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_ This .invention,relates__,to the electrolysis. of hydrogen 
sul?de .tq formfree, hydrogen and certain valuablesulfur 
products and particularly tetheremoval of-;-hydrogen 
sul?de from a hydrogensul?de-hydrocarbon gas mixture 
by electrolysis with the formation of free hydrogen and 
such sulfur products. . _ ' - ’ 

Hydrogen sul?de is present as a contaminant in many 
valuable ?uids. For example, in the petroleum industry, 
hydrogen sul?de is a commonly ‘found contaminant in 
production fluids such as oil and gas and in processing 
and product streams attendant to the re?ning of such pro 
duction ?uids. Perhaps the most troublesome occurrence 
of hydrogen sul?de is its presence in gaseous hydrocar 
bon mixtures produces from subterranean formations, 
either separately or concomitantly with liquid petroleum. 
Such gaseous hydrocarbon mixtures, commonly termed 
“natural gas,” areusually comprised predominantly of 
methane and ethane with trace amounts of'higher hydro 
carbon vapors such as propane, butane, pentane, etc. In 
addition to hydrocarbons and hydrogen sul?de, natural 
gas often contains carbon dioxide which may range up 
to about 30 percent or even higher of the total gas volume. 

‘ Because of its corrosive nature and for ‘various other 
Well-known reasons, it usually is necessary or at least 
preferable to remove hydrogen sul?de when it occurs in 
admixture with hydrocarbons. Also, where a market ex 
ists for certain materials of which hydrogen sul?de is a 
precursor, it usually will be advantageous for economic 
reasons to obtain, if possible, such materials as byprod 
ucts of the hydrogen sul?de-hydrocarbon gas separation 
process. . 

In accordance with the instant ‘invention, there is pro 
vided‘a new and improved method and apparatus for the 
formation of free hydrogen and certain valuable sulfur 
products by electrolysis of hydrogen sul?de. In a preferred 
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embodiment of ‘the instant invention, these materials are ' 
obtained as byproducts of a novel process of separating 
hydrogen sul?de from a hydrocarbon gas mixture by 
electrolysis. ' 

I The instant invention utilizes an electrolysis cell having 
anvelectrolyte therein and an anode and a cathode in. con 
tact with'the electrolyte and connected to an external 
source of electric power. In carrying out the invention, a 
hydrogen sul?de-hydrocarbon gas mixture is introduced 
into the electrolysis cell and into contact with the elec 
trolyte and the anode. Anfexternally generated electric 
current is passed through the electrolyte between the an 
ode and cathode in order to electrolytically oxidize sul?de 
ions at the anode to a sulfur oxidation product of the 
sul?de ions. At the same time, the passage of the electric 
current results in the electrolytic reduction of hydrogen 
ions to free hydrogen at the cathode. The sulfur product 
then is withdrawn from the electrolysis cell. The hydro 
carbon gas, which is unaffected by the electrolysis reac 
tion at the anode, is withdrawn from the electrolysis cell 
separately from the sulfur product. The hydrogen gas 
produced by the cathode reaction also is withdrawn from 
the cell. ' ' ' ‘ ' 
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" In one form of the invention, certain-polysul?destlas 
well as free hydrogen may be produced by the electrolysis 
of hydrogen sul?de. In this aspect of the'iinve'ntionfhy 
drogen sul?de is contacted'with a-basic cation-furnishing 
electrolyte in order to neutralize at least a portion‘of the 
hydrogen sul?de and form a basic solution of sul?de’ ions. 
Theresulting solution is subjected “to electrolysis in a’c'ell 
ofthe type described above by passing an‘externally’gen 
erated electric current through the solution. Sul?deions 
at the anode are electrolytically oxidized to disul?de ions, 
and hydrogen'ions at the cathode are electrolytically re 
duced to free hydrogen, the free ‘hydrogen beingfwith 
drawn from the cell. The mixture of sul?de and dis'ul?de 
ions resulting from the primary oxidation of sul?de ions 
is subjected to further electrolytic oxidation 'to=form"tri 
su?de' ions. The mixture of sul?de and trisul?de ions re 
sulting from this step is further oxidized to'tetrasul?de 
ions. The resultant solution of polysul?des of the cation 
furnished by the electrolyte is withdrawn from the elec 
trolysis cell. The formation of the polysul?de ions re 
quires an electrolyte of a relatively high pH. Therefore, 
in a preferred embodiment of the invention, basic elec 
trolyte is added to the electrolysis cell at a rate su?icient 
to maintain the pH of the electrolyte at a level su?i 
ciently high to permit the formation of tetrasul?de ions. 
The process of the instant invention may be carried 

out to produce a sulfur product comprising free sulfur, 
certain polysul?des, or mixtures thereof. Regardless of 
the sulfur species desired, it has been found that a ten 
dency exists for some free ‘sulfur to be formed in the 
electrolyte and deposited on the anode. Such sulur de-' 
position will lead to concentration polarization of the 
anode which ultimately will render the process ineffective 
or at least impractical. Therefore, in a preferred embodi 
ment of the invention, deposition of ‘free sulfur on the 
anode is restricted by introducing into the electrolysis cell 
and into contact with the anode a solvent for free sulfur. 
Preferably, the solvent is introduced at a temperature 
lower than its boiling point while maintaining the anode 
at a temperature at least as great ‘as the boiling point of 
the solvent so that the solvent is vaporized from the 
anode. 
For a better understanding of the instant invention, 

reference may be had to the following detailed descrip— 
tion and the accompanying drawing which is an illustra 
tion partly in section of a system for carrying out the 
present invention. 
With reference to the drawing, there is shown an elec 

trolysis cell 10 which is comprised of an outer ?uidtight 
shell or container 11 having top closure plate 11a. Con-' 
tainer 11 is divided into an anode compartment 12 and 
a cathode compartment 14 by a suitable diffusion barrier 
15 and a gas impermeable baffle 16. Diffusion barrier 15, 
which will be described in detail hereinafter, restricts, i.e., 
impedes or completely prevents, the diffusion of ?uid 
from one electrode compartment to the other while per 
mitting at least some ionic transference. 

Disposed in compartment 12 is an anode 17 comprising 
a porous and permeable cylindrical member 18 having 
an inner passage 19. Anode member 18 is supported on 
a tube 21 formed of a suitable electrically conductive 
material ‘such as steel which extends exteriorly of the 
electrolysis cell through an insulator 22 of rubber or_ 
other suitable dielectric material. Electrode tube 21 is 
connected to an inlet pipe 23 by means of a nonconduc 
tive collar 24 formed of a suitable dielectric such as 
plastic. Disposed in compartment 14 is a cathode 25~ 
which extends exteriorly of the cell through an insulator 
26. The anode and cathode are connected to the positive 
and negative poles, respectively, of a suitable direct cur 
rent source 28. The direct current source may take the 
form of a battery, as shown, or may comprise other suit 



fable‘- t'a‘neans such as a DC ‘generator or recti?ed alternating 
current. . ., . . . .. 

The anode member 18 preferably is a porous cylin 
drical body of the type shown, that is, one having a 
,central; passageway whichxopens at;one end thereof to 
provide .for the introduction of gas into the passage .so 
that .it_ diffuses laterally through the wall of- the anode 
rnembeuIt, will ‘be. understood, however,.that the anode 
member .may take. variousrshapes including such as ‘pro 
vided-;for by- spaced discs or plates. For example, the 
anodearnembermay be formed of two spaced permeable 
plates-extending transversely of they anode ‘compartment 
such that gas-introduced into the area between the plates 
diffuses-laterally through the plates. While an" anode of 
the ?ow-through type, i.e.,,one having a permeable mem 
berthrough which the injected gas diffuses, is preferred, 
it willvbe recognized that the anode may be formed 'of a 
single plate in .whichcase the injected gas merely :flows 
along-the surfaces of the- plate or -is ‘dissolved in the 
electrolyte and then carried to the anode by the solution. 
v~,_-The~anode member 18 may be formed of any-suitable 
material. Porous carbon is‘a preferred materiaL-although 
thevanode may be formed‘ of other structures such as 
screens, gauzes, and the like of materials such as titanium, 
nickel, stainless ‘steel, etc. The anode member 18 may 
have disposed on or impregnated therein a suitable cata 
lyst such as platinum. 
The cathode 25 is shown as comprising a single plate, 

although it will be recognized that numerous other elec 
trode structures may be employed. For example, the 
cathode may comprise a porous structure or a plate hav 
ing numerous ?ns extending laterally thereof in order to 
increase the surface area thereof. The cathode maybe 
formed of any materials such as those noted above with 
regard to the anode. Also, it will be recognized that the 
cathode may be provided with a suitable catalyst such as 
platinum for the electrolytic reduction reaction. 

' The electrolysis cell is provided with an electrolyte 30 
in contact with the anode and cathode. In most cases, the 
electrolyte in anode compartment 12 (the anolyte) and 
the electrolyte in cathode compartment 14 (the catholyte) 
Will be the same. However, different electrolytes may 'be 
used. For example, the anolyte may bean aqueous solu-' 
tion of sodium hydroxide and the catholyte an aqueous 
‘solution of ammonium carbonate, or vice versa. 
The anolyte is maintained at a level above the upper 

most;point of egress of gas from the anode member 18 
such that all of the gas diffusing therethrough contacts 
and passes through the electrolyte. This is accomplished 
most expeditiously by maintaining the top of the anolyte 
well above the top of the permeable anode member 18, 
as shown. Also, electrolyte is maintained above the bot 
tom of baf?e 16, thus preventing direct gaseous communi 
cation ‘between compartments 12 and 14. 
The operation of the electrolysis cell and the attendant 

system‘ is as follows. A hydrogen sul?de-hydrocarbon 
gas mixture is conducted from a suitable source such 
as a gas-oil separator (not shown) through line 23, 
collar 24, and tube 21 into the porous anode member’ 
18. The hydrogen sul?de-hydrocarbon gas mixture ?ows 
into the passageway 19 of the anode member and dif 
fuses through the porous walls thereof into the electrolyte 
30. As the gas mixture diffuses through the anode, a 
three-phase contact zone is formed which comprises the 
anode surfaces, the adjacent electrolyte, and the gas 
itself. As the hydrogen sul?de contacts the electrolyte, 
it becomes ionized to form a solution of hydrogen andv 
sul?de ions in the electrolyte. Sul?de ions are electro 
lytically oxidized to a sulfur oxidation product of the 
sul?de ions which may include free sulfur and/ or one or 
more ionic sulfur species, as described in detail herein 
after, and hydrogen ions are electrolytically reduced at 
the cathode to form free hydro-gen. The sulfur product 
is withdawn from the anode compartment of the cell 
through an outlet 31 and free hydrogen gas is withdrawn 

520, 
‘ from'the cathode‘ compartment through an outlet 32. 
~ "The cathode ‘compartment alsov is" provided'with"arsuit 
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able inlet line 33, for the introduction of such make-up 
catholyte as may be necessary. The hydrocarbon gases 
in the mixture pass upwardly through the anolyte and 
are withdrawn from the‘anode‘compartment through a 
second fofutle't'ca therein‘. ,tiv'vLiIt‘tge anuerstoéd' thatfas 
Hat?’e 16 "extends transversely of]; e‘ sp'acei aboye‘fejlectro 
1yte30” intermingling ofthe, hydroizarbén ‘asamlhrdra 
gen'will not occur..." Qt; ' ' ' i 
The anode'ereactiong‘awd therefore the, nature; of’ the 

sul?de oxidation, IPllOdllGttiOiIHltid, depends upon <the type 
of electrolyte used. In the broadest aspect‘ of the'inven 
tion, the electrolyte'may'v be‘eithe'r ah'acid such as one 
molar sulfuric or hydrochloric acid or a, base. While the 
use of vaiifacid‘ electrolyte would in theory'requii'e a minis 
mum decomposition potentiaL'it appears“ lead to severe 
activation polarization of the anode. In addition, the only 
sulfur ‘oxidation product obtainable'by electrolysis'ofhy 
drogensul?de in air acid _’ lectrolyte' is free s'ulfur'as‘indi'i 
cated by the'anodereacti'on: ‘ _ I " 

H2$—>$‘?+2H++2e- I (1). 

Free hydrogen is formed at the cathode by the- electro-' 
lytic reduction of hydrogen ions as indicated by 2the 
cathode reaction: - . 

2H++2e-—>H2 ’ (2) 

WithKthe use of a basicelectrolyte, on‘ the other hand, 
a wider selection of sulfur products mayv be obtained and 
the anode is not subject tothe severe activation polariza-Iv 
tion which is encountered with the use of an ‘acid- elec 
trolyte. As a practical matter, therefore, and, in.the pre-, 
ferred?embodiment of the invention, a basic electrolyte is 
used. . , . - . ~ , > 

Suitable basic electrolytes for carrying out the present 
invention’ include aqueous solutions of compounds such 
as sodium sul?de, sodium carbonate, sodium phosphate, 
sodium mono- or di-hydrogen phosphate, sodium hy 
droxide, sodium bicarbonate, sodium bisul?de, and the’ 
like. Ammonium or potassium compounds corresponding 
to the foregoingvsodium compounds are also of value. 
While numerous other basic electrolytes may ‘be used, 
either aqueous or nonaqueous, it usually will be pre 
ferred to use electrolytes which furnish sodium, potas 
sium, or ammonium ions, since it usually will be desired. 
to form polysul?des of these cations. It is preferred to. 
utilize an aqueous solution of a hydroxide with the cation; 
being selected from the class consisting of sodium, potas 
sium, and ammonium ions. _ 1 v _ I . 

A number of products maygbe recovered at the anode, 
depending upon the alkalinity of the electrolyte. With 
an electrolyte of relatively-low alkalinity, e.g., a pH. onv 
the order ‘of 7.5 to 8, free sulfur is produced at the. 
anode. In this case, hydrogen sul?de is ionized. in the 
basic electrolyte to form bisul?de ions according to the 
following reaction: 

The bisul?de ions are’ in turn electrolytically oxidized to 
free sulfur, the anode reaction being: , ' 

above and/or by thereduction of water according to the 
following reaction: _ ' p ' ' 

2‘>H20+2e—->H2+2oH~ 

cathode. When it follows reaction (5), the current flow 
will be by migration of hydroxide ions to the anode._ l, l 

(3) 

(4) ‘ 

Free hydrogen is formed at the cathode by reaction (2')] 

(5) 
Reaction ‘(5) will likely predominate, but in either case I 
the cathode reaction'is the electrolytic reduction of hyl 
drogen ions to free hydrogen and willv tendto balance the-v 
oxidation reaction at the anode. When reduction at the' 
cathode'follows reaction (2), the ionic current ?ow 'in' 
the-cell will be by the migration of hydrogen ions to the I 
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_. ‘When,’ as in the case of electrolysis» of -hydrogen;sul-?de 
in a mildly alkaline electrolyte, free sulfurvisqformedp as 
a product,‘ it is likely that the j?nely divided precipitated 
sulfur'may enter the pores'of the porous anode member 
18, causingan increase in anode polarization and an’ in 
creasein the resistance across the anode-electrolyte inter 
faceaIn orderto restrict such depositiomand in accord 
ancewith a-preferred embodiment ofthe instant invenff 
tion, a solvent for free sulfur is introduced into the elec 
trolysis celljandinto'contact with theanode. . _ , . 

' .With; reference .to the drawing, this. leaching of the 
anode; surfaces with the-‘sulfur solvent maybe accom~ 
plished inthe followingfmanner. The incoming stream 
in line 23~-is diverted to.‘ asolvent reservoirs-3,6.by C1081‘ 
ing, or. partially closing a valve 38 in line 23 andopening~ 
auvalvei??in a bypass line 40.1eading to the reservoir. 
Reservoirf'36 contains a suitable. solvent for-freersulfur. 
such-,asl benzene; As the gas stream~.?ows through reser 
voir.u36',- it:- picksuup-the benzene or other solvent :and‘ 
forms an-aerated mixture of gas and benzene, the benzene’ 
being: ‘incthe ‘v form of dispersed, liquid-phase. droplets 
which'may have .some- hydrogen . sul?de and‘ hydrocarbon 
di'ssolved'th'erein; The resulting mixture leaves reservoir 
36 and ?ows through a line 41 to a heater-43 where it is 
heated‘ to‘. a temperature less than the boiling-point of 
the solvent. Thereafter, the mixture flows through a line 
45 and‘an opened valve 46 therein into inlet line 23 and 
tube 21 and thence into the passage 19 of anode mem 
ber 18. ' ' 

' The anode and the‘ electrolyte adjacent. thereto are 
maintained at a temperature at least as great as the boil 
ing 'p'oint'of the solvent but suitable temperature control 
means.’ As shown in the drawing, this temperature con 
trol means‘. preferably takes the form of a heat ex? 
changer 47 immersed in the electrolyte near the anode.‘ 
Heat "exchanger 47~may ‘be. simply a conventional elec 
tric‘ heater provided with suitable thermostatic means 
(hot shown) for automatically regulating the tempera 
ture. It'will beunderstood, however, that other tempera 
ture control means could be‘used. .For. example, the‘ 
temperature'of- the anolyt'erand anode could be regulated 
by continuously introducing anolyte at a desired tem-' 
perature into the anode compartment. > ~ . 

‘As thevgas-solvent mixture enters the pores of anode. 
member ‘18. and ‘diffuses therethrough, the solvent is 
vaporizedib'y the‘ heat of the anode vand boils‘ off from 
the outer-surfaces thereof into the adjacent electrolyte, 
concomitantly‘retardingv the deposition of sulfur on the‘ 
anode and removing any sulfur so deposited. The solvent 
islruna'ffected by ‘the electrochemical oxidation reaction 
at .the anode. However, any (hydrogen sul?de which ‘may " 
have ‘been entrained in the liquid solvent is evolved 
therefrom and undergoes electrochemical“oxidation‘ as 
the solvent vaporizes. The free sulfur dissolves in the 
electrolyte or precipitates out, depending upon the satu 
ration of the electrolyte, and the solvent vapors thus 
free of sulfur bubble up through the anolyte and are 
withdrawn with the hydrocarbon. gas from 'the anode 
compartment through outlet line 34. With a valve 48' 
in line 34 closed, the hydrocarbon gas-solvent effluent 
is‘ diverted through a line 50 and an opened valve 51 
therein to a gas-solvent separation chamber 53. The sol- ‘ 
vent is separated from the gas as by cooling and conden-> 
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sation 5and~the condensed solvent is recirculated-through ‘ 
a line 55 an'd'an opened valve 56 therein to the-solvent 
reservoir 36. Such make-up solvent as may be necessary‘ 
is introduced into the reservoir by way of a-iline 57. The 
gaseouse?iuent from separator 53 is passed through a 2 
line-58‘ and an opened valve 59 therein into line- 34. In’ 
the unlikely vevent any free sulfur iscntrained in the 
e?iuent withdrawn from the anode compartment, such . 
sulfur may be separated from the gaseous solvent and 
hydrocarbons, for example,.by ?ltration, prior to con 
densation of‘ the solvent.. . 
.As. noted above, the. anode is maintained. at a. temper“ 
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6 
atureI at least equal ‘to; the boiling point of the ‘solvent. 
Preferably, the temperature of the anode will be main 
tained at a temperature higher than the boiling point-of 
the solvent in order to insure rapid and relatively com'é 
plete vaporization of the solvent asrit leaves theanode, 
Where benzene, having- a boiling pointfof about- 80° 'C., 
is ,utilized as a solvent,‘ the anode and the_.adjacentelec-v 
,trolyte may be maintained at- a temperature 1.Qf.- about 
85°C. ~ r<~ >; ' 

Asinoted previously, the instant invention, may .be 
carriedout to: produce. polysul?des. Inthis'form ofthe 
invention, a strongly alkaline electroylte, e.g., one hav, 
ing a; pH on; the order of. 1-4, is used.- In this case,_.a feed’ 
gas comprising-hydrogengsul?de is ,introduceed'into the 
electrolysis cell in the 'manner described beforehand. The 
hydrogen sul?de is neutralized in the stronglyxalkaline 
electrolyte to , form 'a basic. solution-‘of I sul?de vionswhich 
are electrolytically oxidizedby the..passage gofygcurrenta 
through .the electrolyte to dispul?de, ions. The mixture-3f‘ 
disul?de ions ,and sul?de ions. resultingvfrorn-the ,above 
oxidation stepvand the continuous-introduction‘ ‘‘of hydro‘. 
gen sul?de may -.be further electrolytically oxidized to 
form trisul?de ions which may in turn be oxidized to 
form ‘tetrasul?de ions; In addition, free sulfur formed 
at the anode will dissolve in the solution to form poly 
sul?des. Depending upon the residence time of the an 
ionic sulfur species in the cell and upon the current ?ow 
ing through the anode, electrolytic oxidation at the anode 
may be carried out to produce disul?de, trisul?de, or 
tetrasul?de ions, or mixtures thereof, or even free sul 
fur. Also, in some instances as, for example, where the 
anolyte comprises a potassium compound, the product 
formed at the anode may include pentasul?de ions. Gen 
erally, an increase in the residence time of the ions within 

vthe cell or an increase in current density will tend to; 
produce a predominant amount of the higher‘polysul 
?des and ultimately free sulfur. The cathode reaction 
in any case will be the reduction of'hydrogen ions to' 
free hydrogen as indicated by reactions (2) and/or 
(75) and the hydrogen will be withdrawn through outlet 

32. > a ' ' - - Y The degree of oxidation permitted to take place at the 

anode will of course depend upon the desired sulfur 
product. One valuable product obtainable by the process 
of the present invention is sodium tetrasul?de; In the pro 
duction of this material, a preferred electrolyte is an 
aqueous sodium hydroxide solution having'a molar con‘ 
centration in the range of 1 to 10 and maintained at a 
pH of about 14 or greater. By Way of illustration, the 
reactions at the anode attendant to the production of'so-j 
dium tetrasul?de by the'electrolysis of hydrogen sul?de 
in an aqueous sodium hydroxide solution are as follows:' 

In reactions (8) and (9) the sodium sul?de reactant is 
the result of the neutralization (as indicated by reaction 
(6)) of the continuously introduced hydrogen sul?de. 

. Reactions (7), (8), and (9) are sequential in the sense 
that one will not proceed until the sul?de or polysul?de 
reactants are available as the result of the previous re-v 
actions. However, it will be recognized that in the actual‘ 
operation of the process‘various reactions will occur 
simultaneously. For example, while reaction (9) is tak 
ing place, neutralized sul?de ions will be undergoing elec 
trolytic oxidation in accordance with reaction (7). 

In addition to the reactions noted above, free sulfur I 
will be formed in the anolyte. For example, some bisul-' 
?de ions may be formed, some of which may in turn be 
oxidized to free sulfur in accordance with reaction (4). 
Also, free sulfur may result directly from the electrolytic ‘ 
oxidation of some sul?de ions. Unless the anolyte is satu 
rated, the free sulfur will tend to dissolve therein to ‘form_ 
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polysul?des. For example, free sulfur will dissolve in a 
sodium sul?de vsolution to form sodium polysul?des 
which in turn may be converted to higher polysul?des by 
further combination with additional free sulfur or by 
electrolytic oxidation. - ~ 

In the utilization of the instant invention to produce 
sodium tetrasul?de (or otherpolysul?des), the process 
preferably is carried out as a continuous operation. That 
is, anolyte containing the desired polysul?de is with 
drawn through line 31 while at the same time hydrogen 
sul?de feed is'introduced through tube 21 and make-up 
sodium hydroxide‘ (or other cation-furnishing electro 
lyte) is introduced through an inlet line 64. The make-up 
electrolyte will be introduced in a concentration and at 
a rate su?icient to maintain the pH of the anolyte at the 
desired level. - 

‘As noted above, the particular sulfur product formed 
will depend upon the residence time of the oxidized sul 
?de products in the anode compartment and the current 
density at the anode as well as of course the rate of hy 
drogen sul?de feed to the cell. The desired product can 
be obtained by testing-the e?luent from line 31 and 
adjusting one or more of the above factors accordingly. 
For example, should a test of the anolyte withdrawn 
show a predominance of sul?des, disul?des, and trisul 
?des with only a small amount of tetrasul?de, the resi 
dence time in the cell can be increased (while holding the 
current density and hydrogen sul?de feed constant) in 
order to obtain a greater proportion of the higher poly 
sul?des. The residence time can be increased simply by 
decreasing the rate of withdrawal through line 31 and 
correspondingly decreasing the input of electrolyte 
through line 64 in order to achieve a balance with with 
drawal and maintain a relatively constant amount of elec 
trolyte in the anode compartment. Alternatively, the cur 
rent density at the anode can be increased or the rate of 
hydrogen sul?de feed to the anode decreased while hold 
ing the residence time unchanged. 
The embodiment of the instant invention utilizing a 

strongly alkaline electrolyte may be carried out to form 
free sulfur in the electrolysis cell. This may be accom 
plished by increasing the residence time in the cell past 
the point at which the predominant product is a tetrasul 
?de. The sulfur thus formed initially will dissolve in the 
anolyte to form polysul?des as indicated above, but as 
the anolyte becomes saturated, sulfur will begin to pre 
cipitate out of the solution. The precipitated sulfur may 
be recovered through line 31 as is the case with the other 
sulfur products produced in accordance with the instant 
invention. ' 

Regardless of the product desired, in carrying out the 
invention with a strongly alkaline electrolyte it is likely 
that some sulfur will form and tend to be deposited on 
the anode. Therefore, in accordance with this embodi 
ment of the invention, as will as where a relatively weak 
base is used, the invention preferably is carried out uti 
lizing solvent extraction at the anode as described above. 
To summarize brie?y, the nature of the sulfur product 

will depend upon the basicity or acidity of the anolyte. 
In an electrolyte that is an acid or a relatively weak base, 
the product will be free sulfur while in a strongly alka 
line electrolyte the product will comprise free sulfur or 
certain polysul?des, or mixtures thereof. It is preferred 
in carrying out the invention to utilize a basic electrolyte 
in view of the above-noted disadvantages attendant to 
the use of an acid. 

In the production of free sulfur, the electrolyte pref 
erably will be at a pH in the range of about 7.5 to 8 with 
a pH of about 7.7 being particularly preferred, it having 
been found that operations at this value give very good 
results. However, the production of free sulfur by the 
electrolytic oxidation of bisul?de ions may be carried out 
in a basic electrolyte having a pH up to about 12. It will 
be recognized that as the pH of the electrolyte approaches 
12, there will be an increasing tendency toward the pro 
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8 
duction of polysul?des in accordance with reactions (6), 
(7): and ' ' ' 

In order to form polysul?des, the process of the instant 
invention is carried out in an electrolyte having a pH pref 
erably of 14 or greater and, in any case, at least greater 
than 12. ‘ 4 . 

As noted previously, free sulfur can be formed by utiliz 
ing a strongly alkaline electrolyte. However, this embodi 
ment of the invention cannot as a practical :matter tol 
erate feedstreams having material amounts, i.e., greater 
than about two percent, of carbon dioxide therein since 
the carbon dioxide makes it di?icult to maintain the‘ pH 
of the electrolyte at the desired level. Therefore, when 
the feedstream contains appreciable carbon dioxide, as is 
many times the case with natural gas, the instant inven 
tion preferably will be carried out in the lower pH range 
with the predominant byproduct being free sulfur. 

In instances where the feedstream contains little or 
no carbon dioxide, free sulfur can be obtained by carry 
ing out the invention utilizing a strongly alkaline elec 
trolyte to form polysul?de in the anode compartment, 
withdrawing the polysul?de from the cell, and decompos 
ing it to obtain a product including free sulfur. In this 
embodiment of the invention, an ammonium compound 
such as an aqueous solution of ammonium hydroxide is 
used as the anolyte and the residence time in the cell is 
controlled to produce a product comprised predominantly. 
of ammonium polysul?de and including as little free sul 
fur as practical. The product then is withdrawn from the 
cell and ‘heated in order to decompose the ammonium 
polysul?de to form free sulfur. This embodiment of the 
invention offers the advantage of keeping the formation 
of free sulfur within the cell at a minimum, thus lessen 
ing the tendency toward polarization of the anode due to 
deposition of sulfur thereon. 
The ef?uent from anode compartment 12 is passed 

through line 31 to a suitable separation system 70. Re 
gardless of the particular material or materials desired 
as a byproduct of the electrolysis process, the effluent 
through line 31 will in all likelihood contain some free 
sulfur. Therefore, as a ?rst step in the separation process, 
the anolyte withdrawn from the anode compartment is 
passed to a suitable sulfur-separation zone 72. Separation 
zone 72 may conveniently comprise a ?ltration chamber. 
The sulfur is ?ltered out of the withdrawn anolyte and 
dispensed through line 74 to a suitable terminal zone (not 
shown) and the ?ltrate is withdrawn through line 76. If 
the sulfur thus separated is the only desired product, the 
?uid in line 76 may be recycled to the anode compartment 
through a line 78, an opened valve 79 therein, and line 
64. Where a soluble sulfur product such as sodium tetra 
sul?de is desired, the anolyte may be passed to a suitable 
terminal station (not shown) by closing valve 79 and 
opening a valve 81 in line 76. a - . 

In the above-described embodiment of the invention in 
which free sulfur is formed from ammonium polysul?de, 
the ?ltrate from chamber 72 is passed through a line 84 
and an opened valve 86 therein (valves 79 and 81 being 
closed) to a suitable heating zone 88. In zone 88, the 
withdrawn anolyte containing ammonium polysul?de is 
heated to a temperature sufficient to decompose the poly- . 
sul?des and precipitate sulfur and evolve hydrogen sul~ 
?de and ammonia. The sulfur is Withdrawn from zone 88 
through line 90. The ammonia and hydrogen sul?de are 
withdrawn through line 92 and may be passed to inlet line 
23 as shown. 1 . i 

As noted previously, the diffusion barrier 15 restricts 
the diffusion of ?uid from one electrode compartment to 
the other. While such a barrier is not strictly a necessity 
and the invention may be carried out without a ditfusion 
barrier separating the anolyte and catholyte, one usually 
will be preferred since it tends to prevent the intermingling 
of the anolyte with the catholyte with the resulting migra- ' 
tion of sul?de and polysul?de ions to a location remote= 
from the anode. As such, the diffusion barrier may take a 
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number ,of, forms. Thedilfusion barrier may be comprised 
of; aye tionel .caticngselective membrane. .Whi.¢h.per— 
mitsrlllestr-ansferenceof cations therethroughbut restricts 
saslitramfsrense .of anions .ssugh a membrane. may be 
formed froma cation- exchange resin bypastingthe resin 
into the form of a sheet or membraneorpy incorporating 
granules of the,._resin_ in amatrix comprisinga binder such 
as polyethylene. The cation ’exchange__i.membrane may 
hav .\,a .permselec.tivity;._o_f ;ab0ut;0.9 and a__.condi1ctivity,of 

'ed .that. these yalu'es'are inns-l, 

In addition to cation exchange membranes, the; id-iwfr-t 
fusion barrier 15 maygbesjformed-nfan electrically neutral 
member having, a LrelativelyE low permeability which im 
pedes the diffusion 'o‘fy?uid' fro'in'oneco'rnpartment to_ an 
o‘?liérk'tlnemo's‘tiinstances, a 'nonsel’e‘ctive inembranefwill'db’e 
pi‘efeE-i‘ed, iparticularly ini those-cases ‘where theLp‘redomi 
naift cathode'i-reaction is reaction1(5)i By way of iillus'ti'a 
sea‘, the barriermay. be formed of an electrically-neutral 
porous’carbon'iplate .of relatively low permeability which 
allows without'selectivity theumigratlion of anions and ‘cat 
ions therethrou'gh' under‘the in?uence of-th‘e electricalbias: 
produced at the anode andcathodebut-which prevents or 
at least strongly impedes ?uid movement between the 
anode and cathode compartments. The term “diffusion bar 
rier” as used herein and in the appended claims therefore 
designates a barrier which extends transversely of the elec 
trolysis cell between the anode .and cathode and restricts, 
i.e., prevents or at least impedes, diffusion of electrolyte 
from one electrode compartment to the other while per 
mitting at least some ionic transference. 
Having described speci?c embodiments of the instant 

invention, it will be understood that further modi?ca 
tions thereof may be suggested to those skilled in the art, 
and it is intended to cover all such ‘modi?cations as fall 
within the scope of the appended claims. 
What is claimed is: 
1. In the removal of hydrogen sul?de from a hydrogen 

sul?de-hydrocarbon gas mixture with the formation of 
sulfur product and free hydrogen by electrolysis in an 
electrolysis cell having an electrolyte therein and an anode 
and a cathode in contact with said electrolyte and con 
nected to an external source of electric power, the method 
of: 

(a) introducing a hydrogen sul?de-hydrocarbon gas 
mixture into said electrolysis cell and into contact 
with said electrolyte and said anode; 

(b) passing an externally generated electric current 
through said electrolyte between said anode and said 
cathode to electrolytically oxidize at said anode sul 
?de ions to a sulfur oxidation product of said sul?de 
ions and electrolytically reduce at said cathode hy 
drogen ions to free hydrogen; 

(c) separately withdrawing said hydrocarbon gas and 
at least a portion of said sulfur product from said 
electrolysis cell; and 

(d) withdrawing said hydrogen gas from said elec 
trolysis cell. 

2. The method of claim 1 wherein said sulfur product 
includes free sulfur which tends to deposit on said anode 
and further comprising introducing into said electrolysis 
cell and into contact with said anode a solvent for free 
sulfur whereby deposition of free sulfur is restricted. 

3. In the removal of hydrogen sul?de from a hydrogen 
sul?de-hydrocarbon gas mixture with the formation of 
sulfur product and free hydrogen by electrolysis in an 
electrolysis cell having a basic electrolyte therein and an 
anode and a cathode in contact with said electrolyte and 
connected to an external source of electric power, said 
anode including a gas-permeable member, the method of: 

(a) introducing a hydrogen sul?de-hydrocarbon gas 
mixture into said permeable member and diffusing 
said mixture through said permeable member and 
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,said electrolyte a. solvent for fre 
" tion of free sulfur is restricted. 

10 
, _,,~i‘n,tot contactwith said-electrolyte wherebyifia basic 

.- .. S0lutionpf SumQQiQnSiS-fqrmed atsaidanodem .- (b). passing .an; iexternally -_genera_tec_lv electric. current 

through said electrolyte between said anode andsaid 
cathode to electrolytically oxidize vqatesaid anodeisul 
?de ions to a sulfur oxidation product of saidsul?de 
ions: and. ‘electrolytically;greducefat saidgcathodethy 
drogenionstoyfree hydrQgen;:-. =- . < f 

‘1 '(c) separately .withdrawing hydrocarbon gas and‘eeleci 
1 trolyte. containing‘ .apsulfu? product- -.:from.-:said¢ elec-v 

~(d.) withdrawing-hydrogen gasfrom said-electrolysis; 
....:ce1l.=and= -~ _ (e) Simultaneously:withsteps (20,161))», (g); 

introducing , basic. electrolyte into. (said electrolysis 
‘cells-515,»: -' ‘ ‘ ' a _ 

. 4:~_,'l?he.,r_n1 

introdueedat a rate .su?icient, to‘maintainthe ‘level of the 
electrolyte adjacent said anode above the uppermostipoint 
of-egress ,of: said mixturefrom saidzpermeable member. 

5...Ther_method ;of;claim '3‘ wherein said -;s__ulfur3 product 
includes, free, sulfur , which tends to, deposit ;on-» ‘said .- per 
meableimember and further comprising ‘introducing into 
said permeable. member and, diffusing therethroughinto 

e sulfur whereby deposi 

‘6. The method of claim 5 wherein ‘said solvent is in 
troduced into said permeable member at a temperature 
lower than its boiling point and said permeable member 
is maintained at a temperature at least as great as the boil 
ing point of said solvent whereby said solvent is vapor 
ized from said anode. 

7. The method of claim 3 wherein said electrolyte is 
an aqueous solution of a base having a cation selected 
from the class consisting of sodium, potassium, and am 
monium ions. 

8. The method of claim 7 wherein said 
droxide. 

9. In the formation of sulfur products and free hydro 
gen by electrolysis of hydrogen sul?de, the method of: 

(a) contacting hydrogen sul?de with a basic, cation 
furnishing electrolyte to neutralize at least a portion 
of said hydrogen sul?de and form a basic solution of 
sul?de ions; 

(b) in an electrolysis cell having a cathode and an 
anode therein, passing an externally generated elec 
tric current through said solution between said cath 
ode and anode to electrolytically oxidize at said 
anode a portion of said sul?de ions to disul?de ions 
and electrolytically reduce at said anode hydrogen 
ions to free hydrogen; 

(c) continuing to pass said electric current through 
said solution to electrolytically oxidize at said anode 
a mixture of sul?de and disul?de ions resulting from 
step (b) to trisul?de ions; 

((1) continuing to pass ‘said electric current through 
said solution and oxidizing at said anode a mixture 
of sul?de and trisul?de ions resulting from step (c) 
to tetrasul?de ions; > 

(e) continuously repeating steps (a), (b), (c), and 
(d) while withdrawing free hydrogen from said elec 
trolysis cell at the cathode and withdrawing a solution 
of polysul?des of the [cation furnished by the basic 
electrolyte from said electrolysis cell at said anode; 
and 

(f) simultaneously with steps (a), (b), (c), (d), and 
(e) adding basic electrolyte to said electrolysis cell 
at a rate and in a concentration suf?cient to maintain 
the basicity of said electrolyte in said cell at a level 
su?iciently high to permit the formation of tetra 
sul?de ions. 

10. The method of claim 9 wherein the electrolyte in 
said cell is maintained at a pH greater than 12. 

11. The method of claim 9 wherein the electrolyte in 
said cell is maintained at a pH of at least 14. 

base is a hy~ 

gem-(i113 

_. ‘is: wherein "said I, 
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I12. Thc'jmethod of claim‘9 wherein said ‘electrolyte is 
an aqueous solution-of‘ a ‘base’ ‘having'a cation ‘selected 
from ‘the class consisting‘of sodium, potassium, ‘and am 
moniumionsi-vv ' -' “l - ~ ‘ ' 

113.‘ ‘The method of claim 12 wherein said base is a 
hydroxide; ‘-~ "~ " ‘F -‘ > ' " ‘ 

~14I‘The'm‘ethod of 'claim 9 whereinsaid cation fur 
nished by said basic electrolyte is ammonium and com 
prising?the 1 further’ steps‘ of withdrawing‘ a solution of 
ammonium‘ polysul?des; from‘v said“ electrolysis ' cell and 
heating said solution to a temperature su?icient to decom 
pose saidammonium polysul?des and. form free sulfur. 

15. The method of claim 14 wherein said electrolyte 
is'an'ra'queous solution of ammonium hydroxide. - ' 
"16.: Inthc formation of ‘sulfur-products and free hydro 
gen by electrolysis of hydrogen sul?de, the method of: 
>'1(a-)Wcontacting- hydrogen sul?de with a ‘liquid electro 

lyte'to form 'a' solution of sul?de’ ions in" said 
‘electrolyte; ' " 

(b) in an‘»'electrolysis celli'having a cathode and an‘ 
‘-anode therein, passing an externally ‘generated- elec 
-tric current-through said solution between said 'caths 
‘ode ‘and ‘anode to electrolytically reduce at said 
cathode hydrogen ions to free hydrogen‘and to elec 
trolytically oxidize at said anode sul?de ions to a 
sulfur oxidation product of said sul?de ions includ 
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~ ing free sulfur which tends to deposit on'said anode; 
(c)~"introducing into said electrolysis ‘cell and into‘ con‘ 

itact with said anode a solvent for free sulfur whercb'y' 
deposition of'free sulfur on'said' anode‘is restricted; 

' (d) withdrawing free hydrogen from'said electrolysis 
vcell at said cathode; and ' ' 

(e) withdrawing sulfur product frorn'said electrolysis‘ 
‘ 1cell at said anode. 

' 17. The method of claimv 16 wherein vsaid ‘solvent is 
introduced into‘ said, electrolysis cell at‘a temperature‘: 
lower than its boiling point and 'said anode is r'naintained" 
at a" temperature‘ at‘ least 'as‘greatl'as the'boilin'g 'point'of‘ 
said solvent: whereby the‘solvent is vaporized- fromsaid' 
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