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Introducti.on

In a previous paper ¡re have found that
activated carbons from almond shells can be
used as adsorbents to remove, in more or l^ess
ex ten t , ^ some  me ta l  i one ,  euch  ag  Cs+ ,  T l+ ,  S r t *
and Co¿*,  f rom aqueoug solut ions (1) .  Pors s ize
dj.stributione in the carbons play an inportant
ro le ln th is process;  so,  the adsorpt lon capaci ty
of theEe carbons increaaeg with increaaing their
porosl ty.

It is knou that other paraneter affecting
adsorptive properties of carbons is their chemical
nature.  Therefore,  i t  is  intereEt ing to know'the 

i.nfluence of some surface complexes on the
removal  of  above-ment ioned cat ions.  In th is
e,ay, in the present work we have studied the
effect of carbon-oxigen and carbon-nitrogen
surface complgxes on Jhe adsonpt ion of  Na'  ,
cs+ ,  Ag * ,  Srz* and Co¿+ on an act ivated carbon
obtained f rom alnond shel ls .

Experlmental

The activated carbon used in this study
(A-8) uas prepared ueing almond ghells as rau
material and folloulng the method described
elser¡here (1) .  I tE act lvat ion t imc waa I  h.
ThlE carbon aa¡nple shoua the folloring
charaEter ist lca:  NZ apparent  surface f , rea=
837 n ' /g,  c02 apparent  eurfape area= 115o m' lg,
mÍcropore volu¡ne=^O.47O cn"/9,  tota l  open pore
volume= O.628 cmr/g,  gore volume econtai .ned in
pores greater  than 7.5 run= 0.269 cm-/g,  porosi ty
percentage= 56,14 and ash content= O.2Of.

This activated carbon sanple rras given
oxidative treatment wlth dry air at 573K,
concentrated HNO 3and hydrogen peroxtde (HZO Z )
following the procedure described elseshere
(2).  The samples so obtained wi l l  be denominated
as A-air ,  A-HNO3 and A-H2O2. Carbon-ni t rogen
gurface complexes uere also forned on A-8 sanple
b¿ flowing NH 3 during 3 h at 773K and 973K

I samoles A-NH^(773) and A-t{H^ (973) l .
t - - 5 5 {

In order to know the surface acidity of

.  eac[  g_ample,  select ive neutra l izat ion techniques

. haye..,bqgr caried out using NaHCQ3, Na2CQ and
* N¡Bf¿.,.+ñ' pH values of aqueous suspensions of

these sarnples have also measured;  ^ for  that ,
1 g of  sample was mi.xed wi th 20 cm" Co2-free
dist i l led uater ,  the suspension was shaken for
48 h and theni ts pH value was determined.

The adaorption of cations by these samples
uaE studied by adding O.1^ g of carlon sampl.e
to a v ia l  contain i .ng 4 cmr of  a 1O-/  M aqueous
solut ion of  the corresoondinc radio isotoDe
(22n",  L37¿"¡L3?n Ba, l lOm n! ,SO gl79Ot ar ,a6oCoj .
The vlals vere kept in a thermoetat shaker bath
at 298K. The percentage adsorption tras calculated
by comparing the initial radioactivity of the
solut ion whi th that  corresponding to the solut ion
af ter  adding the carbon. Detai ls  of  th is procedure
are given in reference (  1 )  .

Resul ts and discussion

Table 1 shows the elemental analysis of
a l l  samples,  and Table 2 thelr  base neutra l izat ion
capaci t ies and pH values.  These lat ter  resul ts
indicate,  as expected,  that  whi le samples A-8,
A-NH3 (773) and A-NH3 (973) show predominance
of basic funct ional  groups,  A-air ,  A-HNO3 and
A-H2O2 samples shou predominance of acj.dic groups.

Since, according; to Boehm (3),NaHCQ nqutralizes

carboxylic groupq N2@3 neu.trallzes carboxylic a'd

lactonic groupa and NaOH neutralizes carboxylic,
Lactonic and phenol ic  groups'  the tota lsurface
acid l ty  of  our acid ic surface samples increases in the

order A-tpo2(A-air(A-HlQ. On the other hand, as indi-

cated in.Table2,  the p€rccntage ofeachacidic group
varies from a sample to another¡ thus, for
exanpl9,  vhereas A-H2O2 has 1.3% of  carboxyl ic
groups s i th re lat ion to i ts  tota l  acid ic groups,
A-HNO3 sample h,as 42.'7%. All these resuLts night
agree the elemental analysis data.

Table 1. Eemental analysis of the carbon samples &t%)

Sanple C o  ( b y  d i f f . )

A-8 94.73
A-a i r  81 .97
A-HNO3 68.89
A-H2O2 86.71

A-NH3(773 )  91 .81
A-NHS(973 )  93 .29

o . 5 7
o .94
1 . 9 9
1  1 1

^ t <

o.  53

o .  5 1
o.oo
o.  76
o.oo
0 . 8 1
t . 4 4

4 .  t 9
1 7 . 0 9
28 .36
12. r.8
6 .83
4 . 7 4



Table 2.  Base neutra l izat ion capaci t ies (meq/g) and pH values of  carbons

SanpIe pH NaHCO3 NerCO, NaoH Mount ( f )  of  Total  Acid ic G¡oups

Carboxylic f-Lactones Phenolic

A -8  8 .56
A-ai . r  6.Oe
A-HNO3 4.92
A-H2O2 5.O0

A-NHg(773) tO.44
A-NH3(973 )  11 .63

o . 2 0  0 . 6 2
L . 7 0  2 . 2 6
o . 0 1  0 . 0 6

L , 7 2
3.98
o.74

1 1  . 6
42.7

1 ?

24 .4
1 4 .  1

6 . 8

6 4 . O
43.2
9 1  . 9

Fol lowing,  the procedure i r ld icated,  ^  the
adsorpt Íon of  Na+ ,  Cs* ,  Ag+, srz+ and Coz+ on
all sarnples ra8 investigated a9 a function of
equilibration tine. In general., at the beginning
the adsorption increases sharply with lncreasing
equi l ibrat ion t ine,  around 5OO minthe percentage
adsorption attains a constant val,ue. Percentage
adsorption values at the equilibrium for alI
cases are summarized in Table 3.  These reaul t8
indicate that  both Na+ and Cs+ are not  s igni f i -
can t l y  adso rbed  by  A -8 ,  A -NH¡ (773 ) ,  A -NHS(923 )
and A-H2O2; however,  A-air  sample adsorbe more
than 50% of the Na+ and Cs+ amounts added, and
A-HNO 3 sarnple adsorbg almost thc total arnount
(>9OÉ). The small adaorptlon capactty of Eome
of theEe samples against Nalq and Cslq might
be because of th€ low polarising pouer of these
cationa; hence, the carbon-catlon interactlon
forces must be too t{eak and üprefore these cations
need a high denslty of negative charge on the
carbon surface to be adsolbeg. qgLl-HNO3, uhich
has tlie-iiighest suriace aci.ñitñ-Jñoüs the greareÉrt
capacitx to remo^ve not only Na+ and Cs+ but also
Ag+, Sr¿+ and Co¿+ .

,*  I t  is  interest ing to note that  Ag+, Sr2+ and
Co- can be extensively removed by carbons containirg
acid ic funct ional  g.o,rp"  as weII  aa by those
wj. th basic groups on their  sur face.  Except in
the caEe of sanple A-H2O2, all sarnples containing
surface cornplexes show a higher adeorption capaci.ty
than the orlginal activated carbon, A-8.

; -. .- c. ir -.:.s

- ¿*r-., 'i ':l¿'

Table 3. Percentage adsorption of cations by carbcs

Sample Cs'
+

Ag sr2* co2'Na+

A-8
A-ai.r
A-HNO"
A-Hzoá

A-NH3(773 )
A-NH3( 973 )

none
R I

95
none
none
none

7
78
99

none
none
none

8t
88
95
atu
tttt

90

44
84
98
43
43
q ?

25
84
98

50
81

Data of Table 3 point out that by means
of sone of these procesaeg it is posaible to
separate such cations of each other from an aqueous
solut ion where they are present in t race amoun¡s.
Moreover, these adsorption processes might
be uged to preconcentrate the mentioned
cat ions.
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