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2 Clalms.

The present invention is concerned with an
improved refining process especially adapted for
the production of hydrocarbon constituents by
the hydrogenation of oxides of carbon, The
invention is more particularly concerned with
an improved method for regulating the rate of
reaction and for maintaining an optimum tem-
perature within the catalytic reaction Zone which
will be dependent upon and be a function of the
catalytic activity of the catalyst employed. In
accordance with_the present process the reaction
1s carried out in relatively long, Hquid cooled
reactors packed with a sultable catalyst. ‘The
fresh catalyst 1s introduced st the top of the
reaction or synthesizing zones, while the spent
catalyst is withdrawn continuously or at sultable
intervals from the bottom of the reaction zones.
The temperature of operation within the reaction
zones is ralsed an amount corresponding to the
extent to which the catalyst 1s spent.  This tem-
perature rise is secured by the lquld head of the
cooling medium since the bolllng point of the
cooling medium rises as the hydrostatic head
jncreases. 'The hydrostatic head of the cooling
1liquid produces a gradual increase in the holling
point of the liquid towards the bottom of the
reaction zone so that the spent or partially spent
eatalyst as it passes downwardly in the reaction
zone contacts the feed gases at a gradually in.
creasing higher temperature than the fresh cata-
lyst introduced at the top of the reaction zone.

Ti; 1s known in the art to react hydrogen with
oxides of carbon In the presence of a suitable
catalyst under conditions to produce hydrocarbon
constituents containing more than -one carbon
astom in the molecule, as well as various oxy-
genated compounds. The catalysts are selected
from the the class of materials which are known
as sultable catalysts for alding the hydrogenation
of oxides of carbons. Satisfactory catalysts are,
for example, cerium, chromium, cobalt, man-
ganese, osmium, palladium, titanlum, zine, iron
and oxides or other compounds of these metals,
Mixtures of these catalysts are also employed,

and the same are in certain instances Impreg- .

nated with suftable agents sdapted to increase
thelr efficiency or strength. These catalysts,
depending upon the general charscter of the
operation, are employed in the pilled, granulated,
or powdered form. : ’
Opereting temperatures and pressures vary
widely and depend upon the feed materials em-
ployed, the particular catalyst or catalytic mix-
ture, and upon the quality of the products and

yields desired. The temperatures In general are
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in the range from about $60° F. to 410° F. How-
ever, in reactions of this character, it is essential
for the success of the operation that the exo-
thermic heat of reaction be immediately removed
and that the temperature of the resctlon be posi-
tively controlled &t the predetermined operating
temperature. It i8 also desirable that the pre-
determined operating temperature be adjusted In
such a manner that it 1s & function of the extent
to which the particular catalyst is spent. Thus
it is desirable to regulate the tempetrature in such
a manner that as the efficlency of the caialyst
gradually decreases, the reaction temperature
will be gradually Increased. ‘Thus the reaction .
s extremely difficult to satisfactorily control,
since it is essential that the temperature of the
reaction in processes of this character does not
vary over s temperature range in excess of about
10° F*. and preferably should not vary over a tem-
perature range in excess of 5° F, from a predeter-
mined operating temperature. If & variation
substantiaslly In excess of this occury, the control
of the operation is lost, & run-awsy reaction
occurs, and the yields of the desired products are
materially decreased. Furthermore, if the reac-
tion temperature is not adjusted with respect to
the lessened activity of the catalyst, the catalyst
to & large extent becomes relatively inactive and
ylelds sre . materislly affected. Thus varlous
means have heen proposed to remove the heat
of reaction and to control the operating tempera-
tures, which means usually comprise various
liguld cocling mediums which are clrculated
without or within the reaction zone or zones.
Attempts to regulate operating temperatures with
respect to the activity of the catalyst usually
comprise passing the catalyst from one Zone to
another in which higher aperating temperatures
are employed.

It has heretofore been the practice to employ
reaction zones having @ relatively smsll diam-
eter, the lengths of which are relatively short,
particularly when external cooling ligquid me-
diums sre employed. If relatively long reaction
zones were employed, the difference in the hydro-
static head of a boiling cooling medium resulted
in excessive and prohibitive temperature differ-
entials between the upper and lower sectlons of
the reactors, :

I have now discovered a process by which it is
possible to efficlently and economically secure
and regulate the desired reaction temperature
within particular areas of the reaction zone.- My
process Involves utilizing reaction zones which
gre substantially extended over and above reac-




tion sones now currently employed, and passing
the feed gases downwardly through these zones,
The reaction Zones are packed with a sultable
catalyst which is continuously or at suitable in.
tervals introduced into the top and withdrawn
from the bottom of the same. The heat of reac-
tion is removed by circulating and bolling a suit-
able liquid cooling medium wsround the zones.
When operating in this manner a relatively long
vertical head of cooling liquid {s maintained with-
outl the reaction zone, the bofling temperature of
which graduslly increases corresponding to the
gradually increasing hydrostatie lquid head.

" This gradual increase in temperature of the cool-

ing liquid in the direction of flow of feed gases
snd catalyst is directly reflected In & gradual
increase In temperature within the reaction zone.
‘Thus, as the activity of the catalyst is lessened
as it passes downwardly through the reactfon

rone, the temperature within the zone is grad- 2

ually increased. By this means the entite hy-
drogenation operation can be operated at maxi-
mum efliclency, even though there is a consider-
ahle difference in catalylic activity and tempera-
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and around zones 3 and removed as steam by
means of line §.

Although the invention may be applied in any
catalytic reaction In which it is desirable to ad-

8 Just the temperature of the reaction as the caia-

lyst becomes spent, it is perticularly applicable
in reactions involving the hydrogenstion of
oxides of carbon for the production of hydro-
carbon constituents containing more than two

10 carbon atoms in the molecule. In these reactions,

as pointed out heretofore, it is absolutely essen-
tial for the success of the operation that not only
a predetermined reaction temperature be em-
ployed, depending upon the extent to which the

13 catalyst is spent, but it 1s also essential that the

temperature be controlled so that at any point in
the reaction zone the temperatures vary prefer-
ably less than 5° F. from the predetermined oper-
ating temperatures,

g Any sultable catalyst known in the art may be
used and the operating conditions to some extent
will be & function of the particular catalyst or
catalyst mixture employed. These catalysts sre
generally packed within relatively short resction

ture between the bottom and top of the catalyst 23 Zones, the diameters of which are generally less

zone,

The process of my inventfon may be readily
understood by reference to the attached drawing
{llustrating modifications of the same. For pur-

poses of description i s assumed that the syn- - 20

thesiz gases comprise oxides of carbon and hy-
drogen which are introduced into synthesis cham-
ber | by means of feed line 2, Temperature and
pressure conditions are in general adjusted to
produce hydrocarbon constituents containing
more than one carbon atom in the molecule,
These gases pass downwardly in reaction cham-
ber | through catalyst packed tubular reaction
zones 3, packed with a sultable catalyst which
is introduced in the catalyst zone | by means of
line 4. The resction geses pass downwardly
through reaction zones 3 under suitable temper-
ature and pressure conditions adapted to produce
hydrocarbon constituents containing more than
one carbon atom in the molecule. These gases
are collected in zone 1 and withdrawn from the
synthesis. chamber by means of Hns §. These
gases may be handled in any desirable manner
in order to separate the reaction products from
unreacted gases and by-products.
catalyst is introduced continuously or at suit-
able intervals into the top of synthesis chamber
| by means of line & and {s withdrawn from
the bottom of the chamber by means of line %,
Thus as the catalyst passes downwerdly through
the respective reaction zones 3 its activity Is les-
sened and 1t is less efficlent in promoting the de-
sired reaction at the temperature which is opti-
mum for promoting the reaction when utilizing
fresh catalyst which 18 introduced by means of
line 4. It 1s therefore desirable to correspond-
ingly ralse the temperature corresponding to the
degree to which the catalyst is spent in order to

secure a highly efficient operation. ‘This is ac-'

complished in the present process by utilizing
relatively long reaction chambers and removing
the heat of reaction by circulating a suitable
Hquid cooling medium around the reaction cham-
bers. The temperature of the bolling Nquid cool-
ing mediym, whlg: for the purposes of descrip-
tion 18 assumed be water, due to the hydro-

-gtatic hesd gradually fncreasex in the direction

.of flow of the synthesis gases and the catalyst.

-The water is Introduced Into synthesis chamber
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than four inches and in many inatances lesa than
two inches. In general, according to the present
invention, it is preferred, when utilizing reaction
zones of this diameter, that the length of the
reaction zones be at least 30 feet in length, Par-
ticularly desirable results are secured when the
length of the resction zones are in the range
above 50 feet to 60 feet.

The cooling medium employed is preferably

ag Water, although under certain conditions it may

be desirable to employ relatively shorter reaction
zones and to utilize cooling liquids which will
produce the same temperature differentisl for
the shorter zone. Liguids of this character are
lLiquids which have a relatively high rate of
change {n vapor pressure with temperature. It
s also desirable that the liquid have a high
specific gravity. It is evident that when em~
.bloying liquids of this character it is possible to
secure & greater differential in temperature be-
tween the top and lower sections of the reaction
zone for the same length reaction zone, It Is
also to be understood that under certain condi-
tions the boliing point of the respective liquid

The fresh gg So0ling medium employed may be adjusted or

controlled by varying the pressure on the cooling
medium in question.

The temperatures and pressures of the resc-
tion will vary with various operations, depending

gs upon the characler of the feed materials, the

particular catalyst employed, and will also be a
function of other operating factors, Por ex-
ample, In a process for the production of hy-
drocarbon -constituents contalning more than
one carhon atom in the molecyle by the hy-
drogenation of oxides of carbon it is preferred
to initially contact the fresh synthesis gases with
the fresh catalyst at a temperature in a range
from shout 370° . to 380° . When the catalyst

gs i35 spproximstely 50% spent with respect to its

effective commercial applicabllity conditions
should be adjusted so that the synthesis gases
contact the catalyst at a temperature In a range
from sbout 385* F, to 305* . When the catalyst

70 is Spent to the extent that it 18 no longer com-

merelally suited for promoting the reaction and

. should be withdrawn from the system, the tem-
perature nt which the synthesls gases contact
the spent catalyst should be in the range from
about 405° F. to 410" ¥, :




2,353,800

In order to further illusfrate the invention the
following examples are given which should not
be construed as limiting the same in any man-
ner whatsoever.

Example 1

In & reaction for the production of a maximum
yleld of hydrocarbon constituents containing
more than one carbon atom in the molecule in
which reaction zones approximately sixty feet
in length are employed, the temperature differ-
entinls of the cooling medium when employing
water at the respective heights are as follows:

Distanee from top ‘Total T:tmu;p:r-
°F.
385.9
388.0
300.4
3.7

Ezample 2

When operating under the above described
conditions and employing decane as & cooling
lquid, the following results are secured:

Distancs from top ‘Temparature

°F.

Lgse
— =~

10

15

20

26

3

The process of the present invention is not to
be limited by any theory or mode of operation.

I claim:

1. Process for the hydrogenation of carbon ox-
ides comprising passing a gas containing oxides
of carbon and hydrogen downwardly through
8 reaction zone contalning fresh caialyst in the
upper part thereof, and relatively spent catalyst
in the lower part thereof, continuously adding
fresh catalyst at sald upper part and withdraw-
ing catalyst from sald lower .pert, maintaining
temperature and pressure conditions in said re-
actlon zone adapted to produce hydrocarbons
containing more than one carbon atom in the
molecule, removing the exothermic heat of re-
action by a bolling lguid cooling medium main-
tained in heat exchange relationship with the
catalyst, sald zone being of such height that the
hydrostatic head of said cooling medium is suffi-
cient to produce a pressure equivalent to that
of a column of water at least thirty feet high, .
whereby the boiling temperature of said cooling
medium is caused to be appreciably higher at the
lower part of said reaction fone than at the top.

2. Process according fo claim 1, in which the
reaction zone §s less than four inches in diameter
and at least 30 feet in heighf.

SUMNER B, EWEETSER,






