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INTRODUCTION 

The ion-exchange capability of clay minerals, in 
particular, smectites, influences their unique physical 
properties, such as the cation retention and diffusion 
processes of charged and uncharged molecules. These 
processes influence cation and molecule migration 
through clay-rich barriers in nature. The numerical 
value of this property is described by the cation ex- 
change capacity (CEC). Methods for determining CEC 
involve the complete exchange of the naturally-occur- 
ring cations by a cationic species, such as ammonium, 
K, Na, methylene blue, Co(III) hexamine complex 
(Rdmy and Orsini, 1976), Ba, Ag thiourea complex, 
and Cu(II) ethylendiamine complex. Exchange with 
organic cations, such as alkylammonium, provides an 
indirect method for the determination of CEC. This 
procedure involves determination of the expansion of 
the layers and calculations involve charge density 
(Olis et  al . ,  1990; Lagaly, 1981). Depending on the 
method utilized, the excess of the exchanged cations 
is removed in a subsequent step and the amount re- 
tained on the clay is determined. However, the deter- 
mined CEC values are dependent on the method used. 
Although time consuming, the exchange with ammo- 
nium acetate is the standard method for CEC deter- 
mination (Mackenzie, 1951). 

To obtain complete ion exchange and to obtain re- 
liable values of C E C ,  either a high surplus of an ex- 
changing cation or a cation with a high affinity for the 
clay mineral must be employed. In the former, because 
of the excess of cations, (usually in 1 M salt solutions) 
clay suspensions must be washed until salt free. A de- 
termination of concentration before and after the cat- 
ion exchange to assess differences at such high con- 

centrations is not appropriate, due to the small relative 
differences at these high concentrations. 

Methylene blue can be used in a rapid qualitative 
procedure, but results are not reliable in comparison 
to other methods (Kahr and Madsen, 1995; Yariv et  

al. ,  1990). Recent investigations of CEC methods use 
an Ag thiourea complex (Dohrmann and Echle, 1994; 
Chabra et  al . ,  1975), Co(III) hexamine complex 
(R6my and Orsini, 1976), and Cu(II) ethylenediamine 
complex (Bergaya and Vayer, 1997). Clay minerals 
have a high affinity for these ions. This affinity allows 
CEC determination directly, via the ion concentration 
decrease in the exchanging solution. 

The Cu in the blue Cu(II) ethylenediamine complex 
has a high affinity for clay minerals. Thus, atomic ab- 
sorption spectroscopy (Bergaya and Vayer, 1997) 
would allow for an easy photometrical determination. 
However, the photometrical extinction in these solu- 
tions is too low. 

The Cu(II) ion forms stable complexes with the oli- 
goamines triethylenetetramine (trien), tetraethyle- 
neamine (tetren), and pentaethylenehexamine (penten), 
which are bound over four and five N atoms to Cu. 
They form violet-blue complexes. The stability con- 
stants are 20.4 for Cu(II)-trien, 22.8 for Cu(II)-tetren, 
and 22.4 for Cu(II)-penten, respectively (Gmelin, 
1966). The maximum light extinction for these com- 
plexes varies slightly in the pH range of 5-10. The 
maximum absorption is not affected by other cations 
or anions at low salt concentration (Cheng, 1962). 
Compared to other methods the Cu(II) complexes with 
triethylenetetramine and tetraethylenepentamine allow 
an easy and rapid CEC determination by photometric 
analysis. 
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Table 1. Characteristic values of the investigated materials. 

Clay Intedayer 
content cations 

Sample Origin % exchange 

Bentonite SAz-1 ("Cheto")  Arizona (USA) 90 Ca 2+ 
Bentonite Volclay Wyoming (USA) 89 Na § 
Bentonite MX-80 Wyoming (USA) 75 Na + 
Bentonite Montigel Bayern (Germany) 62 Ca 2+ 
K-Bentonite B39 Kinnekulle (Sweden) 76 Ca 2+ 
K-Bentonite B31/32 Kinnekulle (Sweden) 87 Ca 2+ 
K-Bentonite M40 Montana (USA) 39 Cae+/Mg 2+ 
Illite MC Massif Central (France) 88 Ca 2+ 
Illite S Sarospatac (Hungary) 86 Ca 2+ 
China Clay (Kaolinite) St. Austell (UK) 99 Ca 2+ 
Clinoptilolite Slowakia 160 Ca 2+ 

M A T E R I A L S  AND M E T H O D S  

Severa l  c lay minera l s  and  a zeol i te  (Table 1) of  
k n o w n  C E C  were  used. Table 2 shows  each  C E C as 
d e t e r m i n e d  by  the  a m m o n i u m  acetate  m e t h o d  and  the  
respec t ive  me thy l ene - b l ue  va lue  (not  cor rec ted  wi th  
the  C E C  of  a re fe rence  clay)  m e a s u r e d  wi th  N a  h e x a  
m e t a p h o s p h a t e  as a d i spers ion  agen t  (Kahr  and  M a d -  
sen, 1995). 

Cu(II)  sulfate (purum,  free o f  water) ,  t r ie thy lene te-  
t r amine  (purum),  t e t r ae thy l enepen tamine  ( techn.) ,  and  
p e n t a e t h y l e n e h e x a m i n e  ( techn.)  were  ob ta ined  f rom 
F L U K A  AG,  CH-9471  Buchs .  Cu(I I ) - t r ien  c o m p l e x  
was used  for  the de t e rmina t ion  because  of  its h i g h  pu-  
rity. E x c h a n g e  wi th  the Cu( I I ) -pen ten  c o m p l e x  solu- 
t ion s h o w e d  n o  s ignif icant  d i f fe rence  to the te t ren  
c o m p l e x  and  thus,  was  not  inves t iga ted  further. 

Preparation of  the 0.01 M copper(lI)-trien sulfate 
solution 

1.463 g of  t r i e thy lene te t r amine  were  d i s so lved  in 
100 ml  o f  d is t i l led  water. A n o t h e r  so lu t ion  was pre-  
pa red  by  mix ing  1.596 g of  d ry  Cu(II)  sulfate  wi th  
dis t i l led wate r  to give 1 1 of  solut ion.  These  solut ions  
were  then  mixed  together.  A series o f  di lute  Cu(II)  
c o m p l e x  so lu t ions  was p repa red  and  the ex t inc t ion  was  

d e t e r m i n e d  at 620  n m  by  a Lange  LP  1W Fi l t e rpho-  
tometer.  The  ex t inc t ion  m a x i m a  was  580  n m  for  
Cu(I I ) - t ren  and  630  n m  for  Cu(I I ) - te t ren  and  Cu(II)-  
p e n t e n  us ing  a Dr. L a n g e  C A D A S  100 photometer .  
L inear i ty  in  the  absorp t ion  was o b s e r v e d  in the r ange  
o f  10 -4 and  10 2 M in the Cu complexes .  

The  pH of  the  Cu c o m p l e x  so lu t ion  was --7 and  the  
so lu t ion  was  not  buf fe red  for  the exchange  react ions .  
However ,  m e a s u r e m e n t s  in  p h o s p h a t e  buf fers  at pH of  
7 gave  s imi lar  results .  

Experimental procedure for the photometric 
measurement with the Copper(lI)-tren complex 

200 m g  (-+0.5 mg)  of  c lay sample  wi th  a CEC of  
< 1 0 0  m M o l / 1 0 0  g were  added  to 35 ml  of  dis t i l led 
wate r  and  d i spersed  by  u l t rason ic  t r ea tmen t  (20 kHz,  
400  W, 5 min) .  A n y  r e m a i n i n g  sample  was  w a s h e d  of f  
the u l t rasonic  rod. The  suspens ion  was  d i lu ted  in a 50 
ml  vo lumet r i c  flask to 50  ml,  then  comple t e ly  t rans-  
fer red  into a 100 ml  beaker.  W h i l e  s t i r r ing the suspen-  
sion, 10 ml  o f  the  so lu t ion  o f  the  Cu c o m p l e x  was  
added.  Af te r  3 m i n  reac t ion  t ime,  the suspens ion  was  
cen t r i fuged  wi th  a mic rocen t r i fuge  at 13,000 r p m  (a 
force  of  11,000 ' g ' )  for  3 min.  The  superna tan t  solu- 
t ion  was carefu l ly  r e m o v e d  and  the  ex t inc t ion  was  

Table 2. Measured CEC with the ammonium acetate method and with the copper(II) complexes and the methylene blue 
value (not corrected with the CEC of a reference clay). 

CEC Methylene CEC CEC 
NH4OAc pH 7 blue value Cu-trien Cu-tetren 

Material (mmol/100 g) (mmol/100 g) (mmol/100 g) (mmol/100 g) 

Bentonite SAz-1 120 145 122.0 122.0 
Bentonite Volclay 81.9 106 84.5 83.7 
Bentonite MX-80 71.5 92 75.5 78.9 
Bentonite Montigel 62 78 63.9 65.2 
K-Bentonite B39 53 75 60.1 59.9 
K-Bentonite B31/32 42 63 46.1 48.7 
K-Bentonite M40 29 40 31.4 32.6 
Illite MC 19 29 20.0 21.9 
Illite S 16 25 19.0 20.0 
China Clay (Kaolinite) 3.8 12 6.4 4.0 
Clinoptilolite 160 10 5.0 4.0 
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Figure 1. Comparison of CEC measurement methods using 
ammonium acetate method and Cu(II)trien method. 

m e a s u r e d  at 620  n m  in a 10 m m  cuvet te  aga ins t  wate r  
as a blank.  The  CEC was  then  ca lcu la ted  wi th  refer- 
ence  to the d ry  clay weight :  

C E C  ( m m o l / 1 0 0  g) = (Eb - E m )  • 100/Eb 

where  Eb  = Ex t inc t ion  wi thou t  sample  (b lank  value)  
and  E m  = Ex t inc t ion  of  the superna tan t  solut ion.  T he  
wate r  con ten t  of  the  samples  was d e t e r m i n e d  f rom the 
we igh t  ob ta ined  af ter  d ry ing  at 105~ overn ight .  

R E S U L T S  A N D  C O N C L U S I O N S  

The  CEC resul ts  ob ta ined  f rom the  pho tome t r i c  
m e a s u r e m e n t  wi th  the  copper  complexes  are repor ted  
in Table  2. Note  that  the C E C values  are s l ight ly h igh-  
er then  the ones  ob ta ined  wi th  the a m m o n i u m  aceta te  
method .  For  the compar i son ,  these  va lues  are s h o w n  
in F igure  1. Clearly,  Table  2 shows that  the  zeol i te  
(c l inopt i lol i te)  var ies  great ly  in  CE C  values  wi th  the  
two me thods  and  is no t  inc luded  in F igure  1. For  this  
case,  s t ructural  holes  in  c l inopt i lol i te  are access ib le  to 
the  smal l  a m m o n i u m  ion bu t  not  for  the  larger  Cu 
complex ,  w h i c h  exchanges  wi th  only  surface-s i te  cat- 
ions.  

No te  tha t  Cu de t e rmina t ion  by  a tomic  absorp t ion  
spec t roscopy  (Bergaya  and  Vayer, 1997) is not  suffi- 
c ient ly  re l iable  to de t e rmine  the CEC. U n a v o i d a b l e  er- 
rors are in t roduced  dur ing  the  d i lu t ion  procedure .  In 

summary ,  the  CEC m e a s u r e m e n t  us ing  the Cu com-  
p lexes  o f  tr ien,  tetren,  and  p e n t e n  is a rapid  and  reli-  
able  method .  The  C E C  resul ts  us ing  this  m e t h o d  are 
in  good  a g r e e m e n t  wi th  the  s tandard  a m m o n i u m  ace- 
tate method .  However ,  this  m e t h o d  should  not  rep lace  
the  a m m o n i u m  aceta te  m e t h o d  for  cer ta in  mater ia l s ,  
such as zeoli tes.  None the less ,  the  m e t h o d  g ives  reli-  
able  va lues  of  C E C  quick ly  and  wi thou t  the  of  expen-  
sive equ ipment .  Values  o f  the  CEC are m u c h  c loser  to 
those  ob ta ined  us ing  a m m o n i u m  aceta te  c o m p a r e d  to 
those  ob ta ined  us ing  the  m e t h y l e n e - b l u e  m e t h o d  ( K a h r  
and  Madsen ,  1995). In addi t ion,  the  C E C  de te rmina -  
t ion  us ing  the  Cu(I I ) - t r ien  c o m p l e x  is sui table  for  N a  
and  Ca-r ich  clay, 
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