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ihermodynaniscs of Chromium (Vi) Removal From Aque­
ous Solution by Adsorption Technique Using A ctivated  
Carbon From Pods of Wood Apple and Commercicilly Avail­
able Carbon

N. Renugadevi, M. Sreeja and P. Laiitha

Av/nash il ingam  U n ive rs ity  fo r  Women, D epartm en t o f  C hem is try ,  C o im ba to re  - 6 41  0 4 3

In this study activated carbon from pods of woodappie, an agro waste has been used as at) 
adsorbent for removal of Cr(VI) from aqueous solutions. To analyze the effic iency of the  
activated carbon from woodappie (ACW) the experiments were also conducted with com ­
mercial activated carbon (ACC) and the results compared. The adsorption of Cr (VI) was  
carried out by varying the temperature and agitation time at tw o  different pH . The negative 
value of free energy change (AG) and enthalpy (AH) show the spontaneous and exothermic 
nature of adsorption of Cr (VI) with respect to both the adsorbents used in this study .The 
positive value of entropy change (AS) indicate some structural changes in the adsorbate 
and the adsorbent and increased randomness during adsorption.
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INTRODUCTION

Chromium can exist  in a n um be r  of ox ida ­
t ion  s ta te s ,  i n d u s t r ia l  e f f l u e n t s  are m os t  
l ikely to conta in  the t r iva lent ,  Cr{ l l l ),  or the 
hexavalent ,  Cr(Vl) ,  fo rm s .  Of  the t w o ,  the 
hexava lent  fo rm  is general ly  t h o u g h t  of as 
being the more tox i c  (Co leman and Paran, 
1991).  Hence it is essential  to  remove it f rom 
w a s te w a te r .  A c t i v a te d  ca rbon  is the most  
w ide ly  used subs tance  fo r  the  remova l  of 
hea vy  m e ta l s  and  o th e r  im p u n i t i e s  f r o m  
w as tew a te r .  Commerc ia l  ac t i va ted  carbon is 
e f fect ive  for  the remova l  of  var ious po l lu t ­
ants. However ,  due to its high cos t  it is not 
af fordable (Gupta et at., 2 0 0 3 ) .  So there is 
a need for  l o w  c o s t  and read i ly  avai lable 
mater ials for  the  removal  of tox ic  pol lutants 
f rom w a te r .  T h e rm o dya n a rn ics  has the  re­
markable abi l i ty to connec t  seemingly  unre­
lated p roper t ies .  Hence  the  p re sen t  s tudy  
is focused on use of  ac t i va ted  carbon f rom 
the poci of w o o d  apple {L im on ia  Ac id iss ia )  
in t l is  removal  of Cr( \ / i /  f ro m  aqueous so lu ­

t ion f rom its the rm odynam ic  s tandpo in t .  The 
the rm od yn am ic  parameters,  such as free en ­
ergy change (AG), enthalpy change (AH) and 
ent ropy  change (AS) for the process of Cr 
(VI) adso rp t ion  has been pre.sented in tt i is 
paper.

MATERIAL AND METHOD

Collection of wood apple pod

Wood apple pod col lected f ro m  a local juice 
m a n u f a c t u r i n g  i n d u s t r y ,  C o im b a to re ,  w as  
cut  into smal l  pieces,  dried in sunl ight  for 5 
day and fu r the r  dr ied in a ho t  air oven at 
6 0 ° C  for  24  hr. I'he comt) iote ly  dried mate­
rial w a s  c h ip pe d ,  p ow d e re d  w e l l  and ca r ­
bonized by chemical  ac t i va t ion  w i th  concen­
t rated su lphur ic  acid. Commerc ia l l y  act ivated 
carbon  w a s  obta ined  f ro m  Ree Chern L im ­
i ted Reagen ts  and Chemica ls ,  Gaganphad,  
H y d e ra b a d ,

Equipment

Elico-1 1 OpH meter  was used to measure pH. 
The pi-i m e te r  w as  s tandard ized  using p o ­
tass ium hydrogen phosphate  (pH 4). Digital 
S y s t r c n i c s  c o lo r im e te r  • 1 1 2 w as  used for  
spec tro  p h o to  metr ic  w o rk .  Neolab electr ical
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6,37 3 ,4 1
Sur face area, mVg 7 14.0 336 ,0
Bulk density , g/cc 0 .2 5 2 0 0 .6 6 0
SpcLufic gravi ty 0.91 62 0,901 9
Porosi ty,  % 7 2 .49 26,1 5
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hor izonta l  bench shaker (1 2 0  rpm - 200  rpm) 
withi tempera ture  cont ro l  w as  used for agi ­
ta t ion  of solu t ion  conta in ing  adsorbent  and 
adsorba te .

Bi i tch exper iment

Ail  chemicals used were of analyt ica l  grade 
in o rder  to assess the pe r fo rm ance  of  the 
adsorbent  and to avoid in ter ference by other  
c o n t a m i n a n t s  in w a s t e w a t e r ,  the  e x p e r i ­
m e n ts  were  conduc ted  w i t h  aqueous so lu ­
t ion  o f  h e x a v a le n t  c h r o m iu m  (adso rba te )  
prepared by d isso lv ing  28 mg of potassium 
d ich rom ate  in 1 L of  double  d is t i l led wa te r .
1 m l  of s tock s o l u i i c n = 1 0 0  pg of Cr (VI). 
Batch  mode e x pe r im en ts  were  carried out  
to s tud y  the  a d s o rp t io n  ca pa c i t ie s  of  the  
adsorbents  used in th is  s tudy .  T hough  in ­
d u s t r i a l  o p e r a t i o n s  are n o t  c a r r i e d  o u t  
batch-  wise, these are simple and e f fect ive  
in eva lua t in g  the basic param ete rs  a f f e c t ­
ing adsorp t ion  process.

Study of the e f fec t  of temperature on Cr (V!) 
removal

To study the e f fec t  of tem pera tu re ,  100  mL 
of so lu t ions  c o n ta in in g  0 .2  mg of Cr (VI) 
were  shaken w i t h  50  mg of ac t i va ted  car­
b on  p re pa re d  f r o m  p o d s  o f  w o o d  app le  
(ACW) in a tem pera tu re  cont ro l led  hor izon ­
tal electr ical  bench shaker and agi tated fo r  
va r ious  t im e  in te rva ls  (10  to  1 80  min)  at 
3 0 0 ,  308  and 3 1 3  K, respec t ive ly  at pH ~ 
6 .0  and at pH 2.5.  A f te r  equi l ibrat ion ,  the 
so lu t ions  were  f i l te red and the  residual Cr 
(VI; concen t ra t io n  w as  dete rm ined  spectro-  
P h o t 0 m e t r i c a l l y  by  d i p h e n y l  c a r b a z i d e

{ 70  ) , ! S ! O  ! S  L Oi ■ ^ c o n te n t ( % ; ,  pH, su i fa c e  are;: 
buik densi ty ,  spec i f i c  g rav i t y ,  p o r o s i t y  prAd 
of the adsorbents  used in th is  s t u d y  we re  
d e te im in e d  lo Ide n t i f y  the a p p l i c a b i l i t y  oi 
these  a dso rb e n ts  to  rem ove  Cr (V i )  f r o m  
aqueous solut ion by adsorp t ion.  The resul ts  
of s tudy are g iven in table 1 .

E f fect  of tem pera tu re  on Cr (Vi) remova l

Temperature  a f fec ts  the  adsorp t ion  rate by 
a l ter ing the m o lecu la r  in te rac t io ns  and the 
s o lu b i l i t y  of the  a d s o rb a te  (G u p ta  e t  a l.,  
1930 ;  Singh and Sr ivas tava,  2 0 0 1 ) .  Batch 
adsorp t ion  s tud ies  w e re  carr ied o u t  at pH 
6 .0  ± 0 .0 2  and at pH 2.5 at va r ious  t e m ­
peratures 300 ,  3 0 8  and 31 3K. W i th  increase 
in tem pe ra tu re  Cr (VI) remova l  w a s  found  
to increase (Tables 2 and 3). This may be 
probably due to a decrease in the escaping 
tendency of the adsorbate species f rom  the 
surface of the adsorbent .  1 he enhanced ad 
sorpt ion of Cr (VI) may also be due to change 
in p o re  s ize  a n d  e n h a n c e d  r a te  o f  
in trapart ic le d i f fus ion .  This may also be a t ­
t r i b u te d  to the  f a c t  th a t  b o u n d a r y  layer  
th ickness decreases w i t h  an increase in t e m ­
perature,  caus ing  increase in the  boundary  
layer adso rp t io n .  Th is  type  of dec rease  in 
the th ickness of  the boundary  layer and su b ­
sequent  increase in the  boundary  layer ad ­
so rp t ion  with, the  increase in t e m p e ra tu re  
may accoun t  fo r  the exo the rm ic  nature of 
the a d s o rb a te -a d s o r b e n t  s y s te m .  Thus  as 
t ime interval w as  increased w i t h  increase in 
tem pe ra tu re  a g radua l  increase in a d s o r p ­
t ion  o-f Cr(VI)  w a s  no ted .  The pe.mentage 
adsorp t ion  w as  found  to be a lmost  double 
in ac id ic  pH tha n  at pH 6 . 0 ± 0 . 0 2  in the 
case of bo th  adsorbents  used in this s tudy.

T h e rm o dy a n m ic  parameter

The the rm od yn am ic  parameters,  wh ich  citar- 
acterize the equ i l i b r ium of a systerri ,  are the
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: abift / ,  t f t e c i  ot ag ita t ion  t im e and Temperature: fo r  the adso rp t ion  o f  Cr (Vi) o n to  AC\ry  

Condi t ions
ini t ial  concen tra t ion  of Cr {V!) solut ion 
A dso rb e n t  dosage

0-20rng/L
bOrng

Time, 
m i n

Percentage of  Cr (VI) removed
pH = 6 . 0 ± 0 . 0 2 pH = 2 .5  ± 0 , 0 2
300 k 3 0 8 k 313k 300k 308k 313k

10 1 2.6 21 .4 27.1 1 27.9 37.31 4 2 .8 2
20 15.4 25 .6 29 .23 31.2 4 1 .4 2 4 9 .1 6
30 19.5 27 .9 31.8 35.6 46.1 57.4
40 2 2 .4 4 31 .3 35 .4 39.8 48.81 63.35
50 2 4 .4 4 34.1 39.67 41.11 55.66 71.6
60 30.6 38 .4 45.81 4 8 .43 58.8 75.8
90 3 6 .6 6 4 1 ,3 53,45 54.86 64.71 8'1,14
1 20 4 3 .4 4 6 .6 62 .32 60.12  • 71 .62 89 .26
150 4 7 .8 2 4 7 .8 69.18 68.1 75 .43 96.1 1

180 52 .3 • 54.9 74 .16 76.43 82 .16 96.11

Table 3. E ffe c t  ag ita t ion  t im e and  tem pera ture  for adsorp tion  o f  Cr (VI) on to  A C C

Condi t ions
Ini t ial concen tra t ion  of Cr (VI) solu t ion  = 0 .20m g /L
Adso rben t  dosage = 50mg

Time, Percentage of Cr (VI) removed

nt i n pH = 6 . 0 ± 0 . 0 2 p H - 2 . 5 ± 0 . 0 2

3 00 k 308k 313k 300k 308k 313k

10 26 .08 2 8 .14 36.72 28,2 71 .4 74.4

20 29 .34 3 4 .89 40.81 33.5 73.6 75.9

30 31 .52 36.21 45 .52 36.4 78.8 76.7

40 34 .78 4 6 .3 49.41 40.6 79.1 78 .4

50 3 8 .0 4 58.5 54.42 43.7 81 .2 79.2

60 40.21 59.2 59.56 49.9 83 81 ,9

90 4 4 .5 6 64 .3 65.77 55.6 87.4 89 ,4

1 20 4 7 .8 2 66 .4 70.6 61 .4 87.6 89.4

1 bO 51 .82 68 .7 76.7 69.7 88 .0 89 .4

1 80 51.8 8 0 .2 82,3 75.4 88.0 89 .4

Gibbs free energy change (AG), the enthalpy  
change (AH) and the ent ropy  .change (AS). 
Ti ieso parameters were  dete rmined using tf ie 
f o i i o w i n g  r e l a t i o n s  ( S te p h a n  in b a ra j  and 
Sulocf'.ana, 2 00 2 ) .

AG = -RTf„K ,

Log K,_ -- ;
AS

Z.303R 2.303KT,

where K. is the equ i l ibr ium constant ,  is 
solid phase concen tra t ion  of Ct (VI! at equ',-
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r K ‘sec ' Inks aG, k'sec’ in Kc * i  \ (j K'sec ’ in Kf: -.XGJ K'sec ii'i Kc -aGJ
'X10 '■) j/n'ioH ixiOO J.LTioie ixlOY j/mole (x 10 ‘ i J/moie

300 2.54 76 0.68161700,05 0.2287 0.6237 1555.63 1.967 X 10-* 0 6765 1687.33 1.266 Q.235B 588.'i 3 r
303 1.3771 0.93512394,52 1.865S 0.8275 2118.98 2.2767 x10" 0 8227 2106,69 3,198 0,1625 2976.82
313 2,5738 0,94382456.033 2,3895 0,8711 2266.84 3.1386 x l 0 1 14377 2976.41 2.250 0,81093 2110.26
AS,
J/inolu
AH,
J/niolo

62,1 04

- 168,901

57,25

- 1560.4

i -TonipoiuUire iii Kelvin

95,98

- 272,24

138,147

- 4876,03

l i b r i um,  C is the  residual  co n c e n t ra t io n  ofe
Ct (Vi) at equi l ibr ium, R is the gas constant  
!J m o le - l )  and T is the temperature in Kelvin, 
AH and AS were obtained f rom the slope and 
intercepts van ' t  Hof f  plot (1/T vs In Kc).

Th,o values of ,VG, AS and ,AH for the adsorp ­
t ion  of Cr {VI} using adsorben ts  ACC and 
A C W  at pH 6 .0  and 2.6  are g iven in table 
4. The negat ive value of en tha lpy  (AH) for 
tl' ie adso rp t ion  of  Cr (Vi) p rocess  sugges t  
the e x o th e rm ic  irature of a d s o rp t io n  of  Cr 
(V!) w i th  both the adsorbents  ACC and ACW  
used in th is  s tudy .  The nega t i ve  values of 
f ree energy change (AG) ind ica te  the feas i ­
b i l i t y  of the p rocesses  and the  s p o n ta n e ­
ous  nature of the  adsorp t ion  of Cr (VI) spe­
c ies w i t h  respec t  to b o th  the  a ds o rb e n ts  
used in the s tudy .  The  posi t i ve  value of AS 
in d ic a te s  som e  s t r u c tu r a l  c h a n g e s  in the 
adsorbate  and adsorbent ,  and also ref lects 
the  a f f in i t y  of the adsorbent  fo r  Cr (VI) spe­
cies. The pos i t i ve  value of AS is also due to 
the  increase randomness dur ing  the adsorp ­
t ion  of Cf (VI) on the adso rben ts  ACC, and 
A C W .  During the  adsorpt ion of  Cr (Vi),  the 
nd i io rbed  w a te r  m o lecu les ,  w h i c h  are d is ­
p la ced  by the Cr (VI) spec ies ,  gain more 
t r a n s la t io n  e n t ro p y  than  is lost  by adso r ­
bate species,  thus  fo l lo w in g  the prevalence

of randomness in the  sys tem.

CONCLUSION

in th is  s tudy  an a t te m p t  nas been made to 
prepare a lo w  cos t  adsorbent  f r o m  a sol id 
was te ,  pod of w o o d  apple and the  adsorp ­
t ion  process s tud ied  in terms of i ts t i ierrno- 
dynam ic  s tandpo in t .  Ti ie l icga t ive  value of 
f ree energy change (AG) and ent l ia ipy (.AH) 
s h o w  the spon tan e ou s  and e xo the rm ic  na ­
ture of adsorp t ion  of  Cr (Vi) w i th  respect  to 
bo th  the adsorben ts  used in this s tudy  .The 
posi t ive value of en t ropy  change (/\S) ind i ­
cate some s t ruc tu ra l  changes in the adsor­
bate and the adso rben t  a n d ' increased ran 
dom ness  du r ing  adsorp t ion .
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