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NOTES 

Surface Acidity and Acid Strength Distribution of Modified 
Alumina Support and Platinum Reforming Catalysts 

Catalytic reforming is one of the most 
economical and widely accepted processes 
for upgrading motor gasoline by the pro- 
duction of aromatic hydrocarbons from 
paraffins and cycloparaffins. Isomerization 
and hydrocracking proceed on acid sites 
via a carbonium ion mechanism. These 
carboniogenic sites are developed by incor- 
porating a suitable amount of halide (1) on 
the support, but if the halide concentration 
becomes too high, exccssivc undesirable 
hydrocracking takes place (2). A compro- 
mise has to be worked out by impregnating 
an optimum amount of halide in order to 
make the catalyst select’ive for isomeriza- 
tion with least hydrocracking. 

The influence of fluorine on the activity 
of alumina-supported catalyst has been a 
subject of intense st’udy (3-5). Fluorinated 
aluminas impregnated with platinum salts 
have high hydrocracking activity, whereas 
on chlorided aluminas it is low. The acidic 
properties of chlorided alumina-platinum 
reforming catalysts have not been studied 
in detail. We have therefore studied the 
uptake of chlorine by alumina support, its 
subsequent impregnation with platinum 
and iridium metals and have also correlated 
the chlorine content with the acidity and 
acid strength distribution. 

Sample A was prepared from bochmite by 
calcination at 550°C for 24 hr in air and 
consisted of y-alumina as confirmed by 
XRD patterns. Chlorided aluminas were 
prepared from y-alumina using an excess of 
0.067 N HCl solution. The first sample was 

taken out after 2 min (sample B) while the 
subsequent ones were removed after every 
1 hr. The samples B,, Bz, Bs, Bq, Bg, and Bs 
were taken out of the solution after allowing 
1, 2, 3, 4, 5, and 6 hr of impregnation, rc- 
spectively. After depositing stable chlorine 
(0.08 wt%) on sample A, simultaneous im- 
pregnation of HJ’tC16 and HzIrCls solu- 
tions was made in order to obtain 0.35 and 
0.04 wt% of platinum and iridium, respcc- 
tivcly (sample C). All the samples were first 
dried at 110°C for 24 hr and finally acti- 
vated at 550°C for 4 hr in air. Reduction of 
sample C in a stream of hydrogen at 450°C 
yielded sample D. Sample E was obtained 
by impregnation of H&J& and HzIrCls 
on sample A. Sample F was a product of 
simultaneous impregnation of HCl, 
HJ’tC& and HzIrCls on sample A. Each of 
the samples E and F contained 0.35 wt% 
platinum and 0.04 wt% iridium. 

The acid amount and acid strength dis- 
tribution were determined by following 
nonaqueous titrations (6, 7) using n-butyl- 
amine as a base, benzene as a dispcrsant 
and Hammett indicators as the ncutraliza- 
tion point detector. 

Alumina exhibits acidity when heated to 
temperatures above 450°C (8). Pines and 
Haag (9) have found that the total number 
of acid sites responsible for the dehydra- 
tion of 1-butanol and the number of strong 
acid sites corresponding to the isomeriza- 
tion of cyclohcxane are 10 X lo’* and 8 
X 1On sitcs/cm2, respectively. They have 
further reported that alumina displays 
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FIG. 1. Formation of Lewis and Br@usted sit,es 011 
chlorided alumina. 

Lewis acidity. The concept of Lewis and 
Bdnsted acidity can also be extended t’o 
chlorided aluminas and the formation of 
acid sites can be postulated as shown in 
Fig. 1. 

Data on the acidity/acid strength dis- 
tribution of alumina support, chlorided 
aluminas and Pt-Ir-AllO reforming 
catalysts arc summarized in Table 1. The 
entire acid strength distribution spectrum 
can bc divided into three parts, comprising 
weak (-3.0 < pK, 5 +5.0), medium 
(-5.6 < pK, 5 -3.O), and strong (-8.2 
< pK, S -5.6) acid sites. A perusal of the 

results indicates that y-alumina (sample A) 
exhibited a t,otal populat’ion of 39 acid sites/ 
lo4 A” of the surface, all rcprcscnting medium 
acid strength. Incorporat’ion of 0.25 wtO/$ 
chlorine on alumina (compare samples A 
and B) gcwwtc a fresh 36 acid sitw/104 Kz 
out, of which 15 siks each of wcnk and 
strong acid st’rength arc produced and 6.0 
sites correspond t,o medium acid strength. 
The impregnation of chlorine c)n alumina 
thus has not only increased the conccntra- 
tion of total acid sites but has also improved 
the strength of the sites. On further incrcas- 
ing t’hc chlorine conccntrat~ion from 0.25 
to 0.53 \\-t% (sample B,), the conccntra- 
tions of weak and strong acid sites have not 
bcon affcctod, but 15.0 fresh acid sites/ 
lo4 lp of medium strength arc gencratcd. 
On still further increasing the chlorine cm- 

ccntrution, the population of strong acid 
sites remains practically constant but the 
sites of weal< and medium acid strwgth cm- 

tinuc to increase until the total population 
of acid siks rcachcs a maximum value of 
1% sitw/104 liz. This chlorine conwntra- 
tion (0.68 lvt%) also happens to bc the 

Ho INCREASING ACID STRENGTH 

Fro. 2. Acid strength distributiou spectrum of various samples: (A) sample A; (U) sample B, 
(B3) sample B,; (C) sample C ; (F) sample F. 
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optimum stable uptake of chlorine by the 
alumina support and no substantial change 
in acidity has been observed thereafter. 

The chlorided alumina support contain- 
ing optimum chlorine (sample B3) when 
impregnated with platinum and iridium 
salts to obtain sample C, displayed the 
same amount of strong acid sites as in the 
parent sample Ba but the weak and medium 
strength sites have been suppressed pre- 
sumably due to the occupat’ion of some of 
the sites by the impregnated metal species. 
The catalyst reduced in a stream of hydro- 
gen does not show much variation in the 
concentration and strength of acid sites, in 
agreement with the results reported by 
Hirschler and Schneider (10) in their st’udies 
on platinum reforming catalysts. 

When platinum and iridium salt#s are im- 
pregnated on an unchlorided support yield- 
ing sample E, the medium and st’rong acid- 
ity is still found to be prevailing, but t’he 
homogeneity (dispersion of the metallic 
species on the surface of the support) has 
considerably deteriorated, thus making the 
catalyst less attractive from an industrial 
point of view. On the other hand, when HCl 
HzPtC16 and HzIrCle are impregnated 
simultaneously on unchlorided alumina 
yielding sample F, the catalyst shows an 
excellent homogeneit’y and acidity also 
(compare samples C and F). 

A graphical representation of our acidity 
determination results (Fig. 2) reveals that 
most of the acidity of the chlorided alum- 
inas and Pt-Ir-A1203-Cl catalysts falls in 
the medium strength range (-5.6 < pK, 
5 -3.0) and only a small amount of acidity 
corresponds to weak and strong acid sites. 

Clark et al. (3, 4) have reported that the 
acid catalyzed hydrocarbon reactions, viz, 
cracking, isomerization, etc., occur readily 
on relatively weak acid sites. Hirschler and 
Schneider (10) in their investigations 011 

acidic properties of cracking and reforming 
catalysts concluded that acid sites stronger 
than pK,, 5 -3.0 decreased t’he gasoline 
yield in a cracking process. On the other 
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hand acid sites stronger than pK, 5 -3.0 
have been proved favorable for the produc- 
tion of higher octane gasoline under reform- 
ing conditions. A decisive conclusion can 
thus be draun on the basis of the above 
findings that the acid sites of strength-5.6 
< pK, 2 -3.0, arc of paramount import- 
ance for isomerization reactions in the re- 
forming process. In conclusion it can be 
argued that our catalyst (sample 11‘) pre- 
pared by simultaneous impregnat’ions of 
HCl, HzPtCls and HJrC16 consisted of an 
appreciable concentration of sites of acid- 
strength -5.6 < pK, 5 -3.0 vital for iso- 
merization activity in the reforming process. 
It is further pointed out that this route of 
preparation is less t’roublesome and more 
economical as it does not require the multi- 
impregnation procedure. 
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