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This invention relates to the formation of 

higher molecular weight hydrocarbons from ole 
fin hydrocarbons. More particularly it relates to 
the formation of hydrocarbons in the motor fuel 
boiling range from olefin hydrocarbons having 
five or fewer carbon atoms per molecule by cat alytic polymerization. 
Certain solid, active olefin polymerization cat 

alysts, notably fuller's earth, dried hydrous silica 
associated with hydrous alumina, "solid phos 
phoric acids' and the like have been shown to 
effect the conversion of simple olefins almost 
exclusively into volatile, normally liquid hydro 
carbons having low molecular weights, provided 
the reactions are conducted at somewhat elevated 
temperatures while maintaining the olefins åt 
a low pressure and in the gaseous state. Other 
olefin polymerization catalysts are also known, 
among which may be mentioned mixtures of 
aluminum chloride and other Friedel-Crafts type 
catalysts in combination with sodium chloride 
and bromide, silver chloride and other metallic 
halides, and aluminum chloride and other 
Friedel-Crafts type catalysts with polar organic 
compounds such as nitro-methane, nitro-ben 
zene, acetophenone and the like. Liquid cat 
alysts such as liquid phosphoric and sulfuric 
acids have also been used. 

It has been shown that, when used as fuel for 
internal combustion engines, especially those of 
the spark-ignition type, various hydrocarbons 
have quite widely different combustion and 
detonation characteristics. Thus, in general, 
olefin hydrocarbons are less susceptible to the 
production of detonation in Such engines than 
are the corresponding paraffins. However, even 
anong One given class of hydrocarbOS, Such as 

(C. 260-683.15) 
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the paraffins for example, the various individual 
hydrocarbons differ widely among themselves as 
to their combustion characteristics. This is 
exemplified by the detonation characteristics of 
normal heptane and iso-octane (2,2,4-trimethyl 
pentane), the well-known standards used for 
evaluating detonation, the first causing detona 
tion to a great extent and having, by definition, 
a zero octane number, and the latter causing 
little if any detonation even in engines of quite 
high compression ratios and having by definition 
a rating of 100 octane number. Even hydrocar 
bons of the same class and molecular weight 
have widely different detonation characteristics; 
for instance in one type of test engine various 
hydrocarbons had widely different ratings in 
detonation characteristics, as illustrated in 
Table I. 
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TABLE ? 
Detonation characteristics of some hydrocarbons 

Number Blending 
of carbon octane Compound 

p0 atoms number 

Paraffins: 
n-Hexane.--------- 2-methylpentane.-- 
2,2-dimethylbutane 
2,3-dimethylbutane-- 
n-Beptane-------------------- 
2-methylhexane.---- 
3, 3-dimethylpentane 
2, 2,3-trimethylbutan 
n-Octane---------------- 2,2,4-trimethylpentane--- 
2, 2, 3 trimethylpëntainê.-.-.-.-.-.-.-.- 2,2,3,3-tetramethylbutane------- 

Olefms: 
1-hexene.------------------------ 3-methyl-2-pentene.-------- 
1-heptene. ------------- 2,3-dimethyl-2-pentence 
2, 2, 3-trimethyl-3-buten 
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2,2,4-trimethyl-3-pentene------ - 
2, 2,4-trimethyl-4-pentene------------- 

Most commercial processes today for convert 
ing gases to motor fuel, convert or polymerize 
normally gaseous olefins as a group to higher 
molecular weight polymers. General exceptions 
to this treatment are the individual olefins, 
ethylene and isobutylene. Ethylene is somewhat 
resistant to catalytic conversion and passes 
through many processes practically unaffected. 
However, it may enter into "mixed polymerize 
tion,” and will react to a certain extent with 
higher molecular weight olefins, and thus even 
it is included in general group polymerization. 
Isobutylene has been recognized by many to be 
highly reactive, and it has been proposed to 
isolate it from such group polymerization, or to 
subject it to selective polymerization. Such se 
lective polymerization of isobutylene is not only 
desirable in order to remove it from other ole 
fins with which it is associated, but its low 
molecular-weight polymers, especially the dimers 
and trimers, are quite valuable as constituents of 
premium aviation motor fuels. As can be seen 
from Table II, its dimers (the 2,2,4-trimethyl 
pentenes) have excelent antidetonating qual 
ities, and when these are non-destructively hy 
drogenated the product (2,2,4-trimethylpentane) 
also has excellent antidetonating properties. 
This is true of any tertiary-base olefin, that is, 
an olefin containing the R2C=CR'2 structure, 
where each R is an alkyl group and each R' 
may be hydrogen or an alkyl group. When the 
five-carbon-atom olefins are present in hydro 

  

  



2 
carbon mixtures which are to be polymerized by 
my process, the tertiary-base olefins, 2-methyl-i- 
butene and 2-methyl-2-butene, will react along 
with the isobutene, while the other pentenes 
survive for the general group polymerization. 

It is also known that not only can dimer and 
trimer of a single olefin species be thus formed by 
juncture of two or three molecules through the 
agency of catalytic polymerization, but also that 
co-dinner may be formed when two differing spe 
cies such as isobutylene and n-butene are sub 
jected in admixture to catalytic polymerization, 
as, for example, by the agency of Sulfuric acid as 
Catalyst. 
to a degree also by reaction between a simple 
dimer and a different species of simple olefin by 
replacement. These two modes of co-dimer for 
mation may be represented thus: 

In the production from lighter hydrocarbons of 
motor fuels, and particularly of aviation fuels, 
there is desired a maximum yield of one or an 
other individual co-dimer possessing a desired 
distilling temperature, and also a maximum oc 
tane number or non-detonating tendency. 
My invention is concerned with means of ob 

taining an increased yield of co-dimer and of 
favoring the formation, by primary juncture, 
rather than by other routes, of co-dimer mole 
cules of higfhly branched structure, which have 
marked non-detonating tendencies, and it resides 
essentially in bringing into contact with a Solid 
polymerization catalyst two or more species of 
olefins in admixture which differ in inherent re 
activity and maintaining them in definite and 
different concentrations to be set forth, the more 
reactive species being in the lower concentration. 
The more reactive species furthermore may be 
supplied in a series of increments to the catalyst 
whereby the desired concentration is maintained 
as it is consumed by reaction. 

It is an object of this invention to produce 
higher molecular weight hydrocarbons from olefin 
hydrocarbons of lower molecular weight. 

It is also an object of this invention to produce 
motor fuels of good antidetonating character 
istics. 
Another object of this invention is to produce 

olefin hydrocarbons in the motor fuel boiling 
range, which may be subjected to non-destructive 
hydrogenation to produce paraffin hydrocarbons 
having good antidetonating characteristics. 

Still another object of this invention is to Sub 
ject olefin hydrocarbons having five or fewer car 
bon atoms per molecule and of two or more spe 
cies to a controlled polymerization, whereby the 
juncture of unlike species is favored and polymers 
other than those formed by simple doubling and 
trebling of simple molecules of similar Species are 
produced in increased proportions. 

It is a further object of the present invention 
to produce hybrid polymers or copolymers with 
increased efficiency. 

Further objects and advantages of the inven 
tion will be apparent from the following dis 
clOSure. 
As an illustration of the relative reactivities of 

a few of the normally gaseous olefins, it has been 
found that in the liquid phase, described in the 
copending application of Frey, McKinney, and 
Wood, Serial Number 747,964, filed October 11, 
1934, now U. S. Patent 2,198.937, issued April 30, 
1940, isobutylene diluted somewhat with paraffins, 

Co-dimer or hybrid formation occurs 
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conveniently butanes, can be polymerized by 
means of hydrous silica associated with alumina, 
Such as the silica-alumina catalyst more com 
pletely described hereinafter, at 50 to 100° C.; the 
straight-chain olefin such as 2-butene, can be 
polymerized at 100 to 150° C.; and 1-butene and 
propylene at 150 to 200° C. or more; whereas 
ethylene is not extensively converted unless a 
particularly active catalyst is used. The use of 
both high olefin concentration and high catalyst 
activity lower the temperatures required, and 
temperatures Somewhat higher or lower than the 
ranges exemplified will, in some cases, give best 
results. w 

I have found that, when a hydrocarbon mixture 
containing more or less similar quantities of both 
straight-chain and tertiary-base olefins of low 
molecular weight is passed in the usual way over 
an olefin polymerization catalyst, in the initial 

20 

30 

40 

45 

stage of the reaction the selective polymerization 
of the more reactive tertiary-base olefin is the 
predominant reaction. When depletion in the 
latter has occurred there follows polymerization 
which involves not only the juncture of like mole 
Cules, but also to some extent, a juncture of unlike 
molecules. 

I have further found that it is possible to favor 
the formation of hybrid polymers by establishing 
and maintaining, in the hydrocarbon mixture in 
contact with a polymerization catalyst, a rela 
tively low concentration of the more reactive ole 
fin or olefins, Such as the tertiary-base olefins, 
whereby their union with their own species is 
discouraged, and at the same time establishing 
and maintaining a relatively high concentration 
of the relatively less reactive olefin or olefins 
such as the straight-chain olefins. Best results 
are obtained under Superatmospheric pressures of 
the order of about 200 to 2500 pounds per square 
inch or more, and generally with pressures of 
about 750 pounds per square inch or more if 
liquid-phase operation, or dense-phase operation, 
is desired. Once a suitable pressure has been es 
tablished I have found that the reaction condi 
tions to be most controlled are the reaction 
temperature, the reaction time, and the mode of 
introduction and Concentration control of the 
more reactive olefin species. The first two factors 
are closely related, and in general when higher 
temperatures are used shorter reaction times 
should be used. When using any particular 
catalyst, the temperature may be varied over a 
more or less limited range, with suitable adjust 
ment in the reaction time, without producing a 
great variation in the polymerization products. 
As the activity of the polymerization catalyst de 
creases during use, especially of a solid Catalyst 
such as silica-alumina, it is possible to obtain 
a substantially constant conversion without too 

60 great a change in the characteristics of the prod 
uct, by gradually raising the reaction temperature 
through an appreciable range. Since the specific 
optimum conditions for a particular catalyst are 

75 

somewhat dependent upon the catalyst, and since 
several known catalysts can be used in my proc 
ess, it is more expedient and accurate to state 
that the time-temperature conditions should be 
Such that the straight-chain olefin would be 
somewhat slowly polymerized if they were the 
only olefins present, but experimental exploring 
must be relied on for specific optimum values. In 
general, the temperatures will not be appreciably 
below 25 C., nor above 320° C., and on the whole 
I have found that successful operation is best 
carried on between 100 and 260° C. If liquid 
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phase or dense-phase operation is desired, the 
temperatures generally should not be allowed to 
exceed about 260 C. Even with pressures in ex 
cess of about 750 pounds per square inch, in the 
higher temperature range of around 260° C. and 
above, there may not be an actual liquid phase 
existing at the inlet portion of the reaction cham 
ber unless large amounts of heavier hydrocarbons 
are present as a result of recirculating a part of 
the polymer-containing effluent of the chamber 
and/or adding heavier, essentially inert hydro 
carbons. However, even if such heavier hydro 
carbons are not present to a large extent, the use 
of these super-critical pressures above 750 pounds, 
results in the presence of a "dense-phase' condi 
tion which provides many of the beneficial effects 
of liquid-phase operation, although the tempera 
tures are above the critica. 
With reaction conditions of temperature, time, 

and pressure established, such as have been just 
described, I have found that I can produce a poly 
mer product in which hybrid polymers, formed 
fron both straight-chain and tertiary-base ole 
fins, are in outstanding proportion by operating 
a proceSS SO as to establish and maintain certain 
relative concentrations of straight-chain and ter 
tiary-base olefins in the mixture being polymer 
ized. Under the reaction conditions just discussed, 
I have found that the process should be operated 
so that the tertiary-base olefins compose not more 
than, and usually much less than, about 35 molper 
cent of the total olefins to be polymerized and in 
contact With the polymerization catalyst. In other 
Words, the molecular ratio of unreacted straight 
chain to tertiary-base olefins should be at least 
about 2:1. However, better results can be ob 
tained. When the tertiary-base olefins are less than 
about 16 mol per cent of the unreacted olefins 
present, although the concentration should be 
above about 5 mol per cent for efficient operation. 
That is, with commercial operation of my process, 
the preferred range in which the ratio of un 
reacted straight-chain to tertiary-base olefins is 
to be kept should be between about 5:1 and 19:1, 
the Optimum ratio being determined by adjusting 
concentration ratio until copolymer formation is 
found to be optimum or consumption of both ole 
fins is in the desired ratio. The number of addi 
tion points should preferably be so great that any 
One increment produces no more than 25 to 50% 
momentary increase in concentration above the 
desired mean value. 
The same principles of operation of a process 

for carrying out my invention, which will be more 
fully discussed hereinafter, apply also to no? 
tertiary-base olefins, and in fact all simple olefins, 
regardless of structural type, providing a suit 
able difference in reactivity exists. Thus, normal 
pentenes and normal butenes may be reacted to 
form hybrid polymers with the less reactive 
propylene, and other suitable combinations will be 
evident after determining comparative reactivi 
ties. 

Olefins having less than six carbon atoms per 
molecule, are in the following order when listed 
in, accordance with increasing polymerization 
reactivity: "ethylene, propylene, normal buttenes, 
normal pentenes, isobutene, 2-methyl-1-butene, 
2-methyl-2-butene. With the exception that 
ethylene requires a particularly active catalyst, 
my process can be operated to produce hybrid 
polymers or copolymers from any of these olefins 
and a less reactive one of these olefins. However, 
as previously set forth, hybrid polymers are more 
readily formed, and are formed in larger amounts, 
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3 
fron straight-chain olefins and testiary-base ole 
fins, because of the greater disparity between the 
types in respect to reactivity, 
The desired concentration relationships of the 

straight-chain and tertiary-base olefins can be 
established and maintained in a reaction mixture 
in One form of my process by adding a mixture 
which is relatively rich in tertiary-base olefins 
to a hydrocarbon Stream containing straight 
chain olefins, flowing over a catalyst, at a num 
ber of points arranged progressively down-strean 
throughout the extent of a reaction zone. In 
general, I accomplish this in two ways, both of 
Which are a modification of the general process 
outlined in the foregoing. In the first, it will be 
aSSumed for purposes of illustration that both the 

20 

40 

45 

5 

55 

60. 

85 

straight-chain olefin or olefins, and the tertiary 
base olefin or olefins, are available mixed to 
gether and aSSOciated in a single hydrocarbon 
stream. . Such a mixture can be obtained from 
cracking-still gases, from the dehydrogenation, 
preferably catalytic, of a mixture of butanes, and 
from other sources. Also for purposes of illustra 
tion, it Will be assumed that the reaction takes 
place in the presence of a solid catalyst which is 
in a relatively long catalyst chamber. Generally, 
Only a portion of the hydrocarbon mixture is 
introduced to the chamber through the inlet of 
the chamber, additional portions being added at a 
plurality of points along the length of the cham 
ber. If the initial ratio of straight-chain to 
tertiary-base olefins is in the region of 1:1 at the 
start of the process, appreciable amounts of ter 
tiary-base olefins will be selectively polymerized, 
and the ratio will be raised, the temperature and 
reaction time being such that straight-chain ole 
fins polymerize slowly. A large portion of the 
straight-chain olefins pass through the reaction 
Chamber unreacted, and I immediately paSS a 
portion of the effluent of the chamber back to the 
inlet of the chamber. In this manner, after the 
process has been started and is in steady operan 
tion, Ipass one half or more of the effluent direct 
ly back to the inlet of the chamber, and the 
unreacted straight-chain olefinic material Which 
is present in this stream serves to maintain the 
ratio of straight-chain to tertiary-base olefin at 
a suitably high value and extensive hybrid poly 
merization is then effected. That portion of the 
effluent which is not recirculated is passed to sep 
arating means directly, or it may first be passed 
into contact with another polymerization Catalyst 
which polymerizes unreacted olefins. - 
Another modification of my process may be 

operated to produce hybrid polymers between 
straight-chain olefins and tertiary-base olefins 
which are in separate hydrocarbon mixtures or 
streams. In this modification the stream con 
taining straight-chain olefins is passed into a 
catalyst chamber maintained under suitable con 
ditions, and the stream containing the tertiary 
base olefins is added to the chamber at a plurality 
of points, one of which is preferably the inlet of 
the chamber. By the sequence of additions ac 
cording to this mode of operation, a limited 
amount of tertiary-base olefin replaces that con 
sumed between points of addition and a desired. 
high ratio of straight-chain to tertiary-base olefin 
may thus be maintained throughout the chamber 
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without recirculating a portion of the effluent of 
the chamber, but such a recirculation may be 
used if and as desired, or unreacted elefin may 
be returned. Also if desired, a portion of the 
stream or mixture containing the straight-chain 
olefins may be blended with the mixture contain 
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ing tertiary-base olefins before the addition of 
the latter to the polymerization chamber. In 
stead of adding the stream containing a high con 
centration of tertiary-base olefins at a plurality 
of points throughout the length of a single rela 
tively long reaction chamber, a substantially, 
equivalent result may be obviously obtained by 
using a number of smaller reaction chambers, ar 
ranged in Series, and adding a portion of such a 
stream at the inlet of each smaller chamber, the 
effluent of the first chamber passing to the second, 
and So throughout the series. 
I may also control the temperature of reaction, 

which tends to rise spontaneously because of the 
exothermic nature of the reaction, by maintaining 
the stream introduced at intermediate points to 
the catalyst-containing passageway at a temper 
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ature sufficiently below reaction temperature, to . 
offset the potential temperature rise which will 
be, in an insulated reaction system, approximate 
ly the value computed on the basis of 20,000 to 
25,000 calories of heat evolved per gram-mol of 
polymer formed involving one juncture per aver 
age molecule of product polymer. The presence 
of inert diluent hydrocarbons, such as parafin 
hydrocarbons, will tend to reduce the temperature 
rise caused by the evolution of heat. 

In one embodiment of my invention, which may 
be performed in the arrangement of apparatus 
shown diagrammatically in the accompanying 
figure, which forms a part of this specification, 
the fresh feed stock containing two or more ole 
fins is subjected to polymerization with recircula 
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tion as described and that portion of the effluents 
not returned to the catalyst may then be passed 
through a second body of polymerization catalyst 
wherein further polymerization of unreacted 
olefins takes place and any of the more reactive 
Species which have survived the polymerizing 
operation in the first-mentioned chamber are 
polymerized together with any desired part of the 
less reactive olefin or olefins present. This effects 
an advantageous increase in total conversion 
effected while permitting the polymerization step 
employing recirculation to be conducted under 
conditions most conducive to hybrid polymer for 
mation, namely, with operating conditions of time 
and temperature sufficiently mild to permit sur 
vival of appreciable concentrations of both the 
more reactive and the less reactive olefins. 
One method of practicing my process will now 

bediscussed in detail in connection with the ar 
rangement of apparatus diagrammatically shown 
in the accompanying figure which forms a part 
of this specification, and which illustrates various 
methods of practicing my invention. 
A mixture of hydrocarbons containing both 

straight-chain and tertiary-base olefin hydro 
carbons of less than six carbon atoms per mole 
cule is introduced to the process under suitable 
pressure through conduit and passes through 
valves and 2, valves 3, 4, and B being 
closed, to the fractionating column 7 at an in 
termediate point thereof. The temperature of 
this mixture may be controlled, if necessary, by 
passing all or any part of the mixture through 
temperature-control means such as heat ex 
changer is with proper and conventional control 
of valves i, 3 and 4. A fraction containing 
any hydrocarbons of lower molecular weight than 
those most advantageously treated in the process. 
are withdrawn as vapors from the top of the col 
umn through conduit 2 and pass through a cool 
ing coil 21, in which any condensible hydrocar 
bons are liquefied under the existing pressure, the 
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mixture passing through conduit 22 to separator 
23. Any undesirable vapor or portion of this light 
material, is separated and passed from the proc 
ess through conduit 24, the pressure being con 
trolled with the aid of yalve 25. By this means 
any lighter hydrocarbons in the system are either 
completely eliminated or withdrawn in controlled 
amounts. Condensed hydrocarbons are with 
drawn from separator 23 through conduit 2 and 
a portion thereof may be passed to the top of 
fractionating column as a liquid reflux through 
conduit 27, valve 28, pump 30 and conduit 3. 

If it is desired to subject any part of this light 
material to further treatment, another portion of 
this liquid is passed through conduit 32 and 
valves 32' and 33 to separating means 34. Sep 
arating means 34 may include any desirable num 
ber and combination of fractionating and other 
separating units, Such as selective solvent extrac 
tion units, whereby a separation can be effected 
between normally gaseous olefin and parafin hy 
drocarbons. Light hydrocarbons, essentially par 
affinic in nature, are discharged from the process 
through conduit 35 controlled by valve 36. If the 
hydrocarbons entering the process come from one 
or more dehydrogenation processes, the material 
passing from the process through conduit 3s may 
be passed or recycled to such process or processes. 
If more than one stream of paraffinic hydrocar 
bons are produced by separating means 4, there 
may be more conduits, not shown, for the dis 
charge of paraffinic material. 
The olefins, in a purified or highly concentrated 

state, pass from the separation effected by sep 
arating means 34 through conduit 37, valve 
and conduit 39 to conduit 40 where they are 
mixed with a hydrocarbon stream coming from 
the top part of fractionating tower through 
conduit 4 controlled by valve 42, and which will, 
of course, be in the liquid phase. If the material 
passing through conduit 2 is sufficiently high in 
olefin content, a part of it may be passed directly 
to conduit 39 and thence to conduit 40 through 
conduit 37' and valve 8', valves 3 and 38 being 
closed, or only partially open. The material 
passing through conduit 4 will generally con 
tain both paraffin and olefin hydrocarbons and 
will have a slightly higher average molecular 
weight than the olefins passing through conduit 
37. The olefins will generally be butylenes, both 
straight-chain and tertiary-base, with some pro 
pylene, if that has not all passed through con 
duits. 20 and 32. If there were some amylenes 
introduced to the process through conduit , a 
quantity of amylenes not substantially exceeding 
this amount may also be in the stream entering 
conduit 40 from conduit 4. If amylenes are so 
present, any portion of them which it is desired 
to subject to polymerization may be removed 
from the column f7, along with other hydrocar 
bons of like and higher boiling point, from a 
lower point in the fractionating column, such as 
through conduit 43 controlled by valve 43', If 
the hydrocarbon material entering column 
through conduit f does not contain any heavier 
hydrocarbons, conduit 4 may be placed below 
conduit O, as will readily be understood by those 
skilled in the art. 

Hydrocarbons passing through conduit 4 are 
received and compressed by pump 44 and all or 
part are passed through conduit S. and valve' 
to heat exchanger , and then through conduit 
48 and valve 48’ and may be passed through valve 
47 and conduit 4 to catalyst chamber I. As 
may be desired in connection with temperature 
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control of the stream being passed by pump 44, 
all or a part may be passed through conduit 73 
and valve 3' to conduit 46, valves 45’ and 46 
being partially or completely closed as necessary. 
When desired, and as will generally be practiced, 
valve 4 will be so controlled that a considerable 
portion of the material in conduit 46 will enter 
manifold 5f through valve 49, and will then pass 
into catalyst chamber 50 at various points 
through conduits 52 to 56 inclusive, controlled re 
spectively by valves 57 to 6f inclusive. If there 
is available a hydrocarbon mixture whose olefin 
content consistS largely of tertiary-base olefins, 
such as would result from dehydrogenation of 
isobutane, Such a stream may be introduced to 
the process at this point at a suitable temperature 
and pressure through conduit f 9 and valve 29, 
passing into manifold 5. The heat exchanger 69 
is used to aid in the control of the temperature 
of the material passing through and being treated 
in the catalyst chamber 50. The extent and di 
rection of this temperature control will not only 
be dependent upon the conditions existing and 
desired within the catalyst chamber 50 but also 
upon the amount and temperature of the mate 
rial recycled by pump 65 and entering conduit 38 
from conduit 63. 
The effluent of catalyst chamber 50 passes 

through conduit 62, and a portion thereof may 
be diverted through conduit 63 and valve 64 and 
pump 65 to catalyst chamber 50. As discussed in 
more detail elsewhere in this specification, the 
volume of hydrocarbon recycled by pump 65 will 
generally be equal to from 1 to 10 times the 
amount of hydrocarbons passed to the catalyst 
chamber 50 through conduits 46 and 9. If de 
sired, the stream passing through conduit 63 may 
be cooled somewhat, by means not shown, before 
it is introduced into the chamber 50. The ma 
terial not withdrawn from conduit 62 continues 
on and finally passes into fractionating column 7 
at an intermediate point thereof. When the ex 
tent of polymerization in chamber 50 has been 
quite limited, in accordance with prior discussion, 
there will be an appreciable amount of unpoly 
merized, low-molecular-weight olefins, which are 
easily polymerized, in the effluent of chamber 50. 
For this reason it may at times be desirable to 
submit that part of the effluent of chamber 50 
which is not recycled, to a further polymerization 
of a portion of this remaining unpolymerized ole 
finic material. This may be done by closing valve 
66 and sending the stream into catalyst chamber 
TO through conduit 67 and valve 68, and the efflu 
ent of chamber 70 into column 7 through con 
duit T and valve 72 and back into conduit 62, 
as shown. 

If it is desired to operate catalyst chamber 50 
under Substantially liquid-phase conditions, or 
Supercritical conditions, but at elevated tempera 
tures, it may be found desirable to have a fairly 
large amount of higher molecular weight hydro 
carbons present. This object is attained in part 
through the recirculation of a portion of the 
effluent of chamber 50 by means of pump 65. 
However, additional higher molecular weight ma 
terial may be desired, and it may be desirable to 
have this material of a more paraffinic nature. 
Hydrocarbon materialso desired, generally in the 
gasoline boiling-range and generally paraffinic, 
may be introduced to the process through conduit 
75 controlled by valve 76 and into conduit 39. 
Such parafiinic material may be a part or portion 
of the hydrogenated material discharged from 
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the hydrogenating chamber 83 through conduit 
87, as is hereinafter described. 
In case a hydrocarbon fraction is available 

which has the desired composition without fur 
ther fractionation, it may be introduced directly 
to the catalyst chamber through conduits 75, 40, 
45 and 46, or through conduit 9. If this is done, 
the conduit ?o will not be used, and the only 
olefins which Will pass through conduit 4f or con 
duit 32, will be unreacted portions of the olefins 
initially introduced through conduit 75 or conduit 
19, which may be recycled through one or both 
of these conduits. With this arrangement, one 
advantageous modification is to introduce a hy 
drocarbon stream containing both normal bu 
tenes and isobutylene as from the catalytic de 
hydrogenation of a butane fraction, or both pro 
pylene and isobutylene Such as is produced from 
the thermal dehydrogenation of isobutane foll 
lowed by the removal of hydrogen and methane 
through conduit 9 at a suitable superatmos 
pheric pressure and temperature. In Such a case, 
the tertiary-base olefins and the straight-chain 
olefins should be present in about equimolecular 
amounts. In this modification the effluent of 
chamber 50 will pass to fractionating column. T, 
the polymers will pass therefrom through conduit 
78, and unreacted hydrocarbons will pass there 
from through conduit 29 and conduit 32 to sep 
arating means 34. In Separating means 34 a sep 
aration takes place of paraffins from olefins, the 
former being passed through conduit 35 and 
returned to the dehydrogenation, if desired, and 
a stream containing the latter is passed through 
conduits 37, 39 and 40, pump 44 and conduits 45, 
46 and 48 to chamber 50. These olefins will com 
prise essentially unreacted straight-chain olefins, 
and in this case a portion of the strean entering 
through conduit 9 may be passed from manifold 
5 through valve 49 into conduit 46, where it will 
be mixed with the recycled straight-chain olefins 
and enter chamber 50 through valve 7 and con 
duit 48. 
The charge stock to the process entering 

through conduit to may contain a larger quan 
tity or proportion of tertiary-base olefins than 
can be most efficiently converted in catalyst 
chamber 50 which, if all polymerized there, Would 
lead to the production of too much high molecu 
lar weight polymer. By properly controlling 
valves 2, 5 and 16, any desired portion of such 
charge stock may be passed through catalyst 
chamber 77 where some of such tertiary-base 
olefins are selectively polymerized, under appro 
priate conditions of temperature, pressure and 
reaction time. 
High molecular weight material introduced into 

fractionating column 7 through conduit fo and/ 
or conduit 62 becomes concentrated in the 
base of this column and is discharged therefrom 
through conduit 78 controlled by valve 79. It 
may at times be more desirable to produce an es 
sentially paraffinic product, in which case poly 
mers produced in the process may be subjected to 
hydrogenation. This can be done by partially 
or completely closing valve 79 and passing the 
material it is desired to hydrogenate from Conduit 
78 through conduit 80 and valve 8, compressing 
it by pump 82 in conduit 80 to any desired hy 
drogenating pressure, and passing it to hydroge 
nating chamber 83 which contains a Suitable 
hydrogenating catalyst such as the one disclosed 
herein. Hydrogen, or a gas containing free hy 

- drogen, under suitable pressure is introduced into 
75 this chamber through conduit 84, and passes 
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Countercurrent to the hydrocarbons being treated 
therein. Gases containing or consisting of excess 
hydrogen are withdrawn from chamber 83 
through conduit 85 and valve 86. Treated hydro 
carbons, now essentially paraffinic, are passed 
from the chamber 83 through conduit 87 and 
valve 88. The effluent of the process, passing 
from conduit 78 and/or conduit 87, may be sub 
jected to further treatment, such as fractional 
distillation, blending and, the like. It may be 
desirable to hydrogenate only a part or a certain 
fraction or fractions of the polymer produced, in 
which case conventional fractionating means, not 
shown, may be interposed in conduit 80, and only 
the desired fraction sent to the hydrogenation 
chamber 83. 
The efficient production of hybrid polymer can 

be secured with conversion stocks of suitable com 
position without the aid of the recirculation oper 
atting Or the use of column to produce conver.- : 
sion stock. In such a case a conversion stock 
containing reactive olefin, such as isobutylene 
from the catalytic dehydrogenation of isobutane, 
in a concentration exceeding the desired concen 
tration to be maintained in proximity to the cata 
lyst, is introduced through conduit f and mani 
fold 5, and a stream containing the less reactive 
olefins predominantly, suitably propylene, and/or 
normal butenes, through conduit 75, and ulti 
mately entering chamber 50 through conduit 48. 
The hydrocarbon streams pass through catalyst 
chamber 50, olefins undergoing polymerization, 
and the reacted material passes therefrom by 

O 
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conduit 62 and valve 66 wholly to fractionator f7 
wherein the polymer formed is isolated and dis 
charged through conduit 78 and valve 79, while 
the unpolymerized part is discharged through 
conduit 20 and eventually passes from the system 
through conduit 35 controlled by valve 36. Ex 
amples I and TI to be presented typify this mode 
of operation. In such a case, a portion of the 
material entering the process through conduit 9 
may be passed through valve 49 into conduit 48, 
so that this portion will enter the inlet of the 
polymerization chamber 50. Although it is pos 
sible to employ such a modification without recir 
culation through conduit 63, such recirculation 
may, at times, be quite advantageously employed. 
The charge stock may result from catalytic de 

hydrogenation, thermal treatment of gaseous hy 
drocarbons or may come from oil cracking proc 
esses, especially vapor-phase processes. The 
selection may be made of suitable paraffins cor 
responding to the olefins desired as conversion 
stock for catalytic dehydrogenation. Thus, a 
mixture of Substantially equal parts of normal 
butane and isobutane yields, upon dehydrogena 
tion, isobutylene and butenes, which yield in the 
polymerization a co-dimer consisting mainly of 
octylenes that are particularly suitable after 
hydrogenation as an ingredient of aviation fuel. 
The presence of high molecular weight hydro 

carbons, in the mixture charged to the process 
through conduit 0, is not necessarily deleterious; 
if any such heavier material is present, such as 
would be present in an unstabilized cracked or re 
formed gasoline, or in the product of the thermal 
conversion of gaseous paraffins, it will become 
mixed with the polymers produced by the process 
and be discharged from fractionating column f 
through conduit 78. High concentration of light 
olefins is desirable in the charge stock, and al 
though completely olefinic charge stock may be 
handled satisfactorily, hydrocarbon mixtures con 
taining 50 to 70 per cent or more of paraffins are 
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more generally available and can also be well 
taken care of. Excess propane will be discharged 
in part through conduit 24 and mainly through 
conduit 35. Excess butanes will generally be 
discharged through conduit 35, and column f7 
may be so operated as to include some butanes in 
the material passing therefrom through conduit 
8. If large amounts of light hydrocarbons are 

present in the mixture passing through conduit 
0, conduit 75 or conduit 9, fractionating column 
may consist of two or more separate but co 

Operative units, as will be obvious to those skilled 
in the art. 

It will generally be preferable to use solid poly 
merization catalysts in the various stages of this 
process. Such a catalyst will be one such as the 
Silica-alumina type catalysts more fully described 
herein, activated natural clays, so called 'solid' 
phosphoric acid catalysts, acidic phosphates or 
pyrophosphates of copper, cadmium, magnesium 
and other metals, or various metal halides such as 
ferric chloride and bromide, zinc chloride and 
bromide. These latter may be deposited on Sup 
ports such as clay, silica gel, pumice and the like 
when necessary. Such polymerization catalysts 
are not considered to be complete equivalents of 
each other. When I desire to obtain especially 
high yields of simple, highly branched co-dimers 
which can be non-destructively hydrogenated to 
produce paraffin hydrocarbons which have high 
Octane numbers and high response or suscepti 
bility to the addition of tetraethyl lead, I prefer 
to use a catalyst such as the silica-alumina cata 
lyst described herein. Thus, under conditions 
wherein polymerization occurs under a pressure 
which is substantially equal to or greater than 
the critical pressure of the hydrocarbon mixture 
and involves appreciably less than the total 
amount of olefins passing through the reaction 
chamber, it appears that if catalysts such as "sol 
id' phosphoric acids are used, the combustion 
characteristics, in internal-combustion engines, 
of the paraffins produced by non-destructive hy 
drogenation of the polymers, are not as desirable 

45 as those of similar products produced when a 
catalyst such as silica-alumina is used. 
Each stage of the polymerization represented 

by chambers 77, 50 and TO may consist of two 
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or more similar catalyst chambers, or groups of 
smaller chambers, which are used one-after an 
other, as the catalyst becomes deactivated and 
it is necessary to provide fresh catalyst. In this 
manner continuous operation can be obtained for 
the process as a whole. The same will be true 
in connection with the hydrogenation step. 

EXAMPLE I 

The following data are presented as an exan 
ple of one method of practicing my invention, 
A catalyst comprising hydrous silica associated 
with alumina, and which will be spoken of as a 
silica-alumina catalyst, was prepared from a liq 
uid sodium silicate of 41° Bé. gravity containing 
8.9 per cent Na2O, 28.5 per cent SiO2 and 62.6 
per cent H2O, and from commercial hydrochloric 
acid of 18° Bé. gravity. The sodium silicate was 
diluted by adding 1.5 volumes of water, and the 
acid was diluted with an equal volume of water. 
Equal volumes of these two resulting solutions 
were mixed by rapidly flowing the sodium silicate 
solution into the acid solution with thorough 
stirring. The mixture was then allowed to stand 
overnight, and had set and stiffened to a firm 
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gel about 12 hours after mixing. The gel was 
broken by forcing it through a coarse screen of 



about one-inch mesh, was Washed for 12 hours 
and was then partially dried in hot air to a de 
gree sufficient to shrink the gel only to a point 
where it attained sufficient rigidity to ring slight 
ly when tumbled. It was again Washed and then 
treated with boiling water containing in solution 
about 5.5 per cent of aluminum chloride, the 
treatment continuing for about two hours. The 
treated material was then thoroughly washed 
until the wash Water just gave a negative test 
for chlorides, after which it was dried and classi 
fied. So that it was about 4 to 40 mesh in size. 
In this manner a limited amount of alumina, was 
thoroughly and intimately incorporated with sil 
ica, forming a silica-alumina gel which was Suit- " 
able as a catalyst for polymerizing olefin hydro 
carbons. 
A hydrocarbon mixture containing propylene 

and butane in a molecular ratio of 1:1.86 was 
passed through a reaction chamber containing 
such a silica-alumina catlyst under the reaction 
conditions given in Table II. A hydrocarbon 
inixture containing isobutylene and butane in a 
molecular ratio of 1:2.66 was added to the re 
action chamber at 14 points throughout the re- it 
action zone, the total amount of this second 
stream added being about half the first stream. 
The molecular ratio of propylene to isobutylene 
in the total charge was 3.7:1, and at no time in 
the reaction chamber was it less than about 10:1, 
as a result of the multipoint method of addition. 
The polymer liquid, after being freed of unre 
acted hydrocarbons, had the composition given 
in Table III. Although the average temperature 
of polymerization was a little higher than I pre- ... 
fer generally to use for such a charge stock, the 
predominance of polymer produced by the union 
of propylene and isobutylene is marked. 

TABLE II 

Hybrid polymeriaation of propylene and iso 
butyleme 

Charge composition: Mol % 
C3H6------------------------------- 23.6 
ISO-C4H8--------------------------- 7.0 
C4H10------------------------------ 69.4 

100.0 
Temperature---------------------°C-- 200-210 
Pressure--------------- lbs. per sq. in-- 1900 
Per cent converted: w 

C3H6-------------------------------- 45 
Iso-C4H8 ---------------------------- 54 

Gal. charge (liq.)/gal, cat./hr...----------- 9 
Gal. polymer/gal. cat./hr.----------------- 0.63 

Weight 9% 
Composition of polymer: 

C5H10 ------------------------------- 0.7 
C6H12 ------------------------------- 17.6 
CH14------------------------------- 35.6 
C8H16------------------------ ------- 15.2 
Co- (as C12H24) ---------------------- 30.9 

100.0 
Only a small proportion of the polymer prod 

uct was too heavy to be included in the present 
day, gasoline boiling range. The analysis of the 
polymer product, which was essentially olefinic, 
shows that more polymer was formed by union 
of one molecule of isobutylene with one molecule 
of propylene (producing heptenes) than was 
formed either from the union of two molecules 
of propylene or two molecules of isobutylene. 
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A hydrogenation catalyst was prepared by 

forming a concentrated aqueous solution of the 
nitrates of nickel, aluminum and copper, adding 
ground pumice stone of 4 to 20 mesh in size and 
slowly evaporating the water from the mixture 
while stirring it. For every gallon of ground 
pumice used, there was used: 

Pounds 
Ni(NO3)2.6H2O-------------------------- 3.05 
Al(NO3)3.9H2O------------------------ 4.48 
Cu(NO3)2.3H2O.------- ------------------- 0.36 
After the mass of pumice so treated had been 
dried, it was heated to a temperature of the order 
of 350-400° C., whereby most of the nitrates 
were decomposed, forming the oxides. At the 
end of this treatment, hydrogen Was passed over 
the material at substantially the same tempera 
ture, reducing the oxides of nickel and copper. 
The final material was an excellent catalyst for 
use in saturating olefin hydrocarbons with hy 
drogen, forming paraffin hydrocarbons of essen 
tially the same boiling characteristics, and is 
herein called a nickel-copper-alumina catalyst. 
A polymer liquid, produced as described and 

boiling below 230° C., was non-destructively hy 
drogenated using a nickel-copper-alumina cata 
lyst, and the Olefins in the liquid Were converted 
to the corresponding paraffins, with practically . 
no occurrence of reactions involving any change 
of carbon skeletons. The hydrogenated material 
was then fractionated into fractions having nar 
row boiling ranges, each obviously containing 
large quantities of highly branched hydrocar 
bons. The octane numbers of these fractions, as 
determined by the ASTM method (ASTM 
D357-34T), are given in Table III. 

TABLE II 
Hydrogenated hybrid polymers 

------- --- 
Octail: Boiling ranges Aroximate composition number 

1 75-97° C. . . . . . . . . . . C7H16-------- . . . . . . . . . . 92. 
2 | ?7--128° C . . -- CsHus.-.-.-.-.-.- 94.3 
8 | 128--180? (* .... . . ... -- CoH20-C2H2s. 89.5 
4 | 180-230? ? ... ... C12H26-C15H3 86.7 

75-]?0° C. ( 1 t? 8) Aviation gasoline 92.7 

Eacample II • 
On passing a hydrocarbon mixture of the fol 

lowing composition, 
Weight per cent 

C3H6 --------- - .7.5 - - - - - - - - - - - - - - - - - - - - - - - - ?????... - ? -?? ?. ? 
Iso-C4H8 -------------------------------- 19.0 
C4H10 ----------------------------------- 73.5 

through a bed of the silica-alumina catalyst of 
Example I at 180° C. while returning to the inlet 
continuously a volume of the effluent Stream equal 
to 10 times the fresh hydrocarbon mixture, poly 
merization is effected incompletely with respect 
to both propylene and isobutylene, 3.4 per cent of 
the former and 10.0 per cent of the latter sur 
viving. On passing the non-returned porticn of 
the effluent stream through a second body of the 
same catalyst in simple once-through fashion, 
the concentrations- are reduced to 90 per cent 
C3H6 and 0.5 per cent iso-C4H8. After separating 
it from the effluents, the polymer formed, which 
is equivalent to the olefin disappearing, contains 
33 per cent distilling above the dimer range and 
37 per cent of the total eonsists of branched 
heptenes. Upon hydrogenation the various frac 
tions of the total hydrogenated polymer liquid 
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have octane numbers similar to those given for 
the fractions in Example I. 

- Erample III 
Normal butenes and isobutene may be copoly 

merized to form hydrocarbons in thermotor fuel 
boiling range, and containing predominant pro 
portions of highly branched octanes, in the foll 
lowing manner. 
ing about 30 per cent olefin hydrocarbons which 
are predominantly normal butenes is passed to 
a reaction chamber containing a silica-alumina, 
catalyst and maintained at a temperature level 
between about 140 and 180° C., under a pressure 
of about 1500 pounds per square inch. A second 
hydrocarbon stream containing isobutylene in 
an amount substantially equivalent to 50% of the 
normal buttenes in the first stream, is divided into 
five Substantially equal portions which are passed 
to the reaction chamber, one portion being mixed 
with the stream containing normal butenes im 
mediately prior to its introduction to the catalyst 
chamber. The effluent of the reaction chamber 
is cooled and passed to Separating means where 
in hydrocarbon polymers are Separated from un 
reacted hydrocarbons. The octene fraction of 
this liquid is predominant in highly branched 
olefins and is readily separated by fractionai 
distillation. 
The Octanes produced therefrom by non-de 

structive hydrogenation have an octane number 
(A. S. T. M. D357-37T) of about 90-95, and 
after the addition of 1 cc. of tetraethyl lead per 
gallon, the octane number is approximately 100 
or higher. 
The hydrocarbon mixtures which are suitable 

for charge stocks are usually relatively simple in 
composition, and the olefins which are to be 
polymerized are readily identified by modern 
analytical methods such as low-temperature frac 
tional distillation combined with controlled acid 
absorption, both as to actual identities and as to 
concentrations. Likewise, the polymerization 
conditions are Such that side reactions are at a 
minimum, and polymers formed can be readily 
analyzed by combinations of fractional distilla 
tion, both of the polymers and of the correspond 
ing Saturated compounds produced by nonde 
structive hydrogenetion, determination of phys 
ical properties, and by determination of com 
bustion characteristics in well-known test en 
gines. With such accurate testing methods pos 
sible for the simple materials involved, one 
skilled in the art may readily control the process 
to produce optimum results for a given charge 
stock and polymerization catalyst, and establish 
suitable conditions for operation by simple trial. 
Likewise, when charge stocks come from known 
dehydrogenation processes wherein hydrocarbon 
mixtures of simple compositions are dehydro 
genated, the most desirable recycling of unreacted 
paraffins which are separated from the effluent 
of the polymerization, in appropriate amounts 
and composition, to Such a dehydrogenation, is 
easily and readily determined. 
This invention is not necessarily restricted to 

any narrowly defined catalyst or set of operation 
conditions. The general rules have been given 
relative to these matters so that optimum results 
may be obtained, and when dealing with a parti 
cular charging stock or mixture of hydrocarbons, 
anyone skilled in the art may follow the direc 
tions given herein and obtain results as shown. 

claim: 

A hydrocarbon stream contain 
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meric product having a boiling range within the 
motor-fuel boiling range from two separate and 
different olefin hydrocarbon fractions, One of 
which contains olefins that have generally more 
highly-branched structures than those contained 
in the other fraction, which comprises passing the 
fraction containing the generally less-highly 
branched olefins under reaction conditions Such 
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- 1. A process for producing a hydrocarbon poly- 75 

that copolymerization between the more-highly 
branched olefins and less-highly-branched olefins 
takes place readily but reaction between the less 
highly-branched olefins takes place only to a 
minor extent over a solid polymerization catalyst 
in a catalyst chamber and adding, the other frac 
tion containing the generally more-highly 
branched olefins to said catalyst chamber at a 
plurality of successive points in said catalyst 
chamber to react olefins of the one fraction with 
olefins of the other fraction to form copolymers, 
maintaining a reaction time sufficient to effect 
reaction of substantially all said more-highly 
branched olefins charged, and separating a 
polymer fraction having a boiling range within 
the motor-fuel boiling range from the effluent of 
said catalyst chamber. 

2. A process for producing a hydrocarbon 
polymeric product from two different olefin hy 
drocarbons. having low molecular weights, which 
Comprises passing the less-reactive olefin into 
contact With a Solid polymerization catalyst un 
der reaction conditions Such that Said olefin 
Would polymerize with itself at only a relatively 
low rate and to a relatively small extent and such 
that the more reactive of the two olefins would 
polymerize with itself at a relatively high rate 
and to a Substantial extent, adding at a plural 
ity of Successive points to the mixture in con 
tact with said catalyst the second more-reactive 
olefin in Such amounts at the respective points 
that the molecular ratio of the first less-reac 
tive olefin to the Second more-reactive olefin 
throughout a substantial portion of the reaction 
mixture that is in contact with the catalyst is 
greater than approximately 5 to 1, whereby 
copolymerization between said olefins takes place 
forming higher-molecular-weight polymers, and 
Subsequently separating a polymer fraction from 
at least a portion of the mixture which has been 
in contact with said catalyst. 

3. A process for producing a hydrocarbon 
polymeric product from two separate olefin 
containing hydrocarbon mixtures, the olefins 
contained in the one mixture being generally 
more highly reactive than those contained in 
the other mixture, which comprises passing the 
first mixture containing the less-reactive olefins 
into contact with a solid polymerization catalyst 
under reaction conditions such that a substan 
tial portion of the individual olefins contained 
therein would polymerize with themselves at only 
a relatively low rate and to a relatively small 
extent and Such that a substantial portion of the 
individual more-reactive olefins contained in the 
Second mixture would polymerize with them 
selves at a relatively high rate and to a substan 
tial extent, adding at a plurality of successive 
points to the mixture in contact with said cata 
lyst the second fraction containing the more 
reactive olefins in such amounts at the respec 
tive points that the molecular ratio of the less 
reactive olefins contained in the first mixture 
to the more-reactive olefins contained in the 
Second mixture throughout a substantial portion 
of the reaction mixture that is in contact with 
the catalyst is greater than approximately 5 to 



1, whereby copolymerization between the olefins 
in the two mixtures takes place forming higher 
molecular-weight polymers, and subsequently 
Separating a hydrocarbon fraction containing 
the polymers from at least a portion of the mix 
ture which has been in contact with said cata 
ys. 
4. A process for producing hydrocarbons hav 

ing boiling points within the motor-fuel boiling 
range from olefin hydrocarbons having low mo 
lecular weights, which comprises passing a first 
hydrocarbon mixture comprising essentially 
straight-chain olefins having not less than three 
nor more than five carbon atoms per molecule 
under a pressure between approximately 200 and 
approximately 2500 pounds per square inch into 
a polymerization chamber containing a solid 
olefin-polymerization catalyst, maintaining re 
action conditions in said chamber such that said 
straight-chain olefins are not rapidly nor exten 
Sively polymerized with themselves, passing to 
Said polymerization chamber a second hydrocar 
bon mixture comprising essentially tertiary-base 
olefins having not more than five carbon atoms 
per molecule, and adding said second hydrocar 
bon mixture to the reaction mixture in contact 
With said catalyst at a plurality of successive 
points in Said polymerization chamber in such 
amounts at the respective points that the molec 
ular ratio of unreacted straight-chain olefins to 
unreacted tertiary-base olefins throughout a 
Substantial portion of the reaction mixture in 
said polymerization chamber is at least approxi 
mately 5 to 1, whereby a copolymerization takes 
place between straight-chain and tertiary-base 
olefins to form hydrocarbons having boiling 
points within the motor-fuel boiling range, and 
separating from at least a portion of the effluent 
of said chamber a fraction containing hydrocar 
bons having boiling points within the motor-fuel 
boiling range so produced. 

5. A process for producing a hydrocarbon 
polymeric product having a boiling range within 
the motor-fuel boiling range from two separate 
and different butene fractions, one of which con 
tains more isobutene than the other, which com 
prises passing the fraction containing the smaller 
proportion of isobutene under reaction condi 
tions such that copolymerization between normal 
butenes and isobutene takes place readily but 
reaction between normal butenes takes place 
only to a minor extent Over a solid polymeriza 
tion catalyst in a catalyst chamber and adding 
the other fraction containing the greater pro 
portion of isobutene to said catalyst chamber 
at a plurality of successive points in said cata 
lyst chamber to react isobutene with normal bu 
tenes to form copolymers, maintaining a reac 
tion time sufficient to effect reaction of substan 
tially all Said isobutene, and separating a poly 
Iner fraction having a boiling range within the 
motor-fuel boiling range from the effluent of 
said catalyst chamber. 

6. A process for producing a predominantly 
parafflinic premium motor fuel from two sepa 
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rate and different olefin hydrocarbon fractions, 
one of which contains olefins that have gener 
ally more-highly-branched structures than those 
contained in the other fraction, which comprises 
passing the fraction containing the generally 70 
less-highly-branched olefins under reaction con 
ditions such that copolymerization between the 
more-highly-branched and less-highly-branched 
olefins takes place readily but reaction between 
the less-highly-branched olefins takes place only 

9 
lito a minor extent over a solid polymerization 
catalyst in a catalyst chamber, and adding the 
other fraction containing the generally more 
highly-branched olefins to said catalyst cham 
ber at a plurality of Successive points in said 
catalyst chamber to react olefins of the one frac 
tion with olefins of the other fraction to form 
copolymers, maintaining a reaction time sufi 
cient to effect reaction of Substantially all said 
more-highly-branched olefins charged, separat 
ing a polymer fraction having a boiling range 
Within the motor-fuel boiling range from the ef 
fluent of Said catalyst chamber and subjecting 
Said polymer fraction to nondestructive hydro 
genation. - 

7. A process for producing hydrocarbons hav 
ing boilung points within tine motor-fuel boiling 
range from olefin hydrocarbons having low ao 
lecular Weights, which comprises passing a first 
hydrocarbon mixture comprising essentially 
straight-chain oletins having mot less than three 
nor more than five carbon atoms per molecule un 
der a pressure betWeen approximately 20u and 
approximately 2500 pounds per Square inch into 
a polymerization chamber containling a solid 
granular Silica-alumina catalyst, maintaining re 
action conditions in Sald chamber such that said 
Straignt-chain oleans are not rapidly nor exten 
Sively polymerized with themselves, passing to 
Said polymerization chamber a second mydro 
carbon mixture complasing essentlaily tertiary 
base oleins having not more than Live caroon at 
ons per molecule, and adding sald second hydro 
carbon mixture to the reaction mixture in con 
tact With Said catalyst at a plurality of succes 
Sive points in said polymerization chamber in 
Such amounts at the respective points that the 
molecular ratio, of unreacted straight-chain ole 
fins to unreacted tertiary-base oleins throughout 
a Substantial portion of the reaction mixture in 
Said polymerization chamber is at least approxi 
mately 5 to 1, whereby a copolymerization takes 
place between straight-chain and tertiary-base 
olefins to form hydrocarbons having boiling points 
Within the motor-fuel boiling range, and sepa 
rating from at least a portion of the effluent of 
Said chamber a fraction containing hydrocarbons 
having boiling points within the motor-fuel boil 
ing range so produced and subjecting said hydro 
carbons to nondestructive hydrogenation. 

8. A process for producing a predominantly 
paraffinic premium motor fuel from two separate 
and different butene fractions, one of which con 
tains more isobuteile than the other, which con 
prises passing the fraction containing the smaller 
proportion of isobutene under reaction conditions 
such, that cOpolymerization betWeen normal bu 
tenes and isobutene takes place readily but re 
action between normal butenes takes place only 
to a minor extent over a solid polymerization cat 
alyst in a catalyst chamber and adding the other 
fraction containing the greater proportion of iso 
butene to said catalyst chambe at a plurality of 
Successive points in said catalyst chamber to react 
isobutene with normal butenes to form copolymers, 
maintaining a reaction time sufficient to effect 
reaction of Substantially all Said isobutene, sep 
arating a polymer fraction having a boiling range 
Within the motor-fuel boiling range from the 
effluent of said catalyst chamber and subjecting 
Said polymer fraction to nondestructive hydro 
genation. 

9. A process for the production of hydrocar 
bons having highly-branched structures and hav 

75 ing boiling points within the motor-fuel boiling 
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range, which comprises passing a hydrocarbon 
mixture containing straight-chain and tertiary 
base olefins having not more than five carbon 
atoms per molecule to a fractionating means, 
withdrawing from said fractionating means , a 
stream of hydrocarbons' comprising straight 
chain and tertiary-base olefins having not more 
than five carbon atoms per molecule, circulating 
an endless cycle of hydrocarbons. into and out 
of contact with a solid.polymerization catalyst 
contained in a reaction chamber, maintaining 
reaction conditions in said chamber such... that 
straight-chain olefins are not rapidly, nor exten 
sively polymerized with themselves and such that 
tertiary-base olefins having not more than five 
carbon atoms permolecule would be substantially 
polymerized with themselves, the pressure being 
between approximately 200 and approximately 
2500 pounds per square inch and the temperature 
between approximately 25 and approximately 
320 C., adding said stream of hydrocarbons to. 
said endless cycle of hydrocarbons in such pro 
portions that the molecular ratio of straight 
chain olefins to tertiary-base olefins in said end 
less cycle exceeds approximately 5 to 1, with 
drawing from Said endless cycle a portion there 
of, contacting Said portion with a second poly 
merization catalyst under reaction conditions 
such that substantially, all the olefins having less 
than six carbon toms per molecule are polymer 
ized, passing the effluent from said second poly 
merization catalyst to said fractionating means, 
and withdrawing from said fractionating. means 
a hydrocarbon fraction containing polymers so 
produced. w 

10. A process for the production of hydrocar 
bons having highly branched structures and hav-, 
ing boiling points within the motor-fuel boiling 
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range, which comprises passing a hydrocarbon 
mixture.containing straight-chain and tertiary 
base olefins, having less than six carbon atoms 
per molecule and other hydrocarbons to a frac 
tionating column, withdrawing from said frac 
tionating column, a stream of hydrocarbons com 
prising straight-chain and tertiary-base olefins 
having less than six carbon atoms per molecule 
and in a molecular, ratio of staright-chain to 
tertiary-base olefins of approximately 1 to 1, cir 
culating an endless cycle of a mixture of hydro 
carbons substantially entirely in liquid phase into 
and out of contact with a solid polymerization 
catalyst situated within a reaction chamber, 
maintaining within Said reaction chamber a re 
action temperature not in excess of approximately 
260; C. and a reaction time such that tertiary 
base. Olefins having less than six carbon atoms 
per molecule would be substantially polymerized 
with themselves, adding said stream of hydro 
carbons to said endless cycle of hydrocarbons in 
such proportions that the ratio of straight-chain 
olefins to tertiary-base olefins having less than 
six carbon atoms per molecule is maintained be 
tween approximately 5 to 1 and approximately 
19 to 1, adding normally liquid hydrocarbons in 
an amount such that a liquid phase is maintained 
in said reaction chamber, withdrawing from said 
endless cycle a portion thereof, contacting said 
portion. With a second polymerization catalyst 
under reaction conditions such that substantially 
all of the original olefins having less than six 
carbon atoms per molecule are polymerized, pass 
ing the effluent from said second - polymerization 
catalyst to said fractionating column and with 
drawing from said column a hydrocarbon frac 
tion containing olefin polymers so produced. 

FREDERCK E FREY. 



CERTIFICATE OF CORRECTION - 

Patent No. 2,377, lll. June 5, 1945. ???? ??? -?” 
FREDERICK E FREY. 

It is hereby certified that error appears in the printed specification 
of the above numbered patent requiring correction as follows: Page 2, first 
column, line 32, for "higfihly" read --highly--; page 5, second column, line 
72, for "elefin" read -- olefin--; page 14, first column, line 12, after the 
word "so" insert --on--; page 10, first column, line 29, before "olefins" 
insert original-; and that the said Letters Patent should be read with 
this correction therein that the same may conform to the record of the case 
in the Patent Office. 

Signed and sealed this 2nd day of October, A. D. 1945. 

Leslie Frazer 

(Seal) First Assistant Commissioner of Patents. 


