International Journal of Advance Research in Science and Engineering g,
Vol. No.6, Issue No. 04, April 2017

WWww.ijarse.com

IJARSE
ISSN (0) 2319 - 8354
ISSN (P) 2319 - 8346

REMOVAL OF CHROMIUM FROM INDUSTRIAL
EFFLUENT BY ADSORPTION USING ALUMINA SILICA

MONOLITH
V.R. Doss!, Manik Gondhali?, S. Jain®,

'Associate Professor, Department of Engineering Sciences, Sinhgad College of Engineering,
Vadgaon (Bk.), Pune (India)
’Post-Graduate Student, *Associate Professor, Department of Civil (Environmental) Engineering,

Sinhgad College of Engineering, Vadgaon(Bk.), Pune (India)

ABSTRACT

Electroplating industry contains chromium in its effluent. The present study aims at using silica monoliths as an
adsorbent to remove chromium from wastewater of electroplating industry. Four different Isotherm models
Langmuir, Freundlich, Temkin and Dubunin — Radushkevich were validated. Langmuir model showed the best
fit with an R® value of 0.9282. Batch kinetic experiments were conducted to examine the effect of various
parameters like initial metal ion concentration, contact time, pH and temperature.7 g/100 ml of adsorbent
shows efficient removal upto 90.47% at an optimum pH of 4 in a period of 150 minutes. The functional acidic

sites on the mesoporous monoliths provide effective and accessible adsorption of metal ions.
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I. INTRODUCTION

Electroplating waste is one of the major contributors to heavy metal pollution in surface waters. A large number
of heavy metals are generated annually by industrial activity that has contaminated water bodies all over the
world. Therefore, heavy metal pollution has received much attention in the media and scientific literature due to
the severe toxic effects on human health and the environment. The important toxic metals like Cd, Zn, Pb, Ni,
Cr, Cu and Hg enter into the water bodies through waste water from metal plating industries and industries of
Cd- batteries, mining, pigments, stabilizers alloys etc.In the top 50 priority list for toxic substances Chromium
(Cr) is one of the eight metals (ATSDR 2003). Cr(l11) is usually benign due to poor membrane permeability [1].
Trivalent compounds are poorly absorbed by the gastrointestinal tract hence have low toxicity as compared to
hexavalent chromium. Cr (V1) is a skin and mucous membrane irritant. Hexavalent chromium is considered as a
potential pulmonary carcinogen. Low-level occupational chromium exposure induced DNA damage in
electroplating workers[2].

For the removal of heavy metals from effluent waste streams the adsorption process with various commercial
and natural adsorbents like F-400 activated carbon, Apricot stone, corn cob, rice bran, etc. are being widely
used[3-17]. Such adsorbent remains an expensive material or one with surface limitations thus, the use of

alternative and perhaps cheaper adsorbents with well- defined surface characteristics is attractive. Mesoporous
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monoliths have distinctive properties which categorize them as a promising material for removal of organic and

inorganic pollutants [18-24].

Il. MATERIALS AND METHOD

2.1 Characterization of the adsorbent
The alumina silica monolith procured from m/s Shilpa enterprises, Nagpur was subjected to SEM, XRD and
FTIR analysis. SEM micrograph gives a characteristic three dimensional appearance useful for understanding
the surface structure of a sample. SEM was carried out on JULJISM — 6360A and the results are shown in Fig
1(A) and (B). XRD for the alumina silica monolith both before and after adsorption were carried out on Bruker
AXS D8 Advanced as shown in Fig 2 (A) and (B). FTIR showing surface functional groups was carried out on
Perkin Elmer, FT-IR system, Spectrum BX; shown in Fig 3 (A) and (B). The EDS report is shown in Fig 4.
2.2 Physico-chemical analysis of the electroplating wastewater
The sampling and analysis of various physico-chemical properties has been done to understand the composition
of electroplating industry effluent. The effluent samples were collected from the Electroplating industry, S. V.
Metal Finishers Pvt. Ltd, Dhayari Pune, Maharashtra, India. The sample bottles were filled, labelled and
transported to the laboratory, stored and physico-chemical analysis of the samples were done. The results of
which are shown in Table.1
2.3 Experimental Procedure
Batch adsorption and kinetic experiments were carried out to validate the isotherm models and study the effect
of initial metal ion concentration, contact time, pH and temperature on the adsorption of Cr on the Alumina
Silica monolith.
2.3.1 Adsorption Isotherm Studies
This was carried out to study the adsorbing capacity of adsorbent in a fixed quantity of solution with varying
adsorbent quantity. This parameter gives the optimum amount of adsorbent required. 100 ml of hexavalent
chromium sample was taken in a beaker. Varying amounts of 0.5 g to 15 g of alumina silica monolith was added
in different beakers. To this was added 10 ml diphenyl carbazide. Beakers were then placed on a magnetic
stirrer at moderate speed which was set at a room temperature of 30°C. Samples were stirred for 8 hrs. The
amount of the adsorbate per unit mass of the adsorbent i.e. g. in mmol/g of the molecules at equilibrium was
determined using the equation,
ge = Cp—Co = V/W
Where g.. amount of the adsorbate per unit mass of the adsorbent

V- Volume of solution in liters

Co and C. are initial and equilibrium concentration of adsorbent

W- Amount of adsorbent in g
The isotherms were validated for Langmuir, Freundlich, Temkin and Dubunin-Radushkevich isotherms as
shown in Fig 5-8.
2.3.2  Kinetic studies
2.3.2.1 Variation of dose
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This parameter gives the optimum dose of adsorbent for maximum % Cr (V1) removal efficiency. To 100 ml of
hexavalent chromium sample, 1-8 g of the adsorbent was added along with 10 ml diphenylcarbazide. Beaker
was then placed on a magnetic stirrer at moderate speed which was set at room temperature of 30°C. After 4
hours sample was filtered and analyzed. Same procedure was followed for pH 2 and 9. The % Cr (VI) removal
efficiency vs. adsorbent dosage is shown in Fig 9.

2.3.2.2 Variation of temperature

This study was carried out to study the effect of temperature on the adsorbing capacity of the adsorbent. 100 ml
of hexavalent chromium sample was taken in beaker. To this 1 gm of silica alumina monolith and 10 ml
diphenylcarbazide was added. Samples were stirred for 4 hours at room temperature of 30°C. Similarly, the
procedure was repeated for 15°C and 40°C. After completion of different runs, samples were filtered and
analyzed using AAS Chemito AA 201. The results are shown in Fig 10.

2.3.2.3 Variation of contact time

The adsorption of the Alumina silica monolith was studied at various time intervals (0-180 min). Kinetic
sorption studies were carried out using 500 ml of the sample with adsorbent dose of 5 g with 10 ml
diphenylcarbazide. The mixture was uniformly agitated at 30°C for 15 minutes. The experimental setup is
thereafter repeated for various time intervals of 30, 45, 60, 90, 120, 150, 180 and 240 minutes. The
concentration of metal ions in the filtrates is determined using AAS as shown in Fig 11.

2.3.2.4 Variation of pH

This parameter gives the optimum pH to get maximum % Cr (VI) removal efficiency. 100 ml of hexavalent
chromium sample having a pH of 7 were taken in a beaker and to this 1 g of the adsorbent was added along with
10 ml diphenyl carbazide. Beaker was then placed on a magnetic stirrer at moderate speed which was set at
room temperature of 30°C. After 4 hours sample was filtered and analyzed. Same procedure was followed for
pH 2 and 9. The % Cr (VI) removal efficiency vs. pH is shown in Fig 12.

2.3.2.5 Agitation speed

This was carried out to study the adsorbing capacity of the adsorbent by varying the speed of agitation to get
maximum % removal efficiency of Cr (VI). 100 ml of hexavalent chromium sample was taken in beaker.To this
1 g of alumina silica monolith and 10 ml diphenyl carbazide was added. Speed of agitation was kept at 200, 600
and 1000 rpm. After 6 hours sample was filtered and analysed in AAS. This gives graph of Cr (VI) removal

efficiency in percentage vs. Agitation (rpm) as shown in Fig13.

1. RESULTS AND DISCUSSION

3.1 Characterization of the adsorbent
Surface texture analysis was carried out using a Scanning Electron Microscope. SEM of alumina silica monolith
before adsorption shows a porous surface texture while after adsorption shows adsorbed chromium on the

surface.
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Fig 1 (A) Before adsorption Fig 1 (B) After adsorption
XRD of the adsorbent shows variations in the characteristic peaks relating to interplanar spacings in the
adsorbent before and after adsorption.
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Fig 2 (A) XRD Before adsorption Fig 2 (b) XRD After adsorption

The FTIR spectrum obtained for alumina silica monolith is presented below. The IR band at 3434 cm™ is due to
the stretching vibration of H,O while the band at 1631 cm™ is due to the bending vibration of H,O. A strong
band at 1206 cm™ with a shoulder at 1179 cm™ is assigned due to modes of Si-O-Si stretch vibrations. Bands at
1066 cm™ and 802 cm™ are also due to Si-O-Si stretch vibrations. The IR band at 949 cm™ can be assigned to
silanol group. At 808 cm™ it is due to Si-O-Si symmetric stretch and at 483 cm™ due to O-Si-O bend vibration.
The bands that were observed between 400 cm™ — 850 cm™ were due to Al-O stretching. At 447 cm™, 576 cm™
and 676 cm™and 767 cm it is due to Al-O stretch vibrations.

8 - 2 100
R |
&1 80 A"v. < e
e é \ I\ 1631.48
# E 40 80;24
[l 1N [ N T RN T o] R 2434 69
s o wm e wm e N
| o e e S M:;' ;AUk i |u' iz Jml 0 5(')0 10'00 15'00 20’00 25’00 30’00 35‘00 40‘00 45’00
Wavenumber (cm-1)
Fig 3 (A) FTIR Before adsorption Fig 3 (B) FTIR After adsorption

The EDS shows presence of Oxygen, Silicon and Aluminium in the adsorbent as the major elements present.
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Fig 4 EDS of silica alumina monolith

3.2 The physico-chemical analysis of the wastewater is shown in the Table below

Parameters Standard values* Experimental values
pH 6-9 1.66
Temperature Ambient Temp +5°C | 32°C

Oil and grease 10 4.6
Suspended solids 100 12

cyanides 0.2 -
Ammonical Nitrogen 50 75

Total residual Chlorine | 1 0.54

Cd 2 -

Ni 3 18.2

Zn 5 -

Cr 0.1 194.33 ppm
COD - 486

Cu 3 4.9

Pb 0.1 3.8

Fe 3 -

Total metal 10 221.3

*Standards for emission of pollutants from various industries, CPCB, Ministry of Env. AndForests, GOI.

3.3 Adsorption Isotherm studies
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The Langmuir isotherm model with R* value of 0.9282 was found to be the best fit of all the models validated.
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3.4 Effect of Dose Variation

Following results were obtained for variation of dose which shows maximum % removal for 7 mg of the
adsorbent. This shows that the adsorption increases with increase in adsorption dosage but once it reaches
equilibrium further increase in dosage does not have a significant effect.

Effect of Adsorbent Dose
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Fig 9- Effect of adsorbent dose
3.5 Effect of Temperature Variation

It was observed that an optimum temperature of 40°C was required for maximum adsorption.
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Eftect of Temperature Variation
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Fig 10- Effect of Temperature
3.6 Effect of Contact Time
The results show that adsorption capacity increases with increased time and attains equilibrium in 150 min as
91.16%.1t was observed that in a period of 4 hours initially there is rapid increase in the % removal of
metal ions in the first hour but once equilibrium is achieved the increase in contact time had no effect on
removal efficiency which may be due to saturation of the adsorbent bed with the metal ions followed by

adsorption- desorption process that occurs after saturation as shown in figure 11.

Effect of Contact Time
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Fig 11- Effect of Contact time

3.7 Effect of pH Variation

The maximum adsorption of Cr (VI) ions was observed at pH 4.0 and significantly decreased by increasing the
pH. At lower pH the surface of the adsorbent exhibits an increasing positive charge due to increasing H* since
the species to be adsorbed i.e., Cr ions is also positive it experiences a repulsive force and thus adsorption is not
favored and furtherH*would also compete with Cr for the adsorption sites available thus reducing the uptake of
metal ions by the adsorbent. On the contrary, as pH increases till pH 4, the adsorbent surface becomes
negatively charged and favors the adsorption of positively charged metal ions increase. However, on further

increasing the pH it results in precipitation of metal ions as its hydroxide.
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Fig 12- Effect of pH
3.8 Effect of Agitation speed
It was found that adsorption increases with an increase in speed of agitation. The maximum adsorption was
found at 1000 rpm.On increasing the speed further the adsorption would decrease as the diffusion coefficient of
metal ions will significantly get affected as the energy due to high speed probably would assist in breaking
bonds formed between metal ion and their adsorbent. At lower speed of 200 rpm the degree of mixing reduces

the process of adsorption.

Effect of Speed Agitation
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Fig 12- Effect of Agitation Speed

IV. CONCLUSION

This study shows that Cr (V1) can be removed by adsorption on silica alumina monoliths.Values of correlation
coefficient for Langmuir isotherms is 0.9282 whereas for Freundlich, Temkin and Dubunin-Radushkevich the
values are 0.8575, 0.6736 and 0.8379 respectively. It clearly indicates that Langmuir isotherm model validates
for adsorption equilibrium studies.The Kinetic experiments show that the maximum adsorption of Cr (VI) was

obtained at pH 4.0, adsorbent dosage of 7 g, contact time 150 min and temperature at 40°C.
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