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ABSTRACT

Sorption of Cr (VI) from agueous solutions on Erionite, Cowlesite and Willhendersonite
modified with hexadecyltrimethyl ammonium bromide (HDTMAB). Experiments were carried out
as a function of solution pH, solute concentration and temperature (15°C- 35°C). Modified
zeolites were investigated by X-ray diffraction and Fourier transforms infrared analysis. The
HDTMA modified zeolites showed significant sorption for chromate ions in aqueous solution.
Sorption data for each anion was well described by Langmuir isotherm equation. The
thermodynamic parameters (4H°, 4G° and 4S°) for Cr (VI) sorption on the modified zeolites
were also determined from the temperature dependence. FTIR analysis showed that sorbed SMZ
forms an ad-micelle surfactant surface coverage, which is responsible for Cr (VI) sorption.
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INTRODUCTION

Chromium is a heavy metal that can be very frequéotind in a high proportion in waste water
discharges from different industries [1]. There aeeater concerns about heavy metal
contamination [2,3] in the receiving water systend dand. High levels of heavy metals can
damage soil fertility and may affect productivig,$]. Chromium exist in oxidation states +2,
+3, +4, +5 and +6, but the most common, stableadmuohdant forms are Cr (Ill) and Cr (V1) [6].
The Cr (VI) species is more toxic and carcinoge¢han Cr (lll), however, it is possible that Cr
(1) may be oxidized to Cr (VI) in the appropriatenditions hence the toxicity of Cr (VI) takes
place usually, Cr (Ill) is readily oxidized to hexdent state at high pH [7]. Leather and
chromium planting industries are the major causesfvironmental influx of chromium [8,9].
In aqueous solutions, Cr (VI) is very soluble arises in the form of chromic acid ggrO,) and
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in the form of dichromate (@D; ) while in neutral solutions, Cr (V1) is presenttie form of
HCrO* and CrQ 2[10]. Cr (lll) is readily oxidized to the hexavatestate at high pH [11]. Cr
(VI) has been recognized as a probable agent gf dancer and it also produces gastrointestinal
disorders, dermatitis and ulceration of skin in nfa2]. The world health organization (WHO)
recommends a maximum level of gl (PPb) for Cr(VI) in drinking water [13] and the
national institute for occupational safety and tiedNIOSH) recommends that the levels of
chromium should be reduced to™lthg/nT [14]. There are a number of methods employed [15-
19]for removal of hexavalent chromium from industriedste water such as the use of various
types of sorbents. In the last years the sorptio@r¢Vl) on several low coast biosorbents has
been investigated. Some of the biosorbents testeldde Eucalyptus bark, Agave lechugilla
biomass, yonimbe bark and grap stalk [20-22]. Riégehe ion exchange resin in the cationic
form [23], Zeolite [24]betonites [25] and activated carbon [26] have hessd to remove Cr.
The main industrial activities that cause chromipatlution are mining, metal finishing and
leather tanning. In aqueous systems the chromium bea mainly found as Cr(lll) can be
considered a biotelemetry since it plays an importale in the metabolism of plants and
animals. On the other hand, Cr (VI) is very toxiee at very low concentrations, and causes
mutagenic effects in plants and animals. The somptif Cr (V1) on various sorbents has been
studied extensively as an alternative process dororving Cr (VI) from water solutions. The
activated carbon is the most studied sorbent asctdpacity for sorbing Cr (VI) is dependent
upon the solution pH. In the last years the sonptibCr (V1) on several low cost biosorbents has
been investigated.

Zeolites are based on an infinitely extending thdemensional network of AlQand SiQ
tetrahedral linked to each other by sharing alldkggen ions [27]. The most naturally occurring
materials have negative charges on their extermdhses, which will prevent sorption and
retention of anions, efforts were made to convetdurface charges from negative to positive by
surface modification to increase their anion reten{28] due to strong sorption on negatively
charged materials, cationic surfactants were uséshsively for modification of clay minerals
and zeolites [29,30,31]. The surfactant — modifiedlites were initially intended as sorbents to
remove hydrophobic organic compounds from waterabse of their higher organic carbon
contents after modification. Subsequently, researcfound that in the presence of surfactants
(i.,e. beyond 100% of external cation exchange agpad zeolites). The sorbed surfactant
molecules from an admicelle formation, resultingsinong sorption of anionic contaminants
such as arsenate and nitrate [32]. The removahioh& contaminants from water by SMZ was
attributed to surface anion exchange as indicayeithd stoichiometry between anion sorbed and
counter ions desorbed most of these studies wemgedl to batch tests, even through a
preliminary pilot scale test was performed on usSMZ to remove chromate from water. The
purpose of this study was to conduct the sorptiochoomate by HDTMA exchanged zeolite at
different parameter like kinetics and thermodynamic

EXPERIMENTAL SECTION
2.1Chemicals & reagents
Sodium nitrate, potassium nitrate, calcium nitraa&jminium nitrate were purchased from

MERCK, surfactant modifier HDTMA, potassium chromasulphuric acid were procude from
QUALIGENS. A Cr® complexion reagent soluton of 1, 5 diphenylcaiti@z (DPC)
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[HIMEDIA]. HDTMA was prepared by dissolving 0.25 gof DPC in 100 ml of acetone, and
stored in amber —colored bottle. All reagents waaralytical grade and the solution was prepared
in DDIW.

2.2 Surfactant modification

The surfactant used is hexadecyltrimethyl ammoniHDTMA, a cationic surfactant and
bromide as the balancing counter ion. The syntkegieolite (HDTMA-E, HDTMA-C,
HDTMA-W) 5gm were loaded with cationic surfactanDHMA 0.25 gm these mixtures were
removed. Zeolites were washed with to portionsistilted water and then air-dried.

2.3 Characterization

Powder X-ray diffraction (XRD) was recorded on difftometer with Cu K radiation (Y=
1.54059). FTIR spectra of HDTMA-E, HDTMA- C, and HIDIA- W were recorded on a FTIR -
spectrometer (NICOLET-410 spectrometer).

2.4 Batch mode sor ption studies

Batch mode sorption studies were carried out bkiegal 00 ml conical flasks containing 0.1gm
of ECW- HDTMA & 50ml of chromate solution of desiteoncentration on thermostate water
bath shaker at 150 rpm, Z5 & at an initial pH 1.0. The solution pH was ad@eswith 0.1N
HCL & 0.1N NaOH solutions. At the end of the sooptiperiod the supernatant was separated by
centrifugation 3000 rpm for 30 minute. Then thegmntration of the residual chromate ion was
determined by UV-visible spectrophotometer. The amaf chromate sorbed was calculated
from the concentration in the solution before aftérasorption. Effect of pH on sorption of
chromate on to HDTMA-ECW was studied for the chréameoncentrations. Effect of contact
time was studied by withdrawing the sample fromghaker at predetermined time intervals and
residual chromate concentration was analyzed agealidfect of sorbent dose was studied with
different sorbate doses (50-250mg 50)vibr the chromate concentration.

RESULTSAND DISCUSSION

3.1 Charecterization of the sorbents

Fig.1 shows the XRD- patterns of HDTMA-E, HDTMA-C BDTMA-W. The XRD patterns of
all zeolites gave a clear diffraction peaks, eveough not sharp. X-Ray powder diffraction
pattern of these zeoltes have been recorded usingéQradiation in a range2 5°-120° at a
scanning speed of 1 step / sec. The FTIR spectHDdMMA-ECW are shown in Fig. 2 a, b & c.

It is found in the range 950-1250 ¢rand 420- 500cfh strongest vibration at 950-1250¢1s
assigned to T-O stretching and the next strongast bat 420-500cthis assigned to T-O
bending mode (T= Si or Al). The reason 1800 & 3500presents to measure sorption bands
centered at 3420 cm(hydrogen bonded —OH group) & 2921¢HC-H stretching of —Ck
group). The intensity of the bond at 2921tincrease due to the increase in aliphatic carbon
content in HDTMA-ECW which in turn is due to thergtion of HDTMA on to zeolite surface.

3.2Cr (VI) up takeby HDTMA-E, HDTMA-C & HDTMA-W

Chromate exchanged in zeolites (HDTMA- E, C, W)r@ased by increasing the initial pH

value. In the present study, the highest exchaagadaity of Cr (VI) was obtained when using

solutions with initial pH of 1, which changed tosgia final pH value of 9. The results reveal that
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the sorption percentage is maximum at pH 7. Thecefbf amount of HDTMA exchanged
zeolite on the removal of Cr (VI) is shown in (By§- The results showed that sorption
percentage increase as the dose of the sorbepts®s. This increasing trend is expected since
the number of sorption sites also increase.

3.3 Effect of Cr (VI) concentration on sor ption

The sorption of Cr¢? ion on HDTMA exchanged zeolites were conductedh warious initial
concentrations (0.01-0.05N) at initial pH 1 (edwilum pH 7). The results show that the sorption
capacities increased with increasing initial comion (Fig- 4). In order to establish the
maximum Cr (VI) sorption capacity, the Langmuir atjan ofthe following form was applied to
the sorption equilibria at different concentration:

Celqe=1/bgm+Celgmn (1)

Where Ce is the concentration of the metal soluitoaquilibrium (mmol/L), gthe amount of Cr
(VI) sorbed at equilibrium (mmol/g),ngthe maximum sorption capacity and b is the constant
related to binding energy of sorption system. Tihedrity of the plots (Table.1 & Fig.5) shows
that the sorption follows the Langmuir model withaximum capacities for HDTMA-E,
HDTMA-C & HDTMA-W respectively. It appears that teeis a strong correlation R 0.9999)
between Cr (VI) sorption capacity to exchange caypat¢ HDTMA in zeolite.

3.4 Thermodynamic parameters

The amount of sorption of Cr(VI) by HDTMA- exchambeeolite increased as temperature
increase from 1%-35°C. The following relationship has been used to @eatal thermodynamic
parameters viz. Gibbs free enery@’, enthalpyAH® & entropyAS®:

AG°=-RT InKd 2
And
LogKd=-(AH®/2.303R) I/ T + AS’/ 2.303R 3

Where Kd is the equilibrium constant calculatedtlas ratio between sorption capacity and
equilibrium concentration. The change in enery§ for Cr(VI) sorption were calculated using
eqg. 2 for HDTMA-E, HDTMA-C & HDTMA-W respectively 825C. The negative values of
AG® (Table.2) means that the sorption of Cr (VI) ion BIDTMA—exchanged zeolite is
spontaneous. From eq.3 a plot Log Kd vs. 1/T (B)g.positive value ofAH® indicate that the
endothermic nature of sorption process. A sligipibgitive entropy change for sorption of Cr
(VI) ion on HDTMA- exchanged zeolite is due to filkan of ions on the exchange sites.

3.5 Sorption kineticsof Cr (VI) by HDTMA — exchange zeolites
The kinetics of sorption of Cr (VI) by modified A&es was studied in batch experiments. The
first order rate constants for sorption of Cr (s determined using Lagergren eqgn.

Log (ge-q) =log ge- (Kads/ 2.303) t 4

Where g and ge are the amount of metal ions sorbgg: at time t and at equilibrium
respectively, Kads is the sorption rate constant.
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Fig.1(a), (b) & (c) FTIR spectra of hydrothermally synthesize and modified E-SMZ, C-SMZ & W-SMZ
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Fig. 6. Plot of Log Kd Vs 1T for CiV i sorption en HDTMA-Zeolites

Tablel: first order Kinetic constantsfor Cr(VI) onto HDTM A-exchanged zeolites.

Zeolites First order expressign

k R
E-HDTMA -0.01171 0.0626
C-HDTMA -0.05698 0.6243
W-HDTMA -0.00811 0.3676
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Table2: Langmuir Adsorption isotherm parametersof Cr(VI) on HDTMA-Zeolites

Zeolites Cr(VI)maximum sorption(qm) mgg| Longmuir binding energy constant, (b) Ling
E-HDTMA -0.3633 -0.1553
C-HDTMA -1.6345 -0.6271
W-HDTMA -1.2097 -0.1564

Table3: Thermodynamic Parametersfor adsorption of Cr(VI) by HDTM A-Zeolites

Zeolites | Temp(K)| AG(KJ/mol) | AH°(KJ/mol) | ASY(J/Kmol)
288 1.18045

E-HDTMA 298 1.0177 98.694 -24.5244
308 0.9065
288 -23.2582

C-HDTMA 298 -24.0682 69.485 80.9990
308 -24.8782
288 -25.7253

W-HDTMA 298 -24.5685 98.6946 82.7224
308 -25.3798

A straight line plot of Log (qe-q) V/s t (Table.3 Big.7) indicates the applicability of the first
order kinetic for Cr (VI) sorption. The Kads valuesculated from the slope of the plot for the
HDTMAE, HDTMA-C & HDTMA-W.

CONCLUSION

HDTMA-Br was used to modify the surface of zeolit¢§grionite, Cowlesite and
Willhendersonite). Removal of chromate ion from egus solution by surfactant modifier was
found to be effective. HDTMA-E, HDTMA-C, HDTMA-W he been characterized using X-ray
powder diffraction & FTIR techniques. Optimum pH fchromate removal was found to be pH
7.0. The results also show that the sorption peéagenand Kd value increase with increasing
initial Cr (VI) concentrations. The sorption folled Langmuir model with maximum Kd value
at 25C for HDTMA-E, HDTMA-C & HDTMA-W respectively. Theamount of Cr (VI) by
HDTMA-exchanged zeolite increased as temperatweease from 18 to 35C indicated that
the process was endothermic. The free energy cha@gmr the sorption at 28 were -1.01, -
24.06 and -24.56 KJ/mol for HDTMA- E, HDTMA-C & HIMA-W respectively. The negative
value of AG® shows that the sorption of Cr (VI) ions on HDTMA clanged zeolite is
spontaneous. A slightly entropy change for sorptwdrCr (VI) ion on HDTMA exchanged
zeolite could be due to fixation of the ions on tHBTMA exchange site that randomly
distributed on the sorbents. The kinetic study stebwhat Cr (VI) sorption followedsdorder
kinetic model. The first order rate constant fag s#orption of Cr(VI) were 11.7 X 3056.9X 106
and 8.11 X 1@min*for HDTMA- E, HDTMA-C & HDTMA-W respectively.
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