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7 Claims. 

1 
This invention relates to a. process for the pro 

duction of silica-alumina cracking catalyst. 
The object of the invention is to provide a 

method for the production of superior synthetic 
silica-alumina cracking catalyst which is applica 
ble for the production of such catalysts on a 
commercial scale. 
The process in the petroleum industry known 

as catalytic cracking is in wide use on a large 
scale. While certain so-called natural catalysts 
(special acid treated clays) are used in some 
plants, the most commonly used catalyst is 
the so-called synthetic silica-alumina catalyst. 
When it is consideredthat a single catalytic 
cracking plant has an inventory of catalyst of 
several hundred tons, and uses several tons a day 
of fresh catalyst for make-up, it is evident that 
any practical catalyst must be capable of pro 
duction in a simple manner on a large scale. At 
present the commercial synthetic silica-alumina 
cracking catalyst is generally made by forming a 
dilute slurry of hydrous silica gel by adding sul 
furic acid to a solution of sodium silicate, im 
pregnating the hydrous silica gel with aluminum 
‘sulfate, and then hydrolyzing the aluminum sul 
fate by the addition of ammonium hydroxide. 
While the catalyst and method of manufacture 
of the catalyst appear to be quite simple in gen 
eral outline, the true nature of the catalytic ac 
tion and the mechanism of the deactivation of 
the catalyst are very complex and little under 
stood, and in order to produce an active and 
stable catalyst certain details in the method of 
the manufacture must be controlled. Thus the 
pH, time of washing, etc., are important. See 
U. S. Patent No. 2,478,519. The resultant cata 
lyst which may be prepared in the form of pow 
der, microspheroids, pellets, or larger granular 
fragments, is quite active and quite stable against 
the detrimental influences of high temperature 
and steam. 
A lengthy and detailed study of the fundamen 

tal aspects of this type of catalyst has been made. 
This work brought to light many important facts 
regarding the physical structure, types of com 
binations of the silica and alumina, mode of cata 
lyzing the cracking of hydrocarbons, etc. For 
instance, it is now known that the aluminum may 
exist in the catalyst in any one of three forms de 
pending upon the details in the procedure of prep 
aration. These forms, are namely, free alumina, 
cationic aluminum, anionic aluminum, and com 
binations thereof. It is now [know] known 
that the cracking activity is associated with one 
type of silica-alumina complex. As a practical 
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2 
result of this study, a synthetic silica-alumina 
cracking catalyst was developed which is believed 
to be superior to synthetic silica-alumina crack 
ing catalysts previously known. This catalyst 
which is described and claimed in U. S. Patent 
No. 2,469,314 is characterized physically: (1) by 
an alumina content which is above that found in 
the usual commercial catalysts and, namely, of 
the order of 18-38%; (2) by having pores which 
are much larger than those previously thought 
optimum and, namely, in the order of 50-75 
Angstroms; (3) by a very low particle density, 
below 0.95 grams/cc; and (4) by having associ 
ated with the above characteristics a large avail 
able surface. As pointed out in said U. S. Patent 
No. 2,469,314, certain details in the preparation 
are necessary to obtain an active and stable cata 
lyst having these characteristics. As shown in 
the examples, the catalyst was prepared under 
exceedingly acid conditions (pl-1:0), through a 
properly aged silica gel, and through the use of 
aluminum chloride. While this catalyst can be 
produced as therein described, this can only be 
done at a considerable cost. This is due pri 
marily to the facts (1) that the exceedingly acid 
conditions require special and costly equipment 
and result in a waste of large amounts of acid, 
(2) that enormous amounts of puri?ed water and 
equipment are required to free the catalyst of 
alkali metal salts, (3) that under the exceedingly 
acid conditions used the time of set of the hydro 
gel is very long, therefore requiring very large 
vessels to afford the necessary residence time, and 
(4) that aluminum chloride is much more costly 
than aluminum sulfate. Consequently, it was 
later attempted to modify that method of prepa 
ration to lower the cost to a more economical 
level, but these attempts failed to produce a cata 
lyst having material superiority over the syn 
thetic silica-alumina. catalyst presently in com 
mercial use. 
A method has now been developed whereby a 

catalyst similar to that of U. S. Patent No. 
2,469,314. and even somewhat more active can be 
produced more economically. As will be seen 
from U. S. Patent No. 2,469,314 the base gel of 
the described superior catalyst was prepared un 
der highly acid conditions (pH=O). 

According to the method of this invention the 
base material is now produced under less acid 
conditions; the pH is between 2.8 and 4.1 and 
preferably about 3.5. The trick here is to use very 
concentrated solutions. Thus, whereas it is the 
usual practice to produce silica hydrogels having 
a concentration of $02 between about 3 and 6%, 



" Quartz Company) are well 

. 3 , 

it is necessary to employ silica sols of such 
concentrations that the concentration of S102 
is at least 8.5% and preferably at least about 
9.3%. The use of silica sols having such concen 
trations of silica would ordinarily not be practical . 

In the method of the invention 
the sol is diluted in a particular manner with 
water during the polymerization. This dilution 
and the manner in which it is carried out have 
an important influence on the character and 
properties of the catalyst. With the base mate 
rial produced in this manner it is possible to in 
corporate the desired large amount of alumina 
and have it all combine with the silica in the 
desired particular manner to produce a catalyst 
having the desired properties and the high de 
sired activity. Also, the catalyst produced in this 
manner can be washed free of soluble salts 
in conventional plant equipment with reasonable 
amounts of wash water. It is also possible, using 
this procedure, to employ aluminum sulfate in 
instead of aluminum chloride. 
Having set forth the background and the gen 

eral statements of the present method, the meth 
od for preparing the catalyst will be described 
in more detail. 

FORMATION OF THE SILICA SOL 

A concentrated silica sol is ?rst produced un 
der acid conditions. The concentration of silica 
in the sol is at least 85 grams per liter and 
preferably 90 to 125 grams per liter. This sol 
may be produced by either adding the sodium 
silicate solution to the acid with mixing, or by 
simultaneously pumping the sodium silicate so 
lution and the acid into an acid medium with 
mixing. In the ?rst method the sodium silicate 
solution is added until the pH of the sol is be 
tween 2.8 and 4.1 and preferably about 3.5. In 
the second case, the rates of flow of sodium sili 
cate and acid are adjusted to give a pH of the 
mixture of 2 to 3 and preferably about 2.8, and 
then the sol is adjusted to a pH between 2.8 and 
4.1 by the addition of a small “trimming” 
amount of alkali, e. g. sodium silicate. 
As an example of the ?rst case, E Brand so 

dium silicate (Philadelphia Quartz Company) is 
diluted to 1.28 N (as to Na+) and 3.2 volumes of 
the solution are added with stirring to 1 volume 
4.1 N sulfuric acid. 
volume of acid as basis.) This gives a $01 of 
pH 3.5 containing 93 grams $102 per liter. 
As an example of the second case, E Brand 

sodium silicate is diluted to 2.06 N and 1.95 vol 
umes of the solution are added simultaneously 
with 1 volume of 4.07 N H2804 to 1.2 volumes of 

in plant practice. 

water, after which the pH is adjusted from 2.5 
up to 3.5 by the addition of a small amount of 
the sodium silicate solution. 

The preferred acid is sulfuric acid. However, 
nitric acid or hydrochloric acid can'be used. In 
the reaction of the sodium. silicate with the acid 
to produce the sol a large amount of alkali metal 
salt, e. g. sodium sulfate, is formed. This salt 
exerts a considerable dehydrating action, par 
ticularly in the concentrated sol, and plays a role 
in determining the properties of the catalyst. 
For this as Well as other reasons a sodium sili 
cate having a loweralkali-silica ratio than the 
orthosilicate or metasilicate is preferred. Thus, 
sodium silicate solutions having an alkali-silica 
ratio between about 1:2.5 and 113.9 are pre 
ferred. The sodium silicates known ‘ as “E” 
Brand, “N” Brand and “S” Brand (Philadelphia 

suited. The “E” and 

(All volumes refer to the " 
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alkali-silica ratio of about 
Brand has an alkali-silica 

“N” Brands have an 
1:322 and the “S” 
ratio of about 1:3.90. 
When mixing the acid and the sodium silicate 

‘there is a tendency to precipitate silicic acid, 
and this tendency is particularly pronounced 
when preparing a sol of the high concentration 
specified. The formation of a small amount of 
precipitate is not particularly harmful. The 
formation of a precipitate is minimized (1) by 
adequate mixing, (‘2) by using an acid solution 
which is stronger than the sodium silicate solu 
tion, and ('3) by maintaining the pH at the stated 
low value during the mixing. While it is pre 
ferred to regulate the conditions so as to form 
the clear sol, the invention does not preclude the 
presence of such gelatinous precipitate. 

AGING OF THE SOL 

The silica sol produced as speci?ed will upon 
standing gradually thicken and ?nally set to a 
hard gel. The time of set is determined as fol 
lows. A 75 cc. portion of the fresh sol is poured 
into a 100 cc. beaker. A 3 mm. glass rod 8 cm. 
long and pointed at one end is placed in the sol 
with the point resting on the bottom of the 
beaker. The rod is allowed to fall from an ini 
tial angle of 15° from the vertical to an angle of 
30°. The point when the ‘rod is held between 
these angles is the setting point and the time 
interval between this point and the formation 
of the S01 is the time of set (1"). The time of 
set for a number of sols and conditions is given 
by Hurd (Journ. Phys. Chem. [37] “37” 321 
(1938)). The time of set is dependent ‘upon the 
various factors, including the concentration of 
silica, the concentration of alkali metal salt, and 
the pH of the sol. The region of conditions of 
concentration of S102 and pH Where setting oc 
curs within 24 hours with sols made from sodium 
silicate having an alkali-silica ratio of 1:3.9 is 
shown in the graph Fig. I of the attached draw 
ing. The rectangle A near the top of Fig. I de 
lineates the conditions under which the sol is 
formed according to the method of this inven-‘ 
tion. 

If the sol is allowed to stand it does not set 
‘at once vto a ‘gel but the setting is ‘preceded by a 
gradual increase in the viscosity. The rate of 
this increase in viscosity is dependent upon the 
conditions and is a function of the time ‘of set. 
Typical rates of increase of ‘the viscosity for sols 
having different times of set are shown in the 
graph, Fig. 11 of the attached drawing. It is 
found, however, that if the “reduced time of set” 
(T/T') (i. e. the actual time divided by the time 
of set) is used in plotting ‘the viscosity curves, 
the curves substantially coincide. The increase 
in the viscosity of the ‘sol is due to the growth 
of the colloidal silica miscellae and is a func 
tion of the extent of aging of the sol. The aging 
of the sol is of importance in determining the 
activity and stability of the catalyst. 
In the method of the invention the sol is pref 

erably one which if allowed to stand would set 
toa gel in about 10 ‘minutes to 90 minutes and 
more preferably in about 15 minutes to 40' min 
utes. The sol could be allowed to gel and the 
gel could then be further aged by standing. This, 
however, does notlyield a catalyst having the de 
sired properties. In the method of the invention 
"the sol v‘is not vallowed to set and the aging is car 
ried out ‘in a di?erent manner. At a time short 
of T’ the increase in the viscosity‘ is halted, the 
‘aging rate is reduced, and setting is. prevented 
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by diluting the sol with water. In other words, 
at a certain point short of setting the polycon 
densation to a rigid gel is arrested by dilution 
while allowing the silica micellae to further age 
under acid conditions. ' . 

DILUTION OF THE SOL 

. monium hydroxide solution. Sodium hydroxide ’ 

The dilution of the sol is preferably begun late 
in the aging period, e. g. where the 
of set” (T/T’) is between 0.5 and 0.95 and pref 
erably as near to 0.95 T/ T’ as practically feasible. 
The preferred method is to begin the dilution as 
soon as the viscosity corresponds to that of the 
chosen value of T/T' and to continue the dilution 
at a rate to maintain the viscosity substantially 
constant. The amount of water required will 
vary somewhat depending upon the concentra 
tion of silica in the sol and the pH; in a typical 
case it is 2.25 volumes. 
The addition of the \water may be controlled 

in response to a continuous viscosity measure 
ment of the sol, using one of the known tech 
niques, and this addition may beautomatically 
controlled. One suitable method for controlling 
the addition of the water is through the use of a 
consistency controller, e. g. such as used on paper 
stock, which measures the torque required to ro 
tate a paddle or other mixer at a constant speed. 
This measurement may be accomplished by 
means of a controlling ammeter or by any me 
chanical method of torque measurement. For 
control, the torque indications may be trans 
mitted mechanically or electrically to a dilution 
valve and so control the dilution rate as to main 
tain a substantially constant consistency. 
As will be seen from the graph in Fig. II the 

rate of increase of viscosity becomes very high as 
the setting time is approached. Consequently, 
the actual viscosity maintained by the dilution 
may vary considerably without appreciably vary 
ing the time factor. Merely by way of example, 
however, the viscosity may be held at substan 
tially 20, 50 or 100 poises. The dilution extends 
over a substantial period, e. g. 30 minutes to 21/2 
hours, depending upon the viscosity chosen and 
other factors. During this period the rate of ad 
dition of water is high at first and gradually di 
minishes as the rate of aging decreases. The 
step can be considered completed when the rate 
of Water addition becomes negligible. During 
the dilution the pH increases only slightly; in a 
typical case the pH at the end of the dilution is 
4.1. The amount of water used is preferably the 
minimum which will retain the chosen viscosity. 

FURTHER AGING 

“reduced time 

In the aging of the sol and the subsequent dilu 
tion step the silica miscellae are aged under 
strong acid conditions at the maximum concen 
tration while preventing the polycondensation 
reaction proceeding so far that a rigid hydrogel 
is formed. In the next step the material is given 
a short aging treatment under approximately 
neutral conditions while again preventing set 
ting to a gel. This is accomplished by bringing 
the pH to about '7, e. g. 6.0 to 7.0, while adding a 
further quantity of water. The amount of alkali 
required is very small, e. g. 0.06 volumes of 2.9 nor 
mal NH4OI-I. The amount of water required will 
again vary with the pH before the addition of the 
alkali, the concentration of silica and the viscos 
ity chosen. In a typical case, for example, the 
amount of Water is about 4-5 volumes. As in 
the previous dilution the rate of addition of the 
water is adjusted to maintain the viscosity (con 

10 

15 

20 

35 

40 

50 

60 

65 

70 

sistency) at an approximately constant value. 
At least a part of the Water is preferably added 
with the alkali, e. g._ to produce a very dilute am 

or trona may be substituted for ammonium hy 
droxide. 
Only a very short time at a pH of about '7 is re 

quired and the time factor at this point is not 
critical. Thus the re-acidi?cation of thesilica 
by the addition of aluminum sulfate may take 
place immediately after bringing‘ the pH to about 
7, or any reasonable period of time may elapse. 
In practice, the material may remain at a pH of 
'7 for about 5 minutes to an hour, for example. . 

ADDITION OF THE ALUMINUM 
After bringing the silica to a pH of about 7 as 

described, a solution of aluminum sulfate is 
added. This immediately reduces the pH to about 
3 and materially reduces the viscosity. The 
quantity of aluminum sulfate solution added is 
adjusted to give between 18% and 30% of A1203 
in the ?nished catalyst (dry basis). 
In carrying out the preparation of the im 

proved catalyst it is preferred to use an alumi 
num sulfate solution of high concentration. To 
this end it is desirable to use a substantially 
saturated solution, e. g. 1 molar aluminum sul 
fate. Aluminum chloride and aluminum nitrate 
are also suitable but are much more costly than 

aluminum sulfate. 
HYDROLYSIS OF THE ALUMINUM SULFATE 

No appreciable reaction is believed to take 
place between the aluminum sulfate and the 
silica in the above step but other physical changes 
may take place. The reaction takes place dur 
ing the hydrolysis step. The hydrolysis is car 
ried out by the relatively slow addition of a basic 
precipitant such as ammonium hydroxide. The 
?nal pH in this step is between about 5 and 7. 
When incorporating about 25% alumina this re 
quires about 2.5 volumes of 2.9 normal ammo 
nium hydroxide. The addition of the ammonium 
hydroxide is preferably begun shortly after add 
ing the aluminum sulfate and is preferably com 
pleted within about two hours of this time. The 
time factor at this point is not exceedingly im 
portant. Other basic precipitants such as trona, 
ammonium carbonate, ammonium hydrosulflde, 
may be employed if desired. 
During the hydrolysis, which is preferably car 

ried out by adding the ammonium hydroxide at 
a relatively slow even rate (e. g. during 20 min 
utes) with good mixing, an intermediate hydrol 
ysis product reacts with the silica to produce a 
slurry of the desired silica-alumina complex. 
When the catalyst is prepared in the manner de 
scribed the desired large concentration of alumi 
num (e. g. 25% A1203) may be incorporated and 
combined with the silica in the desired manner. 
It is indeed possible in any of the older methods 
to physically incorporate any desired large con 
centration of aluminum, but at the expense of a 
decreased catalytic activity since free alumina, 
which acts as a diluent, is formed in the resulting 
catalysts. By the method of the invention just 
described it is possible to incorporate larger 
quantities of aluminum in the particular complex 
form desired and the catalyst contains no free 
alumina. 
REMOVAL OF ALKALI METAL IMPURITIES 

The wet catalyst at this stage contains consid- , 
15 erable amounts of soluble salts. These salts, due 
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to the method used, are present in a relatively 
high concentration and their presence up to this 
stage is desirable. As previously pointed out, 
these salts exert an .appreciable dehydrating ef 
fect which tends to increase the effective concen 
trations of the aluminum sulfate. However, so 
dium salts are known to exert a detrimental ef 
feet on the ?nished catalyst. There is some in 
dication that small amounts of sodium have 
less detrimental effect in the present catalyst 
than in previous catalysts. 
There are several applicable methods for sub 

stantially completely removing sodium salts. In 
. most cases it is suf?cient to simply wash the un 
dried material with water which may be either 
condensate water or water freed of harmful salts 
by treatment with a base exchange resin. Al 
ternatively, the material may be ?rst washed to 
remove the bulk of the soluble salts and then 
washed with a dilute acid, e. g. hydrochloric acid, 
hydro?uoric acid, acetic acid. Alternatively, the 
material may be given a ?nal treatment with an 
acidic polyvalent metal salt solution, e. g. a solu 
tion of aluminum chloride, aluminum nitrate, or 
aluminum sulfate. Another. treatment which is 
very effective in removing sodium is treatments 
with a solution of an ammonium salt, e. g. am 
monium chloride, ammonium nitrate, ammonium 
sulfate, ammonium acetate. While ammonium 
acetate is very effective care must be exercised in 
its use since it tends to modify the pore structure. 
These treatments may be applied to the ?lter 
cake obtained at this step of the process or they 
may be applied after the ?lter cake has been 
partially dried. It is preferred to separate the ‘ 
catalyst from the mother liquor by sedimenta 
tion-decantation and to Wash out the sodium 
salts prior to drying. 

DRYING 

After removing the sodium salts the material 
is dried. This step is carried out in the conven 
tional manner while observing the usual precau 
tions. It is preferred to pre-dry the material 
relatively rapidly but yet under relatively mild 
conditions. One suitable method is to pass the 
-material in a thin layer through a drying oven 
held at between about 80° C. and 130° C. while 
passing a stream of air to remove the evolved 
water vapor. Drying to a water content of about 
15% is desirable. This material may then be 
dried to a lower water content, c. g. 2-5%, by or 
dinary calcination at a higher temperature. 
In an alternative method the material, before 

or after removing the sodium salts, may be made 
into a thin slurry which is passed through a col 
loid mill and then spray dried to form micro 
spheres. 
In another alternative method thev material, 

preferably after removing the sodium salts, may 
be made into a thick paste which is mulled until 
it assumes a tacky consistency, then allowed to 
age and then ?nally extruded into pellets which 
are dried in the conventional way. 

TEMPERATURE CONTROL 
It is well-known that temperature has an in; 

?uence on such factors as gelation time, catalyst 
density, etc., and it is known how differences in 
temperature can be compensated for when that 
is necessary. The described method of catalyst 
preparation has been developed using normal 
ambient temperatures of approximately 70° F. 
Any abnormal deviation from these conditions 
can be therefore; corrected either by heating or u 
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refrigeration, or by slight adjustment of the 
other conditions in the known manner. . 
The present method does not require either 

refrigeration or heating. However, both refrig 
eration and heating can be used to advantage if 
their use can be economically justified. Thus by 
cooling the sulfuric acid and/or the sodium sili 
cate solution to below room temperature it is 
possible to produce even more concentrated sols. 
Also, by heating the aluminum sulfate solution 
it is possible to use an evenxmore concentrated 
solution, e. g. 2 molar. 
The reasons accounting for the improvements 

in catalytic properties e?‘ected by the described 
method of preparation cannot be fully explained. 
As previously explained, one of the properties 
desired in the catalyst is a low particle density. 
It is to be emphasized, however, that this property 
by itself is not responsive for the noted improve 
ment. It is well-known that the density of silica 
al-umina catalysts can be made low by any one 
of several methods. For instance, one method 
is to treat the material with hot water .for periods 
ranging from one to several days. Another 
method is to treat the material with dilute am 
monium hydroxide. Simpleaging under alkaline 
conditions also produces a material of lower 
than-usual density. However, these methods, 
although producing catalysts of low density. do 
not afford a catalyst having the superior proper 
ties of the catalyst in question. In fact it is well 
known that in general the activity of silica 
alumina catalysts decrease with decreasing den 
sity. This is due not only to the lesser weight of 
catalyst occupying the reactor space but also to 
the fact that in xerogel catalysts the available 
surface decreases markedly with decreasing den 
sity. It will be noted that the catalysts prepared 
as presently described have a high surface com 
pared to what might be expected from a low 
density material, but that the surface is slightly 
less if anything than the conventional catalysts 
having densities of the order 1.1 (usually con 
sidered optimum). If the speci?c activity (ac 

i.- tivity per unit of available surface) is considered, 
however, it is found that the present catalyst, 
like that described in U. S. Patent No. 2,469,314, 
has a much higher intrinsic activity. It is evi 
dent therefore that when preparing the catalyst 
in the described manner the aluminum and silica 
are combined in such a manner as to afford a 
greater number of active sites per unit of sur 
face. This result is obtained by bringing the 
silica to just the proper state for reaction with 
the hydrolyzing aluminum sulfate. This state is 
obtained by forming a very concentrated silica 
sol under acid conditions, allowing the silica sol 
to partly polymerize under controlled acid con 
ditions, then diluting the sol at a point where 
T/T' approaches unity, and ?nally raising the 
pH for a short period up to approximately '7. 
It will be noted that up through the point of add 
ing the aluminum sulfate the maximum concen 
tration of silica is maintained without at any 
point allowing the material to set to a rigid gel. 
The use of less concentrated basic silica hydrogel 
slurries is, of course, common practice but such 
slurries even when alkaline give a more dense 
and less active high alumina catalyst. The 
preparation of the base gel under acid condi 
tions likewise does not in itself afford the desired 
properties except when carried out as described 
‘in U. S. Patent No. 2,469,314 where a very con 
centrated pHI=O so] having an exceedingly long 

, gel time is used. Thus, by way of example when 
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two volumes of diluted sodium silicate solution 
(1.251 sp. gr.) are added to one volume of 26% 
H2804. with stirring a clear sol is produced which 
sets to a firm gel in about 2% hours. However, 
after washing and drying, the material has a 
density of over 1.2. The incorporation of alu 
mina by the usual method further increases the 
density. Also, if equal volumes of the sodium 
‘silicate and sulfuric acid are used the material 
still has a density above 1.1. 

EXAMPLES 
In the following examples the catalysts were 

tested through use for the catalytic cracking of 
a. typical West Texas gas oil having the follow 
ing properties: 
Gravity, ° A. P. I _______________ __'_____ 30.7 
A. S. T. M. boiling range, °C _________ __ 260-369 

Aniline point _______________________ __ 70.2 

Nd2° _______________________________ __ 1.4849 
D42“ (vac.) _________________________ __ 0.8689 
Bromine number ___________________ ~_ 6 
Carbon ____________ __per cent weight__ 85.65 
Hydrogen ____________________ __d0____ 12.86 
Sulfur _______________________ __do____ 1.36 
Nitrogen _____________________ __do____ 0.10 

The cracking runs were made under a standard 
ized ?xed bed test procedure using 50 cc. of the 
catalyst ([6-41 6-14 mesh granules) under the 
following conditions: 

Temperature, "C __________________ __ [565] 500 
Liquid hourly space velocity _______________ __ 4 
Pressure _______________________ __ Atmospheric 

Process period ________________________ __ 1 hour 
Diluent ______________________________ __ None 

The catalysts were tested in the fresh condition 
and also after being subjected to arti?cial aging 
by treating them with steam for 24 hours at 
565° C. and 1 atmosphere‘ pressure. 
In the application of cracking catalysts it is the 

practice to contact the hydrocarbon oil under 
cracking conditions with the catalyst in the form 
of ?nely divided particles, or in the form of 
granules, or pellets, or cast pieces. The catalyst 
particles quickly become fouled with tarry ma 
terials and are usually regenerated ?rst by steam 
ing to remove easily volatilizable material and 
then by burning the less volatilizable residue. It 
has been observed that when used in such proc 
esses the activity of the catalyst declines most 
rapidly during the early period of use and thus 
generally levels out over an extended period of 
use. The rapid initial loss of activity is largely 
caused by the stripping steam. Relatively dry 
heating such as occurs in the forming process has 
very little damaging effect unless the tempera 
tures are allowed to greatly exceed the normal 
values of about 1050-1150” F. Therefore, in order 
to measure the stability of a catalyst it is com 
mon practice to subject the catalyst to an ac 
celerated steaming treatment which simulates the 
treatment to which 
ing a period of use. It has been found that a 
catalyst which declines only moderately under 
the mentioned steaming treatment holds up well 
in commercial use and allows a relatively high 
“equilibrium activity” to be retained with a small 
catalyst replacement rate, whereas a catalyst 
which is badly damaged by such steam treatment 
affords a lower equilibrium activity at the same 
replacement rate. 
For the purpose of comparison the catalyst de 

scribed in U. S. Patent No. 2,469,314 may be used. 

the catalyst is subjected dur- v 
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Activity 2 ______________ _ _ 

.As pointed out in said patent the superior cata 
lyst therein described and claimed, when tested 
under the same conditions, was 116% as active on 
an equal weight basis as a standard catalyst. 
Also, as shown, upon steaming at 565° C. for 24 
hours the catalyst declined to‘ approximately 83 % 
activity, whereas comparison catalysts declined 
on the same treatment to 48% and 45% activity 
on the same basis. -. 

Example I 

A catalyst was prepared as follows: Philadel 
phia Quartz Company E-brand sodium silicate 
(4.17 N, 401 g. SiOz/L) was diluted to 1.28 normal 
(as to Na+) and 3.2 volumes of the solution were 
slowly added to 1 volume of 4.1 normal sulfuric 
acid with stirring. This produced a clear s01 
having a pH of about 3.5 and containing about 
93 grams SiOz per liter. After allowing the sol to 
,age for approximately 61 minutes (T/T'sap 
proximately 0.8) a total of 2.25 volumes of water 
were added with stirring over a period of about '77 
minutes at a rate to maintain the viscosity sub 
stantially constant. This resulted in increasing 
the pH to about 4.1. The pH was then increased 
to 7.0 by the slow addition (about 10 minutes) of 
about 0.06 volumes of 2.9 normal ammonium hy 
droxide while the viscosity was again held sub 
stantially. constant by the addition of approxi 
mately 4 volumes of water. After a period of 
about 12 minutes, suf?cient 1 molar aluminum 
sulfate solution was added to supply about 22% 
A1203 on "the dry basis. This resulted in decreas 
ing the pH to about 3.0 and in reducing the vis 
cosity sharply. Then the aluminum sulfate was 
‘hydrolyzed by slowly adding 2.9 normal ammo 
nium [hydroixde] hydroxide until the pH was 
about 7 (about 2.5 volumes). The material was 
then ?ltered and the wet catalyst was washed 
with water until the wash water was free of sul 
fate. The washed alumina-silica complex was 
dried at 90° C. and then calcined for 6 hours at 
565° C. in a stream of dry air. The physical prop 
erties of the catalyst are compared with those 
of the catalyst of Example 11 of U. S. Patent No. 
2,469,314 in the following table: 

Example Compari 
I son 

N __ ____________ __ 0. l7 0. 03 
A1203 _ -_-__ 22.0 24. 2 
804.". 0.09 <0. 05 

Particle density, g./cc _____ _. 0. 92-. 95 0.89 
Speci?c surface, m?/g _______________ ._ 497 493 
Average pore diameter, A ___________________ .. 51 5B 

/ 
Both catalysts were tested fresh and after steam 
ing for 24 hours at 565° C. The results are shown 
in the following table: 

~ Example I Comparison 

Fresh Steamed Fresh Steamed 
_____/ ____.__ ___.____. 

Per cent crackedl ...... ._ 49. 3 42.4 43.8 ' as. 5 

Per cent converted to 
50—‘ZO0° 0. fractions. _ __ 22. 4 20. 5 19. 7 19. (l 132 87 116 83 

1 In all cases “per cent cracked” means 100 minus the per cent by 
Weight of recovered oil of the same boiling range as the feed. I 

I In all cases “activity” means the activity per unit weight of 
catalyst compared to the same standard as used in U. S. Patent No. 
2,469.314 (catalyst A). 

It will be noted that the physical properties of 
the two catalysts are substantially the same ex 
cept that the catalyst of Example 1 contains 
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sodium than would be desired. 
content can, however, easily be re 

‘ washing or by one ‘of the 
methods described above. It will be noted that 
the catalyst prepared by the new method‘ is more 5 
active both initially and after being subjected to 
the. relatively drastic steaming treatment. This 
is an important advantage. However, of even 
more importance is the fact that the catalyst. can 
be produced much more cheaply by the new 
method. Little acid is uselessly consumed; no 
long aging or treating period requiring large acid 
resistant agitators are involved; a rigid hydrogel 
is avoided; the catalyst can be washed either by 
sedimentation and decantation, or by ?ltering 
with washing on the ?lters, or by repulping; re 
frigeration or heating, while they can be advan 
tageously used, are unnecessary. 

Example II 

A catalyst was prepared essentially as described 
in Example I except that the material after dry, 
ing at 90° C. was treated with an aqueous solu 
tion of ammonium acetate to decrease the con‘ 
tent of N320 to- less than 0.01%. The particle 
density of the catalyst was 0.94 g./cc. The results 
obtained on testing this catalyst before and after 
steaming are shown in the following table; _ 

MM 
Example II Comparison 
_\ a 

Fresh Steamed Fresh 

somewhat more 

20' 

30 

Steamed 

Per cent by weight . - 

cracked ______________ -_ 50. 5 ~12; 2 43. 8 38. 5 
Per cent by weight 50-‘ 35 

200° 0. fraction ______ ._ 22. 5 20.4 19.7 19. 0 
Activity _______________ __ 135 83 116 83 

R _ 

It will be noted that, ‘contrary to what would be 
expected on the basis of prior experience With 
silica-alumina cracking catalyst, the 0.17% NazO 
in the incompletely washed catalyst of Example I 
had very little, if any, detrimental e?ect. 

Example III 

A catalyst was prepared essentially as described 
in Example I, except that the pH of the sol was 
adjusted to 3.91 instead of 3.5. The resulting sol 
therefore aged more rapidly under slightly less 
acid conditions. The dilution with water was _ 
therefore begun about 24 minutes after forming 
the sol (T/T'=about 0.8). 
The physical properties and the results of 

testing the catalyst are given in the following 
table: 

40 

55 _MM __.__ 

Example III Comparison 

'Fresh ‘ Steamed Fresh 7 Steamed 

S04 _______________ __ 

Particle density, g./cc ___ 
Speci?c surface, m.l/g____ 
Average pore diameter, 6_ 
A _________________ __ 5e ........ _- 5e _________ -_ a Per cent by w ght 

_ cracked ______________ -_ 48.6 40.6 43.8 38.5 
Per cent by weight 50— 
200° 0. fraction ______ ._ 22. 4 I 19. 7 19. 7 ~19. 0 

Activity _______________ _- 130 I 83 116 83 

‘ ‘ ‘ ‘ ' ‘ ' ‘ 70 

Example IV 
A catalyst was prepared essentially as de 

scribed in Example I, except that in hydrolyzing 
the aluminum sulfate the ?nal pH was brought 
to 6.4 instead of 7. The properties andresults 75 

45. 

of'testlng the'c talyst are given in the following 
table: ' 

. . 

Example IV Comparison 

Fresh , Steamed Fresh Steamed 
Analysis 

0.01 
24. 1 

S04 __ 0.05 
Particle density, g 0. 92 
Speci?c surface, m.'—’/g.___ 506 
Average pore diameter, 
A ___________________ __ 51 

Per cent by weight 
cracked ______________ __ 48. 9 

Per cent by weight 50- . 
200° 0. fraction ______ __ 22. 5 . . . 

Activity _______________ ._ a 130 ' ' 

Example V 
A catalyst was prepared as follows: Philadel 

phia; Quartz Company E-Brand sodium silicate 
was diluted to 2.06 normal and 1.95 volumes of 
the solution were added simultaneously with 1 
volume of 4.07 normal sulfuric acid to 1.2 volumes 
of' water while stirring. The solutions were 
added at such a rate that the pH during the 
formation of the sol was substantially constant at 
2.5. ,Upon completion of» the addition of‘ the 
sodium‘ silicate and sulfuric acid the pH of the 
resultant sol was adjusted to 3.5 by the addition 
of a small amount of sodium silicate solution. 
The-“resulting sol contained about 93 grams of 
S102 per liter. After aging for about 46 minutes 
(T/T" approximately 0.8) the addition of water 
was begun and the remaining part of the prepara 
tion was carried out essentially as described in 
Example I. The properties and results of test 
ing the catalyst are given in the following table: 

Example V Comparison 

Fresh Steamed Fresh Steamed 

Analysis: 
N340 _____________ __ 
A1203. _ .. 

S O 4 

Average pore diameter, 
A . 

Per cent by weight 
, cracked ______________ ._ 

Per cent by weight 50 
A ° 0. fraction ______ __ 

Activity _______________ .. 

While the catalyst prepared by the method de 
scribed is a particularly active and stable crack 
ing catalyst and is designed to allow the maxi 
mum e?iciency in catalytic cracking, it can be 
applied, if desired, in other processes where one 
or more of the reactions involved in catalytic 
cracking is important. For example, the cata- 
lysts prepared in the described manner are more 
acidic in nature than silica-alumina catalysts 
prepared in the usual manner and they therefore 
are more active for acid catalyzed reactions, e. g. 
isomerization, polymerization, alkylation, hydro 
gen transfer. The catalyst loses its high ac 
tivity for such reactions more rapidly than it does 
its activity for C--C bond ?ssion. The catalyst 
may therefore be advantageously used for cata 
lyzing one or more of such reactions, e. g. iso~ 
forming, for a period of time and then be used 
for catalytic cracking with little loss of e?iciency 
in the cracking process. Also the catalyst, after 
being substantially spent in catalytic cracking, 
,may still be used advantageously for processes 
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where only a very mild cracking is desired in 
connection with an acid nature, e. g. in the prep 
aration of cracking feed stocks from heavy resi 
dues by catalytic viscosity breaking. 
The invention claimed is: 
1. In the preparation of a silica-alumina 

cracking catalyst the improvement which com 
prises (1) preparing a silica sol containing at 
least 85 grams S102 per liter by mixing a sodium 
silicate solution with a sulfuric acid solution 9 
under acid conditions with a ?nal pH between 
2.8 and 4.1, (2) aging said sol at a pH in said 
range for a time which is at least 0.5 but less 
than 1 times the time of set of said S01, (3) 
at said time diluting the sol with water at a 
rate to maintain the viscosity substantially con 
stant, (4) then increasing the pH up to about 
pH '7 by the addition of an alkali while adding 
water at a rate to maintain the viscosity sub 
stantially constant, (5) adding a concentrated 
solution of aluminum sulfate in an amount suf 
?cient to provide between 18% and 30% A1203 
on the dry basis, (6) hydrolyzing the aluminum 
sulfate by the addition of a basic precipitant 
until the pH is between 5 and '7, and ('7) wash 
ing and drying the product. 

2. In the preparation of a silica-alumina 
cracking catalyst the improvement which com 
prises (1) preparing a silica sol containing at 
least 90 grams S102 per liter and having a pH 
between 2.8 and 4.1 by mixing a sodium sili 
cate solution with a sulfuric acid solution under 
acid conditions, (2) aging said sol at a pH in 
said range for a time which is at least 0.5 but 
less than 1 times the time of set of said sol, 
(3) at said time diluting the sol with water at 
a rate to maintain the viscosity substantially 
constant, (4) then increasing the pH up to about 
pH '7 by the addition of an alkali while adding 
water at a rate to maintain the viscosity sub 
stantially constant, (5) adding a concentrated 
solution of aluminum sulfate in an amount suf 
ficient to provide between 18% and 30% A1203 
on the dry basis, (6) hydrolyzing the aluminum 
sulfate by the addition of a basic precipitant 
until the pH is between 5 and '7, and ('7) wash 
ing and drying the product. 

3. In the preparation of a silica-alumina 
cracking catalyst the improvement which com 
prises (1) preparing a silica sol containing at 
least 90 grams S102 per liter by mixing a sodium 
silicate solution with a sulfuric acid solution 
under acid conditions and adjusting the pH of the 
sol to about 3.5, (2) aging said sol at said pH 
for a time which is at least 0.5 but less than 1 
times the time of set of said sol, (3) at said 
time diluting the sol with water at a rate to 
maintain the viscosity substantially constant, (4) 
then increasing the pH up to about pH '7 by the 
addition of an alkali while adding water at a 
rate to maintain the viscosity substantially con 
stant, (5) adding a concentrated solution of alu 
minum sulfate in an amount sufficient to pro 
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vide between 18% and 30% A1203 on the dry 
basis, (6) hydrolyzing the aluminum sulfate by 
the addition of a basic precipitant until the pH. 
is between 5 and '7, and ('7) washing and dry 
ing the product. 

4. In the preparation of a silica-alumina 
cracking catalyst the improvement which com 
prises (1) preparing a silica sol containing at 
least 85 grams SiOz per liter and having a ?nal 
pI-I between 2.8 and 4.1 by adding a sodium sili 
cate solution with stirring to a sulfuric acid 
solution, (2) aging said sol at said pH for a 
time which is at least 0.5 but less than 1 times 
the time of set of said sol, (3) at said time 
diluting the sol with water at a rate to main 
tain the viscosity substantially constant, (4) then 
increasing the pH up to about pH '7 by the 
addition of an alkali while adding water at a 
rate to maintain the viscosity substantially con 
stant,_ (5) adding a concentrated solution of alu 
minum sulfate in an amount su?icient to pro 
vide between 18% and 30% A1203 on the dry 
basis, (6) hydrolyzing the aluminum sulfate by 
the addition of a basic precipitant until the pH 
is between 5 and '7, and ('7) washing and dry 
ing the product. 

5. In (the preparation of a silica-alumina 
cracking catalyst the improvement which com 
prises (l) preparing a silica sol containing at 
least 85 grams S102 per liter by simultaneously 
adding with mixing a sodium silicate solution 
and a sulfuric acid solution into an acid aqueous 
medium and then adjusting the pH of the mix 
ture to about 3.5 by the addition of a small 
amount of an alkali, (2) aging said sol at said 
pH for a time which is at least 0.5 but less than 
1 times the time of set of said sol, (3) at said 
time diluting the sol with water at a rate to 
maintain the viscosity substantially constant, (4) 
then increasing the pH up to about pH '7 by 
the addition of an alkali while adding water at 
a rate to maintain the viscosity substantially 
constant, (5) adding a concentrated solution of 
aluminum sulfate in an amount sufficient to pro 
vide between 18% and 30% A1203 on the dry basis, 
(6) hydrolyzing the aluminum sulfate by the ad 
dition of a basic precipitant until the pH is be 
tween 5 and '7, and ('7) washing and drying the 
product. 

6. Process according to claim 1 in which the 
aluminum sulfate solution is at least 1 molar 
and is added in an amount sufficient to provide 
about 25% A1203 on the dry basis substantially 
immediately after increasing the pH up to about 
pH '7 in step 4. 

'7. Process according to claim 1 in which the 
dilution of the sol with water in step 3 is begun 
at a time T where the ratio of T/T’ approaches 
0.95, where T’ is the time of set of the sol. 

LLOYD B. RYLAND. 
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