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This invention relates to the preparation of a 
catalytic material for the polymerization of ole 
?nic hydrocarbons which are normally gaseous 
at ordinary temperatures and pressures. More 
particularly it relates to the preparation of a I 
catalytic material of the silica-metallic oxliie 
type. 
A catalytic material of the past can, as a rule, 

be placed in one of two, broad groups: (1) a cat 
alytic material which has substantially the same 
composition throughout, such as nickel, chro 
mium oxide gel, intimate mixtures of two or more 
materials such as dried mixtures of precipitated 
hydrous metal oxides and the like, and (2) a 
catalytic material comprising a support which 
has deposited on it or is impregnated with a 
material which is catalytic or which can be 
treated to make it catalytic, the support at times 
acting merely as an inert material but often 
apparently acting as a promoting agent as well. 
A third type of catalytic material has recently 
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come into importance which, although it ap- ‘ 
parently might be a member of the second group 
just mentioned, can be distinguished from the 
members of this group. In the preparation of 25 
this type of catalyst, an acid hydrogel such as ' 
silica gel, is first prepared, and before it is thor 
oughly dried or dehydated it is treated with an 

, aqueous solution of a suitable metal salt. While 
‘ the resultant product, after washing and drying, 
appears to consist of or'comprlse a mixture of 
silica and an oxide of the metal of the metal salt 
solution, nevertheless, this product has not been 
prepared by precipitating a metal hydroxide'or 
hydrous oxide upon an inert support, nor has 
a dried, inert support been impregnated with a 
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metal salt which has been decomposed or from 
which a decomposable compound has been pre 
cipitated, as when thoroughly dried pumice or 
silica gel has been impregnated with aluminum 
nitrate and the resulting material calcined, or 
treated to precipitatealuminum as thehydr0x~ 
ide or carbonate or the like and subsequently 
calcined. Such catalytic materials comprising 
silica and various metal oxides have been de 
scribed by Gayer (Industrial and Engineering 
Chemistry, 25, 1122), Perkins et 9.1. (U. SJPat 
ent 2,107,710), McKinney (U. S. Patents 2,142, 
324 and 2,147,985) and Fulton and Cross (U. S. 
Patents 2,129,649, 2,129,732 and 2,129,733). It 
is with such catalysts oi.’ the latter or third type 
that my invention is more particularly con 
cerned. . 

In general, these catalysts are prepared by ?rst 
forming a hydrous silica gel from an alkali-sili 
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cate and an acid, washing soluble material from 
the gel, treating or activating the gel with an 
aqueous solution of a suitable metal salt and 
subsequently washing and drying the treated 
material. In this manner, a part of the metal, 
presumably in the form of a. hydrous oxide or 
loose hydroxide compound formed by hydrolysis 
is selectively adsorbed by the hydrous silica, and 
is not removed by subsequent washing. The 
most often used catalyst of this type, at present, 
is a silica-alumina catalyst, prepared by treating 
a wet or partially dried hydrous silica gel with 
an aluminum salt solution and subsequently 
washing and drying the treated material. ‘How 
ever, catalysts of a very similar nature, but dil 
fering among themselves as‘ to one or more spe 
ci?c properties, may-be prepared by using, in 
stead of an aluminum salt, a hydrolyzable salt 
of a metal selected from Group III B or from 
Group IV ‘A of the periodic system and may be 
referred to in general as “silica-alumina type" 
catalysts. As listed in "Modern Inorganic Ch‘em 
istry" by J. W. Mellor (Longmans, Green 8: Co. 
(1939), revised and edited byG. D. Parkes) on L 
page 118 Group III B consists or boron, alumi-' 
num. gallium. indium and thallium, and Group 
IV A consists of titanium, zirconium, hafnium 
and thorium. More particularly, salts of indium 
and thallium in addition to aluminum in Group 
III B may be used, and salts of titanium, zir 
conium and thorium in‘ Group IV A may be used 
to treat silica gel and to prepare catalysts of 
this general type. Boron in the form of boric 
acid, or a soluble borate such as sodium borate, 
may also be incorporated with silica gel. The, 
catalysts so prepared are useful in processes to 
the polymerization of unsaturated organic com»; 
pounds, especially ‘for the polymerization of low 
boiling ole?n hydrocarbons in either gaseous or 
liquid phase, for the depolymerization of higher 
boiling polymers, for the cracking and splitting 
of higher-boiling hydrocarbons to vform lower, 
bolling hydrocarbons, for. the lsomerization of 
various hydrocarbons'for the hydrolysis of alkyl 
and aryl halides at elevated temperatures, for 
the addition of certain halogens and hydrogen 
halides to unsaturated compounds, for the split 
ting out of a'lhydr'ogen halide from an alkyl 
halide and the like. Whether prepared by ‘this 
method or by some modi?cation thereof, the 
catalyst will contain a. major portion as silica, 
and a minor portion of metal oxide. The minor 
portion of metal oxide, such as alumina, will gen 
erally not be in excess of 10 per cent by weight, 
and will more ottenyand generally more prefer-4 



‘ superior to those previously‘ prepared. 

2 
ably, be between about 0.1 and 1.5 or 2 per cent 
by weight. ' 
In the preparation of such catalysts of the 

silica-alumina type on a commercial scale it has 
been found difficult to prepare numerous batches 
of Catalysts which have consistent activities, In 
the use of such catalysts for the polymerization 
of low-boiling ole?ns it has been the practice ,- . 
to conduct the process to produce a certain ex 
tent or amount of polymerization and, as the 
catalyst becomes progressively deactivated and 
tends to effect less polymerization, to increase 
progressively the extent or amount of polymer 
ization, produced by the less-active catalyst by 
increasing the polymerization temperature. In 
this way, although a less-active catalyst will ef 
feet a less amount of polymerization at a given 
temperature, the amount of conversion can be 
kept constant over a period of time by progres 
sively increasing the temperature. However, 
since there’is a more or less ?xed maximum 
temperature, of about 550 to 650° F. above which 
it is not feasible to conduct the polymerization; 
it is of great advantage to start. the use of a1 

\25 fresh catalyst at as low a polymerization tem 
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perature as possible, so that there will be a" 
greater temperature range through which the 
polymerization temperature may be raised, and 
therefore a longer catalyst life. 
been found that when using a catalyst of the 
silica-alumina type to polymerize a mixture 
of gaseous ole?ns to produce motor-fuel, the oc 
taue number of the hydrogenated ,motor' fuel 
product tends to decrease as the polymerization 
temperature increases, and the rate of catalyst 
deactivation tends to be less at lower tempera 
tures, it is of added advantage to secure as much 
polymerization as possible at low temperatures 

_ 40 
and to initiate the polymerization at a low tem 
perature. I I 

I have found that catalytic materials with more 
consistent activities between various batches, and 
also with activities in general higher than the 
average activities of catalyst batches heretofore 
produced, can be produced by subjecting a hy 
drous silica gel to a plurality of activating treat 
ments, each of said activating treatments'being 
of the type as has just been brie?y described, 
each such activating treatment being followed 
by a washing treatment to remove soluble ionic 

Since it has 
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?nally dried at a low temperature in accordance 
with the present disclosure. 
It is an object of this invention to provide a 

process for the preparation oi’ a catalytic mate 
rial suitable for the polymerization of normally 
gaseous ole?nic hydrocarbons. 
Another object is to provide a process for the 

preparation of a silica-alumina type of catalytic 
' material of high activity. 

Still another object is to provide a process for 
the production of an activated silica gel that 
has an exceptionally long life as a catalyst. 
A further object is to provide a process for the 

preparation of a catalytic material which will 
initiate the polymerization of ole?nic hydrocar- ' 
bons at a relatively low temperature. , 
Another object of this invention is to provide 

a process for the preparation of a catalyst of 
the silica-alumina type which is of high catalytic 
activity and which is stable upon burning ofi' 
deleterious carbonaceous deposits. 
Further objects and advantages of this inven 

tion will be apparent from the accompanying’ 
disclosure. 
Inpreparing a catalytic material according to 

my present invention, one may proceed as fol 
lows: A silicic acid gel is prepared by mixing a 

'1 'solution of a silicate with a dilute solution of a 
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material. I have also found that the initial tem- - 
perature at which such a. catalytic material will 
actively effect a desired polymerization of low 
boiling ole?ns is dependent upon the~tempera' 
ture at which the final drying‘ or dehydration of 
the treated and washed silica-alumina type ma 

mineral acid. A wide range of concentrations of 
":the constituents is permi?ble although in actual 
"practice it has been found desirable to use a vol 
ume of .dilute acid approximately equal to the 
volume of dilute silicatesolution. The resulting 
mixture preferably should have a pH somewhat 
on the acid side. The mixture generally sets to 
a gel in about 2 to 12 hours, but the time re-' 
quired for setting in any particular case will vary 
with and will depend upon the concentration 
of the constituents. and upon the temperature of 
the mixture, etc, as is known to the art. Afterv 
the gel has set it is allowed to age ,for a time, 
usually between four and twenty-four hours. 
After aging it is broken into pieces and washed 
to remove excess salt or acid. Forcing the mate 
rial through a screen with holes about one inch 
in diameter is generally satisfactory. The time 
required for washing will vary with the size of the 
batch being washed. This wet material is dried 
until it occupies only a relatively small per cent 
of its original volume, usually between 15 and 25 
per cent. The material is now sumciently dry 
and hard so as to be comparatively easy to chip 
with the ?nger mail: In the practice of my in 
vention I prefer to wash the material again, the 
time required being substantially less than ‘the 
first washing, usually being from 1 to 12 hours. 

' The water content of the gel is now quite uni 
terial ‘is carried out, and that such a materi'aL. 

. if thoroughly dried at a low temperature, will 
initiate a polymerization at a lower temperature 
than if the same material had been ?nally dried 
at a high temperature. While I have found that 
these two features, when used together in com 
bination, will produce the most desirable result, 

' either one when practiced alone will produce a 

‘ of the periodic system. 

result which is to be preferred over that disclosed . 
by the teachings of the prior art. Thus, I have 
found that a catalyst of the silica-alumina type “V _ 
prepared by a plurality of activation treatments, -' 
but otherwise treated as known to the art, is 

I. also 
have found that a catalyst of the silica-alumina 
type, subjected to a single activation and wash 
mgtreatment, will initiate at a. ‘low temperature 
a desired polymerization of low-boiling ole?ns i1 
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form throughout. The gel need not be dried 
after the second washing but is now ready for 
activation. This brought about by treating the 
‘gel with a more or less dilute solution of a hy 
drolyzable salt of a metal of Group III B ‘or IV A 

The activation treatment is-priinarily e?’ected 
' by contacting the silica gel with a solution of the 
desired salt. It may be accompanied by heating“ 
to a more or less elevated temperature by ind!" 
rect heat exchange or direct injection of steam, 
or the like; by agitation of the mixture of spill- 
tion and granular gel; by passing a stream of the 
treating solution through a stationary or moving 
bed of granular material, and by other similar 
mechanical manipulation. e it is not nee-3' 

ry to heat the mixture during treatment, the 
period of activation may be terially shortened 
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by the use of an elevated temperature. Generally 
the temperature need not be above the ordinary 
boiling temperature'of the treating solution, but 
higher temperatures may at times be used by con 
ducting the treatment in a closed vessel under 
a suitable superatmospheric pressure. 
The activating solution is removed and the 

treated gel is ‘washed. After this operation I 
prefer to activate at least a second time, gen 
erally under conditions similar to those used 
during the ?rst activation. This second activa 
tion. may be performed, with or without partial 
drying of the material from the ?rst activation 
and the method is generally substantially the 
same as that used for the ?rst activating proc 
ess. The latter activating solution is drained 
and the gel washed and dried. As hereinbefore 
mentioned, the silica gel described in my process 
may be treated with an activating solution more 
than twice and as many times as is necessary 
for the preparation of a catalyst which is suf 
?ciently active and which has a long life for 

v polymerizingunsaturated hydrocarbons. In gen 
eral, howeventwo such activating treatments are 
su?lcient to result in a satisfactory catalyst. 
In the modi?cation ,of the invention, the ?nal 

activation step is advantageously conducted in a 
manner similar to a washing step by passing a 
relatively dilute solution of a hydrolyzable salt 
of a suitable metal through a bed of the granular 
material contained in a suitable tank. ‘This 
solution may be more dilute than was used in 
the ?rst activation, and'may varyfrom about 
0.05 to 0.1 molar. In any one of the treating 
steps, or washing steps, it has sometimes been 
found desirable to recirculate a substantial part 
of the e?luent of the treating solution inorder 
that this operation can be performed economical 
ly and so that the gel will be treated uniformly, 
as disclosed in the copending application of Hen 

, drix and Chapman, Serial No. 371,209, ?led De 
cember 21, 1940. i’ 

Before this satisfactorily activated material 
"will function as a polymerization catalyst it must 
be more orless completely dehydrated. I have 
found that the temperature of dehydration ‘af 
fects the temperature at which subsequent poly 
merization can be effected. In order for poly 

?xed at about 550 to 650° F. Also, motor fuel re 
sulting from high-temperature polymerization ' 
has a generally lower octane number than motor 
fuel resulting from lower-temperature polymeri- 
zation. Therefore, in view of these upper poly 
merizing temperature limits and my newly found 
correlation between temperature of dehydration 
of a polymerization catalyst and initial polymer 

' izing temperatures, it is obvious that the lower 
10 the temperature of initial polymerization the 

greater thetemperature range through which 
polymerization can be conducted and therefore 
the longer the life of the catalyst, and the higher 
the octane number of the product obtained on 
hydrogenation of the total polymeric product 
.having a boiling range within the -motor-fuel 
boiling range. The process for the preparation of 
such a catalyst is one of the important objects 
of my invention. 
Although it is generally preferable, in order to 

' obtain the most desirable catalytic material, that 
none of the drying should be carried out at a 
temperature exceeding the ?nal dehydration tem 
perature, it is sometimes more expedient to con_ 
duct the initial part of the dehydration, following 
the ?nal activation, at a temperature of the or 

- der of about 250 to 300° F. in order to remove a 
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merizatlon to take place at a low initial tem- ‘ 
perature not only‘must the water content of the 

‘' catalyst be low but the catalyst ‘must also have 
been dehydrated at a low temperature. As dis 
cussed in my copending application ‘Serial No, 
“333,872, ?led May '7, 1940, it is desirable. to use 
"such a catalyst under constant-conversion con 
ditions, initially starting the polymerization at 

was low a temperature as a satisfactory conver 
sion can lac-obtained, and increasing the con 
version temperature as the activity of the cata 
lyst decreases to',maintain thev extent of con 
version relatively‘constant. I have found that 
in using this catalyst under such conditions, 
polymerization at a satisfactory rate will begin 
at about the highest temperature at which the 
catalytic material was ?nally dehydrated. That 
is, if I remove substantially all. 'of the water of. 
hydration from the activated gel at a tempera 
ture of about 200 to 225° F., the catalyst so pre 
pared will usuallybegin to promote a desired 
polymerization of low-boiling unsaturated hydro 

‘ carbons passed thereover at a temperature in the 
neighborhood'of 200 to 225° F. The upper limits 
for conducting satisfactory polymerization of 
low-boiling ole?n hydrocarbons to hydrocarbons 
in the motor-fuel boiling range is more or less 
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large part of the water rapidly. This is often 
done by placing the granular material, after the 
final activation and washing,4n a suitable drying 
tower‘ and passing ?ue gases at a desired temper 
ature over it. rWhile the material still contains 
10 to 20/ per cent of water, by weight, it is then 
cooled somewhat and removed to the conversion 
chamber, wherein the final dehydration is carried 
out at as low a temperature as possible, as dis 
cussed, generally by passing an inert low-boiling 
hydrocarbon material such as methane, ,ethane, 
propane, or the like, through the catalyst mass 
at a suitable temperature. I have obtained satis 
factory operation by passing the polymerization 
charge through the catalyst/ mass at a suitable 
temperature whereby this charge stock acts as a 
.dehydrating agent and polymerization is initiated 

-. as dehydration becomes complete. I prefer that 
this final drying be carried out below 225° F., but _ 
in some‘ instances drying may be expedited, with 
out too great a loss in initial activity, at a slightly 
higher temperature, such as up to about 250° F. 

It has been previously disclosed, by other work 
ers in this ?eld that such, catalysts as have been 
disclosed by the art will promote polymerization 
of olefins at temperatures as low as 75 to 100° F. 
without following the procedure disclosed herein. 
While such a result can be obtained when dealing 
with high concentrations of quite reactive ole?ns ' 
such as isobutylene or isoamylenes, these same ' 
catalysts require much/ higher, temperatures for 

, satisfactory operation when an ordinary charge 
stock containing 15 to 30 or 40 per cent ole?ns, a 
considerable part of which are straight-chain ole- 
?ns, is treated to produce ole?n polymers. It is 
when'such, operating conditions are employed : 
that the bene?ts of following the present disclo 
sures are obtained. While the temperature of 
initial polymerization may be realized at about 
175° F. or lower with these- charge stocks when 
catalystsof the silica-alumina type are complete 
ly dehydrated at these lower temperatures, such 
dehydration generally requires an uneconomically 
long time, and the best over-all results are to be 
realized whenv the catalyst is.prepared so that 
the polymerization will be initiated at a tempera-, 
ture within'the range of about 200 to 225° F. ' 
As an example of- one modi?cation of my inven 
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tion, a satisfactory silicic acid gel was prepared 
by ?rst diluting 50 gallons of 66° Bé. sulfuric acid 
with a suilicient amount of water so that there 
resulted approximately 350 gallons of solution. 
To this was added with stirring a dilute sodium 
silicate solution made by mixing 240 gallons of 
water with 160 gallons of 41° Bé. water glass solu 
tion. The resulting mixture had a pH substam 
tially below '7 and set to a gel within a few min 
utes. The gel was then allowed to age for 12 
hours, after which time it presented a jelly-like 
appearance. It was cut or broken into pieces or a 
size adapted to pass through a screen with 1 inch 
holes and washed with hot water to remove ex 
cess salt and acid. Washing was continued until 
the acidity ‘of the wash solution had decreased to 

' a pH between 2.0 and 2.5. This washing opera 
tion usually requires about 15 hours. The mass 
of material was dried for 3 or 4 days at a temper 
ature 9f 160-180“ F. or until the material was dry ' 
to the touch or until it consisted of only 15 to 
25% of its original volume. “It was washed again 
and this time the washing was continued to a 
pH between 3.0 and 3.5 with hot water. This sec 
ond washing operation required approximately 
6 hours and wasv carried out in much the same 
manner as the ?rst washing. 
The gel was not dried for subsequent treatment 

but was substantially free from ionic material 
and ready for activation. Activation of the hy 
drous silica gel was accomplished in the follow 
ing manner: The mass of hydrous gel, in a suit 
able wocdenx tank, was covered with 0.2 molar 

\ aluminum sulfate solution and the mixture was 
heated until it reached the boiling point. The 

perature was kept very near theboiling point 
. for two hours while the mixture was stirred oc 

casionally. The activating solution was then al 
lowed to drain, after'which the resulting material 
was washedsfor about eight hours with hot water. 
After washing, the activated gel was not dried but 
was subjected to another activating process using 
substantially the same materials and methods as 
was‘ used in the ?rst one. After draining the ac 
tivating solution and washing the material with 
hot water, thematerial was dried to a water con 
tent of about 21 per cent by subjecting it to a ?ow 
of ?ue gases at a temperature of about 250° F. 
for l to 2 days. ' _ 

_ The twice activated gel can be further dehy 
drated at a low temperature by passing a dry gas 
such as nitrogen, methane, ethane or propane or 
the like over the impregnated gel at a low pres 
sure and at a temperature of between 175 to 220° 
F. for several hours. The activity of the catalyst 

prepared above was rated according to the vol 
ume of polymer liquid produced, collected at 0° C., 
when pure propylene was passed over a portion of 
the catalyst granules under standardized condi 
tions of temperature, pressure and ?ow rate. 
The advantage in using==at least two activation 
steps in my process will be apparent from the 
table which follows. - 

Polymer produced-Cumulative‘ 

assacos 
ble activation oi’a silica-gel increases the total 
volume of liquid polymer that can be ontaioei 
over a four-hour test run. The twice-activawd 
silica gel not only exhibits high activity as a cata 
lyst but-it has a surprisingly long life as well. 
These two attributes are not necessarily found 
together in the same catalyst, and it is an advan 
tage of my invention that they can be produced 
together rather consistently. 
However, as I have stated elsewhere in this 

v speci?cation, I am in no way limited to two actio 
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a 

to 

as 

to 

cubic centimeters at the end of ‘ 
X hours irom the start of the 

Silica Gel test 

1 hour Zboura 3h0uf's éhours 

Alter single activ’ation with ' 
A ____________________ ._ 1.8 2.3 3.6 4. 5 

Alter double activation with 
Al;(504); .................... _ . l. 8 3. 5 \. 7. 0 

From the above table it is readily seen that dou 

vation steps in the preparation of my silica-alu 
mina catalyst. The silica gel described above 
may be subjected to multi-activation treatment, 
the number of times of activation being deter 
mined by the maximum activity and life a?orded 
by the resulting catalyst in the polymerization of 
unsaturated hydrocarbons, and by the economic 
advantages of additional activation steps. 
When a hydrocarbon mixture containing gase 

ous ole?ns, such as propylene and/or butylene, is 
passed in liquid phase over the catalyst mass un 
der a suitable pressure, polymerization of the ole== 
?ns to polymers within the motor-fuel boiling 
range begins at a temperature oi about 18% to 
220° F., that is, at about the temperature at which 
the dehydration of the activated gel was com» 
pleted. 

I have- also practiced my invention by placing 
the activated gel containing water retained after 
the hereinbefore-described drying treatment into 
a polymerization chamber and passing a poly 
merization charge stock over it at a polymeriza 
tion pressureand at 180 to 210° F. This charge 
stock then e?'ected a removal oi’ water from the 
partially hydrated activated gel. When the water 
content of the catalyst was sumciently low, poly 
merization of ole?ns was initiated in this same 
temperature range, the end of the drying period 
and the start of the polymerization period shad 
ing into each other without raising the tempera 
ture. The water so removed from the catalyst 
was usually trapped in the debutanizer or other 
wise vented from the system. While it is not 
known exactly what is the water content of the 
material which actually acts as the polymeriza~ 
tion catalyst under such conditions, since in plant 
practice the catalyst is not removed without a 
preliminary steaming to prevent ?res, it is rea 
sonably assumed from other data that the water 
content is not in excess of about 6 to 8 per cent, 
and probably is somewhat greater than 3 or a} 
per cent. A water content of the ?nal catalytic 
material of about 5 per cent has been found to 
exist in similar catalytic materials. , 
Although it is generally more convenient to 

use a solution of the same salt in subsequent ac 
tivation treatments as was used in the ?rst ac 
tivation treatment, it is not always a necessary 
‘part of the process of my invention to do so. 
However, for the most part,‘ the cataLvsts pre 
pared by my invention should contain only one 
metal compound hydrolytically adsorbed on the 
hydrous silica gel, so that ‘I prefer in all cases to 
use a salt of the some metal in the various acti 
vations which are a part of the preparation of 
any particular mass of catalyst. The salts them 
selves may be di?erent, for example, the ?rst ac= 
tivation may be with aluminum sulfate and the 
final activation of the same mass of gel may be 
with aluminum chloride. Often it is preferable 
to use a nitrate or a chloride, or the like for the 
?nal activation, so that any acid residue which 
may not be removed by subsequent washing will 
have su?cient volatility to be eventually removed 
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by subsequent heating at elevated temperatures. 
The same applies to salts of metals other than 
aluminum of Groups III B and IV A of the peri 
odic system, and in fact to any catalysts prepared 
by the hydrolytic adsorption of a metal or metal 
compound from solution upon a hydrous silica 
gel, although such are not complete equivalents 
of each other. 

It is to be understood that various speci?c lim 
itations and preferred arrangements and modi 
?cations discussed are not to be considered un 
duly limiting, andthat various‘ modi?cations can 
be applied without departing from the spirit of 
the disclosure. As stated herein, catalysts of this 
type prepared by the invention may be used also 
for Various other processes than ole?n polymer 
ization. 

I claim: 
1. In a catalytic process for the polymerization 

of low-boiling ole?n- hydrocarbons heavier than 
ethylene, the improvement which comprises pre 
paring a hydrous gel of silicic acid, treating said 
hydrous gel at least twice with an aqueous solu 
tion of a hydrolyzable salt of a metal selected 
from Groups III B and IV A of the periodic sys 
tem, subsequent to each such treatment washing. 
said .treated gel with water to free it substantial 
ly of soluble ionic material, and ?nally drying 
said gel at a temperature not substantially higher 
than approximately 225° F. and- to a water con 
tent such that the resultant material-is adapted 
to polymerize low-boiling ole?n hydrocarbons -, 
heavier than ethylene when present in a hydro 
carbon mixture in a concentration between 15 
and 40 per cent at a temperature between ap 
proximately 200° and approximately 225° F., and 
subsequently passing a hydrocarbon material 
containing low-boiling ole?ns heavier than eth 

‘ ylene, in an amount between 15 and 40 percent 
7 thereof, over said catalyst at an initial polymer 
lzation temperature not higher than approxi 
mately 225° F. 1 

2. In a catalytic process for the polymeriza 
tion of low-boiling ole?n hydrocarbons heavier 
than ethylene, the improvement which comprises 
preparing a hydrous acidic silica gel, treating 
said hydrous gel with‘ an aqueous solution of a 
hydroly'zable salt of a metal selected from Groups 
III'B and IV A of the periodic system, washing a 
said treated gel with water, subjecting said 
washed gel to a second treatment with an aque 
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merize low~boiling ole?n hydrocarbons heavier 
than ethylene when present in a hydrocarbon 
mixture in a concentration between 15 and 40 per 
cent at a temperature between approximately 
200° and approximately 225° F.,- and subsequent 
ly passing a hydrocarbon, material containing 
low-boiling ole?ns heavier than ethylene, in an 
amount between 15 and 40 per cent thereoi', over 
said catalyst at an initial polymerization tem 
perature‘not higher thanapproximately 225° F. 

4. In a catalytic process for the polymerization 
of low-boiling ole?n hydrocarbons‘heavier than 
ethylene, the improvement which comprises pre 
paring a hydrous gel of silicic acid, treating said 
hydrous gel at least twice with'an aqueous solu 
tion of a hydrolyzable salt or titanium, subse 
quent to each such treatment washing said treat 
ed gel with water to tree it substantially oi solu 
ble ionic material, and ?nally drying said gel 
at a temperature not substantially higher than 
approximately 225° F'. and to a water content, 
such that the resultant material is adapted to 
polymerize low-boiling ole?n hydrocarbons heav 
ier than ethylene when present in a hydrocarbon 
mixture in a concentration between 15 and 40 
per cent at a temperature between approximate 
ly 200° and approximately 225° F., and subse 
quently passing a hydrocarbon material contain 
ing low-boiling ole?ns heavier than ‘ethylene, in 
an amount between 15 and 40 per cent thereof, 
over said catalyst at an initial polymerization 
temperature not higher than approximately 
225° F. v 

5. In a catalytic process for the polymerization 
» .of low-boiling ole?n hydrocarbons heavier than 
‘ethylene, the improvement which comprises pre 
paring a hydrous gel of silicic acid, treating said 
hydrous gel at least twice with an aqueous solu 
tion ‘of a hydrolyzable salt of zirconium, subse 
quent to each such treatment washing said treat 

, ed gel with water to free it substantially o'f solu 
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ous solution of a hydrolyzable salt‘ of said metal, . 
washing said twice-treated‘ gel substantially free 
of soluble ionic material, subjecting the resultant 
material to a preliminary drying at a tempera 
ture not substantially higher than approximately > 
225° F.. and subsequently passing over said par 
tially dried material‘ in a polymerization catalyst 
chamber at a temperature not higher than ap 
proximately 225° F. a hydrocarbon charge stock 
comprising between 15 and 40 per cent 01' low 
boiling ole?n hydrocarbons to complete said dry 
imz and to‘initiate said polymerization. 

3. In a catalytic process for the polymerization 
of low-boiling ole?n hydrocarbons heavier than 
ethylene. the improvement which comprises pre 

7 paring a hydrous gel of silicic acid, treating said 
hydrous gel at least twice with an aqueous solu 
tion of a hydrolyzable salt of aluminum, subse 
quent to each such treatment washing said treat- ‘ 
ed gel with water to free it substantially o1’ solu 
ble ionic material. and ?nally drying said gel at 
a temperature not substantially higher than ap 
proxirna ely 225° F. and to a water content such 
that th resultant material is adapted to poly 

(ll - 
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ble ionic material, and ?nally drying said gel at 
_a temperature not substantially higher than ap 
proximately 225° F. and to a water content such 
that the’ resultant material is adapted to poly 
merize low-boiling ole?n hydrocarbons heavier 
than ethylene when present in a hydrocarbon 
mixture in a concentration between 15 and 40 

,, per cent at a temperature between approximately 
200° and approximately 225° F., and subsequently 
passing a hydrocarbon material containing'low 
boiling ole?ns heavier than ethylene, in an 
amount between 15 and 40 per cent thereoi', over I 
said catalyst at an initial polymerization tem 
perature not higher than approximately 225° F. 

6. In a catalytic process for the polymerization 
of low-boiling ole?n hydrocarbons heavier than 
ethylene, the improvement which comprises pre 
paring a hydrous acidic silica gel, treating said 
hydrous gel with an aqueous solution of alumi- _ 
num sulfate, washing said treated gel with wa 
ter, subjecting said washed gel to a second treat~ 
ment with an aqueous solution of aluminum sul 
fate, washing said twice-treated gel substantially 
free of soluble ionic material, subjecting the re 
sultant material to a preliminary drying at a 
temperature not substantially higher than ap 
proximately 225°.F., and subsequently passing 
over said partially dried material in a polymeri 
zation catalyst chamber at a temperature not 
higher than approximately 225° F. a hydrocarbon 
charge stock comprising between 15 and 40 per 

‘cent of low-boiling ole?n hydrocarbons to com-‘ 
plete said drying and to initiate said polymeriza 
tion. ~ 



6 
7. In a constant-conversion catalytic process 

for the polymerization of low-boiling ole?n hy 
drocarbons heavier than ethylene, in which the 
temperature of conversion is progressively in 
creased as the catalyst progressively declines in 
activity in order to maintain the extent of con. 
.verslon substantially constant, the improvement 
which comprises preparing a hydrous gel of silicic 
acid, treating said hydrous gel at least twice 
with an aqueous solution of a hydrolyzable- salt. 
of a metal selected from Groups 1118 and IVA 

2,349,904 
stantially of soluble ionic material and ?nally 
drying said gel at a temperature not substantial 
ly higher than approximately 225° F. and to a 
water content such that the material is initially 
adapted to polymerize low-boiling," ole?n; hydro 
carbons when present in a'hydrocarbon mixture 
in a concentration between 15 and 40 per cent 

I at a temperature between. approximately 200° 

10 

of the periodic system, subsequent to each such - 
treatment washing said treated gel with water 
to tree it substantially of soluble ionic material 
and ?nally drying said gel at a temperature not 
‘substantially higher than approximately 225° F. 
and to a water content such that the resultant 
material is initially adapted to polymerize low 
boiling ole?n hydrocarbons heavier than ethylene 
when present in a hydrocarbon mixture in a con 
centration between -15 and 40 per cent, at a tem 
perature between approximately 200° and ap 
proximately 225° F., and subsequently passing a 
hydrocarbon material containing low-boiling ole 
?ns heavierthan ethylene, in an amount between 
15 and 40 per cent'thereof', over said catalyst at 
an initial polymerization temperature not higher 
than approximately 225° F. . 

8. Ida constant-conversion catalytic process 
for the polymerization of vlow-boiling ole?n hy 
drocarbons heavier‘ than ethylene, in which the 
temperature of conversion is- progressively in 
creased as the catalyst progressively declinesin 
activity in order to maintain the extent 01.’ con 
version substantially constant, the improvement 
which comprises preparing a hydrous gel'of silicic 
acid, treating said hydrous gel at least twic'e 

1 with an aqueous solution of a hydrolyzable salt of 
aluminum, subsequent to each such treatment 
washing said eated gel with /water to free it 
substantially o soluble ionic material and ?nally 

15 

and approximately'225°'F., and subsequently pass 
ing a hydrocarbon material containing low-boil 
ing‘ ole?ns heavier than ethylene, in an amount 
between 15 and 40 per cent thereof, over said 
catalyst at an initial polymerization temperatur 
not higher than approximately 225° F. a v - 

10. In a constant-conversion catalytic processv 
for the polymerization of’ low-boiling-fole?n' hy 
drocarbons heavier vthan ethylene,‘ in which "the 

> temperature of conversion is progressively in 

20 

' higher "than-approximately 225°‘ F; and, tel wa- ' 
ter' content such that their material is initially L 

40 

'drylng said gel at a temperature not substantially , 
higher than approximately 225° F. and to a wa- ' 
ter content such that the material is initially 
adapted to polymerize low-boiling ole?n hydro 
carbons when present in a hydrocarbon mixture 
in a concentration between 15 and 40 per cent 

approximately 225° F., and subsequently, pass 
ing a hydrocarbon material containing low-boil 
ingole?ns heavier than ethylene, in an amount 

_ between 15 and 40 per cent‘ thereof, over said 
catalyst‘ at an initial polymerization temperature 
not higher than approximatel'y225°.F. ‘ 

9. In a constant-conversion catalytic process 
for the polymerization of low-boiling ole?n hy 
drocarbons heavier than ethylene, in which the 
temperature of‘ conversion is progressively in-. 

’ creased as the catalyst progressively declines in 
activity in order to maintain the extent of con 
version substantially constant, the improvement 
‘which comprises preparing a hydrous gel of silicic 
acid, treating said hydrous gel at least twice with 
an aqueous solution of a hydrolyzable salt of ti 
tanium,.subsequent to each such treatment wash 

. ing said treated gel ‘with water to free it sub 

45 

at a temperature between approximately 200° and . 
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as 

creased as ‘the catalyst progressively ‘declines in 
activity in order to maintain the extent of con-' 
version substantially constant, the ‘improvement 
which comprises preparing a hydrous gel of silicic / 
acid, treating said hydrous gel at least twice‘ wit/hf 
an aqueous solution of a hydrolyzable salt of 2m“ 
conium, subsequentto each such treatment wash: 
ing said treated‘gel with water to ‘free it sub-_ 
stantially of soluble ionic material and ?nally 
drying said gel at atemperatu'renotsubstantially 

adapted to polymerize low-boiling ole?n hydro 
carbons when present in a hydrocarbon mixture 
in a~ concentration between 15 and 40 per cent 
at a temperature between'approximately 200° and 
approximately 225° F., and subsequently passing 
a hydrocarbon material containing low-boiling“ 
ole?ns heavier than ethylene, in an amount be; 
tween 15 and 40 per cent thereof, over said cata: 
lyst at an initial polymerization temperature not ' 
higher than approximately 225° F. - ~ 1 

11. In a constant-conversion catalytic proces 
for the polymerization oi’ low-boiling‘ ole?n hy 
drocarbons heavier than ethylene, in which the 
temperature of conversion is progressively in 
creased as the catalyst progressively declines in‘ 
activity in order to maintain the extent of con 
version substantially constant, the improvement 
which comprises preparing a hydrous acidic silica 
gel, treating said hydrous gel with an aqueous 
solution of aluminum sulfate, washing said treat 
ed'gel with water, subjecting said washed gel ' 
to a second treatment with an aqueous solution 
of a hydroly'zable salt of saidemetal, washing said, 
twice-treated gel substantially free of soluble ionic , 
material, subjecting the resultant material to a“ 
preliminary drying at a temperature not substan 
tially higher than approximately 225° F., and ‘ 
subsequently passing over said partially dried ma 
terial in a polymerization catalyst chamber at a 
‘temperature not higher than approximately 225° 
F. a hydrocarbon charge stock comprising between 
15 and 40 per_cen't of low-boiling ole?n hydro 
carbonsto complete said drying and to initiate 
said polymerization process. ' ' 
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