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Sorption of Cr (VI) & As (V) on HDTMA –Modified
Zeolites

Vandana Swarnakar, Nishi Agrawal, Radha Tomar

Abstract-Sorption of Cr (VI) & As (V) on HDTMA modified zeolites were investigated by batch technique, X-ray diffraction, Fourier
transform infrared analysis, Energy dispersive spectroscopy and Scanning electron microscopy. HDTMA was exchanged with extra
structural cations of zeolite up to the external cation exhange capacity. The HDTMA modified surface was stable when exposed to
extremes in pH, ionic strength and to oxoanions. The HDTMA modified zeolites showed significant sorption for chromate and arsenate
ions in aqueous solution. Sorption data for each anion was well described by Freundlich isotherm equation. Increase in Cr (VI) & As (V)
sorption on to  modified surface occurred in neutral solution (pH7) and the amount of sorbed Cr (VI) & As (V) described rapidly with
increasing pH since (OH-) concentration competes against Cr (VI) & As (V) for the sorption sites, thus, inhibiting formation of Cr (VI)-
SMZ & As (V)-SMZ complex. FTIR analysis showed that sorbed SMZ forms an ad-micelle surfactant surface coverage, which is
responsible for Cr (VI) and As (V) sorption.
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1. Introduction
hromium is one of the most abundant inorganic
groundwater contaminant at hazardous waste

sites. Compared to its trivalent counterpart, hexavalent
Cr forms chromate (CrO42-) or hydrogen chromate
(HCrO4-) that is more toxic and more soluble at various
pH. Because of the negative charges, chromate sorption
on aquifer minerals is limited, making it more mobile in
subsurface soils and aquifers. Conventional treatment of
chromate-rich effluent is to reduce Cr (VI) to Cr (III) and
precipitate  Cr  (III)  as  chromium  hydroxide,  or
chromium  iron  hydroxide  at  high  pH,  followed  by
disposal of resulting dewatered sludge. Wastewater
containing relatively low concentrations of Cr (VI) is
usually treated with ion exchange resins to remove Cr
(VI) [1]. These conventional methods for Cr (VI)
removal are expensive and thus research to find
inexpensive sorbent materials have been conducted
recently [2-8].

These metals are found well above the tolerance
limit many a times in the aquatic environment [9].
Chromium is widely used in electroplating, leather
tanning, dye, cement and photography industries
producing  large  quantities  of  effluent  containing  the

toxic metal [10]. Cr (VI) is of particular concern because
of its toxicity [11]. The recommended limit of Cr (VI) in
potable water is only 0.05 mgl-1 [12]. However, industrial
and mining effluents contain much higher
concentrations compared to the permissible limit.
Arsenic in groundwater is largely due to minerals
dissolving naturally from weathered rocks and soils.
Also, it has many industrial applications and is also
used extensively in the production of agricultural
pesticides [13, 14]. Runoff from these uses and the
leaching of arsenic from generated wastes has resulted
in increased levels of various forms of soluble arsenic in
water. Use of arsenic contaminated water may cause
numerous diseases of the skin and internal organs [13–
17]. Consequently, extensive research to develop cost-
effective methods for arsenic removal has been carried
out recently using various sorbents [17–21]. Sorption
technique is generally considered to be promising
method amongst the existing technologies due to easy
separation of sorbent from aqueous media after
treatment [22]. Naturally occurring zeolites are
hydrated aluminosilicate materials with high cation
exchange capacities [23–27]. Sorption of arsenic on
natural zeolites has been studied extensively in recent
years due to their low cost and availability in nature
[28–42]. See Fig. 1.

Thus, treatment of effluent to reduce / remove the
pollutant before discharging into the environment
becomes inevitable. Different methods such as
reduction and precipitation [43], ion exchange [44],
electrolysis, reverse osmosis, solvent extraction [45],
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sorption [46], and electrochemical precipitation [47] have been suggested for the removal of Cr (VI). Among

Fig.1 - A model of modification of zeolite surface by surfactant and sorption of As (V) species.

all these, sorption is the most promising technique and a
feasible alternative [48]. A variety of materials have been
tried  as  sorbents  for  Cr  (VI)  and  a  number  of  studies
have been reported using sorbents like granular
activated carbon [49], soya cake [50], rubber tyres and
sawdust [51], activated sludge [52], lingocellular
substrate [53], fly ash [54], rice husk based activated
carbon [55] etc.

The  present  work  deals  with  sorption  of  Cr  (VI)  &
As (V) on Surfactant Modified Zeolites and to determine
their sorption capacity. The well known thermodynamic
functions and isotherm studies have been reported to
elucidate the equilibrium adsorption behavior at
different temperatures. In addition to the effect of
temperature, the effect of pH, adsorbent dose, time and
concentration of sorbate on percentage sorption have
been investigated. Thus, Zeolites Erionite, Cowlesite and
Willhendersonite modified by cationic surfactant
hexdecyltrimethylammonium bromide HDTMAB has
been potentially used as sorbents to remove anionic
contaminants such as Cr (VI) and As (V) from waste
water.

2.1. Sample
Zeolites were synthesized by hydrothermal method

and modified by hexadecyltrimethylammonium bromide
(HDTMAB) followed by centrifugation. Scanning
electron microscope (SEM) fig.2 and X-Ray diffraction
analysis (XRD) fig.3 confirmed that the sample was of

high purity. The zeolites were modified by HDTMAB
(from  HIMEDIA).  In  centrifugal  tube,  5gm  of  raw
zeolites were mixed with 2.5 gm of HDTMAB with
180ml of distilled water. The solutions were mixed on a
water bath shaker for 24 hrs. Zeolites were then
separated from solution by centrifugation. After the
supernatant solutions were decantated the zeolites were
washed twice with deionized (DI) watered and air dried.

The surface morphology change after surfactant
modification was similar to that of Ca-montmorillonite
after hexadecyletrimethyl ammonium (HDTMA)
modification [56]. Energy dispersion spectrum showed
increase in carbon after surfactant modification.

2.2. X-Ray Diffraction Analysis
Powder X-ray diffraction analysis was performed

on an X-ray diffractometer with CuK  radiation at 45 kV
and 40mA. XRD patterns of randomly oriented samples
were collected from 2  equal to 5o to 70o at the scanning
rate of 2o/min using 1o divergent slit and scatter slit and
0.3 mm receiving slit, while those of oriented samples
were collected from 2  equal to 5o to 50o.

2.3. Sorption of Cr (VI) and As (V)
Cr (VI) solution of desired concentration was made

using K2CrO4 and  As  (V)  solution  was  made  using
Na2HAsO4.  The  pH  of  Cr  (VI)  and  As  (V)  solution  was
adjusted to 1, 3, 5, 7, 9 using HNO3 or NaOH. To each
centrifugal tube 0.1 gm of surfactant modified Erionite
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(E-SMZ), Cowlesite (C-SMZ) and Willhendersonite (W-
SMZ) were added to 50ml Cr (VI) and As (V) solution at
Cr (VI) and As (V) concentration 108.96 mg/L and 104.0
mg/L respectively. The highest Cr (VI) and As (V)
sorption on E-SMZ, C-SMZ & W-SMZ were achieved at
pH 7. Thus, all the solutions were adjusted to pH 7 in the
subsequent sorption experiments. For Cr (VI) and As (V)
sorption isotherm determination, different weights of  E-
SMZ, C-SMZ and W-SMZ were added to 50 ml metal
oxoanions solution of initial concentration 108.96- 645.80
mg/L for Cr (VI)  and 104.12-502.01mg/L for As (V) with
0.01N increment. To study the thermodynamic
parameters 0.1gm of E-SMZ, C-SMZ and W-SMZ were
added to 50ml of 0.01N Cr (VI) and As (V) solutions at
pH 7. Sorption was carried out at temperature 288, 298
and 308K in a constant temperature water bath shaker.
The amount of Cr (VI) and As (V) sorbed on to E-SMZ,
C-SMZ and W-SMZ were calculated from the difference
between the initial and equilibrium concentrations of Cr
(VI) and As (V).

2.4. FTIR Analysis
FTIR analysis was carried out on a (NICOLET- 410)

Fourier–transform infrared spectrometer. The spectra
were recorded in the region 400-4000cm-1 with a spectral
resolution of 2cm-1, using a pressed KBr pellet technique.

2.5. Quality Assurance
In order to ascertain reliability, accuracy and

reproducibility of  the assembled data, the batch
equilibrium  tests  carried  out  for  Cr  (VI)  and  As  (V)
sorption were replicated twice and experimental blanks
were run in parallel. All the glass wares were pre soaked
before  use  in  5%  HNO3 for about 24 h followed by
washing with deionized water and drying in an oven.
Sample blanks were analyzed for correction of
background effect on instrument response.

1. Results & Discussion
3.1 XRD Analysis

X-ray diffractogram of synthetic gel has been
recorded using Cu K  radiation in a range 2  = 5o to 70o

at a scanning speed of 1step/second. Powder X-ray
diffraction pattern of hydrothermally synthesized
material E-SMZ, C-SMZ and W-SMZ are represented in
Fig 2a, Fig. 2b and Fig. 2c. In all cases medium was
NaOH, the degree of crystallinity is very high as shown
by the peak intensity for the major diffraction peak.
These pattern shows maxima at 2  = 26.85o, 14.75o &
25.94o, therefore d spacing between the plane is found to

be d = 0.20Å, 0.20 Å &0.10 Å. Powder X-ray diffraction
analysis shows that NaOH medium for E-SMZ, C-SMZ &
W-SMZ type material synthesis resulted in crystalline
products.

Fig. 2a - XRD diffractogram of hydrothermally synthesized E-SMZ

Fig. 2b - XRD diffractogram of hydrothermally synthesized C-SMZ

Fig. 2c - XRD diffractogram of hydrothermally synthesized W-SMZ

3.2. FTIR Spectroscopy
FTIR (NICOLET - 410 Spectrometer) spectra of E-

SMZ, C-SMZ and W-SMZ are presented in Fig. 3. It is
found in the range 950-1250 cm-1 & 420-500cm-1 strongest
vibration at 950-1250 cm-1 is  assigned  to  T-O  stretching
and the next strongest band at 420-500 cm-1 is assigned to
T-O bending mode (T= Si or Al).

The Hydroxyl bond –OH stretch near 3550 cm-1 in
Spectra indicates the bimodal absorbance. The water

http://www.ijser.org/
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molecules attached to zeolite frame work shows strong
characteristic structure sensitive bands due to water
(H2O) bending vibration at 1630 cm-1. The peaks below
550 cm-1 indicates (O-T-O) bending of rotation mode. The
peaks between 700-850cm-1 and 1000-1150 cm-1 are
assigned to symmetric and anti-symmetric T-O-T
stretching vibration. Two bands around 3000-3500 cm-1 &
2800-2900 cm-1 appeared in the E-SMZ, C-SMZ and W-
SMZ indicate asymmetric & symmetric stretching
vibration of –CH2 of alkyl chain and band  at about 1200 -
1600 cm-1 was assigned to vibration of trimethyl
ammonium quaternary group CN (CH3)3+.

Fig. 3 - FTIR spectra of hydrothermaly synthesize E-SMZ

3.3. Scanning Electron Microscopy (SEM)
The SEM images Fig. 4 of synthetic modified

Erionite, Cowlesite and Willhendersonite gel suggest the
crystal size of the material to be in the range 1µm- 10µm
show various morphology of the meso structured
material depending on the crystallization conditions.
Photomicrographs of the synthetic modified E-SMZ, C-
SMZ  &  W-SMZ  exhibited  well  defined  narrow  shape
with excellent crystal edges. The aggregation of zeolites
as HDTMAB is sorbed provides information about
surfactant aggregation on the surface. These scanning
electron microscopy images show the underlying
crystalline structure of E-SMZ, C-SMZ and W- SMZ.

Fig.4 - SEM images showing high purity of Surfactant Modified E-
SMZ, C-SMZ & W- SMZ.

3.4. Energy dispersive spectrometry (EDS)
The chemical composition of the synthesized

modified material was checked for metal ions Na, Ca, Al,
and Si using energy dispersive spectrometry. A revealing
feature in the synthesis of zeolite is the strong correlation
between Si/Al ratio of the resulting crystals, the nature of
the cation used and medium of synthesis. The flexibility
in the synthesis to produce desired composition of
zeolite represent a critical step in the improvement of the
material for many environmental process in which Si/Al
ratio is the key for maximizing performance. The
chemical composition of the prepared material is given
in Fig. 5 for E-SMZ, C-SMZ and W-SMZ. It is observed
that composition of the prepared material is quite close
to modified zeolites E-SMZ, C-SMZ and W-SMZ.

http://www.ijser.org/
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Fig.5 - EDAX spectra showing high purity of Surfactant Modified E-SMZ, C-SMZ & W- SMZ
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3.5. Thermodynamics of Sorption
The effect of temperature on the sorption of

oxoanions on E-SMZ, C-SMZ & W-SMZ was also
checked using the optimized conditions. The
temperature was varied from 288 to 308K. The amounts
of metal oxoanions sorbed at various temperature which
reveals  that  the  uptake  of  Cr  (VI)  and  As  (V)   increase
with increase in temperature, indicating better sorption
at higher temperature. The enhancement amount of
oxoanions sorbed at equilibrium with the rise in
temperature may be either due to creation of some new
active sites on the sorbent surface.

The amounts of oxoanions sorbed at equilibrium at
different temperatures have been utilized to evaluate the
thermodynamically parameters for the sorption system.
The van't Hoff plot of lnkc V/s 1/T was a straight line Fig.
6(a) & Fig. 6(b).

Fig. 6(a) - Vant's Hoff Plot of lnkc Vs 1/T for Cr (VI) sorption on
Zeolites.

Fig. 6(b) - Vant's Hoff Plot of lnkc Vs 1/T for As (V) sorption on
modified zeolites.

3.6. Sorption Isotherm
Analysis of the isotherm data is necessary in order

to develop an equation that can accurately represent the
results and could be used for design purposes. The data
obtained from the sorption isotherm studies were fitted
to the Freundlich Isotherms.

The Freundlich isotherm shown in above equation
assumes that the uptake of metal ions occurs on a
heterogeneous surface by multi-layer sorption and the
amount of sorbate adsorbed increases with increasing
concentration. The K and 1/n are the constants of the
Freundlich isotherm that corresponds to the sorption
capacity and intensity respectively. The parameter Ceq

correspondence to the remaining concentration of the
sorbate in the solution and Cads is the amount sorbed at
equilibrium.

The constants of the isotherm equations can be
computed from the intercept and slope of the linearized
plot of the experimental:

[Cads = K Ceq 1/n ]      (1)

The isotherm constants were calculated from the
slope and intercept, which is shown in Fig. 7(a) & Fig.
7(b). The values of correlation coefficient R2 for CrO42- &
AsO43- are higher in the Freundlich isotherm which
indicates that the sorption process is well represented by
the Freundlich equation.

http://www.ijser.org/
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Fig .7(a) & (b) - Freundlich sorption isotherm of CrO4
2- & AsO4

3- on
E-SMZ at 25 0C

3.7. Effect of pH on Cr (VI) And As (V) Sorption:
The results of experiments carried out in order to

evaluate the efficiency of E- SMZ, C-SMZ & W-SMZ
sorbent in removing As (V) over a range of pH 1-9. The
sorbent removed arsenic effectively over the initial pH
range 6–10. The predominant forms of arsenate in this
pH range are H2AsO4  and HAsO4  [14].  The  surface
anion exchange between these two arsenate forms and
counter ion bromide of surfactant-modified zeolites
(SMZ) can be presented conceptually by Eq. (2) and (3)
which were well verified and discussed by previous
workers [21]. It is evident from the figure that both of
these forms can be effectively sorbed by E-SMZ, C-SMZ
& W-SMZ. Compared to the previous works related to
As  (V)  sorption  by  surfactant-modified  zeolites,  where
optimum pH range were reported to be 7.2–7.5 [21] and
7.4 [37], the sorption for As (V) by investigated
surfactant-modified zeolites is of a wide optimum pH
range, which should be of significant importance for
practical operation. At initial pH <1, As (V) in solution
exist  in neutral  form H3AsO4 [14], no ion exchange took
place with bromide and observed As (V) sorption is only
for physical sorption. Therefore, As (V) sorption
efficiency is remarkably low at pH~1.

SMZ–Br + H2AsO4  = SMZ–H2AsO4- +Br     (2)

2SMZ–Br + HAsO4  = SMZ2–HAsO4 +2Br     (3)
The change of final pH as a function of initial pH

range 1-9. The sorbent follow the same trend of pH
change indicating homogeneous nature of the surfaces in
respect of existing ions. In the pH range 6–10, the pH of
solution shifted towards acidic region. This may be due
to the fact that zeolite surface could still generate
protonated AlOH2+ groups in solution even after

modification with HDTMAB. The drop of final pH is due
to OH  consumption via deprotonation of surface AlOH2+

groups giving back terminal aluminol group, AlOH (Eq.
(4)):

AlOH2+  AlOH + H+      (4)
In case of Cr (VI) ion maximum sorption occure at

pH 7 chromium is present in the form of CrO42- which is
more  stable  form  of  Cr  (VI).  However,  at  lower  pH
dichromate ions are formed which has larger particle
size as compared to chromate ions. The pore size of
zeolite is suitable for the sorption of CrO42- ions rather
than the Cr2O72- ions.

HCrO4 -   CrO42- + H+ (5)

H2CrO4 HCrO4- + H+ (6)

Cr2O7 + H2O  HCrO4- (7)
In case of basic solution when pH is greater than 7

the chromate ions are converted into Cr(OH)3 species, it
has less oxidizing ability. In the case of Cr, +6 oxidation
states are more stable as compared to +3 oxidation state
therefore chromium shows maximum sorption at pH 7.

CrO4- + 4H2O + 3e-                Cr(OH)3 + 5OH-   (8)
The sorption behavior of CrO4-2 & AsO4-3 on E-SMZ,

C-SMZ and W-SMZ were checked at different pH of the
solution viz. pH 1, 3, 5, 7, 9. Fig. 8 (a) & Fig. 8 (b) show
the  effect  of  pH  on  sorption  of  CrO4-2 & AsO4-3 on  E-
SMZ, C-SMZ and W-SMZ. The data shows maximum
sorption at pH 7 for E–SMZ. The results show that the
sorption percentage increases up to pH 7 with increase in
pH of the solution and thereafter sorption percentage
decreases.

Fig. 8(a) - Sorption Cr (VI) on surfactant modified zeolites as a
function of solution pH

http://www.ijser.org/
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Fig. 8(b) - Sorption As (V) on surfactant modified zeolites as a
function of solution pH

4. Conclusion:
Surfactant modified- Erionite, Cowlesite and

Willhendersonite sorbs Cr (VI)  and As (V) effectively in
neutral solutions and sorption of Cr (VI)  and As (V) is
strongly pH dependent. Cr (VI) sorption capacity
reached 21 kg, and As (V) sorption capacity reached
19g/kg  the  sorption  process  is  well  described  by
freundlich equation. The enthalpy change ( H) of the
sorption is 0.1258 kj/mol and 0.9188 kj/mol indicating
sorption of Cr (VI) and As (V) on to surfactant modified
Erionite . FTIR analysis shows that HDTMA cations in
the interlayer region caused polarization of adsorbed
H2O molecules. The uptake of negatively charged Cr (VI)
and As (V) ions in  the interlayer regions of surfactant
modified – Erionite, Cowlesite and Willhendersonite are
probably due to electrostatic force derived from the
polarized water molecules and positively charged
groups of the HDTMA cations.
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