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Two series of carriers were prepared by doping y-AlzO, with various amounts of Lit and F- ions 
and the point of zero charge (ZPC), the surface acidity constants as well as the concentration of the 
charged surface groups, XOH: and z;lo- were determined potentiometrically over a wide pH 
range. It was found that 0.621 mmol Li+ per g of y-A1203 were sufficient to cause a shift of the ZPC 
from 5.30 to 9.80. Accordingly, the concentration of adsorption sites for negative species (NOH:) 
was increased, while the surface acidity constants decreased and the formation of aO- sites was 
inhibited. Further increase in the lithium content causes a marked increase in the concentration of 
the XOH: groups at pH lower than 8.0. Comparison of the effects caused due to the lithium doping 
with those observed after sodium modification studied previously, showed that lithium can be used 
instead of sodium in the cases where the latter causes catalytic deactivation. However, larger 
amounts of lithium, as compared with that of sodium, are necessary in order for the same increase 
in the concentration of the XOH; groups at a given pH to be achieved. A mechanism similar to 
that adopted for the sodium-doped alumina has been used to explain the Li+ effects observed in the 
present study. Concerning the doping by F- ions it was observed that modification of y-A&O3 with 
0.125 mmol F- per g of y-A1203 decreases the ZPC from 5.30 to 3.40. F- doping thus can be used to 
extend the pH range, where positive species could be deposited on -r-A1203 by adsorption, at lower 
pH values. Moreover, this modification brings about an increase in the concentration of the adsorp- 
tion sites for positive species, x0-, as well as in the values of the surface acidity constants. 
Additional increase in the concentration of the F- ions provokes a considerable increase in the 
concentration of the x0- groups at pH higher than 3.40 though it does not further affect the values 
of ZPC and surface acidity constants. o 1986 Academic press, h. 

INTRODUCTION 

It is well established that y-AlzOs, the 
most important carrier used in catalysis, 
presents ampholytic properties (I). In fact, 
it exhibits three kinds of surface groups 
namely, XOH:, HOH, and flO-, in aque- 
ous suspensions. The relative concentra- 
tion of these groups depends on the pH, 
ionic strength of the aqueous suspension, 
and the values of the surface acidity con- 
stants K1;“’ and K?’ (2, 3). 

BOH: s AIOH + H,i 
(1) (11) 

I To whom all correspondence should be addressed. 

H; I H+ 

There is a pH value, defined as point of 
zero charge (ZPC), at which the concentra- 
tion of (I) is equal to that of (III) and negligi- 
ble as compared with the concentration of 
(II). pH values equal, higher, and lower 
than ZPC, render the surface of y-AlzOj 
neutral, negative, and positive, respec- 
tively. The ZPC for y-AlzOj is found at pH 
5.30 + 0.10 (2, 3). The dependence of the 
relative concentrations of (I), (II), and (III), 
and hence of the ZPC value, on the values 
of pH, Kp, and KY is easily understand- 
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able from the above equilibria. The depen- 
dence on the ionic strength is due to the fact 
that this parameter influences the potential, 
yo, developed on the surface of the y-Al203 
particles and thus the concentration of the 
adsorbed hydrogen ions (Hi), at a given pH 
{(Hz) = (H+) exp(-F * ~012.3 RT)} (4). 

The deposition of an active ion on the y- 
A1203 surface is the most critical step in the 
preparation of supported catalysts based on 
this carrier. In many cases this occurs via 
adsorption of suitable species. Increase of 
the amount of an active ion deposited 
through adsorption results to the augmenta- 
tion of the active surface, which is ex- 
tremely desirable from the preparative 
point of view. According to the current 
ideas the aOH: and ZO- surface groups 
are the sorptive sites for the negative and 
positive species and they are used for the 
deposition of active ions (2, 3, 5). Increase 
in the surface concentration of the HOHt 
&lo-) is, therefore, necessary when an en- 
hancement in the adsorption of a negative 
(positive) species is sought. The method 
followed in practice includes a proper regu- 
lation in the pH of the impregnating solu- 
tion (6-8). This method, seemingly very 
simple, may become problematic in some 
cases. More specifically at the pH value 
where the adsorption is promoted, the spe- 
cies to be adsorbed may not be stable and 
the carrier may be partially dissolved (5). 
Moreover, deposition by precipitation may 
occur in considerable extent, resulting to 
low dispersity of the supported phase. 
Analogous problems may be caused by 
changes in the ionic strength of the impreg- 
nating solution. 

A research program recently undertaken 
by our group aims at developing an alterna- 
tive method for regulating the ZPC of 
y-A1203 and the surface concentration of 
(I), (II), and (III) at a given pH and ionic 
strength (2,3). This task is pursued by dop- 
ing -y-Al,O, with the appropriate ions. In 
the first paper of this series (3) the influence 
of the content of the Na+ ions on the con- 
centration of (I), (II), and (III) at various 

pH as well as on the ZPC, pKv, and pK! 
values has been examined. It was found 
that doping with very small amount of so- 
dium ions, namely, 0.083 mmol Na per g of 
y-A1203, is sufficient to bring about an in- 
crease in the pK’;“‘, pKp, and ZPC values 
from 3.10 to 7.60, from 7.40 to 11.76, and 
from 5.30 to 9.70, respectively. Conse- 
quently by this doping a very considerable 
expansion of the pH range where a nega- 
tively charged species could be deposited 
through adsorption was achieved. Within 
this range the modification mentioned in- 
creased the concentration of the mOH: 
groups at each pH. Increment in the sodium 
content from 0.309 to 2.470 mmol Na+ per g 
of y-A&O, had no further effect on the 
pK’;‘, pKp, and ZPC values, although an 
increase in the concentration of (I) and (III) 
at pH lower and higher than ZPC has been 
observed, respectively. 

The purpose of the present work is two- 
fold: first we aim at enlarging pH range in 
which a positively charged species can be 
adsorbed on the y-A&O3 surface. This is at- 
tempted by doping the y-A1203 with various 
amounts of F- ions. More precisely we 
study the influence of the concentration of 
F- ions on ZPC, pK;“‘, and pK$ values as 
well as on the surface concentration of (I), 
(II), and (III). Second, we aim at finding out 
a different type of cations whose action is 
similar to that of Na+ cations. This is done 
because in some cases sodium cations 
result in deactivation of the supported cata- 
lysts (9). For this reason, the effect of Li’ 
ions has been studied. 

The determination of the required param- 
eters was achieved using the method of the 
potentiometric titrations (3). 

EXPERIMENTAL 

Preparation of the samples. The speci- 
mens containing Li+ and F- ions are de- 
noted by Li-x-y-AlzOj and F-x-y-Alz03, re- 
spectively, where x represents the nominal 
composition expressed as millimoles of the 
dopant ion per g of y-A&O3 . The specimens 
prepared are illustrated in Table 1. 
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TABLE 1 

Nominal Compositions and Specific Surface 
Areas of the Samples Prepared 

Serial No. Notation SSA (m* g-l) 

1 y-41203 123.0 
2 Li-0.392-y-A&O, 138.9 
3 Li-0.621-y-A1203 121.6 
4 Li-0.984-y-A1203 118.8 
5 Li-1 .560-y-A1202 115.4 
6 Li-2.470-y-A1203 98.0 
7 F-O. 125y-A1203 135.2 
8 F-0.468~y-AllO, 131.7 
9 F-l .978-y-A120, 99.5 

10 F-3.818-y-Al203 77.4 

The Li+- and F--doped specimens were 
prepared by dry impregnation of r-Al,03 
(Ho 415, Houdry) with aqueous solutions of 
LiN03 (Ferrak, reinst) and NHdF (Carlo 
Erba R.P.), respectively. Sample 1 was 
“prepared” by dry impregnation of the car- 
rier with pure solvent (distilled water). Af- 
ter impregnation the specimens were dried 
at 110°C for 2.5 h and then air-calcined at 
600°C for 12 h. 

The specific surface areas of the speci- 
mens studied were determined by a multi- 
ple-point BET method, using a Perkin- 
Elmer (Model 212-D) sorptometer. Pure 
nitrogen and helium (both 99.99% of purity) 
were used as adsorption and carrier gas, 
respectively. 

Determination of ZPC, pK?‘, pK?‘, and 
the surface concentration of the surface 
groups. The setup and procedure used as 
well as the method followed for the deter- 
mination of the title parameters were de- 
scribed in detail in the first paper of this 
series (3). The assumptions involved in the 
determination of aOH: and x0- groups 
concentration is the validity of the protona- 
tion-deprotonation equilibria shown in the 
introduction and that the total number of 
surface hydroxyl groups (NJ is 8 sites/nm2. 
A concominant correction for the N, due to 
modification would have no effect in the de- 
termined KP’ and Kp values. A simple cal- 
culation based on the assumption that the 

number of sites is reduced by 50% would 
lead to a difference in the values of the de- 
termined pK?i within the experimental er- 
ror (3). 

Determination of the solubility of the Li+ 
and F- ions. In order to investigate 
whether a portion of Li+ and F- ions is dis- 
solved in the aqueous solution during equil- 
ibration (3), the solubility of these ions was 
determined for all samples titrated, in the 
supernatant after filtration of the corre- 
sponding suspension. A flame photometer 
(Dr. B. Lange) equipped with a lithium fil- 
ter and a fluoride-ion selective electrode 
(Orion Type 94-09) were used for the deter- 
mination of the Li+ and F- ions, respec- 
tively. The F--ion selective electrode was 
calibrated in solutions equilibrated with y- 
A1203 in order to offset AP+ interference 
due to solubility. 

RESULTS 

The variation of the experimental and 
calculated ZPC values as well as of the con- 
stants pKi;‘, pKp with the lithium content 
for the samples l-6 is illustrated in Fig. 1. 
An inspection of this figure shows that 
modification with 0.392 mmol Li+ per g of y- 
A1203 does not affect the ZPC value signifi- 
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FIG. 1. Variation of the experimental and calculated 
values of ZPC as well as of the surface acidity con- 
stants (pKy, pK;“‘) with lithium content for samples 
l-6. (0) Experimental ZPC, (W) calculated ZPC (ZPC 
= (pK;“’ + pK;‘/2)), (+) pK;‘, (A) pKY’. 
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F-f mmol/&! y-Al+$- I2 

PH- 
FIG. 2. Variation of the experimental and calculated 

values of ZPC as well as of the surface acidity con- FIG. 3. Dependence of the concentration of the 
stants (pKy, p@) with the fluoride content for sam- charged groups, @iOH:) and (x0-), on the pH of 
ples 1, 7-10. (0) Experimental ZPC, (M) calculated suspension for samples 1-6. 
ZPC (ZPC = (pKP’ + pKY’/2)), (Ir) pKI”‘, (A) pKrn’. 

cantly. A sharp increase of the ZPC from been obtained in 0.01 and 0.001 M KN03. 
5.30 to 9.80 is observed after modification Figure 3 shows that modification with 0.392 
with 0.621 mmol Li+ per g of r-AlzO,. Fur- mmol Lit per g of y-A&O3 has no influence 
ther slight increase of the pH of the ZPC on the concentration of the charged surface 
from 9.80 to 10.28 is observed when the x groups over the entire pH range examined. 
value increased from 0.621 to 2.470. In this Modification with larger amount of lithium 
region one can observe a linear dependence causes a marked increase in the concentra- 
of the ZPC on the x value. Similar variation tion of BOH: groups at pH lower than 8.0. 
is observed in the values of pK’;“’ and pK?’ In the same region the Li-doping results in 
with the lithium content. an almost complete disappearance of the 

Figure 2 illustrates the variation of the NO- groups. On the contrary, modification 
parameters mentioned before with the fluo- by F- ions provokes a drastic increase in 
ride content for samples 1 and 7-10. It can the concentration of aO- groups in pH 
be seen that modification of ~-Al20~ with values lower than 5.30, whereas it does not 
0.125 mmol F- per g of y-A&O3 is sufficient 
to decrease the ZPC value from 5.30 to 
3.40. Additional increase in the F- content 
up to x = 3.818 does not practically affect 
the ZPC value. Similar variations can be t 2 
observed in the values of pK’;“’ and pK$ $!- ’ 

14-E with the fluorine content. f2 
Figures 1 and 2 show that there is an ex- H 

cellent agreement between the experimen- ,- so E 4 

tal and calculated values of ZPC for all sam- 
i 6 ples titrated. 

The dependence of the concentration of 8 
charged surface groups on the pH of the 3 1 5 6 7 8 

suspension of Li+ and F- dopes samples PH- 

are illustrated in Figs. 3 and 4, respectively. 
The curves of these figures refer to ionic 

FIG. 4. Dependence of the concentration of the 
charged groups, @OH;) and (x0-) on the pH of 

strength 0.1 M KN03. Similar curves have suspension for samples 1 and 7-10. 
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FIG. 5. Variation of the positively charged groups 
(aOH:) with the true concentration of lithium on the 
y-AIrOr surface (0) and the concentration of dissolved 
lithium (A) at pH = 7 and ionic strength corresponding 
to 0.1 M KNOX. 

affect the concentration of the XOH: 
groups. Moreover, Figs. 3 and 4 show that 
there is a correlation of the concentration of 
NOH: and ZO- groups with Li+ and F- 
content in the pH range 5.0-8.0 and 3.0- 
5.0, respectively. Examples of this correla- 
tion for the Li+ and F- doped specimens at 
pH = 7 and pH = 4.50 are illustrated in 
Figs. 5 and 6, respectively. The concentra- 
tion plots of aOH: vs dissolved Li+ and of 
the concentration of NO- vs dissolved F- 
are shown as well. 

The pH values at which a full transforma- 
tion of the MOH into ZOH: (HO-) could 
be achieved, were estimated (for lithium 
(fluoride) samples) by extrapolating the 
lines of Fig. 3 (4) to lower (higher) pH val- 
ues. These values are shown in Table 2. 

Table 3 summarizes the amount of the 
supported lithium and fluoride ions which 
goes into solution during equilibration as 
well as the amount of supported ions re- 
maining on the surface after equilibration. 
The solubility of the ions used as modifiers 
increases with the nominal dopant concen- 
tration and decreases with the ionic 
strength of the solution. Moreover, the so- 
lution concentration of the ions dissolved 
being of the order of lop5 M cannot practi- 

TABLE 2 

pH Values at Which Complete 
Transformation of the Surface 
Groups into XOH: and x0-, 

for Li-Doped and F-Doped Samples, 
Respectively, Could Be Achieved 

Serial No. PH 

1 -0.b 

2 -0 

3 -0 

4 0.45 
5 1.17 
6 1.79 
7 8.24 
8 7.67 
9 5.31 

10 4.86 

n A complete transformation into 
NOH: cannot be obtained irrespec- 
tive of the value of pH. 

b A complete transformation into 
TiiO- cannot be obtained irrespective 
of the value of pH. 

tally affect the ionic strength of the suspen- 
sions. 

DISCUSSION 

The lithium action. Our results clearly 
demonstrate that the modification with Li+ 

F’flOsmolll I- 

0 I 2 3 4 

F‘(mmol g/7-A120$ - 

FIG. 6. Variation of negatively charged groups 
(x0-) with the concentration of the surface and sur- 
face ion-paired fluoride (0) and with the concentration 
of dissolved fluoride (A) at pH = 4.5 and ionic 
strength corresponding to 0.1 M KNO,. 
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TABLE 3 

Distribution of Li’ and F Ions 

between y-A&O3 Surface and 

Indifferent Electrolyte Solutions 

for the Samples Titrated 

Serial 

NO. 
KNOq (Ml 

10 ’ IO 2 IO 1 

I 

2 

3 

4 

5 

6 

7 

8 

Y 

IO 

Surface Li+ (F ) 

(mmol per g of y-AIIOJ 

- 0.392 0.392 0.392 

0.609 0.608 0.607 

0.969 0.968 0.967 

I.543 I.540 I .539 

2.435 2.429 2.425 

O.OY3 0.09 I 0.064 

0.417 0.407 0.326 

I.886 I .845 I.827 

3.720 3.690 3.661 
- 

ions causes similar effects to those ob- 
served after the Na+ doping (2). Thus, 
these ions could be used in order to enlarge 
the pH range in which a negative species 
can be deposited via adsorption from 1 .OO- 
5.30 to 1.00-10.20. Moreover, they show 
that in the pH range 1.0-8.00 a consider- 
able increase in the concentration of the 
sites responsible for the adsorption of nega- 
tive species could be achieved by increas- 
ing the concentration of the modifier. 
Finally, the disappearance of the KiO- 
groups at pH lower than 8 could be ex- 
ploited to inhibit the adsorption of positive 
species in this pH range. This might be 
proved extremely useful in the cases where 
a desired macrodistribution of an active ion 
on an alumina pellet has to be achieved 
(IO). 

However, the action of Li+ and Nat ions 
is not identical. Some salient differences 
must be mentioned: (i) The modification by 
Li+ ions does not cause considerable de- 
crease in the specific surface area of the y- 
A1203. Thus, the maximum amount of this 
modifier is necessary to decrease the SSA 
from 123.0 to 98.0 m2 g-r (3). (ii) Relatively 

large amount of Li+ ions is necessary in 
order for a considerable increase in the 
ZPC, pK’;“‘, and pKp values to be achieved. 
Thus, modification by 0.621 mmol Li+ per g 
y-A120j is required to increase the ZPC 
from 5.30 to 9.80 whereas 0.083 mmol Na+ 
per g y-A120j are sufficient to achieve the 
same increase in the ZPC. (iii) The ZPC, 
PK’I’, and pKF’ values of the Nat contain- 
ing specimens are kept practically constant 
upon increase of x from 0.392 to 1.560. On 
the contrary, concerning the Li+-doped 
samples a constant, though small, incre- 
ment in the values of these parameters is 
observed as x increases from 0.621 to 2.470. 
(iv) The concentrations of the XOHt 
groups at pH lower than 8 as well as the 
slopes of cruves, 1, 2, 3, 4, 5, and 6 are 
smaller compared with those of the Na+- 
doped specimens (3). Moreover the pH 
value required for a full transformation of 
XOH into %OHZ+ groups due to the lithium 
modification (Table 2) is smaller than that 
obtained by the sodium doping (3). This 
comparison clearly shows that lithium is u 
“basic modijier” though weaker than so- 
dium. 

To explain the differences in the behav- 
iour between Li+ and Na+ ions we must 
recall the model adopted for the state of the 
deposited Na+ ions (3). A slightly different 
model is adopted here for the state of the 
supported Li+ ions (II): (a) Li+ ions diffuse 
into r-Al,O, lattice during calcination. (b) 
They neutralize the surface NOH groups 

forming Al---?&-~ groups. (c) They form 
islands of Li+ compounds supported on 
the y-Al203 surface. These islands are ag- 
gregates of lithium, for instance LiN03, 
or tridimensional compounds between Li 
and Al, e.g., LiA120s and/or Li2A1204. In 
most cases these compounds were ill- 
defined by X-ray analysis, presumably be- 
cause of their low concentration and/or 
their poor crystallinity. 

It seems to us reasonable to assume that 
the Li+ ions located in the interior of the 
carrier do not affect their surface proper- 
ties. Moreover, in agreement with our 
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results for the y-AlZ03-Na system (3), we 
- a-) SC?, 

may assume that the AI-O-L1 groups 
are mainly responsible for the increase in 
the ZPC, pK’;“‘, and pK?‘, whereas the is- 
lands of Li compounds mentioned are 
mainly responsible for the increase in the 
concentration of the ZOH: groups at pH 
lower than 8.0. Finally, in agreement with 
the literature (II), we assume that the ex- 
tent of processes (a) and (b) is greater in the 
case of Li-doped carriers, whereas process 
(c) is favored in the case of the sodium- 
based system. In both systems the relative 
extent of process (c) increases at the ex- 
pense of the relative extents of processes 
(a) and (b) upon increasing the dopant con- 
centration (I I). 

The relatively large extent of process (a) 
in the Li-based system explains the differ- 
ences (i) and (ii) mentioned before. Thus, 
for instance, the amount of the Li+ ions re- 
maining on the surface in the sample Li- 
0.392-y-Al203 is too small to change the val- 
ues of the pK1;“‘, pK$, and ZPC as well as 
the concentration of (I), (II), and (III) (Fig. 
5, curve a). The difference (iii) reflects 
the fact that the concentration of the 

a-%!!,? increases in the range 0.621 < 
x < 2.470, whereas the concentration of 

S(e) 6(f) 
AI-0-Na remains constant. Moreover, 
we attribute the higher value of the ZPC 
obtained in the Li-2.470-y-A&O3 specimen 
(ZPC = 10.28) as compared to that obtained 
for the Na-2.470-y-A1203 specimen (ZPC = 
10.10) to the relatively high extent of the 
process (b) for the Li+-doped specimen 
mentioned before. The relatively small ex- 
tent of the process (c) for the Li-based 
specimens could be taken into account for 
the difference (iv) (3). 

As in the case of the sodium-based sys- 
tem, the increase in the concentration of 
the mOH: groups for the specimens with 
0.621 I x I 2.470 could be attributed to 
following mechanism: The Li+ ions dis- 
solved from the islands are adsorbed spe- 
cifically in the shear plane of the double 
layer forming “ion pairs” (12, 13) with the 

ZOH groups, thus releasing hydrogen - - 
ions (AIOH + Li&,+ AlO- . . . Li+ + H&J 
on the surface. The released H& enhance 
the formation of additional %OH: groups 
through the charging mechanism mentioned 
in the Introduction. The increase of the 
concentration of the AlOH; with the 
amount of the dissolved Li ions (Fig. 5) cor- 
roborates the function of the mechanism 
postulated. However, the nonlinearity of 
curve (b) in Fig. 5 suggests that the mecha- 
nism mentioned is not the only one respon- 
sible for the increase of the concentration 
of the mOH: groups for the specimens 
with 0.621 < x < 2.470. The contribution of 

the surface Al--?%?? species seems to be 
significant. 

The fluorine action. Our observations 
show that modification with very small 
amounts of F- ions can be used to exploit 
the pH range 3.40-5.30 for the adsorption 
of positive species on y-A&O3 surface (Fig. 
2). Moreover, they suggest a considerable 
increase in the extent of adsorption of such 
species at pH higher than 3.40 by increasing 
the dopant concentration (Figs. 4 and 6). 

It is essential to note that the doping by 
F- ions does not usually create serious 
problems concerning the catalytic activity 
of the supported catalysts. There are, on 
the contrary, many supported catalytic sys- 
tems where the incorporation of F- ions 
into the support has been proved to pro- 
mote the catalytic activity. Typical exam- 
ples are the H.D.S. catalysts based on Co, 
MO or Ni, MO sulfide supported on r-Al,O, 
(14-17). Moreover, one can notice that a 
complete transformation of aOH into 
%O- (Table 2) can be obtained even at pH 
equal to 5.3 after fluorination with an 
amount of F- ions (X = 1.978) which can be 
considered to be necessary to promote the 
carbonium ion reactions taking place on the 
supports in the dual function supported cat- 
alysts (18). 

Our results are generally in agreement 
with the literature (18-25). In fact, it is ac- 
cepted that it is possible to increase, by flu- 
orination, the total number of acid sites and 
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nH- 

FIG. 7. Experimental (0) and calculated surface 
charge (A) for the samples 1,6, and 10 as a function of 
pH. The ionic strength corresponds to 0.1 M KN03. 

acid strength of y-Al,O,. In particular, it 
is established that the total number of 
Bronsted sites, directly related with our ex- 
perimental data, increases with fluorine 
content. This is presumably due to the fact 
that, after fluorination, the less acidic hy- 
droxyl groups are removed while strongly 
acidic hydroxyls are created. 

The sharp increase in the concentration 
of the x0- groups observed after modifica- 
tion with 0.125 mmol F- per g of y-A1203 
can be attributed to the abrupt increase in 
the values of K’;’ and Kp brought about by 
this amount of F- ions (compare Figs. 2 and 
6). 

Moreover, in order to explain the addi- 
tional increase in the concentrtion of the 
mO- groups with the FP content in the 
range 0.125 < x 5 3.818, where the values 
of K’;’ and Kp remain practically constant, 
we assume the following mechanism: 

3OH + FG,, * Ai+ . . . F- + OH6, 

%OH + OH6, -+ aO- + Hz0 

To be specific: the dissolved F- ions (Table 
3), F&,), are specifically adsorbed in the 
shear plane of the double layer forming 
“ion pairs” with the Al+ and releasing on 
the surface hydroxyl ions, OH6,. This as- 
sumption is in excellent agreement with the 
literature (22, 13). The OH6, released pro- 

mote the formation of additional mO- re- 
acting with the adjacent aOH. In such a 
case an increase in the concentration of the 
MO- groups with the amount of the dis- 
solved F- ions is to be expected (Fig. 6). 

The calculation of the concentration of 
the aOH: and aO- used in the present 
work was based on the triple layer model 
developed by Davis et al. (12, 13). The 
agreement between the values of the sur- 
face charge measured experimentally at 
each pH, with the corresponding ones 
calculated from the difference ((aOH:)- 
(x0-)) demonstrates the applicability of 
the above-mentioned model to our system 
(Fig. 7). 

CONCLUSION 

Modification of y-A&O3 with various 
amounts of Li+ and F- ions allowed us to 
reach the following conclusions: 

(i) Doping of y-Al,O, with 0.621 mmol 
Li+ per g of y-Al10~ is sufficient to extend 
the pH range that can be used for the ad- 
sorption of negative species from 1.00-5.30 
to 1.00-9.80 as well as to drastically sup- 
press the formation of adsorption sites for 
positive species. At pH lower than 8.0 in- 
crease in the Li+ content increases consid- 
erably the concentration of the former 
sites. Therefore, lithium can be used in- 
stead of sodium in the cases where the lat- 
ter causes catalytic deactivation. 

(ii) Doping of r-Al,O, with 0.125 mmol 
F- per g of y-Al~0~ promotes on this sup- 
port the formation of adsorption sites for 
positive species in the pH range 5.30-3.40. 
At pH higher than 3.40 the concentration of 
the sites mentioned increases markedly 
with the F- content. 
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