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BORON ADSORPTION BY CLAY MINERALS USING A 
PHENOMENOLOGICAL EQUATION I 
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Abstract--Boron adsorption by Ca forms of montmorillonite, illite, and kaolinite was determined as a func- 
tion ofpH and boron concentration in solution. Data from batch experiments were compared with results 
computed for each clay according to fitted adsorption coefficients (maximum boron adsorption and affinity 
constants related to the binding energy). The agreement between calculated values and experimental re- 
sults indicates that a phenomenological equation can be used to predict boron adsorption on clays 
as a function of both of these variables. For the solution-to-clay ratios examined, the water content does 
not affect the boron-surface interaction as expressed by the above adsorption parameters. Because the 
affinity of clays for B(OHL- is much stronger than for B(OH) 3 , the adsorption maximum was obtained only 
under alkaline conditions at approximately pH 9.0 to 9.7. It is suggested that the pH of maximum adsorption 
is a function of the ratios of affinity coefficients of the three species B(OH)3, B(OH)4-, and OH- competing 
for the same adsorption sites. The adsorption coefficients indicate that in some cases the difference in the 
amount of adsorbed boron between montmorillonite and kaolinite could be either small or large, depending 
on the circumstances. The main factor that would affect this difference is the total amount of boron in the 
suspension. Estimated value of the adsorption maximum was 2.94, 11.8 and 15.1/zmole/g for Ca-kaolinite, 
Ca-montmorillonite, and Ca-illite, respectively. 
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INTRODUCTION 

Several investigators have reported that boron can 
be adsorbed on clay minerals (Hingston, 1964; Fleet, 
1965; Sims and Bingham, 1967) and on hydrous oxides 
of Fe and AI (Sims and Bingham, 1968a; McPhail e t  al . ,  

1972). Some of these investigators (Hingston, 1964; 
McPhail e t  al . ,  1972) showed that the Langmuir ad- 
sorption equation describes the adsorption of boron 
from solution by clays as a function of concentration 
for a given pH. However, for a given adsorbent, the 
capacity and affinity factors in the Langmuir equation 
are not constant. The capacity factor increases with 
pH, whereas the affinity factor decreases (Hingston, 
1964). Thus, the Langmuir equation cannot predict bo- 
ron adsorption as a function of pH. 

In contrast ,  Keren e t  al .  (1981) found that a 
phenomenological equation described boron adsorp- 
tion by Na-montmorillonite as a function of boron con- 
centration and pH. This equation assumes that B(OH)3, 
B(OH)( ,  and OH- compete for the same adsorption 
sites. The model was tested only for Na-montmorillon- 
ite; hence it is worthwhile to examine it for the Ca form 
of montmorillonite, illite, and kaolinite because the 
physical and chemical properties of these clays in sus- 
pension differ from those of Na-montmorillonite. 

Several investigators (Couch and Grim, 1968; Bing- 
ham and Page, 1971) suggested that most of the clay's 

i Contribution No. 231-E, 1980 series. 
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adsorption sites are located on broken edges. If this is 
the case, boron adsorption in montmorillonite and illite 
should be the same regardless of the exchangeable ions, 
because the surface area of the broken edges of both 
clays is essentially the same. Hingston et  al.  (1970) 
found that the maximum adsorption of fluoride, sul- 
phate, and phosphate on gibbsite and goethite occurs 
at pH values corresponding to their pKs. If the pH of 
maximum adsorption is a function of pK alone, boron 
adsorption on different clays should be maximized at 
the same pH. 

The objectives of the present study were (1) to show 
that a phenomenological  equation can be used 
to describe boron adsorption on different adsorbents as 
a function of boron concentration and pH; and (2) to 
determine the pH of maximum adsorption for several 
different clay minerals. 

THEORY 

Boron adsorption coefficients were estimated by 
Keren et  al. (1981) from experimentally determined 
values of total amount of adsorbed boron (QBT, mole/ 
g clay), as a function of equilibrium boron activity by 
using the equation: 

QBT = T[KHB(HB) + Ks(B)] (1) 
1 + KHs(HB) + KB(B) + KoH(OH) 

where T is the maximum boron adsorption (mole/g 
clay), K.s ,  K~, and Ko, are adsorption affinity coef- 
ficients (liter/mole) related to the binding energy for 
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B(OH)3, B(OH)4 , and OH-,  respectively, and (HB), 
(B), and (OH) are the solution activities of the above 
species. 

Eq. (1) can be rearranged to relate QBr to total 
boron in the suspension, Q~, (adsorbed boron + 
boron in solution, mole/g clay), and to solution-to- 
clay ratio, R (liter/g clay): 

QBT = T{1 + [PR/F(QT - QBT)][I + Ko.(OH)]} -1. 
(2) 

Here, P = 1 + Kh • 1014 • (OH) and Kh is the hy- 
drolysis constant of the reaction B(OH)3 + 2HzO ~- 
B(OH)4- + H30+; F = K.B + KB(P - 1) ~, the other 
terms have been defined. 

MATERIALS AND METHODS 

Clay preparation 

The <2-/zm clay fractions of montmorillonite (Wy- 
oming, API No. 25) and illite (Fithian, API No. 35) were 
obtained by allowing larger particles to settle out of a 
suspension and then decanting the suspension. The 
clays were saturated with Ca by washing them three 
times with 1 N CaCI2. The clays were then washed with 
distilled water using a high-speed centrifuge until the 
equilibrium solution was free of chloride, as indicated 
by the AgNO3 test. The <2-tzm fraction of Ca-kaolinite 
(Peerless No. 2) was obtained by the above procedure, 
modified during the fractionation step because too little 
of the <2-txm fraction remained in suspension due to 
the highly flocculated condition of the clay. Instead, the 
kaolinite was fractionated by raising the pH of the clay 
suspension to 10 with NaOH. The salt-free clays were 
freeze-dried and stored in a desiccator over P205. The 
cation-exchange capacities of the Ca-exchanged mont- 
morillonite, kaolinite, and illite were 0.7, 0.03, and 0.2 
meq/g, respectively. 

Boron analysis 

Boron analyses were conducted using the colorimet- 
ric azomethin-H method of Gupta and Stewart (1975). 

Adsorption experiments 

Three experiments were performed: A. Measure- 
ment of adsorption isotherms at constant pH; B. Mea- 
surement of the effect of pH on boron adsorption; and 
C. Determination of the effect of the solution-to-clay 
ratio on the amount of adsorbed boron. 

Experiment A. To determine the adsorption coeffi- 
cients, 1.5 g of montmorillonite, 1.5 g of illite, and 3 g 
of kaolinite were shaken in 50-ml polypropylene cen- 
trifuge tubes containing 15 ml of solution with boron in 
0.01 N CaC12 solution at 24 _ 2~ To obtain a constant 
pH during the adsorption reaction, suspension pHs 
were adjusted prior to boron addition by successive 
washings with 0.01 N CaCI2 adjusted to the appropriate 
pH with Ca(OH)2 or HC1. The washings were repeated 

until no change in pH was obtained after shaking for 24 
hr. 

The suspensions were centrifuged, and the solution 
was replaced with other solutions having the appropri- 
ate boron concentration, but with the same CaClz con- 
centration and pH. The boron concentration of the ini- 
tial solutions (before adsorption took place) ranged 
from 1 to 15 ppm. The suspensions were then brought 
to final volume by adding an appropriate amount of 0.01 
N CaC12 solution with the desired pH, taking into ac- 
count the volume of solution remaining in the clay after 
centrifugation. 

Preliminary experiments indicated that the adsorp- 
tion equilibrium was established less than 2 hr after bo- 
ron was added to the suspension of montmorillonite or 
kaolinite, and after 24 hr for iUite. However, all the 
samples were shaken 24 hr for convenience. After 24 
hr the suspensions were centrifuged, and aliquots of the 
supernatant were analyzed colorimetrically for boron. 

Experiment B. The adsorption of boron by the Ca-clays 
as a function of pH was studied as described in Exper- 
iment A, except that a constant amount of boron was 
used in suspension: 9.25/zmole/g for montmorillonite 
and illite; 7.0/zmole/g for kaolinite. 

Experiment C. The adsorption of boron by Ca-mont- 
morillonite and Ca-kaolinite as a function of water-to- 
clay ratio (1 to 20) was studied by shaking 1.5 g of clay 
in a 0.01 N CaC12 solution and using a constant amount 
of boron (9.5/~mole/g) in suspension. To obtain a con- 
stant pH during the adsorption, suspension pHs were 
adjusted as described above. 

Computations 

Adsorbed boron was calculated as the difference be- 
tween the amount added and that found in solution at 
equilibrium. The negative adsorption of borate ions, 
B(OH)4-, was taken into account using the relationship 
given by Lahav and Banin (1968) for Ca-montmorillon- 
ite (1 ml/g clay). The negative adsorption for kaolinite 
and illite was neglected. 

RESULTS AND DISCUSSION 

Boron adsorption isotherms at several pHs for Ca 
forms of montmorillonite, illite, and kaolinite are pre- 
sented in Figures 1,2, and 3, respectively. The symbols 
in these figures represent experimental results, whereas 
the solid lines were calculated according to Eq. (1), us- 
ing the adsorption coefficients T, KHB, KB, and Koa, 
as summarized in Table 1. The agreement between the 
theoretical lines and the experimental results indicates 
that this equation does indeed describe boron adsorp- 
tion on the Ca forms of these clays, as was shown pre- 
viously for Na-montmorillonite (Keren et al., 1981). 

Evidence for the existence of polynuclear boron 
species, B303(OH)4- and B404(OH)6 -2, was  obtained 
by Ingri et al. (1957), but these species are not present 
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Figure 1. Boron adsorption isotherms on Ca-montmorillon- 
ite in 0.01 N CaCI2 solution at various pHs. The lines were 
calculated according to T = 1.18 x 10 -5 mole/g, and KHB = 
105, KB = 1034, and KoH = 9188 liter/mole. 

in significant amounts at low boron concentrations 
(<0.025 M). It was also found that boron adsorption by 
Na- and Ca-montmorillonite is completely reversible 
(Keren and Gast, 1981) and that an insoluble salt of bo- 
ron is not formed in the presence of CaCO3 and 
Ca(HC03)2 (Hingston, 1964). Thus, the suggested ad- 
sorption model for the two boron species can be used, 
if the boron concentration in solution is lower than 
0.025 M. 

Experimentally determined values of boron adsorp- 
tion by montmorillonite, kaolinite, and illite, as a func- 
tion of pH at a given total amount of boron in suspen- 
sion (Experiment  B), are given in Figure 4. The 
predicted lines were obtained by using Eq. (2) and the 
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Figure 2. Boron adsorption isotherms on Ca-kaolinite in 0.01 
N CaCI2 solution at two pHs. The lines were calculated ac- 
cording to T = 2.94 • 10 6 mole/g, and KH, = 373, K~ = 
17,428, and Kon = 121,626 liter/mole. 
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Figure 3. Boron adsorption isotherms on Ca-illite in 0.0l N 
CaC12 solution at two pH values. The lines were calculated 
according to T = 1.51 • 10 -5 mole/g, and KHB = 348, K B = 
8727, and KOH = 40,108 liter/mole. 

parameters given in Table 1. Here also, good agreement 
between the calculated and experimental results was 
found, indicating that the model can be used to predict 
boron adsorption on these clays as a function of boron 
concentration in solution and pH. 

These calculated curves show adsorption maxima at 
pH 9.7, 9.3, and 9.0 for Ca-montmorillonite, Ca-illite, 
and Ca-kaolinite, respectively. Hingston et al. (1970) 
found that fluoride, sulphate, and phosphate ions have 
a specific affinity for gibbsite and goethite surfaces and 
that the maximum adsorption of these anions occurs at 
pH values corresponding to their pKs. If the pH of 
maximum adsorption is a function of pK alone, boron 
adsorption on these clays should be a maximum at the 
same pH for all of these clays. This contradicts the ex- 
perimental results obtained for several clays (Sims and 
Bingham, 1967) and for hydroxy-ions, such as hydroxy- 
aluminum (Sims and Bingham, 1968a), in which the 
maxima of boron adsorption for different adsorbents 
occur over the pH range 7-11. Thus, contrary to the 
situation with fluoride, sulphate, and phosphate, the pH 
of maximum boron adsorption depended on the ratio 
of the affinity coefficients of the three species B(OH) 3 , 

Table 1. Adsorption coefficients of the competing adsorp- 
tion equation for kaolinite, montmorillonite, and illite. 

Clay  

Maxi -  
Aff in i ty  coe f f i c i en t s  m u m  

Ex-  b o r o n  
c h a n g e -  a d s o r p -  KnB K a Kon  

ab le  t ion  T ( l i ter /  
ion ( ~ m o l e / g )  mo le )  

Kaolinite Ca 2.94 373 17,428 121,626 
Montmorillonite 1 Na 6.02 194 1745 25,803 
Montmorillonite Ca 11.8 105 1034 9188 
Illite Ca 15.1 348 8727 40,108 

i From Keren et al. (1981). 
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Figure 4. Boron adsorption on Ca forms of montmoriUonite, 
kaolinite, and illite as a function of suspension pH at a given 
amount of boron. The lines were calculated according to the 
adsorption coefficients, expressed in terms of moles per gram 
of clay (Table 1). 

B(OH)4-, and OH-  competing for the same adsorption 
sites. 

On a weight basis, illite is the most reactive of the 
studied clay minerals. This observation is in agreement 
with those of Hingston (1964) and Fleet (1965). The dif- 
ference in the amount of boron adsorbed by illite and 
montmorillonite at a given pH changes with pH (Figure 
4). This change is related to the ratios among the affinity 
parameters. The ratio KB/KHB is about 10 and 16 for 
montmoriUonite and illite, respectively. As the pH in- 
creased to about 9, the B(OH)4- concentration in- 
creased rapidly, and the slope of the curve of both clays 
increased sharply, but not equally, according to the ra- 
tio KB/K,B. Thus, the difference in the amount of ad- 
sorbed boron between illite and montmorillonite in- 
creased. At this pH, the OH-  concentration was still 
relatively low and did not play an important role. Fur- 
ther increase in pH resulted in an increase in the OH- 
concentration relative to B(OH)4-, and the difference 
in boron adsorption decreased rapidly (Kon for illite is 
about four times higher than for montmorillonite). 

Contrary to montmorillonite, kaolinite is character- 
ized by a low value of maximum boron adsorption, but 
it has higher affinity coefficients (Table l) indicating 
that the difference in the amount of adsorbed boron 
between montmorillonite and kaolinite could be small 
under certain circumstances and large under others. 
The main factor that affects this difference is the total 
amount of boron in the system. This was tested by cal- 
culating the amount of boron adsorbed by these two 
clays as a function ofpH at three different total amounts 
of boron (Figure 5). The lines in Figure 5 were calcu- 
lated according to Eq. (2), using the adsorption param- 
eters given in Table 1. The results, at low content of 
total boron (QT = 1 x 10 -6 or QT = 5 • 10 -6 mole/g), 
show that boron adsorption by Ca-kaolinite is slightly 

:t 

I 1 I I 

R=O.OI l i ter /g clay f ~ ,  
/ N - - - - M O N T .  - 

/ \ KAOL.  / \ / 
/ /  I ' ~ \  

/ \ 
/ Q-r= 2 =10" 5 mote/cJ \ 

_ / / /  \\ 
m 

0 I 
8 9 I0 II 12 

pH 

Figure 5, Calculated amount of adsorbed boron on Ca forms 
of montmorillonite and kaolinite as affected by changing the 
total amount of boron in suspension for various pHs. 

greater than for Ca-montmorillonite at pHs below 9.5. 
As the pH increases, the opposite is true because of the 
higher values of KaB, KB, and Kon for Ca-kaolinite. 
However,  at a higher total boron content (QT = 2 • 
l0 -5 mole/g), the boron adsorption by Ca-montmoril- 
lonite is greater than by Ca-kaolinite for all pHs. Be- 
cause the maximum boron adsorption of Ca-kaolinite 
is much lower than that of Ca-montmorillonite, the sat- 
uration level was attained at lower pH than for mont- 
morillonite. Thus, the effect of pH and boron concen- 
tration on boron adsorption by Ca-montmoriUonite at 
high total boron content is much greater than by Ca- 
kaolinite. 

The response of the systems to variations in pH can 
be explained as follows: Below pH 7, B(OH)3 predom- 
inated, but because the affinity of the clay for this 
species was relatively low, the amount of adsorption 
was small. As the pH increased, the B(OH)4- concen- 
tration increased rapidly. The amount of adsorbed bo- 
ron increased rapidly because of the relatively strong 
affinity of the clays for B(OH)4-. Because OH-  con- 
centration was still low at a pH below 9, this contri- 
bution to total boron adsorption was small despite its 
relatively strong affinity for the clays. Further increase 
in pH resulted in an enhanced OH-  concentration rel- 
ative to B(OH)4-, and boron adsorption decreased rap- 
idly due to the competition of OH-  for the adsorption 
sites. 

Equilibrium amounts of adsorbed boron on the clay 
surface are given in Figures 6 and 7 as a function of 
solution-to-clay ratio at two pHs for montmorillonite 
and kaolinite (Experiment C), respectively. These two 
clays were chosen because of the big difference in their 
maximum adsorption and affinity coefficients. The 
symbols represent the experimental results, and the 
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Figure 6. Boron adsorption on Ca-montmorillonite in 0.01 N 
CaCI~ solution at two pHs as a function of solution-to-clay ra- 
tio at a given amount of boron. The lines were calculated ac- 
cording to T = 1.18 • l0 -5 mole/g, and KaB = 105, K a = 
1034, and Koa = 9188 liter/mole. 

solid lines represent the predicted values, obtained by 
using Eq, (2) and the adsorption parameters given in 
Table 1. The agreement between the predicted and ex- 
perimental results indicates that within the tested range 
of R, the water content in both clays does not affect the 
boron-surface interaction as expressed by the adsorp- 
tion parameters.  

Assuming that the area of the boric acid molecule (or 
borate ion) is approximately 20 A 2 (Hingston, 1964), the 
total surface area covered by boron is only about 1.82, 
1.42 and 0.35 m2/g for the Ca forms of illite, montmo- 
rillonite, and kaolinite, respectively. The amount of 
adsorption is very small per unit weight and could be 
very low per unit area of total surface. The coverage of 
boron becomes more signifcant if only the edge surface 
areas are considered (as suggested by Couch and Grim, 
1968). 

It is interesting to compare the maximum boron ad- 
sorption values of  the different clays. From the data in 
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Figure 7. Boron adsorption on Ca-kaolinite in 0.01 N CaCI2 
solution at two pHs as a function of solution-to-clay ratios at 
a given amount of boron. The lines were calculated according 
toT = 2.94 • 10-~mole/g, and KHB = 373, KB = 17,428, and 
Kon = 121,626 liter/mole. 

Table 1, boron adsorption on Ca-illite and Na- and Ca- 
montmorillonite is not the same, despite the similarity 
in the surface area of the edges. However,  the maxi- 
mum boron adsorption for Na-montmorillonite (6.02 • 
10 -6 mole/g, Keren et  al.,  1981) is much lower than that 
for Ca-montmorillonite (1.18 • 10 -5 mole/g) and Ca-il- 
lite (1.51 • 10 ~ mole/g). Particles of Na-montmoril- 
lonite exist in suspension as single platelets (Shainberg 
and Otoh, 1968; Warkentin et al. ,  1957), and the dis- 
tance between the separate platelets is determined by 
the diffuse double-layer forces. Conversely, Ca-mont- 
morillonite exists in tactoids consisting of several plate- 
lets each (Blackmore and Miller, 1961; Norrish and 
Quirk, 1954), and a similar structure exists for illite. 
Because the influence of the negative electric field of 
the clay particle on platelet edges is less in illite and Ca- 
montmorillonite than in Na-montmoriilonite, it is pos- 
sible that the ability of the negative borate ions to move 
close enough to interact with the adsorption sites may 
be hindered. It is also possible that different amounts 
of hydroxy-Al polymers are adsorbed on the clay sur- 
faces, thereby increasing the number of  adsorption 
sites for boron (Sims and Bingham, 1968b). These poly- 
mers may be formed as a result of clay dissolution in 
dilute salt solution (Shainberg, 1973). 

Boron can be specifically adsorbed on mineral sur- 
faces and hydroxy-Ai polymers through a mechanism 
referred to as ligand exchange, whereby the adsorbed 
species displace OH-  (or H20) from the surface and 
form partly covalent bonds with the structural cations 
(Hingston et al., 1972). Such specific adsorption, which 
occurs irrespective of the sign of the net surface charge, 
can occur theoretically for any species capable of co- 
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ord ina t ion  with the  surface  meta l  ions.  H o w e v e r ,  be-  
cause  oxygen  is the  l igand c o m m o n l y  coord ina ted  to 
the  meta l  ions  in clay minera ls ,  the  b o r o n  species  
B(OH)3 and  B(OH)4- are par t icular ly  invo lved  in such  

reac t ions .  
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Pe3mse---A~lcop6una 60pa Ca-qbopMaMH MOHTMOpHJUIOHHTa, HJUIHTa, H KaoYmHnTa onpe:leastaacb KaK 
qbyHKUH~I pH H KOHUeHTpall~m 60pa a pacTBope, j~anHble npeaaapHTeabHbiX aKcnepHSieHTOB cpaBHH- 
BaylnCb c paCq~THbIMH J~aHHbIMH J/dL*I KB~OH FJIHHbl B COOTBeTCTBHH C yCTaHOaJIeHHbIMn KO~qbqbHuHeH- 
TaMH a~cop(31~HH (MaKCHMaYlbHaSI a~copruI~l 60pa H KOHCTaHTbl XHMHqeCKOFO cpoJ~CTBa COOTBeTCT- 
Bytou~ne aHepFHH CB~I3H). CorjiacHe Me>KAy paCqeTHbIMn H 9KCHepHMeHTa.qhHbIMH ~aHHbIMH yKa3bIBaeT, 
qTO npocToe qbeHoMeHOJ10rHqecKoe ypaBHeHHe MO>KeT ~bITb HCnOJIb3OBaI-IO J~ji,q IIpeJIBn~leHnfl a~IcoprItHH 
6opa Ha FJIHHaX KaK qbyHKnBH ~THX ~(ByX nepeieHHblX. JISLq HCCJIeJ~OBaHHbIX COOTHOUleHH~ paCTBOp- 
rJIHHa Co:lep>KaHHe BOJ~bl He BJuLqeT Ha B3aHMoAe~CTBHe 6op-IIOBepxnOCTb, KaK 3TO BblpaxgaeTcg 
ablmeyKasaanblMH uapaieTpaMn aJIcop6unn. B CBHSH C Tei,  qTO XHMHqecKoe cpoJICTBO FJIHH C 
B(OH)4- ropas:lo cn~bnee, qeM C B(OH)3, MaKCHMyM a~coprKnn 6bIji noayqeH TOabKo B meaOqHbIX 
yCJIOBI4nX npH pH npHr~IH3HTe~bHO 9,0--9,7. ~)TO yKa3bmaeT Ha TO, qTO pH maKCHZaabHOfi aAcoprI~HH 
~BaSeTCa qbynKmte~ COOTHOmeHHH KoaqbqbmmenToB XnZnqecKoro cpo:IcTBa B(OH)3, B(OH)4 , H 
OH-, KOHKypHpylomHx 0 3alLqTHe O:IHHX n Tex >Ke MeCT a~cop6imn. Ko3qbqbHltneHTbl a4~copfIijaH 
yKaabIaa~OT, qTO a neKOTOpblx cayqaax paaHn~a a KOjinqecTae 6opa, a~cop6HpoaaHHoro MOHTMO- 
pHJIJIOHHTOM 14 KaOJIHHHTOM, Mox~eT ~bITb MaYlenbKOfi HJIH 6oa~mo~ a 3aBHCHMOCTH OT O~CTO~ITe.rIbCTB. 
FjiaBHbIfi qbaKTop, KOTOpBI~ BJIHHeT Ha 3Ty paaHHUy, 3TO ue~Ioe KOJIHqeCTBO 6opa a cycneH3Hn. 
OnpeJIea~Hnam Beanqnna MaKCHZa~bnOfi a:lcop6unn COcTaaa~a 2,94, I 1,8, n 15,1 /~iOJIb/r Mlfl Ca- 
KaoJIHHHTa, Ca-MOHTMOpHJIYIOHHTa H Ca-I4YL/IHTa COOTBeTCTBeHHO. A~copfiL1J4~! 6opa Ha Ca-HJLrlHTe H Na- ~f 
Ca-MOHTMOpHJIJIOHHTaX HeojIHHOKOBa HeCMOTpfl Ha nojlorI4e n~omajlefi FIOBepXHOCTH KpaeB. [E.C.] 
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Resiimee---Die Bor-Adsorption durch Ca-Formen yon Montmorillonit, Illit, und Kaotinit wurde als eine 
Funktion des pH-Wertes und der Bor-Konzentration in der L6sung bestimmt. D~e Daten von "batch"-  
Versuchen wurden mit Ergebnissen verglichen, die fiir jeden Ton mittels Adsorptionskoeffizienten--via 
Ausgleichsrechnungen---(maximale Bor-Adsorption und Affinit~itswerte entsprechend der Bindungsener- 
gie) berechnet wurden. Die Obereinstimmung zwischen den berechneten Werten und den experimentellen 
Ergbnissen deutet darauf lain, dab eine einfache empirische Gleichung verwendet werden kann, um die 
Bor-Adsorption an Tone als eine Funktion beider Variablen voraussagen zu k6nnen. Fiir die untersuchten 
Lfsung/Ton-Verh~iltnisse spielt der Wassergehalt f/Jr die Wechselwirkung Bor-Oberfl~iche keine Rolle, 
wie aus den o.a. Adsorptionsparametern hervorgeht. Da die Affinit~it der Tone fiir B(OH)c  viel grfis ist 
als f/Jr B(OH)3, wurde das Adsorptionsmaximum nur unter alkalischen Bedingungen, bei etwa pH 9,0-9,7, 
erreicht. Es wird angenommen, dab der pH-Wert der maximalen Adsorption eine Funktion der Verhgltnisse 
der Affinit~itskoeffizienten der drei Arten, B(OH)3, B(OH)c  und OH-, ist, die die gleichen Po- 
sitionen besetzen wollen. Die Adsorptionskoeffizienten deuten darauf hin, dab in manchen F~illen der Un- 
terschied im Betrag des adosrbierten Bor zwischen Montmorillonit und Kaolinit entweder klein oder grol~ 
sein kann, entsprechend den UmstS_nden. Der wichtigste Faktor, der diesen Unterschied beeinfluflt, ist der 
Gesamtgehalt an Bor in der Suspension. Der gesch~itzte Wert fiir die maximale Adsorption war 2,94, 11,8, 
bzw. 15,1/zMol/g fiir Ca-Kaolinit, Ca-Montmorillonit, bzw. Ca-Illit. Die Bor-Adsorption von Ca-Illit, und 
Na- und Ca-Montmorillonit ist trotz der Ahnlichkeit der Oberft~ichen an den Ecken nicht die gleiche. [U.W.] 

R6sum6--L'adsorption de boron par des formes Ca de montmorillonite, d'illite, et de kaolinite a 6t6 d6- 
termin6e en fonction du pH et de la concentration du boron en solution. Les donn6es d'exp6riences de 
fourn6e ont 6t6 compar6es avec les r6sultats calcul6s pour chaque argile suivant des coefficients 
d'adsorption appropri6s (adsorption maximum de boron et constantes d'affinit6s apparent6es ~ l'~nergie 
de liaison). L'accord entre les valeurs calcul6es et les r6sultats exp6rimentaux indique qu'une simple 6qua- 
tion ph6nom6nologique peut ~tre utilis6e pour pr6dire l 'adsorption de boron sur des argiles en fonction de 
r deux variables. Pour les proportions de solution-argile examin6es, le contenu en eau n'affecte pas 
l 'interaction boron-surface exprim6e par les param~tres d'adsorption sus-mention6s. Parceque l'affinit6 
des argiles pour B(OH)4- est plus forte que pour B(OH)a, le maximum d'adsorption n 'a  6t6 obtenu que 
sous des conditions alkalines A un pH d'approximativement 9,0/t 9,7. On a sugg~r~ que le pH du maximum 
d'adsorption est une fonction des proportions des coefficients d'affinit~ des 3 esp~ces B(OH)3, B(OH)4-, 
et OH- en comp6tition pour les m~mes sites d'adsorption. Les coefficients d'adsorption indiquent que dans 
certains cas, la diff6rence de quantit6 de boron adsorb6 entre la montmorillonite et la kaolinite, pouvait 6tre 
soit grande, soit petite, selon les circonstances. Le facteur majeur qui pourrait affecter cette diff6rence est 
la quantit6 totale de boron dans la suspension. Les valeurs estim6es pour le maximum d'adsorption 6taient 
2,94, 11,8, et 15,1 /zmole/g pour la kaolinite-Ca, la montmorillonite-Ca, et l'iilite-Ca, respectivement. 
L'adsorption de boron sur l'illite-Ca et sur la montmorillonite-Na et -Ca n 'est  pas la m~me, malgr6 la 
similarit6 de l'aire de surface des bords. [D.J.] 
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