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PATENT OFFICE

LOWRY GILLETIT, OF SYOSSET, NEW YORK, ASSIGNOR TO GENERAL CHEMICAL COM-
PANY, OF NEW YORK, N. Y., A CORPORATION OF NEW YORK ‘

PROCESS AND APPARATUS FOR CA.TA.LY’I‘IC‘REACTI‘ON‘S

. Aﬁpli@ation_ filed November 24, 1924. Serial No. 751,802.

My invention relates to catalytic processes
.and apparatus, and particularly to such as
are suitable for the conversion of sulfurous
anhydride (SO,). into sulfuric anhydride

8 (80;). The object of my invention is to

.- conduct such catalytic reactions under ‘con-
ditions of great economy and uniformity of
results, and to reduce the size of the appara-
tus required, thereby saving in factory space
and in the cost of the plant. A further ob-
ject of my invention is to preserve the ap-

-paratus in a working condition without clean-
ing for a long time, by making special pro-
vision for the trapping of solid impurities,
and - particularly dust and scale carried by
the gases under treatment. -

. A typical and satisfactory apparatus em-
bodying my. present invention and suitable
for carrying out my improved. process, is il-
lustrated by the accompanying drawings, in
which Fig. 1 is a diagrammatic elavation of
the entire plant adapted for the conversion
of sulfurous acid (SO,) into sulfuric acid;
Figs. 2 and 8 are vertical sections, on an en-
larged scale; showing the upper and the lower
portions respectively of a column forming
part of the apparatus; Figs. 4 and 5 are hori-
zontal sections on lines 4—4 and 5—5 respec-
tively of Fig. 2; and Fig. 6 is a detail ver-

10

15

25

30

ferrer. , \

At 10, T have indicated the inlet through
which the gases to be treated (for instance a
mixture containing from 10 to 12% of SO,)
are admitted to the upper portion of a col-
umn-like structure A. which, in the particular
embodiment shown, comprises- five super-
posed sections or compartments, of which the
upper-most-and lowermost, B and C, as well
as the middle compartment, D, constitute
catalytic converters connected in series, while
the two intermediate compartments, E and F
(immegdiately above an
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45 transferrers. The two transferrers are con-

structed alike, and the three converters are of

the same general construction, but differ’

somewhat in power, as will be explained be-

5o Jow. This construction provides a plurality
- ‘df;,:. separate converter stages connected in

tical section of a portion of the heat-trans- -

below the middle
compartment D), are heat-exchangers or

series and having heat exchangers interme-
diate the successive converter stages. -

_ Each of the converters contains the cataly-
tic material (such as platinized asbestos) sup-
ported in any suitable manner. For instance,
I have invented for this purpose a special
novel construction in which the catalytic ma-
terial rests on superposed spaced perforated
plates 11 mounted in a carrier or basket com- -
posed of an open-work bottom or spider 12
and a shell 13, with accessories to properly

space and secure the plates. The entire car- -

rier or basket may be removed, together with
the plates 11 and the catalytic material, as
soon as the top of the converter section is
opened. As shown in Figs. 2 and 38, the sec-
tions of column A are connected in such a
way as to allow them to be taken apart read-
ily. The converters B, C, D, differ as to the
number of layers of catalytic material (be-
tween the perforated plates 11), the upper
converter having the smallest number of such
layers (for instance, five), the middle con-
verter D a larger number (for instance six)
and the lower converter C a still larger num-
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ber (for instance, fifteen). The purpose of

this difference will be explained below.  The
" lower converter C 1s provided, at the bottom,
with an outlet 14. -
Each of the transferrers E, F, is provided
with an inlet 15 at the bottom, for the admis-
sion of the cooling medium, and with an out-

let 16 at the top. The horizontal walls or -

partitions 17 located above such outlets and
below said inlets receive tubes 18 through
which the gases undergeing conversion pass
downwardly from one converter to the next,
while the cooling medium flows in contact
with the outer surfaces of the tubes 18, being-
preferably compelled, as by baffles 19, to fol-
low a sinuous path. In order to prevent the
gas streams in the tubes 18 from flowing chief-
ly along the inner surfaces of said tubes and
leaving a relatively stagnant core, it is ad-
visable to locate a helical wall 20 within each
of these tubes, so that thé stream will be
whirled and all of ifs particles brought in con-
“tact with the metallic cooling surfaces.

Between the lower end of each of the trans-

ferrers and the upper end of the converter
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located immediately below, I prefer to ar-
range a purifier or dust collector for arresting
dust and other solid matter suspended in the
gases under treatment, and preventing such
matter from reaching the converters C and D
and impairing their efficiency. Such collec-
tor may consist of a pan-like body 21 having
apertures 22 (generally less in number than
the tubes 18) with tubular projections 23 ex-
tending upwardly and covered by caps or
cowls 24 which act as deflectors to throw any
dust or other foreign matter laterally away
from the apertures 22 and into the pan-like
body 21, whence the matter thus collected may
be removed from time to time.

The outlet 14 is connected by a pipe 25 to
the inlet of a cooler 26 (of any suitable con-
struction) the outlet of which is connected by
a pipe 27 with the inlet of an absorber 28
which may be of any approved construction
suitable for the absorption of the converted
gas (that is to say, in the present case, SOs).
From the absorber, the remaining gas passes
through a pipe 29 to a filter 30 (for instance
a coke filter) and then through a pipe 81 and
branches 82, 38 to the inlets 15 of the trans-
ferrers E, F.

From the outlets 16 of the transferrers the
gases pass to a final converter G. This may
be of the same character as the converters B,
G, D, but is more powerful, having a greater
number of layers of catalytic material, pref-
erably about as many as the three converters
B, D, C, have together. The outlets 16 are
connected to the inlet of the final converter
G by pipes 34,35. From the outlet of the con-
verter G the gases pass through a pipe 36 to
a cooler 37, and then through a pipe 88 to an
absorber 39, to pass subsequently through a
pipe 40 to a filter 41 and thence to the stack
through a pipe 42. :

The operation, in the case of gases con-
taining, say from 10 to 12% of SO, is as fol-
lows:

These gases, having a temperature of about
750° F., enter at 10 and pass through the up-
per converter B, where about 50% of the S0,
present is converted into SO; by the well-
known catalytic reaction, the temperature of
the gases being thereby raised to about 1100°
F. The hot gases then pass downwardly
through the helical paths within the tubes 18
of the upper transferrer E, and are there
cooled to the original admission temperature
(750° F.). As the gases issue from the lower
ends of the tubes 18, they are not allowed to
pass directly to the second converter D, but
are deflected by the cowls 24 so that dust and
other solid matter will be deflected into the
pan-like collector 21, while the gases thus
freed of solid matter will pass through the
apertures 22 to the second converter D. In
view of the fact that the gases admitted to the
second converter contain a considerably
smaller proportion of SO. than the gases

1,809,114

originally admitted at 10 (the gases entering
the second converter may contain, for in-
stance, from 5 to 6% of SO.), the second con-
verter has been made more powerful than the
first, by increasing the number of layers of
catalytic material. ~ In this second converter,
the conversion is carried to the point where
about 80% of the original SO, content has
been converted into SO, the temperature ris-
ing to about 950° F. At this temperature,
the gases pass into the lower transferrer F,
where their temperature is again reduced to
the original admission temperature (750°
T.). The cooled gases are then led through
the dust-separator interposed between the sec-
ond transferrer F and the third converter C,
and being thus further freed of any solid
matter, are brought, at this temperature of
about 750° F., into contact with the catalytic
material in the converter C. The fact that at
this point the gases are comparafively rich in
S0, and poor in SO, (containing, for in-
stance, from 2 to 2.5% of SO,), is taken care
of by again increasing the number of layers
of catalytic material, and thus, when leaving
the converter C through the outlet 14, the
gases will have about 90% of the original SO,
content converted into SQO;, and their tem-
perature may be, for instance, about 850° F.
It will be seen that the gases are thus sub-
jected to catalytic action in a plurality of
separate converter stages, each containing a
successively increasing amount of platinum
catalytic material, and are cooled intermedi-
ate the several conversion stages to the tem-
perature desired for the following conversion.

The cooler 26 brings the temperature of
the gases down to one suitable for the efficient
absorption of SO; to form H,SO, in the
absorber 28. The remaining gases, which
are relatively cool and still contain from
about 1 to 1.5% of SO,, pass through the
filter 30 to the transfervers E, F, where thesc
gases act as a cooling medinm for the hot
gases passing through the tubes 18. By this
cooling action, as they absorb heat from the
gases streaming through the tubes 18, the
gases leaving the transferrers at 16 are
brought to a higher temperature, for in-
stance about 800° K., and at this temperature
they pass to the final converter-G, where the
conversion of SO: into SO; is completed, or
at least carried as far as practical considera-
tions will permit. I have found it desirable
to send a-larger portion of the gases from
pipe 31 through the first transferrer B, and
a smaller portion through the second trans-
ferrer F; for instance, two-thirds of these
gases may pass through the pipe 32, and one-
third through the pipe 833. The cooling action
will thus be properly proportioned in view
of the fact that the gases enter the tubes 18
of the first transferrer at a considerably
higher temperature than the tubes of the
cecond transferrer (1100° and 950° F., respec-
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tively, in the examgle given&.

or valves would be placed at appropriate

points of the pipes, to enable the flow to be .

controlled or varied as desired, and a blower
or like device may be employed to propel or
draw the gases through the apparatus. As
these elements may be of a well-known type,
I have not deemed it necessary to show them
in the drawings. . : s
The advantages of my invention reside in a
great simplification of thé plant, there being
but few pipe joints, thereby reducing the
changes of leakage. Furthermore, as a mini-
mum number of layers of catalytic material
isused, the resistance to the flow of the gases is
reduced, as are also pressure losses, and. less

- power is required to cause the gases to pass

through the apparatus. A further saving in
initial cost and running expenses is effected
by the use of a relatively small amount of
catalytic material, and by the fact that this
material is not allowed to become heated ex-
cessively, the heat being removed when the
temperature of the gas reaches the point at
or above which little or no conversion into
SO, takes place. The process is also economi-
cal for the reason that the heat of the incom-
ing gases which have undergone partial con-
version is sufficient to raise the temperature
of the gases used for cooling purposes (that
is, the gases from which a large proportion
of SO; has been removed in the absorber 28)
to the proper point for the final conversion
in converter G. -

Various changes may be made in the

- specific forms shown and described without
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departing from the spirit of my invention, as
set forth in the claims.

I claim as my invention: -

1. The process of carrying out catalytic
gas reactions, which consists: in subjecting

the gases under treatment to a catalytic re-

action in successive stages with an amount of
catalytic material increasing from one stage
to the next, absorbing the gaseous product
resulting from such reaction, and using the
gases remaining after such absorption, as a
cooling medium for the gases which have be-
come heated by part of the said catalytic re-
action. . :
2. The process of carrying out catalytic
gas reactions, which consists in" subjecting
the gases under treatment to a partial cata-
lytic reaction in successive stages with an
amount of catalytic material increasing from
one stage to the next, absorbing the gaseous
product resulting from such partial reaction,
using the gases remaining after such absorp-
tion, as a cooling medium for the gases which
have become heated by that part of ‘the cata-
lytic reaction which precedes said absorption
and thereby heating such remaining gases,
and then subjecting the remaining gases thus
heated, to a further catalytic reaction with
an amount of catalytic material exceeding

Suitable cocks )

3

that employed in the last preceding catalytic
reaction stage. :

3. The process‘of carrying out catalytic

gas reactions, which consists in subjecting the
gases under treatment to a catalytic reaction
1n successive stages with an amount of cata-
lytic material increasing from one stage to
the next, absorbing the gaseous product re-
sulting from such reaction, cooling the gases

-on their way from one of said reaction stages

to the next, to approximately their original
admission temperature, by means of the un-
converted residue of the gases which have
been partiaily converted by the catalytic re-
action,.subsequently cooled, and have had the
product of the conversion removed therefrom
by absorption, thereby heating such uncon-
verter residue and then subjecting the resi-
due gases thus heated to a further catalytic
reaction with an amount of catalytic material

“exceeding that employed in the last preceding

catalytic reaction stage. :

4. An apparatus of the character set forth,
comprising a plurality of catalytic convert-
ers connected in series, a cooler interposed
between two successive converters, an ab-
sorber having an inlet connected to the out-
let of the last of said converters and an out-
iet connected to the inlet of said cooler, and
a final converter connected to the outlet of
said_cooler, said converters containing cat-
alytic material in an amount increasing from
one converter to the next.

5. An apparatus of the character set forth,
comprising a plurality of catalytic convert-
ers connected in series, a cooler interposed be-
tween two successive converters, an absorber
having an inlet connected to the outlet of the
last of said converters and an outlet connect-

ed to the inlet of said cooler, and: a final con-,

verter connected to the outlet of said cooler,
said converters containing catalytic material
in an amount increasing from one converter
to the next, and the said final converter con-
taining approximately as much catalytic ma-
terial as the others together.

6. An apparatus of the character set forth,
comprising a plurality of catalytic convert-
ers connected in series, a plurality of coolers
arranged in alternation with said converters,
and an absorber having an inlet connected to
the outlet of the last of said converters and
an outlet connected to the inlets of different
coolers.

In testimony whereof I have hereunto set

my hand. :
. LOWRY GILLETT.
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