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This invention relates to the purification
of gases and more particularly to the purifi-
cation of gases which are to be used in the
catalytic reactions.

&
fur, phosphorus, arsenic, antimony, selenium
and tellurium, frequently act- as catalyst
poisons in various vapor phase catalytic re-
actions. - Sulfur compounds are especially

10 harmful in reduction ‘or hidrogenatmn Te-
actions and are algo undesira
lytic oxidations in the vapor phase. :

The present invention has for its object the
removal of volatile metalloid compounds and

16 particularly volatile sulfur compounds from
gases or gaseous mixtures. A further gb-
ject of the invention is to effect the removal
of the undesired metalloid compounds with-
out substantially destroying valuable con-

20 stituents of the gases and, in some cases, with
the recovery of metalloids or metalloid com-

ounds removed in commercially valusble
OFIL : : -

‘With these objects in view, the invention

26 consists in the treatment of gaseous gases or
gaseous mixtures with halogens or com-
pounds yieldin%
aid of physical

30
action of halogen with metalloid compounds,
and chemical catalysts, such as metals, oxides,
and salts, and particularly halides of irom,
‘copper, -aluminum, antimony, tin, gold,
titaniurh, zirconinm, uranium, vanadiam,
bismuth, molybdenum, zinc, manganese,
chromium, nickel, cobalt, silicon, and the like.

Purely “surface catalysts, such as. coke,

‘6 wood- charcoal, bone charcoal, artificial char-

35

acid, silicagel, porcelain fragments, fire
brick, earthenware fragments, or the like
may also be used.

The two types of catalysts may be com-
bined b impreﬁnating the surface catalystis
with salts of the metals enumerated above
and such combined catalysts are particularly.
. effective as the large surface of the surface
catalysts greatly enhance the efficiency-of the
metal compounds,

46
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Volatile compounds of the metalloids, sul-

ie in many cata-.

halogens with or without the
agencies such as heat, light,

articularly ulfraviolet light, silent electric’
sischarge and pressure which aid in the re-.

coal, activated carbon, finely divided silicic
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Tt is an advantage of the present invention
that substantially all of the volatile metalloid
compounds and particularly volatile sulfur
compounds, both inorganie and organic, can
be. transformed into compounds which are
readily removed from the gas strenm and the
whole purification may take place in a single
manufacturing operation. The invention,
however, is not limited to the removal of all
of the metalloid compounds by treatment
with halogen, and, on the contrary, particu-
larly where large amounts of hydrogen sul-
fide are present, part or all of the hydrogen
sulfide may be removed by the well known
desulfurizing processes, such as -treatment
with iron oxide and the like, and the remain-
ing gas may then be treated with halogen
according - to the present invention. =~ Other
particular metalloid compounds may be re-
moved before. trestment with halogen and
this is of advantage in the case of certain
gases which contain finely divided metalleid
compounds in the form of dust which may be
removed by various precipitation and wash--
ing methods before treating the gas with.
halogen. In general, the present mmvention
is applicable to practically all gases contain-
ing volatile or gas borne metalloid com-
Eounds and the process of thisinvention may

e applied as the only treatment or in com:’
bination with _(1>thei- knowndmethods-.of- re-
moving particular commpounds. - S

We il

0

85"
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ave found that the tréatment '.wi'th:‘

halogen-is effective in transforming volatile
metalloid compourids. into -compounds or
products which can readily be removed from

85

the gas stream. In the case of many eom- -

pounds, and particularly organic compounds

of sulfur, the action is largely a halogenating -

detion transforming the compounds into more
or less h‘alogenatef products which, for the
most part, are less volatile than the original
compounds. In many cases, however, metal-
Joid compounds, _:mdy particularly hydrogen
sulfide and similar compounds, are oxidized
and, in some cases, the action may be a com-

.binéd halogenating and oxidizing omne.

the case of some metalloid compounds, we are .
not sure and have been unable to determine’
precisely what chemical reaction goes on and
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we do not wish to limit our invention to any
particular chemical reaction and, on the con-
trary, the invention is broadly directed to the
removal of volatile or gas formed metalloid
compounds from gases by treatment with
halogens. We also do not wish to limit our
invention to the %roduction of compounds of
lower volatility by treatment with halogen
sinee, in some cases, notably in the cases of
some sulfur compounds, products may be pro-
duced which may be actually more volatile
than the original compounds but which may
also be more readily soluble in solvents or
absorbable in absorbents and can thus be re-
moved from the gas stream. In many cases
a combination of the two effects is noticed an
the products of the halogenating treatment
may be both higher boiling and more readily
absorbed or dissolved. The treatment with
halogen may also render some of the metal-
Joid products acid by oxidation and thus per-
mits the removal of the compounds by treat-
ment with bases or basic compounds.

“The above described effects afe some of
those which we have noted in the case of par-
ticular metalloid substances when treated by
our process but the invention is in no sense
limited to any of the reactions mentioned
above or to any coibination of these reactions
which are given merely as probable explana-
tions of some effects of our process and are
not intended to limit the invention in any

way. L
The treatment with hislogen may be effected

.in different ways. Thus, we may use free

halogens in the vapor hase or in solution,
solutions of halogen yielding substances such
as hypochlorites and hypobromites, and simi-
lar compounds. We may slso use gaseous
compounds. which yield halogen and which
may, at the same time, yield oxygen such as
nitrosylchloride, and the like.

Heat, pressure, illumination with ultravio-
let light and silent electric discharge may be
used alone or in combination with chemical
catalysts either simultaneously or progres-
sively or partly simultaneously and partly
progressively. ‘

The catalysts may be in the form of solids,
mounted on solid masses over which the
gases are passed or may be in the form
of a rain of finely divided catalysts fall-
ing through the gasés in the same direc-
tion as the gas flow or in_ counter-current
thereto. Catalysts may also be in solution or

suspension in liquids and, in some cases, the -

halogenating agents:may bs present in the
sama solution. Gaseous catalysts, siich as
phosgene, nitrosylchloride, sulfurchloride or
bromide, iodine vapors, sulfur dioxide, or
trioxide or various combinations of these
gases may also be used either as the sole cata~
Iysts or in combination with solid catalysts.
When gaseous halogen is used in the pres-
ence of gases which tend to react therewith
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with explosive violence, it is frequently neces-
sary to dilute the halogen with inert gases,
such as mitrogen, steam, and the like. We
have found that steam is particularly suitable
as 1 diluting agent both on account of its in-
ertness and its relatively high specific heat
which tends to prevent local overheating.

In gases containing metalloid compounds
which are relatively inactive with halogen,
the presence of o gas or gases which are halo-
penated very readilg, may be effective in in-
ducing the reaction between the relatively in-
active compounds and halogen, probably due
to the large amounts of heat evolved by the
reaction of the readily halogenated gases with
part of the halogen.

When dissolved halogen or halogen yield-
ing compounds are used, for example, when
chlorine or bromine water or solutions of hy-
pochlorites or hypobromites contact between
the halogen snd the gases to be trested may
be rendered more effective by increasing the
surface of contact by means of percelating

“towers or by atomizing the solution into the

gas stream. The liquid may be recirculated

through the towers or atomizing -chambers

+with snitable enrichments of halogen or halo-
gen compounds to make up for ‘the losses in
reactions with gas. Catalysts in solution or
in solid suspension may be present in'the
halogenating liguid and the baffles or tower
fillings may advantageously be of catalyti-
cally active materials. Heat, increased pres-
sure, or both, are frequently desirable and
illumination of the interior of the serubbing
towers with ultraviolet lamps, or silent elec-
tric discharge, may be also advantageously
used, in order to increase the effectiveness of
the halogenating liquid. The various physi-
cal nccelerating agents may be applied si-
multanecusly or progressively in any desired
combination. '

Evolution of halogen, in the nascent state,
can be effected by treatment of a solution
containing halogen compounds with chermi-
cals which set free halogen, for example,
oxidation agents. The gases may be passed
through the halogen generator, either con-
tacting with the surface of the liquid or bub-
bling through it or in any other suitable man-
ner, in order to bring the halogen evolved rap-
idly into contact with a maximum amount
of gas. Electrolytic halogen may also be
used and the gases permitted to pass over the
halogen pole of an electrolytic cell. A par-
ticularly advantageous method is to use a
perforated hollow electrode as the halogen
pole and pass the gases to be treated through
the hollow electrode, permitting them to es-
cape through perforations into intimate con-
tact into the halogen evolved. As the evolu-
tion of halogen can be accurately controlled
by controll_ing the current through the cell, n
very easy and accurate halogenation control
can be achieved in this manner.
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tillation of coal tar, petrolenm distillates,..
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‘in described..
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Other and further veriations in the method ‘genated metalloid  compound is- formed,

of halogenating the gases will be apparent to
those skilled in the art and are included with-
in the scope of the present invention.. The.
foregoing enumeration of various methods
and combinations of methods and the detailed
description in specific examples, which will
follow below, are to be taken as illustrations
of the invenfion and in no sense do they
limit the invention to the particular methods, ..
combination of methods or apporatus-there- -

The halogenated gas can be freed of the
metalloid compounds which have been acted
on by the halogen, together with the excess
halogen and any undesirable gaseous:cata-
lysts such as, for example, phosgene, sulfur
dioxide, and the like, in various ways. The
gases may be scrubbed with ‘various_scrub--
bing liquids such as water, caustic- solutions,
solutions of carbonates, or organic solvents;

tetralin, cyclohexane, cyclohexanon, and the
like. Combinations of these solvents, eithér
in the form-of mixtures or by progressive yse’
of different solvents, may also' be employed
and are advantageous in some cases.. ...
Pressure, with or without cooling, is also
eflective and may advantageously be used in

"’ many cases to improve the solution or absorp-

- vated carbon, and similar carbonacous mate- :

40

45

(i)

. partly progressively, may be employed and,

€5

tion by reducing the partial pressure of the
solvent vapors. T

The halogenated products inay also.be're-
moved by absorption or adsorption in various -
solid bodies of high porosity or capillarity,
such as charcoal, coke, bone charcoal, acti-.

rials. Highly porous silicions materials are

also very effective, particularly porous silicie -

o 8 ¢ thor oar b 'ﬁ?:tillation at atmospheric pressure, or under
' by chemicals and-

‘Where: absorbents are used, -
they may be regenerated easily by blowing
\ preferably at’ an:elevated.
washing with solvents for '

acid, such as silica gel, and they may be.used
either alone or in combination with the above-
mentioned carbonaceous materials.. .o
A further method of removing halogenated
products consists in- freezing them out by.
lowering the temperature an increasing the
pressure to the point where the production
precipitates in the form of liquids or solids. -
This method is particularly advantageous and

‘applicable to large scale operations as it

permits the recovery of the halogenated met-
alloid compounds in the form of by-products
which are frequently of coriSidemll)}le com--
mercial importance. For . example, -halo-
genated snlfur compounds are. useful as vul-

_eanizing agents or gs solvents and the value

of the recovered metalloids often is more.
than sufficient to pay for the costs of purify-
ing the gas. R : '
“A combination of the above mentioned
methods, using them simultaneously or pro-
gressively, or partly simultaneously and

in many cases, is very desirable. For ex-
ample, where a relatively high boiling halo-

ture of compounds

_then be removed by was
absorption, or hy s combinati¢n of both

‘bér and very high
g efficiency may ‘ h jan-
the fact that the relatively large

‘A very effective methoed

“tion of gas
‘tions may

‘a vacuum, precipitation
‘othér means.

‘through with air,

“which has.commercial value, it may be re-

moved by cooling and pressure to the point
where the single compound of a limjted mix-
tamination by the ot

er E}ro‘dliét's_ which may
hing in

in’solvents, by

methods. - :

A further combined'niehﬁoﬂ‘.co&istg_ in-
‘the use of absorbents such ag the variois |
charcoals. or carbons or silicious. materials, -

;}:lrecipitate “without con-
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impregnated with: halogenation: catalysts, so: .

‘that when the gases are passed over-the-ab-

sorbent, the catalysts bring about halogena-
tion and at the same time the produets formed

80°

are absorbed, thus performing the two func-. - -

tions at the same time. This method has'the

advantage that halogenation ~and. absorp- .

tion take place in a single container.or cham:
speeds with correspond- .

used. A firther advan-
tage lies 1 _
masses of absorbents tend to_ cool: the gases
which may be strongly heated locally b the

lhalogenation reaction., Overlieating 15

ére-
by avoided and_the life of the.catalysts, as
‘well as the efficiency of the process, may be

20

greatly increased. 'The catalyst impregnated . -

“absorbents may also be arranged in zones-in

order to distribute the reaction over & larger
mass and to keep down rises of temperature.
.¢onsists in inereas-
ing the strength of the catalyst. in the direc-
flow. Other and different varia-

those skilled in the art.
Solvents, which have

erated in various ways, for example, by

temperature or by

the products absorbed such as, for exam le,

be used and will -be apparent to .

95

been saturated with
“halogenated metalloid products, may be re- -

116

inorganic or organic solvents or sulfur, hal- .

ogen sulfur compounds, or other metalloid
carbon tetrachloride. or

compounds  or- for ¢
halogen derivatives of
both alifatic or aromatic,
formed in small ; ]
be purified contain hydrocarbons. “Washing
solutions may be hot or cold water or dilute
alkalies and solutions containing emulsifying
agents or detergents may also be employed.

various hydrocarbons,
-which may be

“Blowing with steam or heating in a vacuiin

ix'alwo effective in many cases. The varous
methads of regeneration may be used singly
ot in combination, simultaneously or. pro-

regeneration in many cases may

and. utilized commercially.

amounts when the gases to.

[ od
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‘wressively The products removed during the -
gressive 'y p be recovered =
:‘ ‘130
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The amount of halogen required depends,
of course, on the nature of the gas to be puri-
fied and on the percentage of metalloid com-
pounds present therein. In general, the ad-
dition of about 4% of halogen is usually
suflicient except in the cases of gases where
an excessive amount of metalloid compounds
is present. The invention, however, 1s not
limited to any particular amount of halogen

- and eovers the use of halogen in any suitable

amounts for the purpose of removing metal-
loid compounds from gases.

“The size of the halogenating apparatus,
or washers, depends in large
measure on the nature of the gas and tha
nature of the metalloid compounds present
therein, The gas speed is alsa variable and,
in general, should {)e as fast as cin be used
consistent with a sufficiently thorough re-

moval of the metalloid compounds so that

the purified gas is sufficiently pure for the
purposes for which it isintended. Inthe case
of the removal of sulfur compounds, an
analysis for sulfur in the f;ases, before and
after passing through the. ralogenation and
absorption apparatus, is the most relinble
method of determining whether the process is
operating satisfactorily. A stmilar analysis
may also be used in the case of other
metnlloids to determine the cffectiveness of
the process. .

1t should be clearly understood that the
present invention is not limited to a complete
removal of all of the metalloid compounds
present in any particular gas. On the con-
trary, in many cases, it 1s gufficient to com-
pletely remove some of the melalleid com-
pounds only or to remove all of the metalloid
compounds above a certain percentage. The
criterion i% to be fornd in the nse for which
the gas is intended and it is in general unnec-
essary to purify a gas to a greater degree of
purity than i demanded by the uses to which
the gas is to be put. The present invention
ean be used to remove almost quantitatively
certain metalloid comapounds and to substan-
tially completely remove others but it s
equally applicable to gases where o complete
removal of some ot all of the metalloid com-
pounds is not necessary and in some cases is
undesirable.

The invention will be described more par-
ticularly in the following specific examples
which are illustrations of the application of
the principles ¢f the present invention to
purticudar gases wsing pavticular modifica-
{ions of the invention. It should be clearly

_understond, however, that the invention is
not Eimited to use with the gases enumerated
in:the specific ¢xamples, nor to the particu-
lar. details of procednre therein set forth,
gince the examples are merely illustrations
of the invention and are in no sense to be
considered as limitations.

60
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Example 1

Nitrogen contaminated with traces of sul-
fur comfwuncls such s carbon disulfide and
carbonyl sulfide is thoroughly mixed with
about 4% of chlorine gas. The mixture 18
then slowly passed through an apparatus
whiere it is exposed in thin layers to the rays
of a mercury vapor lamp. The reacted gases
ave first passed through a scrubber contain-
ing lime water and then through n second
scribher containing tetralin, The gases com-
ing from the lust scrubber are cooled fo 2
very low temiperature and freed from traces
of tetralin vapor which are carried along
and finally the cold gases are passed through
a tower provided with layers of animal char-
coal; 'The nitrogen so treated is of excellent
purity.

T0

75

80

Example 2 ‘

: o - 85
Nitrogen containing hydrogen sulfide and

traces of. carhon disulfide is compressed 10

atmospheres and passed throu zh a vessel hav-

ing a chlorine proof lining and provided with

trays containing bleaching powder. The ef- gp

fluent gas may advantageously be brought

into contact with a chlorine carrier such as
aluminum oriron in order to complete the re-
action which is frequently not completed in
the bleaching powder chamber especially
where the gas speed is high. The gus, which
is still uncer a pressure of 10 atmospherés,
i= washed with a caustic soda solution and is
then practically free from sulfur.

95

Frample 3 100

Crude illuminating gas which may con-
tain hydrogen sulfide and organic sulfur
compounds is passed through 2 scrubbing
tower where it is brought into contact with 105
chlorine water trickling down through the
tower. The chlorine water is constantly cir-
culated and the losses of chlorine are re-
placed by additional chlorine gases before
the water enters the tower. Bromine water jjp
can also be nsed instead of chlorine water.
The gases coming from the scrubbing tower
are then passed throngh a tower fitled with
activated carbon which may be impregnated
either partially or wholly with copper phos- 115
phate. In large units, the absorption cham-
ber is cooled by copper coils through which
cooline water flows. The gases are then
passed through washing towers where they
are washed first with water and then with 120
caustic soda. 'The gas, after washing, is prac:,
tically free from sulfur if the number of
purifying units has been suitably chosen in
connection with the amount of sulfur im.
purities in the gas. 125

The activated carbon becomes charged
with resction compounds and can be regencr-
ated by blowing throngh steam which re-
moves tho halogenated products absorbed
in the carbon and these products may- be re- 130
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covered. In the,ﬁa.sia_:ﬁf}: or_dina.ry crude il-
_ unds

and in some cases also chlorine

f methane; ethylens and benzol.

The ¢hlorine products récovered may be com-

mar_cially utiﬁzet_i. SRR

e Ezample 4 .

Carbon dioxide . containing carbonyl sul-

are forme
derivatives of

chlorine and passed through a tower filled
with activated carbon. ~The earbon may ad-
vantageously be c&artlg 5r :wholly impreg-

chloride’or manganese chlo-
ride which act ag: carriers. .’
washed with.4 solution of sodium bicarbon-
ate yielding a final product of high purity.

Carbon dioxide containing carbonyl sulfide
is mixed with a smgll uni of chlorine gas
and passed through g tower- filled ‘with ‘ac-
tivated carbon. The,carbon. may largely: he
partly or wholly m[;:iegn ted with i
ride or manganese chioride which act as car-
riers. A mercury vapor:lamp is arranged-so
as to illuminite the interis
The ‘gas after chloriuation is washed- with-a
solution of sodium’bicérbonate ‘and yields a
final product of high ‘purity suitable for use

feemples

A mlxtumofhydrogen hpd nitrogen .VCOI'.L— )

taining §mall amouyts of organicsulfur com-
pounds is treated with ¢hlorind water which

ries dissolved copper;chloride or suspend-
ed manganese oxide in-order to increase its

effectiveness.~ The gas ma{ also be washed
with a diluted solution of -’ hypochlorite.

The.treatment with ‘chlorine water or hypo-
chlorite solution .may j_{p,‘iilirahﬁﬁg’eousl{ take
place in a r

trickle over a-su

After pass

ing absorbent :
with a caustic soda: sohition. Then the gas

is practically free from sulfur. .
' . - Eaample 7.

Crude commercial -water gas which con-
tains, among others; Jiydrogen sulfide and or-
ganic snlfur compoinds; as impurities, is
passed through a percolating tower lined

-wwith acid-resigtant stone or quartz plates and

filled with flint or ‘other s1liceous pebbles.
Chlorine water containing copper chloride is

~» used in the tower and is‘continuously recir-

culated, the chlorine lost:beinig made up by
the .addition of fresh chlorine to the water
hefore it enters the tower.  The water gas
then passes through:.a solition contaiming

water followed by washing with an alkaline

mall amount.of gaseous

“acte peutral litmus

“the form of & gel. The gel is pressed and the

-'The:gas-is then- 80

-water soluble salts

ted with iron chlo- g

inite the interior of the tower..

wishin, i'!;owar:vifliérei the solutions
_ tantially inert filling in’
- order.to expose a° greater surface to the gas.
ng through-the ¢hlorinating tow-
er, the gas is introduced into towers contain- -
carbon. and is finaily. washed

solution. The gas is then compressed to 200

atmospheres and water removed in a suib-

able tower whereupon the gas; still under bigh
pressure, is passed through the two absorp-
tion towers lined with copper and provided
with layers of a filling prepared as follows:
100 parts of water glass (40° Bé.) are di-
luted with: 1000 parts of water, and 150 parts
of carbonized sugar are stirred in and an
ammoniacal copper carbonate. solution con-
taining b parts of copper added. - -
Hydrochloric acid is then added gradually
with vigorous agitatien until the mixture re-
arid the whole solidifies in-

precipitate repeatedly washed at room tem-
perature, the washing being kept ug untit:
f are no longer noted in the-
filtrate. - The doughy substence is dried and’
‘formed inio granules with dextrin- at-a-some-
what -slevate
vated by heating to 400-500° C. in a stream
of ammonia followed by blowing with nitro-

assma through the towers éo_ntai'n--
ve described absorbent, the water

en.
After

ing the'a

as is-washed

. Exzample 8

Coal gas containing. 4£.5% 0., 38%. CO,
54:5% Hy 1%
taining about 250
theisﬁ%f"ll ‘being in the form: of inorganic or
organic sulfur compounds istreated m & per-

colating tower with’ chlorine water and then

washed with a.sodium bicarbonate solution.

The washed gas-is then

phate. Therenpon, the gas is passed through
& second tower filled with shsorbent carbon

CH, and 2% N and also con-.
grs. of sulfur; per 100-cbm:, -

70

76

85

i temperature and is then acti-'

90 .

_ ‘ith a caustic soda solution and
is then practically free from ‘sulfur.

T

100

) passed. into a tower .
filled with charcoal which may be 'pi;.r_tl{l'.ot_'
- whelly. impregnated with- aluminum phos-

105

produced . by ‘charring -substances rich in.. -

The gas is then heated'in & heat exchanger,

mixed with steam in’ excess, and passed

110

through a catalytic chamber at 500° C., the -

chamber being filled with iron oxide confact

‘masses. The earbon monoxide and steam is.
. converted into carbon dioxide and hydro

in the known way. The gas is then cooled
and washed with water under pressure to re-

_move carbon dioxide and after releasing the

pressire, the washed gas is again treated in
ncid-resistant percolating towers which are
free from iron by means of n
solution which reacts

n-

‘hypochlorite
with-the last traces of’

1ns

120

sulfur compounds. To:.remove the transfor-

mation. products, the gas is first washed with
water and then passed through an absorption

tower filled in the manner similar to that de-

seribed in Example 7. A furthier wash with-
‘ammoniacal copper oxide solution follows and -

hydro‘ggn’produced is of high purity and. ex-

cellently ‘suifed for catalytic purposes. .

125
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“directly

The transformation products of the sulfur
compotnds together with the gas constituents
which have been halog_-;ena&:egﬂ can be recov-
ered by regenerati:iz the absorbent and the
products commercially utilized.

Exzample 9

Hydrogen, produced by the reaction of
conmereial zine and commercial hydro-
chloric acid, and which contains consider-
able amounts of arsenic compounds, is passed

_through chlorine or bromine water and is

first washed with cold water and then with
caustic sodasolntion. Thehydrogen so puri-
fied is practically -free from arsemic. The
arsenic compound may be recovered by the
wash liquors. : )

Tt will be seen that the present invention

purifying gases which contain metalloids or
metalloid compounds and is applicable to a
wide range of gases, such as those produced
by the distillation of coal or carbonaceous
materials, such as wood, gas from coke, gases
resulting from the cracking of hydrocarbons
under pressure, various types of water gases,
and gases produced by chemiecal reactions.
The process may also be applied to gases in-

gerschmidt process, and to the gasses pro-
duced by the Linde process from air or by
various electrolytic processes.

A further important field .consists in vari-
ous natural gases and tail gases from the dis-
tillation of petroleum and other similar ma-
terials. Exhaust gases which have been sub-
jected to chemical treatment and have become
contaminated during the treatment may also
be treated. by the present process..

In the claims, the word “substance” is

used to cover chemical elements, their oxides,
salts, both simple and complex, and other
compounds, and the word “compound” is
limited to the combination of at least two
chemiczal elements into a single chemical in-
dividual. ' '
. The expression “active halogen” as used
in the claims is intended to be limited to
chlorine and bromine and excluded iodin
which is not active in most of the purification
processes of the present invention.

‘We claim: -

. L. A method of purifying gases contain-
ing metalloid substances and
hydrocarbon g (
the gases with active halogen in the presence
of a halogen carrier and removing the reac-
tion produets of active halogen and the metal-
loid substances to = substantial extent.
" 2. The method of purifying gases contain-
ing sulfur substances and hydrogen or hydre-
earbon - gases which comprises treating the
gases with gaseous chlorine, removing the
reaction produets of the chlorine and sulfur
substaices to a substantial extent,

roduced from coal, as by the Mes- P

" treeting the

hydrogen or
gases which comprises treating’
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3. The method of purifying gases contain-
ing metalloid substances which comprises
treating the gases with halogen and removing
at least purt of the reaction products of halo-
gen and the metalloid substances by cbilling
the treated gases. - S

4. A method of purifying gases containing
metalloid substances which comprises treat-
ing the gases with active halogen and remov-
ing part at least of the reaction products of
the halogen and metalloid . substances by
means of a high boiling organic solvent.

5. The method of purifymg gases contain-
ing sulfur substances which comprises treat-
ing the gases with balogen and removing at
least part of the reaction products of halogen
and the sulfur substances by means of tetra-
lin. ) ‘ :

6. The method of purifying gases contain-
ing metalloid substances which comprises
treating the gases with halogen and removing
at Jeast part of the reaction products of halo-
gen and the metalloid substances by means
of solvents followed by chilling. )

7. The method of purifying gases contain-
ing metalloid substances and hydrogen or
hydrocarbon gases which comprises tresting

70

73

80

83

the gases with halogen and removing ai least

art of the reaction products of halogen and
the metalloid substances by means of solvents
followed by treatment with solid absorbents.

8. The method of purifying gases contain-
ing metalloid substances.and hydrogen or
hydrocarbon gases which comprises’ treating
the gases Wit-Fl halogen in the presence of 2
combined halogen carrier and a solid absorb-
ent. )

9. The method of purifying gases contain-

ing sulfur substances and hydrogen or hydro-

carbon gases which comprises treating the
ases with halogen in the presence of a com-

ﬁined halogen carrier and solid absorbent.

10. The methed of purifying gases contain-
ing metalloid substances which comprises
mases with halogen in the pres-
ence of a combined halogen carvier and solidl
absorbent followed by treatment with a sol-
vent for the reaction products of halogen-with
the metalloid substances.

11. The method of purifying gases contain-
ing sulfur substances which comprises treat-
ing the gases with halogen in the presence of
a combined halogen carrier and solid absorb-
ent followed by treatment with a solvent
for the reaction products of halogen with
the sulfur snbstances, )

12. A method of purifying sases countain-
ing mixtures of liydrogen, carbon monoxide
and sulfur substances which comprises treat-
ing the gases with small amounts of gaseous
active halogen amd removing the reaction
products of the halogen and the sulfur sub-
stunces to a substantial extent.

13. A method of purifying gases contain-

ing metalloid substances which comprises
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treating the gases with active chlorine and
removing part at least of the reaction prod-
ucts of the chlorine and metalleid substanees
by means of a high boiling organic solvent.
s Signed at St. Louis, Missouri, this 24th day
of August, 1925. .
ALPHONS 0. JAEGER.
JOHANN A. BERTSCH.
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