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in the present study the efficiency of the carbon adsorbent prepared from the Cassia fistula 
seeds was tested for the removal of malachite green dye from aqueous solution . The 
parameters, such as pH, adsorbent dosage and initial dye concentration were system ati­
cally evaluated. It is an N- methylated diaminotriphenyl methane dye widely used for colouring 
purpose and highly cytotoxic to mammalian cells. The percentage removal o f malachite 
green increased with concentration of the dye solution. Nearly 40%  adsorption was noted 
at pH 10 in 180 min of contact time at initial concentration of 4 0 0  mg/L with 3 0 0  mg of the 
low-cost adsorbent. Removal of malachite green increased from 2 4 .0 5  to 2 8 .2 3 %  with  
increasing adsorbent dosage from 3 00  to 600  mg in 180 min of agitation time, using 100  
mL of dye solution of initial concentration of 4 00  mg/L. Langmiur adsorption isotherm plots 
and Freundlich adsorption isotherm plots were linear showing the applicability of the iso­
therms for malachite green adsorption.
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INTRODUCl ION

Industr ia l e f f lu e n ts  from  dyeing industries 
are one of the major causes of environmen­
ta l po llu t ion  because e ff luen ts  d ischarged 
from  dyeing industr ies  are highly coloured 
w ith  a large am ount of suspended organic 
solids. Untreated disposal of th is  coloured 
w a te r into the receiving water body causes 
damage to  aqua tic  life and human beings 
by their mutagenic and carcinogenic effect. 
The discharge of such effluents is worry ing 
for both tox ico log ica l and environmental rea­
sons (Baskaran et ah, 2010). Adsorp tion is 
usua lly  described th ro u g h  iso the rm s, tha t 
is the am oun t o f adsorbate on the adsor­
bent as a funct ion  of its pressure (if gas) or 
co n c e n tra t io n  (if l iqu id ) at c o n s ta n t  te m ­
perature . A d so rp t io n  is opera tive  in m ost 
na tura l,  phys ica l,  b io log ica l and chem ica l 
sys tem s  and is w id e ly  used in indus tr ia l 
ap p lica t io n s ,  such as ac t iva te d  charcoa l,  
s y n th e t ic  re s in s  and w a te r  p u r i f ic a t io n

(Godbole e t ah, 2006 ).  M a lach ite  green is 
an N- methylated d iam inotr iphenyl methane 
dye w ide ly  used for colouring purpose. It is 
highly cy to tox ic  to mammalian cells and also 
a c ts  as a l iv e r  t u m o r  e n h a n c in g  a g e n t  
(Baskaran et ah, 2010). A successfu l adsorp­
t ion  process not on ly depends on dye ad­
sorption performance of the adsorbent, but 
also on the constant supply of the  m ateri­
als fo r  the process. So it is pre ferab le  to 
use lo w -c o s t  a dso rb en ts .  Such  lo w -c o s t  
adsorbents have given sa t is fa c to ry  pe rfo r­
mance at the laboratory scale fo r  the trea t­
ment of coloured effluents. To improve the 
e ff ic iency  of adsorp tion process it is nec­
essary to  deve lop cheap and eas ily  ava il­
able adso rben ts  w i th  high adso rp t ion  ca­
pacities (Rajeshkannan et a!., 201 0 ).  In the 
present s tudy the e ff ic iency of the carbon 
adsorbent prepared from  the Cassia fis tu la  
seeds was tested for the removal of mala­
chite green dye from aqueous so lution. The 
parameters, such as pH, adsorbent dosage 
and initial dye concentra tion were sys tem ­
atica lly  evaluated.

MATERIAL AND METHOD
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mg/L m g/L m g/L mg/L

10 10.17 9 .23 8 .33 7.59
20 11.87 10.77 9.72 8.86
30 13.55 12.31 11.11 10.12
40 15.25 13.84 12.50 11.39
50 16.95 15.38 13.89 12.65
60 18.65 16.92 15.28 13.92
90 20.33 20 .00 18.05 16.45
120 23.72 21.54 20.83 18.98
150 25.42 24.61 22.22 21.52
180 28.81 27.69 25.00 24.05

Tabie 2. A dso rp tion  o f  m a lach ite  green w ith  
varia tion o f  pH

C ond it ions  :
Adsorbent dosage : 300m g 
Temperature : 37°C
Concentration of dye solution : 400m g/L  
Contact time : 10 to 180 min

Time, % Adsorp tion of malachite green

m in pH 7.0 pH 8 .0 pH 9.0 pH 10.0

10 9.09 10.41 13.26 17.02
20 10.22 1 1.45 15.30 19.14
30 1 1.36 12.50 17.34 21.27
40 12.50 13.54 19.38 23.40
50 13.63 15.62 21.42 25.53
60 14.77 17.70 24.48 27.65

- -  , «  /-% r-\ r -  r~ D C



30 10.12 10.59 11.76 14.12
40 11.39 11.76 12.92 15.29
50 12.65 12.94 14.12 16.47
60 13.92 14.12 15.29 17.94
90 16.45 17.94 18.82 20.00
120 18.98 20.00 21.17 22.35
150 21.52 22.35 23.53 24.70
180 24.05 25.88 27.06 28.23

cost carbon adsorbent used in th is  s tudy  
for the removal of malachite green was pre­
pared from the seeds of Cassia fis tu la .

Preparation of the adsorbent

Seeds of Cassia fis tu la  were collected from 
Avinashilingam Deemed University Campus, 
Co im batore . The co l lec ted  pods were cut 
into small pieces, dried in sunlight for 5 day 
and further dried in a hot air oven at 60°C 
for 24 hr. The complete ly dried material was 
powdered well. The powdered raw material 
was chem ica lly  ac t iva ted  by trea ting  w ith  
concen tra ted  su lphuric  acid w ith  cons tan t 
stirring and kept for 24 hr. The carbonized 
materia l was washed w e ll w i th  p len ty  o f 
wa ter several t imes to remove excess acid 
and dried at 105-1 10°C in a hot air oven.

Reagent

T U „  \ n i a c :  n r o n a r p H  h v  r l i s . q n l v -



Table 4. in te rp re ta t ion  o f  results o f adsorption o f  malach ite  green in terms  
adsorption iso therm  fo r  variation o f  in it ia l concentration o f  dve so lution

o f  Lanqm uii

Time,
m in

Init ia l 
of dye

cone.
, mg/L

1 /C^ m/x Separation
facto r

in te rcep t
k , / k , ’

S lope  1 / k , ’

10 100 0 .1113 0.2949 0.0227 0 .0350 6 2 .3 3 1 3 5
200 0.0551 0 ,1624 0 .0115
300 0 .0363 0 .1199 0 .0077
400 0 .02705 0.0987 0 .0057

20 100 0.1 134 0 .2527 0.0191 0 .03047 1 .9 5 7 1 4
200 0 .0560 0 .1392 0 .0096
300 0 .0369 0.1028 0 .0064
400 0 .0 2 7 4 0 .0846 0 .0048

30 100 0.1 156 0 .2214 0.0165 0 .02678 1 .6812 8
200 0 .0 5 7 0 0 .1218 0 .0083
300 0 .0375 0 .0899 0 .0055
400 0 .0278 0 .0740 0.0041

40 100 0.1 180 0 .1967 0 .0143 0 .02433 1 .4 5 9 0
200 0 .0580 0 .1083 0 .0072
300 0 .0380 0.0799 0 .0048
400 0 .0 2 8 2 0 .0658 0 .0036

50 100 0 .1 2 0 4 0 .1769 0 .0126 0 .02217 1 .2836 7
200 0 .0590 0 .0974 0 .0063
300 0 .0387 0 .0719 0 .0042
400 0 .0286 0 .0592 0.0031

60 100 0 .1229 0 .1608 0.01 12 0 .0205 0 1 .1 4 0 4
200 0,0601 0 .0886 0 .0056
300 0 .0393 0 .0654 0 .0037
400 0.C290 0 .0538 0.0028

90 100 0 .1255 0.1475 0.0106 0.01 125 1 .07609
200 0 .0625 0 .0749 0 .0053
300 0 .0406 0 .0553 0.0035
400 0 .0299 0.0455 0 .0026

120 100 0.131 1 0 .1264 0.0086 0 .01247 0 .8 7 1 8 5
200 0 .0637 0 .0696 0 .0043
300 0.0421 0.0479 0 .0028
400 0 .0308 0 .0394 0.0021

150 100 0.1 341 0.1 180 0 .0080 0 .009009 0 .80931
200 0 .0663 0 .0609 0 .0040
300 0 .0428 0 .0449 0 .0026
400 0 .0318 0.0348 0 .0020

180 100 0 .1 4 0 4 0.1041 0.0067 0 .0089 64 0 .6 7 4 8 3
200 0 .0 6 9 T 0.0541 0 .0033
300 0 .0 4 4 4 0 .0400 0 .0022
400 0 .0329 0 .0312 0 .0016

fo r  spec tro  c o lo u r im e t r ic  w o rk . Genuine zontal bench shaker was used fo r  the shak-
equipment m anu fac tu re r 's  mechanical hori- ing of solution containing adsorbent and ad-
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400 1.5617 1.0726
30 100 0 .9367 0.6548

200 1.2439 0.9143
300 1.4259 1.0462
400 1.5556 1.1307

40 100 0 .9280 0.7061
200 1.2362 0 .9653
300 1.4191 1.0974
400 1.5495 1.1817

50 100 0 .9193 0 .7522
200 1.2284 1.0114
300 1.4121 1.1432
400 1.5432 1.2276

60 100 0 .9103 0.7937
200 1.2205 1.0525
300 1.4051 1.1844
400 1.5369 1.2692

90 100 0 .9012 0.8321
200 1.2040 1.1255
300 1.3906 1.2572
400 1.5106 1.3419

1 20 100 0 .8823 0 .8982
200 1.1956 1.1573
300 1.3756 1.3196
400 1.5106 1.4045

1 50 100 0 .8725 0.9281



-0 .0616  0 .7734  1.2928

-0 .00027  0 .7698  1.2989

0 .0557  0 .7665  1.3046

0 .1070  0 .7632  1.3102

0.00811 0 .9 1 6 0  1.0916

0 .1785  0 .8189  1 .2210

0 .2 0 2 2  0 .8423  1.1871



sorbate .

E f fe c t  o f va r ia t ion  of in it ia l concen tra t ion  
o f  the dye on the adsorption

The dye so lu tion of d ifferent concentrations 
contain ing 10, 20, 30 and 40 mg of dye in 
1 0 0  mL was added w ith  300 mg of the ad­
sorben t taken in pyrex bott les and shaken 
in a mechanical horizontal bench shaker for 
various time intervals (10, 20, 30, 40 , 50, 
60 , 90, 1 20,1 50, and 1 80 min} at room te m ­
perature. The solutions were filtered and the 
dye concentrations of the f iltra tes were es­
tim ated co lourim etrica lly  at 620 nm.

Effect of variation of pH on the adsorption 
of dye

The optimum pH for the maximum dye ad­
sorption was found by varying the pH from  
7 .0  to 10.0. The pH of the prepared original 
dye solution was 2 .87 . Therefore, pH of the 
solution fo r  th is  pH variation study was ad­
justed using d ilu te  sodium hydroxide. 100 
mL of the dye solution contain ing 4 0 0  mg 
o f the dye were contacted w ith  300 mg of 
the adsorbent and batch mode experiments 
conducted by vary ing the pH from  7 .0  to  
10 .0 . These so lu t ions  were shaken using 
mechanical horizontal bench shaker for vari­
ous time intervals (10, 20, 30, 40, 50, 60, 
90, 120, 1 5 0 . and 180 min). The solutions 
were filtered and the filtrates obtained ana­
lyzed co lou r im e tr ica l ly  to f ind  the am oun t 
o f dye adsorbed.

EHect of variation of adsorbent dosage on 
the adsorption of dye

100 mL of the dye solution containing 4 0 0  
mg of the dye were taken in pyrex bott les 
and batch adsorption studies conducted by 
vary ing the  adsorbent dosage (30 0 , 4 0 0 ,  
500 , 600 mg). The pyrex bottles containing 
adsorbent and adsorbate were shaken us ­
ing mechanical horizontal bench shaker at 
room temperature for various time in tervals 
(10, 20, 30 , 40 , 50, 60, 90, 120, 150 and 
180 min). Then solutions were filtered and 
the Tiltrates were analyzed co lourimetrica lly  
to find out the amount of dye adsorbed.

RESULT AND DISCUSSION

The results were used to evaluate the o p t i­
mum conditions fo r  the removal o f  the dye, 
m alach ite  green and to  exam ine  the  e f f i ­
c iency of the lo w -cos t adsorbent prepared 
in th is  study fo r  the trea tm en t o f  aqueous 
so lu t ion  co n ta in in g  m a lach ite  g reen . The 
parameters w h ich  in f luence  the  e x te n t  of 
adso rp t ion , such as c o n c e n t ra t io n  o f the  
adsorbate, con tac t t im e, pH and adsorbent 
dosage were investigated.

Effect of variation of initial concentration  
of malachite green solution on adsorption 
of malachite green from aqueous solution

The percentage removal o f m alach ite  green 
w ith  the variation in initial concen tra t ion  of 
m alach ite  green so lu t ion  is g ive n  in tab le  
1 .An increase in percentage removal (24 .05  
to  28 .81% ) of malachite green no ticed  when 
the in itia l concen tra t ion  o f adso rba te  was 
varied from 4 0 0  to lO O  mg/L .Th is  may be 
p robab ly  due to  the  fa c t  th a t  fo r  a f ixed  
adsorbent dose, the to ta l available adsorp­
t ion  sites are limited there by adsorb ing al­
m ost the same am ount of m a lach ite  green 
correspond ing  to  an increased in it ia l c o n ­
centration o f the adsorbate.

Effect of pH variation on adsorption of mala­
chite green

In order to  op tim ize  the pH fo r  m ax im um  
malachite green removal expe rim en ts  were 
conducted w i th  100 mL o f aqueous so lu ­
tion of the dye containing 4 00  m g/L  of mala­
chite green solution w ith  300  mg adsorbent 
by varying the pH from  7 to  10 at various 
contact time (1 0 ,2 0 ,3 0 ,4 0 ,5 0 ,6 0 ,9 0 ,1  20,1 50 
and 180 min) and the results are depicted 
in table 2. The percentage adsorp tion of dye 
increased from  2 8 .4 0  to 4 0 .4 2 % ,  when the 
pH is varied from  7 to 1 0 .The results indi­
ca ted  a m a x im u m  a d s o rp t io n  o f  dye (~  
40 .42% ) at pH 10.

Effect of adsorbent dosage on adsorption 
of malachite green

The effect o f variation o f adsorbent dosage 
was determ ined by vary ing  the  adsorbent 
dosage from  3 0 0  to 6 0 0  mg. The results 
have been tabulated in table 3. It is evident
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t io n  th a t  po in ts  o f va lency  ex is ts  on the 
surface of the adsorbent and tha t each of 
these site is capable of adsorbing one mol­
ecu le . The Langm u ir  m odel assumes th a t  
up take  of adsorbate occurs on a hom oge­
n e o u s  s u r fa c e  by m o n o la y e r  a d s o rp t io n  
(Sharma et a l.. 2 0 0 9 ) .  Thus the adsorbed 
layer w ill be one molecule th ick . Further, it 
IS assumed tha t all the adsorption sites have 
equal a f f in it ie s  fo r  the adsorbent and tha t 
the presence of adsorbed molecules at one 
site w ill not a ffec t the adsorption of a m ol­
ecule ai an adjacent site. The Langmuir ad­
sorption iso therm  is com m on ly  given by :

x/rn = (k ’ C / I  t- k,C )

w h e re ,  x is a m o u n t  o f  m a la c h i te  green 
adsorbed (mg/L), m is w e igh t of adsorbent 
(rng), is concentra t ion  o f malachite green 
at equ il ib r ium  and k^’ and k, is Langmuir 
c ons tan ts  (adsorption capac ity  and energy 
of adsorp tion).

--f •
k | / k , k l / Con rearranqinq, ,

The p lot o f 1 /(x /m ) vs 1/C^ is linear w ith  
slo[)e equal to 1/k^' and in tercept [1/( k,V 
k | ) j .  The slope, in tercept and separation fac­
to r  values are ca lcu la ted  and given in the 
table 4. The linear p lo ts ( r> 0 .8 )  of 1/C. vs

. . i w  . v u i L i t J o  u u L C H P i e u  I I I  t i n s  S l U O y  W 3 S

below one (Table 4) and this shows the fea ­
sib ility of the adsorption process at all in i­
tial concentrations of malachite green used 
in th is study.

Freundlich adsorp tion iso therm  : A t te m p ts  
were made to  f i t  the data in to Freund lich  
adsorption isotherm (Table 5). The equ il ib ­
rium data at room temperature has been p ro ­
cessed in accordance w ith  Freundlich a d ­
sorption isotherm given by the equation :

x /m  -- K X  1 /nF e

log x/m  = log + logC^

where x/m is the amount of malachite green 
adsorbed on un it  w e ig h t  o f adso rben t at 
equilibrium (Jambulingam et at., 2005). The 
linear form of Freundlich adsorption iso therm  
at room temperature is plotted between log 
x/m vs C for d iffe rent initial concentra tionse
of the aqueous solutions of malachite green 
solution w ith  the 300 mg of the adsorbent. 
Kp and 1/n values are evaluated from  the 
s lo p e  and in te r c e p t ,  r e s p e c t iv e ly .  The  
Freundlich parameters and 1/n are ind ica­
tors  of adsorption capacity  and adsorption 
in tensity, respectively (Table 5).

CONCLUSION



t ra t io n  dep ende n t.  Removal o f m a lach ite  
green dye increases w i th  increase in pH. 
Nearly 40%  adsorption was noted at pH 10 
in 1 80  min o f con tac t  t im e  at in it ia l c o n ­
centra tion  o f 4 0 0  mg/L w ith  300 mg of the 
lo w -c c s t  adsorbent. Removal of m alach ite  
green increased from 24 .05  to 28 .23%  w ith  
increas ing  adso rben t dosage from  3 0 0  to  
6 0 0  mg in 180  min of agitation time, using 
100  mb of dye solution of initial concentra­
t ion  o f 400  mg/L. Langmiur adsorption iso­
therm  plots and Freundlich adsorption iso ­
therm  plots were linear show ing the app li­
cab il i ty  of the isotherms fo r  malachite green 
adsorp tion . The lo w -cos t  activated carbon 
derived from the seed of Cassia fis tu la  can 
be used as an e f f ic ie n t  adsorbent fo r  the  
removal o f a basic dye, malachite green from  
aqueous so lu t ion .
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