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ABSTRACT 
In the present paper adsorption technique was employed for removal of Congo-Red dye. Congo-Red dye is a 
carcinogenic dye which comes in the effluents of textile industries during dyeing and rinsing processes. The 
technique was found to be very useful and cost effective for a better removal of dye. Although commercial activated 
carbon is a preferred sorbent for colour removal, its wide spread use is restricted due to high cost. Currently, the 
study of activated rice husk carbon as a low cost sorbent for removing dye has drawn attention of various 
researchers working in this field. In the present work, rice husk carbon (RHCAS) in the form of powder was 
investigated for removing dyes taking Congo Red as a model system. The adsorbent was made from rice husk 
procured from Kerala and was investigated under variable system parameters such as agitation time and dose of 
adsorbent. An amount of 0.08 g/l of RHCAS could remove 10 to 99 % of the dye from an aqueous solution of 25 ppm 
with the agitation time increasing from20 min to 200 min. The interactions were tested for both pseudo first- order 
and second – order kinetics and it was observed that the interactions could be better explained on the basis of first 
order kinetics.   
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INTRODUCTION 
Dyes are widely used in industries such as textiles, rubber, paper, plastics, cosmetics, etc., to colour their 
products. The dyes are invariably left as the major waste in these industries. Due to their chemical 
structures, dyes are resistant to fading on exposure to light, water and many chemicals and, therefore, are 
difficult to be decolourised once released into the aquatic environment1-2. Many of the organic dyes are 
hazardous and may affect aquatic life and even the food chain3. For example, congo red dye (1- 
Naphthalenesulfonic acid, 3, 3'-(4, 4' biphenylene bis (azo) bis 4-amino) di sodium salt) is a benzedene 
based dye, known to metabolize to benzedene, a known human carcinogen. Exposure to the dye has been 
known to cause an allergic reaction (and possibly anaphylactic shock). The removal of dyes from 
industrial waste before they are discharged into the water bodies is therefore very important from health 
and hygiene point of view and for environmental protection4. The need and urgency can be gauged from 
the fact that in developed countries such as the UK and many EU countries, environmental policies have 
required that zero synthetic chemicals should be released into the marine environment5. Various 
techniques have been employed for the removal of dyes from wastewaters6-14. Conventional physical and 
chemical methods are either costly, or produce concentrated sludge, or may not capable of treating large 
volumes of effluent without the risk of clogging15. Pearce and his co-workers have presented a 
comprehensive review of a method using bacterial cells to remove the dye from textile wastewater is 
given by et al. 16. 

  Natural materials that are available in abundance, or certain waste products from industrial or agricultural 
operations, may have great potential as an inexpensive sorbents. Due to their low cost, after these 
materials have been expended, they can be disposed of without expensive regeneration. The abundance 
and availability of agricultural by-products make them good sources of raw materials for activated 
carbons. Many carbonaceous materials such as bark, coal, lignite, coconut shells, wood, dead biomass, 
seaweed, pecan shell and peat are used in the production of commercial activated carbons17,18.  
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Present Work: 
  With the exponential demand in the use of rice as a staple food, the rice husk which is a waste product is 

available in abundance i.e. far in excess of any local uses and, thus, has posed disposal problems 19. Rice 
husk possesses a granular structure, is insoluble in water, has chemical stability and high mechanical 
strength. The typical composition and chemical composition of rice husk is given elsewhere20-22. A 
previous study has reported that the rice husk has a low calorific value of 3585 kcal/kg and high ash 
content23. Due to its high ash content, a proper method of disposal and utilization of rice husk has yet to 
be developed24.  The abundance of rice husk has been well documented by Grist25. From the statistical 
data of the Food and Agriculture Organization (FAO), 1995, there is an estimated annual rice production 
of 500 million tons in developing countries and approximately 100 million tons of rice husk is available 
annually for utilization in these countries alone. The rice husk, as the commodity waste, can be activated 
and used as an adsorbent in water purification or the treatment of industrial wastewater. It would add 
value to these agricultural commodities, help reduce the cost of waste disposal, and provide a potentially 
cheap alternative to the existing commercial carbons. Rice husk, an agricultural waste, contains about 
20% silica, is suitable for the production of activated carbon and has been reported as a good sorbent for 
many metals and basic dyes26-45. The reported dye adsorption capacities (mg/g) for rice husk are different 
for different dyes.  

 In the present work, we have reported on the use of activated rice husk as a sorbent for the removal of 
water-soluble dyes present in wastewater. 
  

EXPERIMENTAL 
Commercially available black carbon prepared from rice husk was grinded in a round ball mill, washed 
several times with double distilled water and activated by high temperature steam for 4 hours then by 
heating in a constant temperature oven at 3800C for 6 hours and preserved in an air tight container, before 
it was used as adsorbent of Congo red dye purchased from Loba chemicals. The dye Congo red (Loba 
chemicals) was used without further purification. A stock solution containing 1000mg of dye in 1 litre 
was made by dissolving the required amount of Congo red in double distilled water. The aqueous solution 
of the dye had a pH of 6.7. A number of standard solutions were made from the stock solution in 
concentration range 5 to 60 mg/l and a calibration curve was drawn by measuring the absorbance at λmax 
= 497nm using visible spectrophotometer, Visiscan 167 Systronics, purchased from Systronics.     
The pH of the aqueous solutions of Congo red was approximately 6.7 which did not change much with 
dilution there fore all experiments were done without adjusting the pH. The batch adsoption was carried 
in 250 ml Borosil conical flasks by mixing a pre-weighed amount of the SARHC with 100 ml of aqueous 
dye solution of a particular concentration. The conical flasks were kept on a magnetic shaker and were 
agitated for a pre-determined time interval at a constant speed. The system parameter such as adsorbent 
amount, agitation time and temperature were controlled during the experiments. After adsorption was 
over, the mixture was allowed to settle for 10 min. The supernatant liquid portions were centrifuged for 
20 min and the dye remaining unadsorbed was determined spectrophotometrically. The adsorption 
experiments were carried out in a batch process under the following conditions: 

• Initial conc. of congo red solution (ppm): 25 
• Amount of adsorbent (gm/l):   0.01, 0.02, 0.04, 0.06, 0.08 
• PH:      6.7 
• Agitation time (min.):    20, 40, 60, 80, 100, 120, 140 
• Particle size (µm):     20 – 40 

 
Amount of congo red dye adsorbed per unit mass of the adsorbent, q (mg/g) was computed by using the 
following equation.  

q = (C0  -Ct) /m        (1) 
where C0 and Ct are congo red conc. in ppm before and after time t, and m is the amount of SARHC taken 
for 1 litre of Congo red solution. The extent of adsorption in % is found from the relation 

A STUDY ON REMOVAL OF CONGO RED DYE      Jyoti Sharma  and Beena Janveja 937



RJC  Rasayan J. Chem.                                                                                                       Vol.1, No.4 (2008),936-942 

Adsorption (%) = (C0 – Ct) × 100     (2) 
   C0

        
4. Kinetics of adsorption 
The mechanism of adsorption often involves chemical reaction between functional groups present on the 
adsorbent surface and the adsorbate, system parameters such as temperature and pH4. The order of 
adsorbate-adsorbent interactions has been described by using various kinetic models. In the present work, 
we have used the pseudo-first order model derived by Lagergren49, although several authors report that 
the second-order kinetics can also be applied to these interactions in certain specific cases. 
In the case of adsorption preceded by diffusion through a boundary, the kinetics in most cases follows 
pseudo- first- order equation of Lagergren: 

dq/dt =Kad (qe – qt)                                                                      (3)  
where qt and qe are the amount adsorbed at time t and at equilibrium, and Kad is the rate constant  of the 
pseudo- first-order adsorption process. The integrated rate law, after applying the initial condition of qt = 
0 at t = 0, is 

log (qe-qt)= log qe – (Kad/2.303)t                             (4) 
Plot of log (qe - qt) versus t gives a straight line for first-order kinetics, which allows computation of the 
adsorption rate constant, Kad. If the experimental results do not follow eqs. (3) and (4) , they differ in two 
important aspects; (i ) Kad (qe-qt) then does not represent the no. of available sites, and (ii) log qe is not 
equal to the intercepts of the plot of log(qe-qt) against t. In such cases, pseudo-second-order kinetics4,11 

given by-  
dq/dt = k2(qe-qt)                   (5)    

where k is the second –order rate constant, is applicable. For the boundary conditions t = 0 to t = t and qt = 
qt, the integrated form of equation is 

1/(qe –qt) =  1/qe  +k2t                                                  (6)                          
which can also be written as 
qt   =1/(1/k2qe

2) + t/qe      (7) 
or in the linear form, 

t/qt =1/h +(1/qe)t      (8)       
where h = k2qe

2 can be regarded as the initial sorption rate as t→0. If the pseudo second order kinetics is 
applicable, the plot of t/qt vs t gives a linear relationship, which allows computation of qe, k2 and h 
without having to know any parameter beforehand. 

 
RESULTS AND DISCUSSION 

Influence of agitation time and kinetics of adsorption: 
The agitation time affected the extent of adsorption of the dye. Table 1 shows the variation in the extent 
of adsorption (%) of congo red on SARHC at 300 K with time for constant dye concentration. When 
amount of steam activated rice husk carbon (SARHC) was increased from 0.01 g/l to 0.08 g/l, there was 
enhanced dye removal from 4.0 to 29.60 % at 60 min. agitation time with an aqueous Cong red solution 
of concentration 25 ppm. The corresponding increase was from 10.8 to 99.1 % at 300 min. agitation time. 
The plots of log (qe-qt) vs agitation time (t) were nearly linear as shown in fig 1. The first order rate 
constant, k1 was in the range of 1.12 × 10-2 - 1.15 × 10-2 min-1 with an average value of 1.14 × 10-2 min-1. 
Several authors have reported similar pseudo first order kinetics for adsorption of dyes on various 
adsorbents. The values of k1 obtained in this work are comparable with those reported by earlier 
workers4,54-57. To test second-order kinetics graphs were also plotted between t/qt and t, but due to 
different nature of adsorbent, results do not show second order kinetics. 
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Table-1: Extent of adsorption % of Congo red on SARHC at 300 K with increasing agitation time and 
adsorbent amount (dye concentration 25 ppm) 

Agitation time 
(min)     

Extent of adsorption (%) for SARHC amount in (g/l) 
0.01  0.02      0.04       0.06        0.08 

20 0.8 1.84 6.36 6.84 9.32 
40 2.0 5.24 10.78 14.36 19.72 
60 4.0 7.28 16.84 19.80 29.60 
80 5.6 9.32 22.32 25.80 40.08 
100 6.0 13.20 28.00 31.88 50.44 
120 7.2 17.52 33.04 38.16 60.12 
140 9.2 19.12 39.08 44.88 69.80 
160 10.4 22.56 50.80 49.94 77.56 
180 10.8 27.12 52.16 54.00 100.00 
200 10.4 28.00 52.40 55.36 100.00 
220 11.2 28.24 53.76 54.44 100.00 
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 Intra particle diffusion: 
The plots of qt vs t1/2 as shown in fig. 2 were found to yield straight lines with regression co-efficient of 
0.902. The intra particle diffusion rat constant ki was 2.77 × 10-1 m mol g-1 min-1/2.The linearity of the 
plots showed that intra particle diffusion might have a significant role in the adsorption of the dye Congo 
red on SARHC. The adsorption of the dye on SARHC could not be described by simple mechanism of 
surface only58, and it is likely that the adsorption on the external surface was followed by diffusion in to 
the pores as well as to the large number of steps and kinks on the surface. If the two steps are independent 
of one another, the plot of qt vs t1/2 appears as a combination of two or more intersecting lines58, the first 
of the lines represents surface adsorption and the second intra particle diffusion. The absence of such 
distinctive features in the plots of the present work could be interpreted as due to very little distinction 
between the two steps. Surface adsorption and intra particle diffusion were likely to take place 
simultaneously, both processes controlling the kinetics of dye - solid interactions. The pores and the steps 
on the SARHC particles were such that they could accommodate the Congo red molecules4. It is still not 
easy to draw a conclusion about the rate-limiting step. Weber and morris (1963) (59) have originally 
proposed that if the uptake of the adsorbate varies with square root of time, intra particle diffusion can be 
taken as the rate-limiting step. Equation qt = ki t1/2 requires that the qt vs t1/2 plots should have zero 
intercept if the intra-particle diffusion is the sole rate-limiting step. Since this was not the case in the 
present work, it is obvious that intra particle diffusion is not the dominating mechanism for the adsorption 
of the dye on SARHC. Similar types of results have been reported by other workers on Neem leaf 
powder4. 
 

CONCLUSION 
The findings of the present work reveal that the rice husk which is easily and abundantly available agro 
waste in our country can be easily converted into good adsorbent by using simple methods of activation. 
A small amount (0.08 g/l) of the SARHC adsorbent could decolourize as much as 99% of the dye from an 
aqueous solution (25 ppm) if agitated for 200 min demonstrated sufficient potential of SARHC as an 
adsorbent for the removal of the dye Congo red, from water solutions. The adsorption of the dye was 
maximum around the natural pH of the aqueous solution of Congo Red. This shows that adsorption of the 
dye could be carried out on SARHC without adjusting the pH of the medium. On applying both pseudo 
first- order and second order kinetics to the adsorption of the dye on SARHC, it was observed that the 
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interactions could be better explained on the basis of first order kinetics. Using SARHC as an adsorbent, 
the advantage is two fold; it not only acts as an effective and economic tool as compared to other existing 
commercial carbons for solving the problem of colour pollution but also help in an effective and useful 
disposal of agriculture waste. 
The results point to the effectiveness of the SARHC as an adsorbent for removing dyes like Congo red 
from solutions of water.  
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Space travel has given us a new appreciation for the Earth. We 
realize that the Earth is special. We’ve seen it from afar. We 

realize that the Earth is the only natural home for man we know 
of, and that we had better protect it. 

—James Erwin, U.S. astrounaut 
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