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SURFACE ACIDITY OF SMECTITES IN 
RELATION TO HYDRATION, E X C H A N G E A B L E  
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Abstract-  Equilibrium studies on clay films exposed to N H3 and H20 vapors demonstrate the effect of 
exchangeable cations on surface acidity and its relationship to hydration. At a relative humidity of 
98 per cent the order of acidity on the clay surface as indicated by protonation of N H3 was AI > Mg > 
Ca = Li > Na = K for Wyoming bentonite and AI > Mg > Li > Ca = Na = K for nontronite. At a 
relative humidity of 20 per cent, however, the order was A I =  Mg > Ca > Li > Na > K for the 
bentonite and AI = Mg > Li > Ca > Na > K for nontronite. The largest change in proton donation 
properties due to hydration effects was in the calcium clays. For Ca-bentonite the NH4 + formation was 
16 me/100 g at 98 per cent and 80 me/100 g at 20 per cent relative humidity. In Ca-nontronite, the 
NH4 § formation was 14 and 64 me/100 g for the wet and dry systems respectively. The differences in 
proton donation between the bentonite and nontronite clays are believed to be due to charge site 
location and its effects on ion hydration. The NH4 + formed by the protonation process seemed to 
exist in different environments in the bentonite and nontronite as indicated in the i.r. absorption spectra. 

INTRODUCTION 

THE unusual acidity or  proton-donat ing propert ies  
of  clay films and suspensions have been observed  
by a number  of  workers  (see ref. list). The  major  
proton donating process  has been suggested to 
result  f rom water  molecules  strongly polar ized by 
exchangeable  metal cations on the clay surface. It 
has been observed  that the proton donat ion (or 
acidity) of  this water  is greater  than would be ex- 
pected upon considerat ion of  the pK values of  the 
same hydrated metal cations in water. The  struc- 
ture of  the clay may have an indirect effect on this 
process  if a special affinity for the protonated base 
exists as in the case of  vermiculi te  for NH4 + ion 
where the product  of  the react ion of  N H3 with the 
mineral is being r emoved  by fixation. In addition, 
the clay structure may affect the exchangeable  
cation and in turn its effect on surrounding water  
molecules  in connect ion  with the site of  electric 
charge on the clay. Da ta  obtained by Russell  (1965) 
on NH4 § formation from NH3 on montmori l loni te  
(Wyoming bentonite)  and saponite suggests some 
effect of  site of  charge. 

F a r m e r  and Mort land (1966) found that when 
pyridine is adsorbed on a highly hydrated Mg- 
montmori l loni te ,  it is coordinated  to the Mg ion 
largely by bridging through directly coordinated 
water  molecules.  As  this system is dehydrated,  
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pyridinium ions are observed ,  suggesting an 
increase in acidity of  the clay surface. Probably the 
polarizing effect of  the exchangeable  cation in- 
creases  as the number  of  coordinated water  mole-  
cules around it decreases  by dehydrat ion with the 
result that the remaining water  molecules  are bet ter  
able to give up a proton to a base. The  following 
work was designed to investigate in a quanti tat ive 
manner  the effect of  hydrat ion level,  nature of  the 
exchangeable  cation, and the site of  layer charge on 
the surface acidity of  smectites.  Special  at tention 
was given to observing proton donation under  
condit ions of  equil ibrium and measurement  of  
reactant and product  concentra t ion on the clay 
surface. 

METHODS 

Homoion ic  samples of  the < 2p~ fraction of  
Wyoming  bentoni te  (A.P.I .  H-25), and nontronite  
(A.P.I .  H-33a) were prepared by washing the clay 
with appropriate  salt solutions (1 N) and removing  
the excess  salts by repeated washings with water  
and methanol  in a centrifuge. The  half unit cell 
formulae for these two clays as determined f rom 
total chemical  analysis are: 

3+ 3+ 2+ 3+ __ [A1~.53 Feo. ~6 Mg~.33 ] [ Alo.o5 Si].~5 ] Olo[OH]2 

bentoni te  

3+ 3+ 2+ 3+ "4+ - -  [ Alo. 18 Fe,.85 Mg~.o2 ] [ AloZ.40 S,3.60 ] O10[OH]2 

nontronite.  
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T h i n  clay films were  p repa red  by  evapora t i ng  wa te r  
su spens ions  of  the  clay in a luminum dishes.  T h e  
resu l t ing  films ( 2 . 5 m g / c m  2) could  be readi ly  
s t r ipped  f rom the  a luminum.  T h e  films were  equili-  
b r a t ed  o v e r  N H 4 O H  solut ions  of  va ry ing  concen-  
t ra t ions  and  N H 4 O H - s a l t  so lu t ions  of  var ious  
k inds  des igned  to give vary ing  part ial  p ressu res  of 
wa te r  and  ammonia .  Af t e r  at  leas t  24 hr  of  equili-  
b ra t ion ,  one  por t ion  of the  film was r e m o v e d  f rom 
the  con ta ine r ,  weighed,  then  placed in c o n c e n t r a t e d  
H 2 S O  4 and micro-kje ldahl  analys is  made.  A n o t h e r  
por t ion  of  the same  film was p laced  in a B e c k m a n  
1R-7 s p e c t r o p h o t o m e t e r  and  the  a b s o r b a n c e  of  the 
1 4 3 0 c m  -1 (v4) b a n d  of  N H 4  + de te rmined .  T h e  
a m o u n t  of NH4 + on  the  film could  t hen  be  deter -  
mined  by  re fe rence  to a s t anda rd  cu rve  p r epa red  
f rom NH4+-montmor i l l on i t e  or  non t ron i te .  F i lm 
th i ckness  var i~l ion was c o m p e n s a t e d  for  by  us ing 
i.r. ab so rp t ion  bands  ar is ing f rom the clay mat r ix  
i tself  as in te rna l  s t anda rds  as sugges ted  by  Russel l  
(1965).  A m o u n t s  of  wa te r  on  the  clay could be 
d e t e r m i n e d  by sub t rac t ing  the  total  a m o u n t  of  
NH3 and  NH4 + found  by  n i t rogen  analys is  f rom the  
total  a m o u n t  of  adso rba t e  found  gravimetr ica l ly .  
The  a m o u n t  of  NH3 on the  films was found  by 
sub t rac t ing  the  NH4 + ion con t en t  found  spec t ro-  
scopical ly  f rom the  total  n i t rogen  conten t .  Us ing  
these  t echn iques  it was  poss ib le  to measu re  the  
a m o u n t s  of  r eac t an t s  and  p roduc t s  of  the  fol lowing 
reac t ion  at equi l ibr ium:  

M ( H 2 0 ) + " +  NH3 ~ M ( H 2 0 ) _ ,  O H  +"-1 + NH4 + 
(1) 

where  M rep re sen t s  an e x c h a n g e a b l e  meta l  ion, n 
the  va lence  of  the  ion, and  x the  a m o u n t  of  water .  

DISCUSSION OF RESULTS 
Tab le  l r epor t s  the am oun t s  of  NH4 + ion pro- 

duced  at equi l ib r ium in homoion ic  clay films at two 

different  re la t ive  humidi t ies  as well  as the  ca lcu la ted  
equi l ib r ium cons tan t s .  T h e  first mos t  obv ious  
cha rac te r i s t i c  of  these  da ta  is the  grea t  effect of  
e x c h a n g e a b l e  ca t ion  on  the  fo rma t ion  of  NH4 + ion. 
The re fo re ,  in a c c o u n t i n g  for  the  p ro tona t i on  reac-  
t ion o b s e r v e d ,  any  exp lana t ion  of  the  m e c h a n i s m  
must  inc lude  the  e x c h a n g e a b l e  metal  cat ion.  A 
second  o b s e r v a t i o n  is the  signif icant  effect of  
hydra t ion  on  the  p ro tona t i on  of  NHa  in some  
sys tems .  A thi rd  charac te r i s t i c  of  these  da ta  is the  
signif icant  effect  of  mine ra logy  on  the  NH4 + ion 
format ion .  T h u s  the  charge  site loca t ion  (oc tahedra l  
vs. t e t rahedra l )  is also a fac to r  tha t  mus t  be  
c o n s i d e r e d  in accoun t ing  for  these  resul ts .  

Effect of hydration and exchangeable cations on 
proton-donor properties 

T h e  effect of  e x c h a n g e a b l e  ca t ion  on  the  pro to-  
na t ion  p rocess  may  be  re la ted  to the  hydro lys i s  
p roper t i e s  of  these  ca t ions  in water .  Each  h y d r a t e d  
ca t ion  can  act  as an  acid or p r o t o n  d o n o r  and  each  
hyd ra t ed  ca t ion  has  a hydro lys i s  c o n s t a n t  or  p K  
which  desc r ibes  its acidic p roper t i e s  and  wh ich  
reflect the  p roper t i es  of  the  ca t ion  vis-a-vis  its 
a s soc ia t ed  wa te r  molecules .  T h e  acid p roper t i e s  of  
h y d r a t e d  meta l  ca t ions  vary  grea t ly  and  are sum- 
mar ized  by H u n t  (1963). M o r t l a n d  (1968)  has  
s h o w n  the  re la t ionsh ip  b e t w e e n  e lec t ronega t iv i ty  
of  the  exchangeab l e  ca t ions  and  the  p ro tona t ion  of  
some bases  on  montmor i l lon i t e .  I t  is thus  not  
surpr i s ing  to find tha t  the  exchangeab l e  ca t ion  is a 
major  fac to r  in p ro tona t ion  of  ba se s  on the  clay 
surface.  W h a t  is surpr is ing  is the  large var ia t ion  in 
the  p r o t o n  d o n o r  p roper t i es  of  the  c lay surface  and  
the  great  change  in p r o t o n  dona t i on  for  some  kinds  
of  e x c h a n g e a b l e  ca t ions  in mois t  as c o m p a r e d  wi th  
re la t ively  dry  sys tems .  A general  obse rva t i on  might  
be  tha t  the  clay surface  b e c o m e s  more  acidic as it 
is dehydra t ed .  Th i s  is exempl i f ied  in Fig. 1 whe re  

Table 1. Amounts of N H4 + (me/100 g) formed in bentonite and nontronite, over N H3-H20 
(0.7% NH4OH) solutions and the calculated equilibrium constants (Ke) 

Bentonite Nontronite 
Cation 

on Low H20* High H2Ot Low H20* High H2Ot 
clay N H4 + Ke N H4 + K~ N H4 + Ke N H4 + Ke 

Li 23 2.5 x 10 -3 17 1.02 • 10 3 68 17'4 x 10 -2 34 3"96 • 10 3 
Na 16 l l -8X I0 3 10 4.30 x 10 -3 49 10.8• 10 -z 16 1-04 • 10 -3 
K 10 5.9 • 10 -3 11 6.80 • 10 -4 18 4.4 x 10 -2 16 5-91 x 10 -a 
Ca 80 12.0x 10 2 16 4.40x 10 3 62 2 .8x 10 -2 14 1.27• 10 -a 
Mg 101 7-5 • 10 -2 74 2.09 x 10 -2 75 6.2 • 10 -2 64 3.04 • 10 -2 
AI 101 2.9 x 10 -2 100 2.20 • 10 -2 74 10.3 x I0 2 72 3.07 • 10 -2 

*H20 P/Po = 0.20. 
tH20  PIPo = 0.98. 
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Fig. I. Relationship of N H~ * produced to H20 content of 
Ca-bentonite over N H:~-H30 solutions under conditions 

of equilibrium. 

the amount of N H4 + formed on Ca-bentonite is 
plotted versus the amount of water on the clay 
surface at equilibrium. 

From the reactants and products expressed in 
Eq. (1), it is possible to calculate the equilibrium 
constants, K,,, from the expression: 

[OH] [NH4 +] (2) 
K e -  [H20] [NH.~] 

Since the proportion of (OH) formed is stoichio- 
metrically equal to the amount of (NH4 +) formed, 
the expression can be rewritten as: 

[NH4+] 2 
K~ -- [H20] [NH.,] (3) 

While activities are the more rigorous values used 
in the calculation of equilibrium constants, concen- 
trations are used here since activities were not 
measurable. 

Table 2 indicates the proportions of N Ha, N H 4  + , 

and H20 on some of the Ca-bentonite films and the 

equilibrium constants (K~) calculated from the 
concentration values. The equilibrium constants 
show a progressive increase from 4.4 • 10 -3 in the 
wet, to 120 • 10 -3 in the dry systems. Table 1 also 
gives the Ke values for the dry and wet ends of the 
system for both bentonite and nontronite with 
different exchangeable cations. As in the case of 
Ca, the equilibrium constants in all the other 
systems are larger in the low water systems, though 
the magnitude of  variation from the high water 
system depends on the nature of the interlayer 
cation and the type of clay mineral. Undoubtedly 
some of the differences in equilibrium constants 
between the high and low H20 systems may result 
from H~O present in the clay (particularly the high 
level) which is not in fact involved in the reaction 
as expressed in equation (l). Nevertheless,  the 
results in Fig. 1, Table 1, and Table 2 conclusively 
show that the proton donor properties of the clays 
change with water content. These findings are 
interpreted to mean that the water remaining on the 
clay surface becomes more acidic as dehydration 
proceeds. Put another way, it might be said that the 
pK of the hydrated exchangeable cations decreases 
with dehydration. When a great deal of water is 
present, polarization forces of the exchangeable 
cations may be said to be distributed among a large 
number of water molecules and the pK of such a 
system might approach that of these ions in an 
aqueous solution. However,  as water content is 
decreased, polarization forces become more 
concentrated on the fewer remaining water mole- 
cules causing an increase in hydrolysis and so in 
their proton donating abilities. In fact, it may be 
reasonable to express the ionization of the aquo 
complexes as follows: 

Kj 

M ( H 2 0 ) f f  + ~ ~ M(HzO)(OH)("- I )++ H + (4) 
87--1 

and 
K~ 

M ( H ~ O L . ( H 2 0 ) ~  "+ ~ , M ( H ~ O ) x _  ~ 

(OH) (H20)u ('-1~+ + H  + (5) 

Table 2. Proportion of H20, N H 3 and N H4 + o n  Ca-bentonite films at equil- 
ibrium after exposure to varying vapor pressures of water and ammonia 

Percent H20 mmole H20 mmole NH3 mmole NH4 + Equilibrium 
on clay* / 100 g clay / 100 g clay / 100 g clay constant Ke 

40.7 2.26 • 103 26 16 4.4 • 10 3 
39.0 2.17 • 103 33 26 9.4 x 10 -3 
31.1 1.73• 103 108 51 13.9• 10 3 
5.9 3.27 • 10 ~ 163 80 120 • 10 -3 

*Oven dry basis (105~ 
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Where M is an exchangeable metal cation on the 
clay, x the amount of inner sphere coordinated 
water, y the amount of outer sphere coordinated 
water, and K, and K2 the ionization constants for 
the two systems. Equation (4) would represent the 
drier system where only directly coordinated water 
remained while Eq. (5) represents the moist system 
where there is outer as well as inner sphere co- 
ordinated water. From the preceding discussion 
one would conclude that K, is greater than K2 and 
thus the drier system would be the more efficient 
proton donor. As dehydration proceeds, the amount 
of NH3 on the clay surface increases as noted in 
Table 2 and thus it might be argued that increase in 
this reactant drives the reaction to the right (Eq. 1) 
with the resulting increase in NH4 + ion formation. 
This does not seem to be a reasonable explanation 
since in many cases the amount of change is much 
greater than that expected from mass action effects. 
Also it is difficult to understand why the basicity of 
NH3 would be increased as the result of increased 
N H3 adsorption. 

Minera log i ca l  e f fec ts  on pro ton  dona t ion  

The reasons for the mineralogical effect on the 
proton donation process are not obvious. The site 
of charge was the main variable in the two smec- 
tites used, being located in the octahedral layer of 
the Wyoming bentonite and in the tetrahedral layer 
of the Garfield, Washington, nontronite. Presum- 
ably then the site of charge may have some influ- 
ence, Shainberg and Kemper (1966) have pointed 
out some effects of charge site on the exchangeable 
cations and their hydration properties. This influ- 
ence may be indirect through the interaction be- 
tween the site and the exchangeable cation with 
resulting differences in the polarization effects on 
associated water molecules. The most obvious 
differences between the two kinds of smectites 
indicated in Table 1 is that at the dry end (20 per 
cent relative humidity) the Ca-bentonite is more 
acidic than the Ca-nontronite while the Li and Na- 
bentonite is less acidic than the corresponding non- 
tronite systems. These results for the Ca system 
agree with results of Russell (1965) where he com- 
pared bentonite and saponite but differ with his 
results for the alkali metals. One difference in tech- 
must be mentioned and that is that the work report- 
ed here was approximately under equilibrium 
conditions with respect to vapor pressures of NH3 
and H20 while Russell's (1965) method was to pass 
a stream of NH~ gas over the clay film for a �89 hr. 
This latter technique would result in a system lower 
in H20 content than the driest used in this study. 
In fact, the technique of Russell would probably 
result in almost complete dehydration of the clay 
surface due to mass action effects of N H3 replacing 

H20 as solvating molecules around the exchange- 
able metal cations. 

The K+/N H4 + fixation capacities estimated accor- 
ding to the method of Alexiades and Jackson (1965) 
were 6 and 17 me/100g for the bentonite and 
nontronite respectively, The cation exchange capa- 
cities (Ca/Mg) were 92 and 85 me/100 g for the 
bentonite and nontronite respectively. The uni- 
formity of NH4 + formation at the high and low 
water vapor pressures in both K-bentonite and 
K-nontronite are reported in Table I. Since the K + 
saturation would prevent any NH4 + formation due 
to the fixation reaction at vermiculite-like sites, 
these levels of NH4 + formation may be attributed 
to weakly acidic hydroxyl groups probably at the 
mineral edges. The fact that Na-clays at high water 
levels have the same amount of NH4 + formation as 
the K-clays would indicate that the fixation sites as 
measured by the method of Alexiades and Jackson 
(1965) are not operating. It is well known that de- 
hydration as in the Alexiades and Jackson method 
is an important treatment in getting most smectites 
to "fix" K + or NH4 +. It is therefore suggested that 
under equilibrium conditions in the presence of 
NH3 and H20, water molecules which have the 
same crystallographic radii as NH4 + may occupy 
the ditrigonal cavities at the clay surfaces, preven- 
ting the "fixation" of NH4 +. It is proposed that the 
difference in the NH4 + formation in the alkali metal 
and alkaline earth systems are due to difference in 
polarization effects on water as modified by the 
different mineral structures. Within the alkali metal 
group used in this work, the order of decreasing 
solvation energy Li > Na > K is in accord with 
their effects on proton donation by H20 to NH3 in 
both bentonite and nontronite. This effect is espec- 
ially evident in the drier systems. 

The ability of different ions to coordinate with 
H20 is dependent upon the electrostatic field around 
the central cation and upon the total dipole moment 
of the coordinated H20. However the total dipole 
moment of the H20 depends upon its permanent 
dipole moment P, and the induced moment P' .  In 
turn the induced moment P'  is determined by the 
strength of the inducing electrostatic field, E, and 
upon the electronic polarizability, a, of the HzO: 

Total M o m e n t =  P + P'  = P + a E  (6) 

The electrostatic field, E, around the central cation 
may be affected to some degree by the force field 
exerted by the clay structure itself on the cation, 
and it is well known that the type of anion affects 
the energy of formation of some coordination com- 
pounds. Thus the location of the charge in the clay 
structure may differentially influence the polar- 
ization of the water, resulting in differences in 
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Fig. 2. Infrared spectra of Ca-bentonite (dashed line) and Ca-nontronite (solid line) 
equilibrated over N H3" H20 solution (24% N H4OH). 

proton donating propert ies and accounting for the 
mineralogical  effects noted in this work. 

E n v i r o n m e n t  o f  NH~ + ion in ben toni te  and  non- 
troni te  

There  is some indication f rom this work that the 
NH4 + ions reside largely in different envi ronments  
in the bentoni te  as compared  with the nontronite.  
This  is shown in Fig. 2 where infrared spectra of 
Ca-bentoni te  (dashed line) and Ca-nontroni te  (solid 
line) are shown after adsorpt ion of  NHa.  The  de- 
formation band (v4) of  the N H4 + ion formed occurs  
at 1 4 2 4 c m  -1 in the nontroni te  and at 1450cm i in 
the bentonite.  Concomitant ly ,  some N H stretching 
vibrations of  NH4 + occur  at 2870 and 3080 cm -1 in 
the bentoni te  and a single band at 3280 cm -1 in the 
nontronite.  The  amount  of water  on these samples 
is roughly the same as indicated by the deformat ion 
band at 1635 cm 1 although there is some contri- 
bution from the t'4 vibrat ion of  adsorbed NH3 here. 
These  spectra  indicate that the NH4 + ion in the 
nontroni te  is relat ively unperturbed,  while in 
the case  of  the bentoni te  it is strongly per turbed by 
hydrogen bonding with H20.  These  results suggest 
that the NH4 + in the nontronite  may occupy the 
cavit ies created by the hexagonal  network of  oxy- 
gen atoms on the surface of  the clay structure,  in 
close proximity to the tetrahedral  charge site in 
which case they might not have an opportuni ty  to 
hydrogen bond with H20.  On  the other  hand, in the 

bentoni te  where the charge site is more distantly 
located in the octahedral  layer, the NH4 + ions may 
be located mainly on the surface of  the clay struc- 
ture where they can interact  with adjoining water  
molecules  in hydrogen bonding. 

Addendum. Since the submission and approval of this 
manuscript, Dr. V. C. Farmer of Macaulay Institute for 
Soil Research in Aberdeen provided us with a small 
quantity of saponite. With this tetrahedrally charged 
mineral, it was possible to compare quantities of NH4 + 
formed with the nontronite data reported in the preceding 
manuscript. The amounts of NH4 + formed by Li + -  and 
Na+-saponite  under identical conditions to those of 
nontronite at the low H20 environment (Table 1) were 
only 10-15 me/100g and thus considerably lower than 
nontronite. This suggests that the proposal made that 
charge site location of itself is responsible for differences 
noted between bentonite and nontronite may not be valid. 
Another possibility may be that the differences in the 
ditrigonal arrangement of the oxygen atoms at the mineral 
surfaces differentially affect the reactions discussed here. 
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Rdsum6-Des 6tudes d'6quilibre de pellicules d'argite expos6es ~ des vapeurs de NH3 et H20 d6- 
montrent l'effet de cations 6changeables sur l'acidit6 de surface et son rapport avec l'hydratation. A 
une humidit6 relative de 98%, I'ordre d'acidit6 sur la surface d'argile tel qu'il 6tait dorms par la pro- 
tonisation de NH~ Stait A1 > Mg > Ca = Li > Na = K pour labentonite du Wyoming et AI > Mg > 
Li > Ca = Na = K pour la nontronite. Cependant ~ une humidit6 relative de 20%, l'ordre 6tait le 
suivant: AI > Mg > Ca > Li > Na > K pour la bentonite et AI=  Mg > Li > Ca > Na > K pour 
la nontronite. C'est pour les argiles ~ calcium que l'on a nots les plus grands changements darts les 
propri6tSs d'abandon de protons par suite d'hydratation. Pour la Ca-bentonite, la formatk, n NH~ 
Stait de 16 me/100g ~t 98% et de 80me/100g h 20% d'humiditS relative. Pour la Ca-nontr3nite, la 
formation N H4* Stair de 14 et de 64 me/100 g pour les syst~mes sec et humide respectivement. Les 
diffSrences d'abandon de protons entre les argiles de bentonite et de nontronite semblent ~tre d~es ~. 
I'emplacement de la charge et de ses effets sur I'hydratation des ions. Le N H f  forms par le processus 
de protonisation semblait exister dans des milieux diffSrents dans la bentonite et la nontronite comme 
indiquS dans les spectres d'absorbtion infrarouges. 

Kurzreferat-Gleichgewichtsstudien an diinnen Tonschichten, die NH3 oder H20 D~impfen aus- 
gesetzt waren, zeigen den Einfluss von austauschbarcn Kationen auf die Oberfl~ichenazidit~it und 
deren Beziehung zur Hydratation. Bei einer relativen Feuchtigkeit yon 98% war die, dutch die Pro- 
tonisierung des N H~ angedeutete, Reihenfolgc der Azidi~t auf der Tonoberfl~iche A1 > Mg > Ca = 
Li > N a =  K fiir Wyoming Bentonit und AI > Mg > Li > C a =  N a =  K ffir Nontronit. Bei einer 
relativen Feuchtigkeit yon 20% hingegen war die Reihenfolge A1 ~ Mg > Ca > Li > Na > K ftir 
den Bentonit und AI ~ Mg > Li > Ca > Na > K fiir Nontronit. Die weitgehendste Ver~inderung in 
den Protonabgabeneigenschaften infolge yon Hydratationswirkungen trat bei den Calciumtonen auf. 
Beim Ca-Bentonit betrug die NH4 + Bildung 16 me/100g bei 98% gegeniiber 80 me/100g bei 20% 
relativer Feuchtigkeit. Beim Ca-Nontronit war die NH~ Bildung 14 und 64 me/100 g fiir das feuchte 
bzw. trockene System. Die Unterschiede in der Protonenabgabe bei Bentonit und Nontronit Tonen 
scheint mit dem Sitz der Ladung und dessen Einfluss auf die Ionenhydratation zusammenzuh~ingen. 
Wie aus den lnfratot Absorptionsspektren ersichtlich trat das durch den Protonisierungsprozess 
entstandene N Hf im Bentonit und im Nontronit in voneinander verschiedenen Umgebtmgen auf. 

Pe31oMe--Hcc.qe~oBam4e paBHOBeCHg, npeJHlpHHgTOe Ha F.rlHHHCTI,IX nneH]cax nO,~BeprHyT~X 
napaM N H a  H H 2 0 ,  ]IeMOHCTpHpyeT BO3]IeI~CTBHe O~MeHllBaeMldX KaTHOHOB Ha HOBepXHOCTHylO 
KHCXtOTHOCT'b H Ha OTHOmeHHe ec ~ I'H]IpaTalIHH. l-lpH OTHOCHTeJIbHOI~ B.rIa~,HOCTH 98% rlOpfl]lOlg 
KHCYlOTHOCTil Ha rloBepxHOCTH F.qFIHbl, gaK 3TO yKa3blsaeTcs UpOTOHOTaIIHeg N H  s, 6bta cnelly~oxm4M: 
AI > M g  > Ca = L i  > N a  ~ K ~na  BxoMm~rcgoro 6eHTOHSTa H AI > M g  > Li  > C a - -  N a  ~ K ~ s  
HOHTpOHHTa. O~HalCo npH OTHOCHTeJIbHOfi Ba'Ia.~'IO'2TH 20~o, n o p s ~ o g  6bin A I =  M g >  C a >  L i >  
N a  > K ~ ~eHTOHHTa H AI = M g  > Li  > Ca > N a  > K ~JLq ~OSTpOtmTa. HaM6om,mee H3MeHeHile 
B n p o T o ~ o n o p a o g  CHOCO6HOCTH I'lOn Bo3~egc'mxeM rH~paTax.mn npoH3omJIo B xaal,uMeBmx 
r~HHaX. ~.qs Ca-6eHTOHHTa #popMaponawae N H  cocTaagno  16 M~/100 r npa  98% a 80 M~/100 r 
npx~ 20% OTHOCHTen],nOg s a a x a o c r a .  B Ca-HOHTpOHHTr dpopMHpoBanae N H  COeTaBH~IO 14 
, 6 4  M~/100 r ~ a a  ~ a a m o g  a c y x o g  CaCTeM~ COOTSeTCTSVa.O. P a a . a u a  Mea~ay 6r S 
HOHTpOHHTOM KaC, aTeTII,HO u p o T o n o s a p a o g  CnOCO6nOCTH aaaSeTCa sepOSTUO ciencTaneM 
Mcc 'ronoao~nwm 3apJtaa n ~b~bmcroM 3Toro na  , o n n y ~ o  r a a p a T a u a m .  N H  o6pa3onaam.~ i  
npolxoCCOM npoTOaoTamm ~epOaTHO maeCTCa s paaamx o g p y x a ~ o m n x  n o p o a a x  s 6ewronaTC a 
HOHTpomcre, ga~ 9TO ygaa~,lnaeTca B cnegTpax aadppa~pac ,oro  n o r n o m e H . a .  


