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ABSTRACT 
Basic chromium sulphate (BCS) salts are widely used as tanning material in tanneries for 
decades. This trivalent salt is the most preferred tanning material due to its low cost, easy 
availability and high affinity to form cross-linkages with skin protein giving high 
hydrothermal stability. However, Cr is a toxic heavy metal and it’s disposal in environment 
poses serious ecological threats. In India, the safe limit of Cr (III) concentration in 
wastewater stream (to be disposed in the river body) should be below 4 ppm and for 
hexavalent Cr it is 0.1 ppm. It is therefore important to not only recover/reuse Cr from waste 
stream prior to disposal for economic reasons but also to conform to the stringent laws. 
Separation of Cr can be done by many ways such as conventional precipitation and 
redissolution method, chemical and bio adsorption, membrane filtration, ion exchange 
process, etc.<br><br> 
In the present study we have studied the removal of Cr from weakly cationic exchange resin: 
Amberlite IR 120H. All the experiments are performed on synthetic solutions made from 
industrial grade BCS powder. The effect of the amount of resin, the concentration of the Cr 
in the solution and the pH on the removal are analyzed and studied. Adsorption isotherms 
followed by the resin is determined. It is found that the removal is very good at low 
concentration and Amberlite IR 120 H is able to remove 99% of the Cr present in the 50 
ppm of the synthetic solution under optimized conditions. 
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INTRODUCTION 
The treatment and removal of heavy 

metals such as Chromium, Arsenic, Lead 
Nickel, etc. received considerable attention 
because of their association with various 
health problems. Water pollution by 
chromium is of considerable concern, as this 
metal has found widespread use in 
electroplating, leather tanning, metal 
finishing, nuclear power plant, textile 
industry, and for chromate preparation. 
Chromium exists in two oxidation states as 

Cr (III) and Cr (VI), however chromium (VI) 
is more toxic to plants, animals and humans.  

The leather tanning process is practically 
the transformation of putrefiable raw animal 
hides into un-putrefiable leather and related 
products. The tanning material include 
mineral salts such as Cr, Al, Zr and natural 
organic substances (vegetable tanning 
material). Trivalent Basic chromium sulphate 
(BCS) salts are most widely used tanning 
material in tanneries world wide. This salt is 
the most preferred one due to its low cost, 
easy availability, rapid processing and high * Author for correspondence 
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affinity to form cross-linkages with skin 
protein giving high hydrothermal stability. 
However, Cr being toxic heavy metal it’s 
disposal in environment poses serious 
ecological threats. In India, the safe limit of 
Cr (III) concentration in wastewater stream 
(to be disposed in the river body) should be 
below 4 ppm and for hexavalent Cr it is 0.1 
ppm. It is therefore important to not only 
recover/reuse Cr from waste stream prior to 
disposal for economic reasons but also to 
conform to the stringent laws1,2. 

Under normal processing conditions, the 
maximum exhaustion of Cr obtained is about 
60-70%. About 30% of the chromium 
remains unexhausted and goes into effluent 
wastewater in the conventional chrome 
tanning process3. Even with the recent 
developed high exhaust Cr systems the 
uptake is limited to 85%. Therefore, it is 
important to recover and reuse this 
unexhausted tanning metal from the spent tan 
liquor. 

Important chrome recovery methods 

The important conventional and the 
recently developed Chrome removal 
techniques include: Precipitation and 
redissolution method, adsorption by low cost 
chemical/bio adsorbents, membrane filtration 
and Ion exchange. Removal of chromium 
from tannery waste waters by precipitation 
and redissolution method is an effective 
method in terms of commercial viability, 
output and installation. However, recovered 
chromium contains some organic matters that 
mask chromium and change its mode of 
linkage,therby limiting it’s reuse. Recently 
MgO-H2SO4 systems have widely been used 
in India to recover Cr from spent tan liquor1. 
Adsorption from low cost chemical and bio 
materials are the widely studied topic 
amongst the researchers. This promises the 
cheap alternative but it lacks in yield and the 

control measures are not well defined yet . 
Recently Cr has also been removed through 
pressure driven membrane process such as 
nano filtration and reverse osmosis. This 
method is suitable for low concentration 
effluent and has to be integrated with 
effective pretreatment else, the membranes 
may be fouled4,5. 

Ion Exchange resins can remove the 
chromium effectively from the spent tanning 
liquor. Due to the high selectivity of ion 
exchange process, it is worth in cases in 
which tanning baths contain many masking 
agent. Ion exchange process involves a 
reversible chemical reaction wherein an ion 
from solution is exchanged for a similarly 
charged ion attached to an immobile solid 
particle. These solid ion exchange particles 
are either naturally occurring inorganic 
zeolites or synthetically produced organic 
resins. The synthetic organic resins like 
Dowex50WX2, Amberlite IRC86, Ceralite 
IR 120, Amberlite IR 120 H etc. can be used 
because their characteristics can be tailored 
to specific applications. Special purpose ion-
exchange resins are available that have 
extremely high affinities for particular metal 
ions, including the heavy metals like 
chromium. These resins attract and hold only 
the heavy metal ions, while ignoring the 
common ions, even though they may exist at 
higher concentrations. Insoluble cation 
exchange resins contain cations capable of 
exchanging with chromium ions in solutions 
passed over them6,7. 

In the present study the adsorption of Cr 
(III) using a weakly acidic cationic resin, 
Amberlite IR 12 H, are studied. All the 
experiments are performed using the 
synthetically prepared stock solution made 
from industrial grade BCS powder that  
have been procured from a local tannery  
in Jalandhar.  
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MATERIAL AND METHODS 
Apparatus and Chemical Used 

i. Spectrophotometer: (BL-198, Elico, 
India)  

ii. Incubator shakers 
iii. Heating mantles 
iv. Double distillation water system  
v. Amberlite IR- 120 H resin  

vi. Basic Chrome Sulphate Solution: 
Industrial grade BCS powder (33% 
basic) used.   

vii. 2 M HCl and 2 M NaOH:  
viii. Fusion Mixture: Perchloric Acid 

(11.5 ml), Sulphuric Acid (3.5 ml), 
Nitric Acid (5 ml 

ix. DiPhenyl Carbazide Solution(DPC) 
Conditioning and regeneration of the 
resins  

The Amberlite resin was pretreated by 
repeated washings with deionised water 
followed by 2 M HCl solutions to remove 
solvents and other preparation chemicals. 
The last step of the conditioning consisted in 
finally washing the resin with a solution of 
HCl in order to convert the resin to H+ form. 
Methodology for separation of Cr (III) 
Ions from stock solutions 

Initially different concentrations stock 
solution (50, 100, 150, 200 ppm) from BCS 
powder is made. The stock solution of 
known concentration is added with different 
dosings of resins in a beaker and allowed to 

shake for different time interval in incubator 
shaker. Once the reaction is completed the 
color of the resin becomes dark (dark green). 
The equilibrating solution is then filtered and 
the filtrate and washings of resin is collected 
in a beaker and analyzed for the Cr 
concentration by the standard method using 
double beam UV-Visible spectrophotometer. 
The batch experiments were performed under 
different pH, resin dosings, volume of 
effluent and concentration of Chrome 
solution.  

RESULTS AND DISCUSSION 
Effect of the amount of resin on 
percentage removal of Cr (III)  

The effect of resin dosings on the 
sorption of Cr was studied for the 100 ml, 
100 ppm Cr (III) soln at 27˚C at 3.4 pH. The 
fig. no. 1 shows that for different amounts of 
resins ranging from 0.5-2.0g on the intervals 
of 0.5, the maximum removal obtained was 
95-96% and it was achieved at 1.5 g of resin 
quantity. From the graph we see that the 
percent removal of Cr(III) increases with an 
increase in the resin amount almost linearly 
but the rate of  percent removal of Cr(III) 
decreases and reaches to saturation at 1.5 gm. 
This clarifies the fact that any amount less 
than this, is insufficient to attain maximum 
removal while any amount more than that 
would not be optimal. 

 
Fig. 1 : Graph showing the % removal of 100ml of 100 ppm Cr (III) soln. with varying 

amount of resin dosing at 3.4 pH at 27 ˚C. 
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Effect of the concentration of the 
sample on percentage removal  of  
Cr (III) 

The following graph shows the 
experimental results of the effect of the 

concentration of the Cr (III) in the sample on 
its percent removal. Here 100 ml of samples 
of different concentration were run in the 
shaker cum incubator for about 5 hr with a 
1.5 gm dosing of resin. 

  
The above graph shows that the percent 

removal of Cr (III) decreases with the 
increase in the concentration of the Cr in the 
sample. At lower concentration the Cr 
removal is very high but it reduces with 
increase in the concentration of the sample. 
Thus it is clear that the resin Amberlite IR 
120 H is good for the removal of Cr (III) 
samples at lower concentration. 

Effect of the pH of the sample on the 
percent removal of Cr (III) 

It was observed during the test that it is 
best to conduct the experiment at 3.4 pH  
(i.e. the normal pH of spent liquor).  
The removal is not much changed in the  
pH range of (2.5-4). However, pH above 4  
is not recommended for the trivalent Cr as  
it gets precipitated. 

Adsorption Isotherm 

The adsorption isotherms are the 
presentation of solute adsorbed per unit 
adsorbent, as a function of equilibrium 
concentration at constant temperature8-9. The 
equilibrium data were analyzed for both 
Langmuir and Freindlich isotherms. The 
initial conc’n tested were 100 ppm of 
synthetic Cr(III) soln. The plot shows that 
the data followed the friendlich isotherms. 
The linearity of the plot shows that first order 
mechanism is followed in the process. The 
‘Kf’ and ‘n’ values are calculated from the 
Fig. 3 and it comes out to be 0.6019 and 
0.7315 respectively. The data does not fit the 
Langmuir isotherm. 

 
Fig. 2 : Graph showing the effect of the initial Cr (III) concentration of the sample  

on the percent removal. 
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CONCLUSION 
As per Indian standard, the safe limit of 

disposal of Cr in river bodies has to be below 
4 ppm and for Cr (VI) it is only 0.1 ppm. 
Therefore, it is mandatory for the tanners to 
fulfill these stringent norms. Many methods 
can be employed for this purpose. Presently, 
Cr is being recovered is most tanneries by 
precipitation and redissolution method using 
MgO as alkali. However, the quality of 
recovered Cr is not good due to presence of 
organics. Membrane filtration and adsorption 
by cheap bio materials are not commercially 
viable.  

This work shows that Ion exchange 
resins in particular have a good adsorption 
capacity for lower concentrations of 
chromium solutions and the quality of Cr 
recovered is very good and it can be directly 
taken for the tanning process. We have 
shown that 99% of Cr is removed for 50 ppm 
of initial concentration of Cr solution. The 
study also identified the optimized conditions 
of removal such as amount of resin, conc’n 

and contact time for the effective removal. 
Finally the equilibrium data were fitted in 
freindlich isotherm and the linearity of the 
plot shows the first order mechanism is 
followed in the process.  
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Fig. 3 : Graph showing the freindlich plot for the adsorption of Cr (III) from Amberlite IR-

120H having 100 ppm initial concentration at 3.4 pH at27ºC. 
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