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This invention relates to an industrial process
for converting liquid or gaseous hydrocarbons of
various origins, having in general a paraffinic
base, Into anti-knock spirits and into aromatic
hydrocarbons, selective catalysts belng employed
sultable for certaln reaction groups duly char-
acterized by the invention.

The use of selective catalysts has been studied
with the object of obialning anti-knock com-
bustibles and aromatic hydrocarbons in the best
conditions, enabling optimum conditions to be
realised so that the Intermediate reactions which
precede the formation of the anti-knock spirits
and aromatic hydrocarbons can take place with
maximum yleld and production of superior qual-
ity. 1

It is known that the prineipal chemical reac-
tions for passing from parafiinic hydrocarbons
with a large number of carbon atoms to anti-
knock spirits and aromatic hydrocarbong are the
following:

(1) Decomposition into gaseous olefines;

(2) Cycllsation of the olefines into lower sat-
urated and unsaturated naphthenes;

(3) Dehydrogenation of the naphthenes with
formation of monocyclic aromatic hydrocarbons.

These three main groups of reactions take place
in the present invention in separate reaction
spaces, which enable characteristic selective cat-
alysts to be employed, in such & manner that
the optimum conditions of the reaction can be
realised as well as the immediate control of each
stage separately.

Besides by the catalysts, the reaction spaces
are characterised also hy temperature, duration
of contact, and pressure. By varying these ele-
ments according to requirements, and taking into
account the characteristics of the primary ma-
terlal and those of the final product, it is pos~
sible to operate on various primary materials:
crude petroieum spirlts, gaseous hydrocarbons or
synthetic tars, obtaining combustibles having a
different physico-chemical composition. It is
possible to employ selective catalysts and to vary
to & maximum the working conditions (tempera-
ture, duration of contact, and pressure) only in a
plant in which the reactions take place in sep-
arate, distinct and controllable spaces,

In conformity with the scheme of intermediate
stages mentioned above, the process of the pres-
ent invention is characterised by the following
stages:

18T STAGE—CRACKING AND DEHYDROGENATION
Principal reactions

(a) Decomposition of the heavy hydrocarbons
of the petroleum fractlons or of synthetic tars
into gaseous olefinic and parafiinic hydrocarbons;

(b) Catalytic dehydrogenation of the lower
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parafinic hydrocarbons into lower olefinic hy-
drocarbons;

(¢) Alkylation of & part of the resulting ole-
fines.

This stage Is characterised by the following:

(@) Mixed catalysts which may be metallic
oxides, oxides of iron, of nickel, {ron and nickel
combined with aluminium or aluminium oxide, as
well as oxides of titanium, zirconlum, cerlum,
alone or In admixture with hydrosilicates, as well
as mineral acids (e, g. suiphuric acid) ;

(b) A temperature between 350° and 480° C;

{c) A pressure of up to 50 atm. or more;

(d) A tilme of contact necessary for the gase-
ous product resulting from this stage, and which
is analysed, to contaln the maximum yleld of
olefinic hydrocarbons.

2ND STAGE—CYCLO-POLYMERIBATION
Principal reaction

Cyclisation of the olefinic hydrocarbons into
lower saturated and unsaturated naphthenes.

This stage is characterised by the tollowing:

(@} Mixed catalysts which may be oxides of
vanadium, of molybdenum, metal halogen com-
bounds (e. g. metal halides), oxides of metailoids
as well as organo-metalllc compounds (naph-
thenates of heavy metals) ; )

(b) A temperature of 460° to 660° C.;

(¢) A pressure below 20 atm,;

{d) A contact time necessary for the olefines
of the gaseous product reswlting from the first
stage to be transformed practically compietely
into cyclle compounds, This may be controlled
by the analysis of the product effected at the end
of the stage.

3RD STAGE—AROMATISATION
Principal reaction

Dehydrogenation of the naphthenes intomeno-
cylic aromatic hydrocarbons.

This stage is characterised by:

(@) Mixed catalysts which may be nickei in
various forms, oxides of aluminfum, oxides of co-
balt;

(1) A temperature of 250° to 450° C.:

(¢} A pressure of up to 15 atm.:

{(d) A contact time necessary for the aromati-
sation to be complete.

The catalysts may be introduced into well-in-
sulated reaction towers on flat surfaceg or in
tubes in the form of granules or adsorbed on
ceramic supports.

Moreover the catalysts may be readily regen-
erated if care 15 taken that no coke deposits form
In any of the stages,

The accompanying drawing represents the gen-
eral installation scheme for carrying out the proc-
ess according to this invention.

Referring to the accompanying drawing, the
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primery material passes from the reservoeir R by
way of the cock r1 and the pipe I Into the evap-
orator E where complete evaporation takeg place,
From the evaporator E the vapours pass through
the insulated pipe a into the furnace I connected
by way of the conduit @: to two or more cata-
Iytle towers, A and A1, The accompanying draw-
ing Indicates schematically only two towers.
Whilst one of the towers, for example A, is carry-
ing out its catalytic function, the other tower Ay
is devoted to reactivating the catalyst. The valves
c and c1 serve for making connection with the
flue or chimney whilst the catalysls towers are
being regenerated. By way of the insulated con-
duilt & the gases which escape from the catalysis
tower A pass into the furnace II, likewise con-
nected by means of condult az to two or more
catalysis towers B and Bi, operating In the same
way as the towers A and A, Through the insu-
lated conduit & the gases which escape from the
towers B or B: pass into the last furnace TII,
which is alse connected through its pipe a3 with
two or several catalysis towers C and Cui.

The cocks ra, 73 and r« serve for removing
specimens for the analyses earrted out at each
of the thermocatalytic stages I, IT and III so that
progress of the operation can be continuously
supervised and controlied. At each cock there is
connected an ice-cooled coil, each coil being in
communication with a separator G, G and Ga.
The condensed product is separated off through
the pipes n, m1 and nz and the gases are collected
by the pipes m, mi and ma, By analysls of the
Hquid and of the gases coming from each stage
the progress and the satisfactory conduction of
the operation of the respective stages is ensured.

By way of the pipe b the products pass into
a separator S8 whence the asphaltic product which
there separates can be removed through the cock
ra. ‘The products then pass through the pipe e
to a cooling coll F and cooled thus pass into the
gas separator Ga. The polymer s withdrawn
through the cock rs whilst the gases paas through
the pipe f into an absorption tower T. The gas
oll is conducted to the upper part of the absorp-
tion tower with the aid of a pump K by way of
pipe % and the spirit rich in gasclene vapours is
withdrawn through the cock rs and submitted te
distillation. The resldual geses escape through
the conduit J.

If it is desired to obtain a spirit which 1s not
so rich in aromatics, the apparatus described
above can be modified in the following way:

The gaseous mixture, after leaving the furnace

11, is led towards a condenser L connected thereto, :

to which condenser is connected a gas separator
Gk in which the condensed liquid is removed
through the cock r and the non-condensed gases
are re-introduced into the furnace II through
the pipe b1, after which the products follow the
same course as above, passing through the sepa-
rator S and so on.

The residual gases from J can he collected with
a definite proportion of the gas artsing from the
furnace I and the mixture passed into the alkyla-
tlon apparatus W, The cock d regulates the
quantity of olefinle gas being withdrawn from the
furnace I, which gas is then led by means of the
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pipe g and through the separator h and pipe { into
the nlkylation apparatus W. The residual gases
from J are also led to this apparatus through the
pipe g1 and the separator k1. The alkylated prod-
uct 18 withdrawn through the cock 9.

In this way the mixture of hydrocarbons in the
vapour state traverses the heating spaces and
then meets the selective catalysts and the char-
acteristic conditions of each stage. Before enter-
ing the reaction towers the gaseous product also
undergoes & molecular re-activation brought
about by the varlous heatings to which it is sub-
mitted. The temperature therefore plays a double
role.

The polymer which results is condensed and
the gases are passed to the gas absorber.

Example

The primary materinl employed is a petroleum
fraction distiling between 150° and 350° C. The
following is the analyeis of thig fraetion:

Per cent

Paraffinic hydrocarbons _________________ 65.3
Naphthenic hydrocarbons . ________. 23.6
Aromatic and olefiniec hydrocarbons______ 11.1
100.00

In the first stage oxide of nickel and oxide of
iron on hydrosilicate stpports were employed &s
catalyst. The alkylising of the gases takes place
in the presence of 88§% sulphuric acid at a tem-
perature of 25°-150° C. and at a pressure suffi-
cient to maintain the products in the liquid state.

In the second stage oxide of molybdenum acti-
valed with metal halogen compounds, e. g. metal-
lic halides, was employed, and in the findl stage
oxide of cobalt mixed with some nickel in powder
form on supports of pumice stone.

By fractionating the polvmer a apirit is ob-
tained which, mixed with the spirit from the
absorber, gives a fuel of the following charac-
teristies:

Density: 15° C.=0.82¢

5 Distillation: commences at 42° and finishes at

185° C.; 60% come over up to 100° C.

Aromatic hydrocarbons_________________ 84.4%
Oleflnic hydrocarhons. .._.___-____.____ 1.19
Octane No——___—__________{(C.FP.R.D__ 58

On fractionally distilling the spirlt obteined
aromatiec hydrocarbons of superior quality can be
obtained.

Per cent

Mean yields! benzene .. _..______ 20-25
toluene _______ . . _____._._ 12-20

alkyls e __ 8-10

Yield of spirit with respect to the primary ma-
terial: 72.5%

By the alkylation of the residual gases in the
presence of g part of the gaseous olefines with-
drawn from the first stage a spirit has been ob-
tained having a density of 0.725 at 15° C. repre-
senting 6% by welght of the primary material
and having an octane numberof 91.

MARCEL NITESCU.
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