of multiple types of OH. OMHP-MMT
shows a sharp decrease in the amount of adsorbed and interlay-
ered waters (1.66%) which may be due to the exchange of the van
der Waals cations with the large hydrophobic OMHP molecules.
Also, a new weight loss stages (12.03%) developed within the range

Table 4
TGA results of MMT, OMHP-MMT and Cu-OMHP-MMT.

Temperature, C

Fig. 2. Thermogravimetric analysis of MMT (solid line), OMHP-MMT (dashed-line)
and Cu-OMHP-MMT (dotted-line). Rate of heating 10 °C min~" in a purified N, atmo-
sphere.

200-400°C that may be attributed to the pyrolysis of the inter-
calated OMHP. The suggested OMHP capacity from TGA loss is
46.8 mEq/100 g which is less than that estimated from elemental
analysis due to the inaccuracy of separation of the overlapped TGA
stages. The appearance of the weight loss stage of the sandwiched
organic constituent into a Na-MMT was observed previously in the
same range [35]. The gradual loss of structural water, attributed to
vicinal OH groups, remained almost unchanged (1.16%) while that
attributed toisolated OH groups doubled (5.67%). This increase may
be due to the overlapping of the organic pyrolysis with the water
loss stages, or could be related to a change of the geometry of the
octahedral sheet into a transvacant configuration produced by the
mechanical deformation of a starting cis-vacant montmorillonite
happening during the intercalation process [32]. Cu-OMHP-MMT
shows the same major stages observed for OMHP-MMT but with
lower total weight loss at 800 °C which is due to the presence of
Cu with the modified clay. The stages attributed to the pyrolysis
of organic constituent are ca. 70 °C-shifted to higher temperature
which indicates the stabilization of OMHP upon bonding to Cu(lI).
However, the decomposition stage of adsorbed and intercalated
water, was almost the same as that of OMHP-MMT whereas the
stage of structural water increased to 8.81% upon Cu(Il) intercala-
tion compared with OMHP-MMT. This increase may be due to the

Weight loss stages MMT OMHP-MMT Cu-OMHP-MMT
Tore (°C) Weight loss (%) Torg (°C) Weight loss (%) Tore (°C) Weight loss (%)
Adsorbed and intercalated water 65 6.01 59 1.66 55 2.00
Organic constituent 226 4.11 224 0.17
284 4.52 307 2.80
343 34 374 3.94
Structural water

Adjacent OH 482 1.43 487 1.16 439 2.54
Isolated OH 667 2.97 619 5.67 555 2.26
616 3.68
702 2.87

Total weight loss at 800°C - 11.99

- 23.77 - 21.54
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Table 5
Characteristic values of the removal of metal ions on clay materials.
Material CEC (mEq/100g) Removed metal ion Capacity (mmol/100g) pH Reference
Heat-treated MMT 153.0 Cu(II) 453 6 [14]
Heat-treated MMT modified with poly(oxo 73.2 Cu(II) 11 6 [14]
zirconium)
Heat-treated MMT modified with 47.6 Cu(II) 43 6 [14]
tetrabutylammonium
Kaolinite 11.3 Cu(1r) 6.9 6 [14]
Kaolinite modified with poly(oxo zirconium) 10.2 Cu(In) 4.7 6 [14]
Kaolinite modified with tetrabutylammonium 3.9 Cu(lr) 5 6 [14]
MMT-modified with 95.5 Hg(1I) 52 1-8 [15]
hexadecyltrimethylammonium
ions/2-mercapto-5-amino-1,3,4-thiadiazole
Cd(1n) ~30 7-8
Pb(Il) ~22 7-7.5
Cu(1r) ~15 7-7.5
Zn(1l) ~12 7.5-8
Ni(II) ~8 8
MMT modified with sodium dodecylsulfate 37.2 Zn(11) 3.2 33 [17]
Cu(lr) 8.3
MMT-predominant bentonite modified with 65 Hg(Il) 37 6.0 [19]
methylene blue
Vermiculite 135 Cd(1n) 50 9.0 [20]
Mn(II) 52
Zn(I1) 60
Cr(III) 48
Bentonite Volclay 81.9 Cu(II) complex 84.5 7 [37]
with triethylenete-
tramine
Bentonite SAz-1 120 122 7
Illite Massif Central 19 20 7
OMHP-MMT 83.2 Cu(In) 119 3-8 Present work

incorporation of water in bonding with Cu(Il). Also, it may be par-
tially due to the overlapping of the stages of organic constituent
pyrolysis with the structural water loss as well as the change of
the geometry of the octahedral sheet. The total weight loss in the
range of heating 25-800 °Cincreases in the order MMT < Cu-OMHP-
MMT < OMHP-MMT which confirms the intercalation of Cu(Il), and
OMHP in MMT. The details of TGA results are given in Table 4.

The electronic spectral band of Cu-OMHP-MMT, in Nujol,
appeared broad at 595 nm due to the d-d transition which is an
evidence for the existence of Cu(Il) in a tetrahedral geometry [36].

The resistance of the OMHP-MMT against OMHP loss was inves-
tigated in concentrated solutions of Na*, K* or NH4* as chlorides
or iodides; 0.1-2mol L~ of HCI, HNO3, NaOH or NH4OH. For this
aim, 0.1 g OMHP-MMT was shaken for 2 h with 25 mL of each solu-
tion, described above, in a batch mode state. OMHP-MMT was then
washed, centrifuged, dried and the elemental analysis for C and
N was repeated. No loss >2% could be observed. Surprisingly an
increase was observed in case of NaOH and to lower extent for
NH4OH down to pH 9. This was attributed to the dissolution of
the clay network leaving the organic constituent. Hence, for any
application in aqueous media, the pH should be kept below 9. Only
DMF and DMSO can strip OMHP from OMHP-MMT by reflux.

According to these results, it can be concluded that OMHP is
intercalated into the interlayered-spacing of MMT and this modi-
fied clay can extract Cu(Il) via bonding to the intercalated OMHP in
the enol form, via O and N atoms of OMHP, according to Scheme 2.

3.2. Removal of Cu(Il) using OMHP-MMT

Fig. 3 shows the effect of pH on the removal efficiency of Cu(ll)
on OMHP-MMT in a batch-mode removal process after stirring
for 30 min. The modified clay shows excellent removal efficiency
towards Cu(Il) >98.0% within a wide pH range 3.0-8.0. The appli-
cability of the removal procedure to such wide pH range is quite
important for on-field treatment of contaminated water of dif-
ferent criteria and pH values [1-4]. At higher pH the removal

I

. — - NaCl N
Na, H,0 3 13.55 8 + HHOPTCIT e OMHP" | 139 R
MMT OMHP-MMT

L ] L 1

OMHF' ] 1398 +2Cu* + 207 —» CHCU-OMHP-Cu-CI | 13.42 ]
OMHP-MMT Cu-OMHP-MMT

Scheme 2. Scheme of synthesis of Cu-OMHP-MMT from MMT.

100 4

E (%)

80

pH

Fig. 3. Effect of pH on the removal efficiency (E, %) of Cu(ll) using OMHP-MMT.
Weight of OMHP-MMT = 20 mg. Volume =25 mL. Time of stirring =30 min. Concen-
tration of Cu(I1)=20 pug mL~.
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Fig.4. Effectof time of stirring on the removal efficiency of Cu(Il) using OMHP-MMT.

efficiency decreases likely due to the hydrolysis of the clay in alka-
line solutions [11,12]. Maximum removal efficiency (99.2 +0.9%)
was obtained at pH 6.0. On the other side, the introduction of
Cu(Il) as sulphate or nitrate instead of chloride had no influence
on the removal process which means that the major role owing to
OMHP.

Comparing the parameters of Cu(Il) removal using OMHP-MMT
with the those obtained for some alike clays (Table 5), the following
advantages could be concluded: (1) OMHP-MMT has the highest
capacity for free Cu(ll). (2) It has also a wide applicable pH range
suitable for most natural waters.

The effect of time of stirring on the removal efficiency of Cu(lII)
using OMHP-MMT at pH 6.0, is shown in Fig. 4. The time of stir-
ring needed for sorption of 50% of the metal ions (t;,) was found
to be 1.3 min which indicates the rapid kinetics of diffusion and
that the sandwiched OMHP ions are easily accessible for bonding
to Cu(Il) ions without steric hindrance. Hence, 5 min of stirring was
enough to reach maximum value of separation. This is attributed
to the large and open 2D structure of OMHP-MMT. Therefore, it
is suitable for the Cu(Il) removal in flow systems at trace level
of concentration. Although 5min was enough to reach maximum
value of separation, 10 min was recommended to assure complete
separation.

Consequently, optimum conditions of the removal of Cu(ll)
using OMHP-MMT are pH 6.0, and stirring time =10 min.

A series of selected eluents such as dithizone, thiourea, sodium
citrate, sodium oxalate, sodium thiocyanate, different acids and
bases were used in order to find the best eluent for desorbing
Cu(II) ion from OMHP-MMT. Dithizone in chloroform and thiourea
in 0.1molL-1 HCI can release Cu(ll) from OMHP-MMT as they
forms stable complexes with Cu(Il). 0.1% thiourea in 0.1 mol L1
HCl was preferably chosen as eluent to avoid the toxicity of chlo-
roform. The effect of the volume of the eluent on the recovery of
Cu(II) collected twice from batch-mode separation using 2 x 75 mg
OMHP-MMT was studied using the optimum conditions of sepa-
ration (Fig. 5). The use of 5mL of 1% thiourea in 0.1 molL~! HCI
completely releases Cu(Il) ions but 10 mL was recommended for

Table 6
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Fig. 5. Effect of volume of the eluent (1% thiourea in 0.1 mol L-! HCI) on the recovery
of 50 pg of Cu(Il) from 1L of DDW.

guaranteeing complete scavenging of the metal ions which gives
100-fold concentration. CuSO4 could be obtained from the eluate
by adding concentrated H,SO4, then boiling to decompose thiourea.
The mixture was filtered to remove precipitated sulfur, dried and
heated to 300°C in open air.

An average loss of 0.45% of OMHP-MMT capacity was noticed
upon each cycle of removal and recovery which may be due to the
hydrolysis of the clay support[11,12]. The sorbent reserved 89.3% of
its initial Cu(II) capacity when used for 25 cycles of elution. Hence,
the used eluent was considered optimal for quantitative recovery
of Cu(Il) and preserving OMHP-MMT capacity.

In order to evaluate the suitability of OMHP-MMT for the
removal of Cu(Il) from environmental samples, the effect of some
common ions, was studied by adding different amounts of diverse
ions to 1L of 100 wgL~! of Cu(ll) solution, and the optimum con-
dition for batch-mode removal was applied. Errors are considered
tolerable up to +2%. No interference from macroamounts (up to
10,000 times the concentration of Cu(ll)) of many foreign ions
was detected in the given conditions as shown in Table 6. How-
ever, a strong competition for Cu(Il) removal on OMHP-MMT was
observed from Cr(IIl), Al(IIT) and Fe(IIl) and (II). A 1% thiocyanate
solution could mask all competing ions except for Fe(Ill). These
ions are practically much tracer in water samples than Cu(ll) at the
applied pH [1,3,4]. However for on field application, its presence
should be taken into consideration.

3.3. Application of OMHP-MMT for the removal of Cu(ll) from
natural samples

The removal method was applied for the removal of Cu(Il) ions
from water samples. Table 7 shows the results of the application
process. The spiked amounts of Cu(ll) were quantitatively recov-
ered from the DDW sample whereas additional amounts were
identified in the pool and well water samples which are due to back-
ground originally present (2.35 and 33.7 ngmL~!, respectively). It

Effect of interfering ions on the removal of Cu(ll) [50 g L~!] using 2 x 75 mg OMHP-MMT at pH 6.0.

Interfering ion

Tolerance limit

Na*, K*, Mg?*, Ca?*, Sr?*, Ba?*, Mn?*, Ni?*, Co?*, Zn?*, In?*, NH4*, Mo%* (as M0042~), Cl-, ClO3~, BrO3~, F~, Br~, NO3~

S2-,SCN-, Pb?*, TI*, oxalate
S032-, I, tartarate

Cd?*, S,032-, citrate,

Fez+, A13+' Cr3+

F83+

10,000-fold
1000

500

100

10

1
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Table 7
Removal of Cu(Il) and Fe(IlI) from 1L of spiked natural water samples using 2 x 75 wg of OMHP-MMT at pH 6.0 after a time of stirring of 10 min.
Sample Cu(Il) added (g) Expected [Cu(Il)] in 10 mL of extract (ngmL-1) Found (ngmL-1) RSD (%) [th
DDW 10 1 0.99 + 0.01 1.42 1.59
50 5 5.03 + 0.06 1.14 1.17
Swimming pool 10 1 441 £ 0.04 1.02 -
50 5 833 £0.15 1.79 -
Well water from Tabarjel 10 1 1.23 £ 0.02 1.49 -
50 5 5.24 4+ 0.09 1.74 -
Granite (1)* - 0.634+0.021R 0.64 + 0.011 1.72 0.44
Granite (2)* - 0.095 +0.004R 0.091 + 0.002 1.87 1.59

The data are given as X + o where X is the mean value, o is the standard deviation n=5. In case of water samples |t|; was applied whereas in case of granite samples |t|, was
applied. * marks values given in pg g~ and R refers to the reported values in references [25,26].

is noteworthy to mention that direct applying of the original pH of
the pool and well water samples (7.1 and 7.7, respectively) brings
the same removal results which indicates the possibility of direct
application of the method for treatment of Cu-polluted water.

A comparison between the experimental means for the recov-
ered Cu(Il) amounts from DDW and the granite samples with the
spiked or reported values, respectively, was carried out using the
null hypothesis of |t| for P=0.05 and n =5 in the case of spiked DDW
sample and n=10 in the case of granite samples. It was found out
that |t|; and [t|, for the investigated metal ion are less than the
tabulated values (|t|; =2.78 and |t|, =2.31) [38]. Consequently, no
significant difference was found between the values obtained by
the present method and the real or the reported values. This indi-
cates that the proposed method is accurate and efficient for the
removal of Cu(Il) from polluted waters.

4. Conclusion

OMHP could be successfully intercalated into MMT with a capac-
ity of 56.4mEq/100g. The grafted clay OMHP-MMT showed an
removal efficiency for Cu(Il) of 119 mEq/100 g at pH 6 which can
be easily eluted by 1% thiourea in 0.1 molL~! HCl. OMHP-MMT
well tolerates most common ions. OMHP-MMT was applied for the
removal of Cu(ll) from spiked natural water and granite samples
and the method was found accurate. Consequently, OMHP-MMT
can be applied for the removal of Cu(ll) from contaminated envi-
rons.
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