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Kinetic Modeling of Adsorption of Malachite Green Using a 
Low -Cost A ctivated Carbon Obtained From Caesalpinia  
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Malachi te green is t radi t iona l ly  used for dyeing co t ton,  ju te,  silk, woo l  leather, etc. Despi te 
its industrial  importance,  malachi te green poses several r isks to the consumers.  Therefore,  
e f fe c t i ve  remova l  of  m a lach i te  green f rom w a s te w a te r  is necessary .  The present  s tu d y  
invo lves  k ine t ic  model ing of the process of adsorp t ion  of ma lach i te  green f rom aqueous  
solu t ion  onto  a low  cost  carbon adsorbent  prepared f rom  Ceasalpinia.  W i th  increase in 
contact  t ime o f  adsorpt ion f rom 10 to 180 min, the % adsorpt ion was found to increase 
f rom ~ 8 %  to 2 9 %  w i th  100  mg/L  at pH 2 .87  w i th  3 0 0  mg of the adsorbent .  The adsorp t ion  
k inet ics of ma lach i te  green onto  the low -cos t  adsorbent  used in this s tudy fo l low ed  f i rs t  

er Lagergren rate equat ion .  The intrapart ic le d i f fus ion  s tudy show s  tha t  the rate con-
__ .Its  for in t rapart ic le d i f fus ion  (K^) increased w i th  the increase in init ial concentra t ion  of
malachi te green solut ion.  Int rapart ic le d i f fus ion  is not  the sole rate l imi t ing factor  fo r  the 
adsorpt ion of malachi te green.
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INTRODUCTION

The syn the t ic  dyes are largely used in in ­
dustr ies,  l ike tex t i l es ,  paints,  pulp and pa­
per, carpet  and print ing. Ma lachi te green is 
t ra d i t i on a l l y  used for  dye ing  c o t to n ,  ju te,  
silk, woo l  leather and as an ant i fungal ,  an ­
t ib a c te r ia l  and a n t i p a ra s i t i c a l  t h e ra p e u t i c  
c nt (Gupta  et  a!., 2 0 1 1 ) .  The reduced 
fo r m  of M a la c h i t e  green  p e r s is t s  in f ish 
t i s sues  fo r  l o n ge r  per iod  of  t im e  and its 
c o n s u m p t i o n  m a y  a la rm  h e a l t h  haza rds  
against  human being (Pan and Zhang,  et al. 
2 0 0 8 ) .  D esp i te  i ts i n d u s t r ia l  im p o r ta nce ,  
ma lach i te  green poses several r isks to the 
consumers ,  inc luding its e f fec ts  on the im­
mune sys tem  and re p ro d u c t i v e  sys tem as 
we l l  as its gen o to x ic  and ca rc inogen ic  po­
te n t i a l s .  T h e r e fo r e ,  e f f e c t i v e  re m o va l  of 
malachi te green f rom w a s te w a te r  is neces­

sary (Srikhun et al.. 2009).  Now-a-days n u ­
merous low cost  adsorbents, sucL as coal, 
f lyash,  wood ,  si l ica gel, clay ntaterials, ag ­
ricul tural  wastes,  co t ton  wastes  and ce l ­
lulose based wastes,  such as orange, lemon, 
banana and lychee had been used for  dye 
removed (Gupta et al., 2011) .  The present  
s tudy  involves k inetic  model ing of the p ro ­
cess of adsorpt ion of malachi te green f rom 
aqueous so lu t ion  on to  a low  cost  ca rbon  
adsorbent  prepared f rom Ceasalpinia.

MATERIAL AND METHOD

E co - f r ie nd ly  lo w  - c o s t  ca rbon  a d s o rb e n t  
used in this s tudy for the removal of m a la ­
chite green was prepared f rom the f ru i ts  of 
Caesalpinia puicherr ima.  Batch studies were  
conducted ow ing  to its simpl ic i ty  and ease 
of evaluating some basic parameters w h ich  
in f luence  the adso rp t ion  process.  The e f ­
fect  of var iat ion in contac t  on the adso rp ­
t ion  p o t e n t i a l  of  a c t i v a t e d  ca rb o n  f r o m  
Caesalpinia puicherr ima  has been evaluated.  
Lagergren f i rs t  order  k inet i c  equa t ion  and



i able 1. A d s o rp t io n  o f  md lach i te  green w i th  vanat'Or, o f  in it id ! concen tra t ion  o f  ma lach i te  
green so lu t ion

Condi t ions :
Adso rben t  dosage : 3 0 0  mig
pH : 2 ,87
Temperature  : 37°C
Contact  t ime ; 1 0  to 180  min

Time,

m i R

% Adso rp t io n  of malachi te green

Ini tial  concen t ra t io n  of malachi te green

1 0 0  mg/L 200  mg/L 300  mg/L 4 0 0  mg/L

10 8 .47 7.69 6.94 6.32
2 0 - 10.17 9.23 8.33 7.59
30 1 1 . 8 6 10.77 9.72 8 , 8 6

40 1 3 .56 1 2.31 1 1 . 1 1 1 0 . 1  2
50 1 5.25 1 3.84 1 2.50 1 1 .39
60 16.95 1 5.38 1 3,89 1 2.65
90 20 .34 1 8.46 1 5.28 1 3.92
1 2 0 2 2 i0 3 21.53 1 9.44 16.45
1 50 23.73 23.07 2 2 . 2 2 20.25
1 80 28.81 27.69 25 24,05

Table 2. Rate ic o n s ta n ts  fo r  adsorp t ion  o f  
malach i te  gra,e'n

C o n c e n t r a t i o n o f Ka X  1 O'Hnin''
dye, mg/L

1 0 0 0 .6 6 0
2 0 0 0 .9 3 3 4
300 1 .1 32
400 1 .090

in t ra p a r t i c l e  d i f f u s i o n  ra te  e q u a t ion  have 
been used to in te rp re t  the  k ine t i cs  of the 
adso rp t ion  process.

Preparat ion of the  adsorbent

Fruits of Caesalpinia pu lche r r im a  were  c o l ­
lected f rom Avinash i l ingam Deemed Un ive r­
s i t y  C a m p u s ,  C o im b a to r e ,  The c o l le c te d  
pods w e re  cu t  in to  smal l  p ieces,  dr ied in 
sunl ight  fo r  5 day and fu r the r  dried in a hot 
air oven at 60  °C for  24 hr.The complete ly  
dried m.ateriai was  powdered  we l l .The p o w ­
dered raw  mater ia!  was chemical ly  act ivated 
bv tm a t ing  w i th  concentra ted  sulphuric acid 
w i t h  c o n s ta n t  s t i r r ing  and kept  for 24 hr, 
~ hi 6 c b 0 n i z e d m .a t s n a I w  a s vv ashed vv i t h

plenty of wa te r  several t imes to remove e x ­
cess acid and dried at 1 0 5 -1 1 0  °C in a hot  
air ove for 24 hr. The adsorbent  thus o b ­
tained was ground wel l  and sieved through 
a 2 5 0  mesh and kept  in an air t igh t  c o n ­
tainer for fu r ther  use.

Reagent

The dye so lu t ion  was  prepared by d isso lv ­
ing 5 gm of malachi te green in disti l led w a ­
ter and di luted to 100 mb. The stock so lu ­
t ion  was d i lu ted to appropr ia te  c o n c e n t ra ­
t ion .

E qu ip m e n t

1 . Elico pH meter  was used to measure pH.

2. Photo co lour imete r  was used for spect- 
roco lou r im e tnc  work .

3. Genuine e qu ip m e n t  m a n u fa c tu r e ' s  m e ­
chanical hor izonta l  bench shaker was used 
for  shak ing  of  so lu t ion  co n ta in in g  ads(?r- 
bent  and adsorbate.

E f fec t  of va r ia t ion  of 
a dso rp t ion

The dve solut ion o'  diffe

contact  t ime on the

; 0 r  t r a 11 o n 3
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for  malachi te areen sdsarpt^ u Sine equation

Adsorben t  dosage 
pH
Temperature

: 300  mg 
; 2.87 
: 37 °C

Time, min log (q^ -q )

1 00  mg/L 200  mg/L 300  mg/L 4 00  mg/L

10 0 .3 0 8 3 0 .602 0 .7 3 37 0 .8 5 0 5
^20 0 .270 0 .567 0 .698 0.81 83
30 0.2291 0 .529 0.661 0 .7 8 3 6
40 0 .188 0.4881 0 .619 0 .7 4 5 8
50 0 .132 0 .442 0 .574 0 .7 0 4 4
60 0 .0 7 4 2 0.391 1 0 .522 0 .6 5 8 6
90 -0 .07 1 8 0 .2 6 6 2 0 .464 0 .6 0 7 5
1 20 -0 .1687 0.0901 0 .2 2 1 8 0 .4 8 2 5
1 50 -0 .2937 -0 .0347 -0 .0794 0.181 5
1 80 - - - -

Intercept log qe 0 .2 8 1 4 0 .6 3 8 4 0 .8 1 0 5 0 .9 4 2 0
S' ' - - 'e -Ka/2 .303 x 10 -2 .867 -4 .056 -4.91 7 -4 .735

Ku 0 .6 6 0 0 .934 1.132 1.090

Table 4. In t rapart i c le  d i f fus ion  rate equation for  adsorp t ion  o f  malachi te green

C o n d i t io n s :
A dso rben t  dosage ; 300 mg ,: /
pH : _2.87 i:
T emperature : 37 °(- ' J

Time, min t' -̂ * Initial concentrat ion  of malachi te green, mg/L

A m oun t of dye adsorbed (q), mg

* 100 * 2 00 *300 *400

10 3 .162 8.47 7.69 6.94 6.32
20 4 .4 7 2 10.1 7 9.23 8.33 7.59
30 5.472 1 1.86 10.77 9.72 8.86
40 6 .324 13.56 1 2.31 11.11 10.12
5( 7.071 15.25 1 3.84 12.50 11.39
60 7 .745 15.95 1 5.38 13.89 1 2.65
90 9 .486 20.34 18.46 15.28 13.92
120 10 .9 54 22.03 21 .53 19.44 1 6.45
1 50 12 .247 23.73 23.07 22.22 20.25
180 13 .416 28.81 27.69 25 24.05
n te rcep t 1 .8565 0 .6 6 3 3 0 .299 0 .0 2 7 7
Slope !Kp)x 1 0 “ ) 1 .8988 1 .908 1 .7602 1 .6343

1_0,20,30 and 4 0  mg of d y e /1 0 0  m l )  was 
;haken w i th  3 00  mg of the adsorbent  taken

in a Pyrex bot t les for various t ime intervals 
n o ,  20,  30,  40,  50,  60, 90,  1 20, 150  and

152 NO, 10, OCTOBER 2 0 1 1



180  min) at room tempera ture .  The solut ions 
were f i l tered and the dye concentra t ions  of 
the f i l t rates were  est imated colour imetr ica l ly  
at 620  nm.

Kinet ic model ing for malachi te green adsorp ­
t ion using Lagergren equat ion

The c h e m ic a l  k in e t i c s  d e s c r ib e s  re a c t i on  
pa thways ,  along t imes to reach the equ i l i b­
rium whereas chemica l  equi l ibr ium gives no 
i n f o r m a t i o n  a b o u t  p a th w a y s  and reac t ion  
rates. In order to invest igate the mechan ism 
of adso rp t io n  var ious k ine t ic  models  have 
been suggested.  In recent  years, adsorpt ion 
mechan isms invo lv ing  k inet ics - based m o d ­
els have been repor ted.  A dso rp t ion  k ine t ic  
data of malachi te green are analyzed using 
the Lagergren pseudo- f i rs t  order rate equa­
t ion :

log (Qpq,) = log q̂ -̂k,, t / 2 .3 0 3

w here  q and q are the a m o u n t  of mala- 
chite green adsorbed at t im e ' t '  and at equ i­
l ibrium t ime, '  K is the rate cons tant .

Int rapart icle,  d i f fus ion  rate equat ion  for  ad ­
sorp t ion of  ma lach i te  green

Due to rapid st ir r ing in batch reactors there 
is a p o s s ib i l i t y  o f  t r a n s p o r t  of  m a la c h i te  
green species f rom  the bulk in to pores of 
the adsorbent  as well  as adsorp t ion  at the 
outer sur face  of the adsorbent .  The rate l im ­
i t ing s tep  may  be e i ther  f i lm  d i f f u s io n  or 
i n t ra pa r t i c le  d i f fu s io n .  As th e y  ac t  in se­
ries, the s lower of the tw o  wi l l  be the rate 
d e te rm in in g  s tep .  The poss ib i l i t y  of  m a la ­
chite green species to d i f fuse into the in te ­
rior sites of the part icles of adsorbent  was 
tested w i t h  Weber -Morr is  equat ion g iven as 
f o l l o w s  ;

q K t ’ '2
P

where  q is the amoun t  of ma lachi te  green 
adsorbed in mq, K is the int rapart ic le di f fu-  
sion rate cons tan t  and ' t '  is the t ime (agi ta­
t ion timie) in min.

RESULT AND DISCUSSION

discussed in the l ight of the object ives set 
for th ,  Bct-tch expen.ments  were  carr ied out  
for the remova l  of ma lach i te  green by ad ­
sorpt ion. The results were  used to evaluate 
the op t im um  cond i t ions  for the removal  of 
the dye, malachi te green and to examine the 
e f f i c i e n c y  of  the l o w - c o s t  adso rben t  p r e ­
pared in th i s  s t u d y  f o r . t h e  t r e a t m e n t  of  
a q u e o u s  s o l u t i o n  c o n t a i n i n g  m a l a c h i t e  
green. The parameters  w h ich  inf luence the 
ex tent  of adsorpt ion,  such as concen tra t ion  
of the adsorbate,  con tac t  t ime,  pH and ad ­
sorbent  dosage were  inves t iga ted .

E f fe c t  of  c o n t a c t  t im e  on a d s o r p t i o n  of 
malachi te green

Effect  of agi ta t ion  t ime on adsorp t ion  is on 
of the fac to rs  a f fec t ing  the adsorp t ion  pc 
tent ials.  It can be seen f rom the results of 
vary ing con tac t  t ime, the percentage adso rp ­
t ion  of ma lach i te  green increases w i t h  in ­
crease in con tac t  t ime, w hen  the init ial c o n ­
c e n t ra t i o n  of the  dye s o lu t i o n  used w a s  
100,  200,  300 ,  4 0 0  mg/L.  From the table 1, 
it is ev ident  tha t  for m a x im u m  removal  of 
dye by the a d s o r b e n t , ' t h e  so lu t ion  should 
be equ i l i brated for  180 mm or more. The 
malachi te green removal curves were smooth  
and con t inuous  ind icat ing  the fo rmat ion  of 
monolayer coverage of adsorbate  on outer  
surface of adsorbent  .The percentage of the 
dye removed by adsorp t ion  increased f rom 
8 .47  to 2 8 . 8 1 % ,  when  the contac t  t ime was 
varied f rom 10 to 180 mm using 100 mL nf 
the dye solut ion of init ial concentra t ion  V 
mg/L w i th  300  mg adsorbent .

Kinet ic  m ode l l ing  fo r  m a la c h i te  green a d ­
sorption using Lagergren equat ion (variat ion 
of init ial concen t ra t ion  of  dye solut ion)

The a d s o rp t io n  k in e t ic  da ta  of m a la c h i te  
g re e n  a n a l y z e d  u s in g  t h e  L a g e r g r e n ' s  
pseudo f irst order rate equat ion :

iog iqpq,) = !og q^-k^t /2.303

and q̂  are the a m o un t  of mala-w n e r e q „
Chile omen adsorbed at timie
iibi" lU'

'he exper imenta l  data obta ined and the 
Qs O'* T L~ C'r s s s r:t s tuc y p 6s6n l0 g 5 nc

• .3 r 0

3 n c 31 e q u !'
K is the rate co n s t an :. The
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' /erses ' t', The rate cons tants K. for d i f fe r ­
ent concentra t ions  of dye solut ion is given 
in table 2. The value indicates that  the 
adsorp t ion  of the dye fo l low ed  f irs t order 
Lagergren k inetics.  Table 3 gives the kinetic 
model ing  data for the adsorp t ion  of m a la ­
chite green onto  ac t iva ted carbon.

Int rapart ic ie d i f fus ion  rate equation for  ad ­
sorpt ion of ma lach i te  green

The results of s tudy  interpreted in terms of 
Weber -Morr i s  equat ion :

q = K t ’ '=

where  q is the a m oun t  of malachi te green 
adsorbed in mg, is the int rapart icie d i f f u ­
sion rate cons tan t  and ' t '  is the t ime (agi ­
tat ion t ime) in min,  is given in table 4. The 
rate c o n s ta n t s  (K^) fo r  i n t rapa r t i c ie  d i f f u ­
s ion fo r  v a r io u s  in i t ia l  c o n c e n t r a t i o n s  of 
m a lach i te  g reen  s o lu t i o n  w a s  d e te rm ined  

om the s lope of  respec t ive  p lo ts d ra w n  
^u tw een  square root  of t ime ( t ” )̂ and the 
amount  of adsorbate adsorbed (q). The plots 
were st ra ight  l ines but  not  passing th rough 
the origin and thus  indicat ing the in t rapar ­
t icie d i f fu s io n  is no t  the sole rate l im i t ing  
factor  for the adsorpt ion of malachi te green 
(Santhi  et  a/., 20C>9).The values of K ob-

P

ta ined in th is  s tu d y  fo r  the adsorp t ion  of 
malachi te green is show n  in table 4.

CONCLUSION

The low-cos t  ac t iva ted carbon derived f rom 
the f rui t  of Caesalpinia pulcherr ima  can be 
used as a resourcefu l  adsorbent  for the re­
moval  of a basic dye,  malachi te green f rom 
aqueous  so lu t ion .  The adso rp t io n  k ine t i cs  

m a la ch i te  green o n to  the  lo w -c o s t  ad- 
ben t  used in th i s  s tu d y  f o l l o w e d  f i r s t  

o r d e r  L a g e r g r e n  r a t e  e q u a t i o n .  T he  
intrapart ic ie d i f fus io n  s tudy  shows that  the 
rate cons tan ts  fo r  Int rapart ic ie d i f fus ion (K^)

PCfeaseQ '.vitn tne increase in in i t ia l  con- 
cent 'ai io.n of malachi te green s o lu t i o n .
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