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ABSTRACT: Thisstudy illustrates the process of removal of chromium from chrome tanning waste-water by fly ash
which was drive from chrome shaving dust. This experiment was carried out in abatch processwith laboratory prepared
adsorbent samples and chrome tanning water collected from local tanneries. The influence of various factors likes
adsorbent doses, contact time, and initial concentration of chromium on the removal of chromium from effluent was
investigated. FTIR analysis was done to identify the functional groups presentsin the fly ash. The maximum removal
of chromium and absorption capacity wasfound to be 97.86%. And 23.11 mg/g at chromium concentration of 1000.3mg/
| and 1291 mg/| respectively. Total dissolve solid, turbidity, and conductivity were reduced significantly. Waste water
samples containing several interfering ionslike Na, Fe, Ca, Zn, Mn etc. The langmuir absorption isotherm was al so used
to explain the nature of adsorption. Thisresult indicates that chrome shaving dust ash can be successfully used to treat

chrome tanning wastewater.
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INTRODUCTION

Chromium is the 7" most abundant metal on the
earth, which present in the environment, mainly two
oxidation states Cr® and Cr® having average
concentration 100 mg/kg (Stépniewskaet al., 2007, Apte
et al., 2005). Chromium is normally present in rocks,
soil, volcanic and combustion dust (Pandhram and
Nimbalkar, 2013). The major source of chromium in
industrial waste water is electroplating aluminium
conversion, cooling operating, metal finishing,
pigments, leather fungicides, photographic materials
and wood preservatives (Los et al., 1994, Kowalski,
1994).The global production of chromiumis 107 tonnes
per year among them 60-70%isused inaloys, including
stainless steel and 15% in various chemical
processes(Cervanteset al., 2001, Polti et al., 2011). The
permissible limit of chromiumin drinking water is0.1
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mg/L and inwastewater is5 mg/L for trivalent chromium
and 0.05 mg/L for hexavalent chromium (Greenberg
Arnold and Clesceri Lenore, 1992; Acar and Malkoc,
2004). Leather is tanned with chromium because of
hydrothermal stability and excellent physical
properties. Leather uptakesonly 60-70% of chromium
used in tanning process and untreated waste water
contain 1500-3000mg/L of chromium (Aravindhan et
al., 2004). A very littleamount of chromiumis essential
for glucose, lipid and amino acid metabolism but long
time exposure causes skin disorders, lung carcinoma,
kidney damage, dermatitis ulcers and skin lesions
(Aravindhan et al., 2004; Sekhar et al., 2012). Thereare
several traditional methods to remove chromium from
industrial waste water Such asion-exchange, membrane
separation, Electroplating bioaccumulation,
precipitation and modified zeolites etc. These methods
suffer fromvarious problemslike costly, generation of
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secondary sludge, incomplete metal removal, creation
of toxic waste products and high reagent cost etc. In
this study we utilise fly ash drive from chrome-tanning
solid wasteto remove chromium fromliquid waste water.
Researchersfrom around theworld use variousfly ash
hevea brasilinesis sawdust activated carbon, Rice husk
silica, phosphate removed using fly ash, coconut jute
charcoal, and activated carbon from different materials
to remove heavy metal and pollutants from aqueous
solution (Karthikeyan et al., 2005, Sivakumar 2015;
Ragheb, 2013; Samadi et al., 2009, Diaset al., 2007).
Theaim of thisstudy isto management both liquid and
solid waste of tannery industries at atime.

MATERIALS AND METHODS
Sample collection

The samples were collected in February 2016 from
Ruma, Samina, and Chowdhury the local tannery in
Dhaka. The PV C zip bag and high-density 1-liter PVC
bottles were used to collect leather chrome shaving
solid waste and the effluents from these tannery. Each
bottle was cleaned thoroughly by rinsing with dilute
HNO, followed by washing with distilled water (Nixon
et al., 1989).The collected samples were then filtered
and preserved with Conc. HNO, for analysis (APHA,
1998; USEPA, 1979).

Adsorbent preparation

Chrome shaving dust was incinerated in closed
R L % for two hours. The
combustion ash was collected from furnaces. The
combustion ash was washed with 2M Nitric acid to
remove chromiumfrom ash. Nitric acid not only removes
the chromium from ash but also activeit for removal of
chromium.

Batch experiments for chrome removal

Batch experiments were carried out to evaluate the
effect of contact time, adsorbent dose, and initial
concentration of chromium on the removal of chromium
from Tannery effluent. All the experiments were
performed in 500ml Erlenmeyer flask containing 250ml
of effluent with an adsorbent at room temperature. The
influence of adsorbent dose on chromium removal form
effluent was assessed by using 5 gramsto 20 grams of
adsorbent. The effect of contact time on the removal
of chromium from effluent was determined by using 3
hoursto 12 hours of contact time. In order to examine
theeffect of initial chromium concentrationson removal
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of chromium we used the effluent of three different
tanneries. Chromium ion concentration varying from
tannery to tannery because of their own tanning
method. Thelevel of pH intannery effluent rangesfrom
2.5t0 3.5 because of penetration of chromium intanning
better suited inthispH range (Mellaet al., 2015). After
treatment all the samples were filtered through what
man filter paper and the filtrate were analysed using
AAS atomic Absorption Spectrophotometer. Normally,
mixture of adsorbent and effluent wasfiltered after 12
hours of time except the experiments of the influence
of contact time. To explain the nature of Langmuir
isotherm we used 20 grams of adsorbent to remove
chromiumfrom different initial concentration of tannery
effluents.

Adsorption studies

Removal Percentage and adsorption capacity of
adsorbentswere cal culated according to the expression
(Egs.1and 2)
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Here, Q,_, isabsorption capacity, C and C_areinitial
and equilibrium concentration of chromium m and V
are mass of adsorbent in gram and volume of effluent
inliter.

RESULTS AND DISCUSSION
Nature of adsorbents

TheFTIR Spectrum asshownin Fig. 1 indicatesthe
nature and functional groups present in the adsorbent.
The absorption band range at 3800-2900 cm? is
indicating the -OH and -NH Group Present in the
adsorbent. The spectrum band at 767.67cn! represents
the C-Cl group.

The absorption band 2927.91 cm? represents C-H
Stretching from polysaccharides. However, the
absorption band range between 1421.1cnr* to 1616.35
cn? isdueto C=C vibration in the aromatic ring. On
the other hand, band 1064.71 cm* may be dueto C-H
stretching bond in acid al cohol and phenolic compound.
The absorption band ranging from 632.65 cn* t0 518.85
cnr! may represent alkynes C-H bond.
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Characterization of tannery effluents in the effluents. According to Figs. 2 and 3 the amount

Characterization of samples was completed to  of cation and TDS, Turbidity, and Conductivity was
measure the level of Total dissolve solid (TDS),  higher in Chowdhury tannery effluents among the three
Turbidity conductivity and several other cation present ~ tanneries.
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Fig. 1: FTIR analysis of fly ash
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Fig. 3: Cations present in tannery effluents
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Removal of chromium from effluents

The effect of initial chromium concentration

The above Tables 1 and 2 show the removal
percentage and absorption capacity of chromium ion
depending on its initial concentration in tannery
effluents. Remove percentage decreases with the
increase of initial metal ion concentration. Thisisdueto
lesser avail ability of adsorbent active site areleft for the
absorption of fresh chromiumionwhichissimilar to the
study of Modak and Natarajan (1995).

The effect of adsorbent dose on the removal of
chromium:

The effect of adsorbent dose on the removal of
chromium from effluent al o represent by the above Tables
1and 2. Removal of chromiumincreaseswiththeincrease
of adsorbent dose but absorption capacity decreases.
Absorption capacity or metal ion absorbed per gram of

Table 1: Removal

adsorbent is higher for lower adsorbent dose. Although,
the percentagesof chromium removal increasesat higher
adsorbent dose because of available adsorbents active
dtsprechromiumionincreases Inapreviousstudy smilar
result wasfounded by Molkoc et al. (2006).

The effect of contact time on removal of chromium

For this study we use Ruma (1000.3mg/L) Tannery
effluent and 20g of adsorbent. The effect of contact time
on the removal of chromium was established by using
four different time intervalsranging from 3 hoursto 12
hours. The bellows Table 3 shows removal percentage
and absorption capacity increase with the increase of
contact time. The maximum amount of absorption done
ininitial stage because in initial period the maximum
amount of active sites are available. Our findings are
similar to study of (Sharmaand Goya 2011).

Percentage of chromium

Name of Tannery 59 10g 159 20g
Ruma (1000.3 mg/L) 40.63% 70.87% 85.66% 97.86%
Samina (1291 mg/L) 35.80% 59.95% 72.33% 92.17%
Chowdhury (1524 mg/L) 21.7% 47.2% 65.3% 86.8%
Table 2: Absorption capacity of adsorbent.
Name of Tannery 59 10g 159 20g
Ruma (1000.3 mg/L) 20.32 mg/g 17.72mgl/g 14.28mgl/g 12.24 mg/g
Samina (1291 mg/L) 23.11 mg/g 17.15mg/g 16.23mg/g 14.87mg/g
Chowdhury (1524 mg/L) 16.5mg/g 18.07 mg/g 16.23mg/g 16.53mg/g
Table 3: Removal percentage and absorption capacity at various times interval.
Time 3 hour 6 hour 9 hour 12 hour
Removal percentage 45.69% 64.20% 89.20% 97.86%
Absorption capacity 5.71mg/g 8.07 mg/g 11.16 mg/g 12.24 mg/g
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Effect of pH and Interferingion

Most of the tanneries in tanning process maintain
pH ranging from (2.5 to 3.5) because of better chrome
penetration. In generally, lower pH is suitable for
absorption of chromium from agqueous solution.
Interfering ions also have a positive effect on
absorption. The interfering ion likes Na, Fe, Ca, Zn,
Mn, etc. are very common in tanning effluents.

Others parameters of tannery effluents

We measure the level of TDS, Turbidity and
conductivity before and after treatment with 20 grams
of adsorbent. The below (Table 4) showsthe reduction
level of TDS, Turbidity and conductivity fromthis Table
Tannery effluent contain lower concentration of
chromium shows better rate of reduction than others.

Adsorption studies
Isotherm models are widely used to establish a
relationship between absorbed (q.) and aqueous

concentration at equilibrium. In this study we use
Langmuir absorption model. As shown in Fig. 4, the
Langmuir isotherm has been used to discuss the
absorption quality of Chromium from aqueous solution
(Eq. 3).

1 1

Ge 4q0 Ce kqo

1 . ©)
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Where, g, is the chromium absorbed per unit mass
of adsorbent g, represents the capacity of the
adsorbent C_ concentration of chromium at equilibrium.
K isLangmuir constant and g, and K iscalculated by
using the intercepts and slope of the plot. The main
characteristics of theisotherm can beexpressed interms
of adimensionless constant separation factor R . This
R vaueindicatesthe nature of adsorbent unfavourable
(RL>1), linear (R =1), irreversible(R . =0) or favourable
(O<RL<1). Inthisstudy thevalueof R wasfrom0.3411
to 0.513 which remarks that this experiment was
favorable.

Table 4: Removal of TDS, Turbidity and Conductivity.

Ruma Samina Chowdhury
Name of parameters _ _ _ _ _ _
Initial Fina Initial Fina Initial Fina
TDS (gm/l) 38.7 32 481 6.12 54.3 8.3
Turbidity (NTU) 197 1 281 0.9 300 12
Conductivity(mS/cm) 715 6.25 96.3 11.25 107.1 17.15
Ruma tsnnery Chowdhury tannery Samina tannery
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Fig. 4: Langmuir isotherm
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CONCLUSION

In this study we real tannery effluent. Chrome
shaving dust ash was used to remove chromium from
Tannery effluent. Influence of initial metal ion. Contact
time and adsorbent dose on the removal of chromium
also determined. Chrome shaving dust ash remove
more than 97% Chromium from Tannery effluent.
Removal of chromium increases with the increase of
connection adsorbent dose but decreases with the
increase of initial chromium concentration. The amount
of ash required to perform achromium removal above
90% isabout 80 g/l. TDS, Turbidity and conductivity
of effluent al so reduced significantly. Chrome shaving
dust ash can be successfully used for the treat of
tannery effluents.
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