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The present invention is directed to a method 
and apparatus for converting hydrocarbons. 
IMore particularly, the invention is directed to 
the catalytic conversion of a convertible hydro 
carbon feed including an olefin. The invention. 
is specifically directed to polymerization of ole 
fias. 

This application is a division of Serial No. 
228,594 entitled “Catalytic Conversion Method 
and Apparatus Therefor' filed May 28, 1951, in 
the name of San R. Bethea. 
The present, invention may be described brief 

ly as involving the catalytic conversion of a 
convertible hydrocarbon including an olefin. Such 
as polymerization of a nono-olefin having from 
2 to 6 carbon atoms by contacting a vaporized 
feed hydrocarbon with a liquid phosphoric acid 
catalyst in a reaction zone defined by a copper 
surface at a rea,6tion teaperature in the lange 
from 280° to 600 F. and at a pressure fron). 
atmospheric to "000 p.s. i. g., the feature of the 
present, invention being naintaining a Substan 
tially static film of piosphoric acid in contact 
With the retaic copper surface While forning 
a product, and "ecovering the product. 
The substantially static film of liquid phos 

phoric acid may be maintained by providing a, 
ferous metal reactor which has its interior Sur 
face lined with a continuous metallic copper 
liner over which is provided a second liner of 
Caroon, Si?h as porous carbcn brick. 
ous nature of the carbon brick allows phosphoric 
asid to filter therethrough onto the copper Sul'- 
face. The phosphoric acid has Substantially a 
slow fow rate through the carbon brick and 
causes a film of phosphoric aeid which is in a 
Sustantialiy Static condition to forin on the 
copper liner. The film of phosphoric acid forms 
a protective fin froin the dynaiinic flow of phos 
phoric acid past, the carbon brick in the interior 
of the reaction zone and protects the copper 
liner of Sane fron: the corrosive and erosive 
action of the substantially high velocity fioW of 
phosphoric acid. It is believed that a protective 
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film of corrosion product Inay build up on the 
copper surface under the static film of phos 
phoric acid which serves to protect the copper 
liner from further corrosion, the Substantially 
static film of hosphoric acid being naintained 
by the Srinall amount of phosphoric acid filter 
ing through the brick liner. 
The temperatures employed in the practice 

of the present invention may range from 280 
to about 600° F. A preferred temperature range 
is from 300 to 500 B. 
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2 
Pressures employed in the practice of the pres 

ent invention may range from atmospheric up 
to about 7000 p.s. i. g., with a preferred range 
from about 300 to 500 p.s. i. g. increasing the 
preSSure results in increased contact times and 
increases the yields to a remarkable extent. 

In practicing the present invention the olefin 
Containing feed stock may be employed in either 
the liquid or the vapor phase and it may contact, 
the liquid phosphoric acid concurrently in the 
reaction ZOne defined by the metallic coppe1 
Surface in accordance with the present inven 
tion. Another Way of contacting the liquid 
phospinoric acid catalyst, with the olefin-contain 
in g feed is gy forning a pool or coluinn of the 
iiquid phosphoric acid catalyst and allowing the 
olefi) feed to bubble upwardly therethrough 
thl'Ough suitable jets. It is desirable in the 
3ractice of the present invention to provide coin 
t;2&ting material, Such as carbon 3eil Saddles, 
R3 Schig ringS, other packing, and any of the 
Conventional distribution means eriployed. 
Glass and other silica-containing materials are 
attacked readily by the strong phosphoric agids 
at the reaction conditions and are, therefore, 
undesirable as packing materials. Substantial 
ly pure Silica, Such as fused silica or pure Silica, 
Sand is not substantially attacked and may be 
employed. There are other materials, such as 
nickel-inolybdenulin-iron alloys, tantalus, ii 
liurn, and the like which are not attacked by 
phosphoric acid and which right make suitable 
packing material, but these are generally too 
expensive to be employed in connercial opei'- 
ations. 

In an operation where packing materia is are 
employed for contacting the phosphoric acid 
with the olefin feed the olefins in a vaporized 
condition may be introduced preferakiy under' 
concurrent flow conditions. The preheated va 
porized olefinic feed and phosphoric acid are 
introduced into the top of the reactor Whose 
interior surface is defined by a metalic copper 
liner and the liquid catalyst flows down over 
the packing and Out of the botton of the reactor 
through an outlet into a separator from which 
it is puniaped back to the reactor inlet. Alay 
hydrocarbon phase that may be condensed in 
the reactor near the reactor outlet also fiows to 
the bottom of the reactor. The combined 
strealins flowing out of the bottom of the reactor 
are passed through a cooler and then the acid 
and hydrocarbon phases are discharged into a 
Settler where the two phases are separated. The 
hydrocarbon phase is then withdrawn from the 
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Separator and discharged into a suitable separat 
ing means, such as a distillation tower, to sep 
arate polymer and unreacted materials, which 
inay be recycled, if desired, to the feed. 
The olefins forming the feed of the present 

invention will include the olefins containing from 
two to about six carbon atoms in the molecule and 
may be exemplified by ethylene, propylene, the bu 
tylenes, pentylenes and hexylenes. When ethylene 
forms a portion of the feed stock it should be em 
ployed in admixture with another olefin having a 
greater number of carbon atoms since efforts to 
polymerize ethylene alone have been largely un 
Successful in that low yields were obtained. It is 
contemplated that the olefin feed stock of the 
present invention may be used in the pure state 
or in admixture with other olefins or other hydro 
carbons. For example, propylene is a preferred 
feed Stock and it is usually obtained in the 
petroleum refinery in admixture with ethylene, 
propane, and possibly some butylenes and buta 
diene. Thus, while a pure hydrocarbon Will be 
the preferred feed stock, it is within the spirit 
and SC0pe of liny invention to use mixtures of the 
various olefins or mixtures of olefins with other 
hydrocarbons such as aromatics. 

in the practice of my invention, the liquid 
phosphoric acid is an aqueous acid which may 
vary in concentration from 50% to 11.5% H3PO. 
The acid CC1) Centrations most useful in the poly 
merization of olefins such as propylene, for ex 
&mple, are in the range from 75% to 115% of 
is O4. 

in the piractice of inny invention, it is also de 
Sii'able to exclude free oxygen from the materials 
Which coine in contact with the copper reactor 
lining. This is, in general, satisfactorily achieved 
by exciuding oxygen from the hydrocarbon feed 
by Well-knoWin Ineans, such as by blanketing the 
feed hydrocaiboin storage tanks with an inert 
gas Ol' by a diding an oxidation inhibitor of the 
phenolic ol' guinoid type, such as para-tert. bility 
Catecino or hydroguinone to the hydrocarbon in 
Sinall but effective announts of no more than 1. 
per cent; oi by treating the free oxygen-contain 
ing hydrocarbon Solution with an oxygen-con 
Sunning reagent such as an alkaline solution of 
pyrogallol or of cuprous oxide. Oxygen may also 
ice removed froin the hydrocarbon by a stripping 
Ol' distillation operation. 
The invention will be further illustrated by 

'eference to the drawing in which the sole figure 
is a Sectional view of a reaction vessel illustrating 
the flow of eactants and catalyst, as well as the 
inel's theirefor. 
Referring now to the drawing, numeral 

designates the Wall of 3, ferrous metal pressure 
VeSSel (, Such as a steel vessel. The vessel ) is 
provided with at least an inlet thereto and an 
outlet. The vessel 3 has an inlet, 2 for intro 
ti:3&iO1 of phosphoric acid into the reaction ves 
Sel and a Second inlet, 3 for introduction of ole 
finic feed. The wall is suitably provided with 
a copper liner ié which is arranged adjacent the 
Wali of reaction vessel 3. This copper liner 
may be provided as a continuous copper liner to 
protect the interior Surface of the vessel ). 
Superimposed on the copper liner 4 is a liner of 
carbon brick 5 which covers the copper liner A; 
thus as phosphoric acid is introduced into the 
vessel through inlet 2 it contacts the carbon 
brick liner 5 which is of a porous nature and 
flows over packing material fi in contact with 
the hydrocarbon feed. The phosphoric acid slow 
ly filters through the carbon brick and comes into 
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4. 
contact with the copper liner 4 and forms there 
on a Substantially static film of phospholic acid 
which reacts with the copper to form corrosion 
productS. By virtue of the Substantially static 
film of phosphoric acid on the copper liner 4, the 
corrosion products are not swept off and the 
copper liner is protected from further corrosion 
by the phosphoric acid flowing through the re 
action vessel . The reaction products includ 
ing phosphoric acid are withdrawn from the ves 
sel O through outlet and may be discharged 
into cooling and separation zones for separation 
of the phosphoric acid and the hydrocarbons to 
allow recycling of the phosphoric acid and un 

i5 reacted feed and recovery of the desired product. 
The flow rate of the Substantially static film of 
phosphoric acid on the copper liner 4 is essen 
tially zero whereas the velocity of fiow in the re 
actor vessel 0 where the olefinic feed is con 
tacted with the phosphoric acid may be as high 
as 1000 feet per minute. 
Thus, in accordance with the present invention, 

it is possible to provide a method and apparatus 
therefor for converting hydrocarbons whereby 
the vessel () is substantially unattacked by the 
corrosive nature of the phosphoric acid, the Steel 
or ferrous metal vessel being protected by the 
copper liner f4 and the copper liner being pro 
tected by the static film of phosphoric acid main 
tained thereon by virtue of the porous Carbon 
brick liner 5 arranged in juxtaposition with the 
Copper liner. 
To illustrate the beneficial effects of the present 

invention, it has been found that the corrosive 
rate of 98% H3PO4 to copper at a temperature of 
360° E. increases from 0.015 to 0.05 inch per 
year when the rate of phosphoric acid flow Over a 
copper surface is increased from Substantially 0 
to 4 feet per minute. In other words, undei' Static 
conditions phosphoric acid is Substantially non 
corrosive to copper but under dynamic flow con 
ditions it is very corrosive to a copper Surface. 
By providing a reaction vessel with a copper liner 
wherein a static film of phosphoric acid is main 
tained on the liner, it is possible to conduct con 
version operations such as polymerization and 
alkylation without destruction of the vessel. 
The present invention is adapted broadly to 

conversion operations, such as alkylation and 
polymerization in which an olefinic feed is en 
ployed. For example the invention may be used 
in polymerizing mono-olefins to olefins having 
higher molecular weights than the olefinic feed. 
The present invention may also be employed 

in the alkylation of aromatics with olefins. In 
such reactions, an excess of an alkylatable ai'O- 
natic hydrocarbon, such as benzene, toluene, 
xylene, or the like, is contacted With an olefin in 
the presence of liquid phosphoric acid under suit 
able conditions of temperature and pressure as 
entioned before With respect to polymeriza 

tion, to form an alkylated aroraatic hydrocarbon 
The olefins employed as alkylating agents Will 
include the olefins enumerated befol'2, as well as 
olefins of higher molecular weight, such for in 
Stance, as those having nine to twelve carbon 
atoms. 
The invention may be employed in other cata 

lytic Operations. Where phosphoric acid catalysts 
of the type illustrated are used. Illustrative of 
Such operations including the contacting of liq 
uid phosphoric acid with hydrocarbons or their 
derivatives at an elevated temperature, are the 
alkylation of phenols, and the like, with olefins. 
While the invention has been described and 
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illustrated by reference to a reaction Zone de 
fined by a metallic copper surface in which the 
film of phosphoric acid is maintained thereon by 
providing a liner of porous carbon brick Super 
imposed on the copper liner, it is understood that 
the invention may be practiced with other ap 
paratus wherein a static film of phosphoric acid 
is maintained on the copper liner. For example, 
it may be desirable to provide a copper lined re 
actor having a baffle of material which is un 
susceptible to attack by phosphoric acid to pro 
tect the copper liner from dynamic flow of phoS 
phoric acid. The copper liner may then be 
flooded with phosphoric acid to provide a film 
thereon and the excess phosphoric acid drained 
from the surface of the copper. It may be neces 
Sary when such operations are conducted to re 
new the film of phosphoric acid periodically. 
The nature and objects of the present inven 

tion having been completely described and illus 
trated, what I Wish to claim as new and useful 
and to Secure by Letters Patent is: 

1. Apparatus for converting hydrocarbons by 
contact with a liquid phosphoric acid catalyst, 
which comprises a ferrous metal Wessel having 
at least an inlet and an outlet, a continuous cop 
per liner in said vessel arranged adjacent and 
directly contacting an interior Surface of Said 
vessel, and a carbon liner arranged adjacent 
and directly contacting the copper liner to cover 
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said copper liner, said carbon liner being of a 
Substantially porous material to allow flow of 
phosphoric acid therethrough. 

2. Apparatus for converting hydrocarbons by 
contact with a liquid phosphoric acid catalyst, 
which comprises a ferrous metal vessel having 
at least an inlet and an outlet, a continuous 
metallic copper liner arranged in said vessel in 
juxtaposition with and directly contacting an 
interior surface thereof, a carbon brick liner ar 
ranged in said vessel in juxtaposition with and di 
rectly contacting said copper liner to cover Same 
and to form a lining of carbon brick in Said ves 
sel and a body of Substantially inert packing 
material arranged in said vessel adapted to pro 
vide a contacting surface for hydrocarbons and 
phosphoric acid. 

SAM. R. BETHEA. 
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