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BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 
The present invention relates to a process for converting hydrogen 

sulfide which is contained in a gaseous feed stream to elemental sulfur 
and hydrogen by initially reacting hydrogen sulfide with an 

10 anthraquinone which is dissolved in a polar organic solvent wherein a 

relatively small quantity of water is added to the polar organic solvent 
thereby increasing the elemental sulfur which Is recovered. and more 
particularly. to such a process wherein ·the relatively small quantity of 

water which is added to the solvent during the initial reaction stage also 
15 increases hydrogen product selectivity in the subsequent 

dehydrOQenatlon of anthrahydroqu.inone which is formed In the initial 

reaction. 

DESCRIPTION OF RELATED ART 
Many processes relating to the petroleum industry generate 

20 gaseous by-products containing hydrogen sulfide, either alone or in a 

mixture with other gases. for example, methane, carbon dioxide, 
nitrogen, etc. For many years. these gaseous by-products were oxidized 

by common oxidation processes, such as. the Claus process. to obtain 
sulfur. In accordance with the Claus process, hydrogen sulfide is 

25 oxidized by direct contact with air to produce sulfur and water. However, 
·several disadvantages of air oxidation of hydrogen sulfide, including loss 

·of a valu~ble hydrogen source. precise air rate control, removal of trace 

sulfur co,mpounds from spent air, and an upper limit on the ratio of carbon 

dioxide to hydrogen sulfide, led to the development of alternative 

30 processes for the conversion of hydrogen sulfide in gaseous by-products 

to sulfur . 
·· As detailed in U. S. Patent No. 4,592,905 to Plummer et al., one 

such alternative process involves contacting within a reactor a feed gas 
containing hydrogen sulfide with an anthraquinone which is dissolved in 

35 a poiar organic solvent. This ·polar organic solvent preferably has a 

polarity greater than about 3 pe~ye .. units. , .. The resulting reaction 

between hydrogen sulfi<#• and anthr~q'uinon~ : yields sulfur and the 
,• . (,, . 
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corresponding anthrahydroquinone. The sulfur formed from the reaction 
between hydrogen sulfide and anthraquinone precipitates from the 
solution in crystalline form (Se) and is recovered as a product. However.­
the polymerization and precipitation of the sulfur formed as Sa has 

5 remained a limiting factor in this process. The amount of sulfur 
recoverable as an Sa product has been an unacceptable percentage of 
the total sulfur formed and the time required to precipitate Sa as a product 
is sufficiently long to impede the commercial viability of the process. 

The remaining solution containing anthrahydroquinone is 
1 O thermally or catalytically regenerated thereby producing the initial 

anthraquinone form and releasing hydrogen gas. The anthraquinone is 
recycled back to the reactor and the hydrogen gas is recovered as a 
product. Regeneration or dehydrogenation of anthrahydroquinone using 
metal supported catalysts causes hydrogenolysis which results in the 

15 undesirable production of water and anthrones and/or anthranols. Thus, 
a need exists for such a process wherein the amount of sulfur which can 
be precipitated from solution in crystalline form (Se) and recovered as a 
product is increased. A further need exists to increase the selectivity of 
anthrahydroquinone to anthraquinone and hydrogen product in such a 

20 process, and thus, decrease unwanted hydrogenolysis by-products, such 
as anthrones and/or anthranols. 

Accordingly, it Is an object of the present invention to provide a 
process for increasing the amount of sulfur obtained from the reaction 
between hydrogen sulfide and anthraquinone which can be precipitated 

25 -from solution in crystalline form (Sa) and recovered as a product. 
It is a further object of the present invention to provide a process 

for increasing hydrogen production selectivity during dehydrogenation of 
anthrahydroquinone, and thus, decrease unwanted hydrogenolysis by­
products. 

30 It is a still further object of the present invention to provide a 
process wherein sulfur which is formed by the reaction between 
hydrogen. sulfide and anthraquinone can be precipitated from solution in 
crystalline form (Se) in a commercially acceptable time. 

SUMMARY OF THE INVENTION 
35 .~·.TO achieve the foregoing; ar:J~ other.,objects, and in accordance 

with. the purposes of the pres,~t Qiv~ntio:n, as embodied and broadly 
described herein, one characterization of the present invention is a 
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process for converting hydrogen sulfide gas to sulfur. The process 

comprises contacting a feed gas which contains the hydrogen sulfide gas 

with a polar organic solvent having an anthraquinone and water 

dissolved therein and reacting the hydrogen sulfide gas with the 

5 anthraquinone to produce sulfur and an anthrahydroquinone in the 

solvent. In accordance with this embodiment of the present invention, 

water is dissolved in the solvent in an amount of from about 0.5 to about 

s.o moles of the water to moles of the anthraquinone so as to increase 

the amount of sulfur produced. 

1 O In another characterization of the present invention, the process of 

for converting hydrogen sulfide gas to sulfur comprising contacting the 

hydrogen sulfide gas with a polar organic solvent having an 

anthraquinone and water dissolved therein, reacting the hydrogen 

sulfide gas with the anthraquinone to produce sulfur and an 

15 anthrahydroquinone, and dehydrogenating the anthrahyroquinone to 

anthraquinone and hydrogen. The water is dissolved in the solvent in an 

amount of from about 0.5 to about 5.0 moles of water to moles of 

anthraquinone so as to increase the selectivity of anthrahydroquinone 

conversion to anthraquinone and hydrogen by inhibiting hydrogenolysis. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings, which are incorporated in and form 

a part of the specification, illustrate the embodiments of the present 

invention and, together with the description, serve to explain the 

principles of the invention. 

25 In the drawings: 

FIG. 1 is a graph which depicts sulfur (Sa) recovery as a function of 

the molar ratio of water to t-butyl anthraquinone (TBAQ) in the process of 

the present invention: 

FIG. 2 is a graph which depicts the time for sulfur (Sa) precipitation 

30 as a function of the molar ratio of wafer to t-butyl anthraquinone (TBAQ) 

in the process of the present invention; 

FIG. 3 is a graph which depicts the weight percent of t-butyl 

anthraquinone (TBAQ) as a function of the reaction time for feeds having 

varying molar ratios of water to t-butyl anthraquinone (TBAQ) in the 

35 process of the present invention; and 
FIG. 4 is a semi-logarithmic graph which depicts the hydrogen 

production selectivity as a function of the dehydrogenation temperature 
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for ~eparate reaction soluti~ns containing no water, one mole of water 

per mole of t-butyl anthrahydroquinone (H2 TBAQ) added after sulfur 

production, and one to one and a half moles of water per mole oft-butyl 

anthraquinone (TBAQ) added prior to the sulfur production stage of the 
5 process of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EllBODlllENTS 

The present invention relates to a process wherein a feed gas 

containing hydrogen sulfide (H2S)· and an anthraquinone, dissolved i~ a 
1 O polar organic solvent, are contacted In a reactor. The polar organic 

solvent may also contain a complexing agent, both of which are selected 
in accordance with commonly assigned, copending application entitled 
•Hydrogen Sulfide Conversion Process• which is being filed concurrently 

herewith. The complexing agent reacts with hydrogen sulfide to form an 

1 5 ion complex. Should the feed gas contain large quantities of gases other 

than hydrogen sulfide which are inert to the process, such as nitrogen, 
methane or other low molecular weight hydrocarbons, the feed gas and 

polar organic solvent containing an anthraquinone and a complexing 

agent may be initially contacted in an absorber. The feed gas may 
20 contain other sulfur compounds, such as COS, CS2 and mercaptans, 

which are converted in the process to H2S, recycled, and converted to 

sulfur. The solvent preferentially solubilizes hydrogen sulfide from the 

feed. gas to form a reaction solution which is maintained in the reactor at 
a temperature of from about 0° C to about 70° C and an H2S partial 

25 pressure of from about 0.05 to about 4.0 atmospheres and for a time 

which is sufficient to convert the hydrogen sulfide and anthraquinone to 

sulfur and anthrahydroquinone. 
The insoluble sulfur, e.g. Sa or other forms of polymerized sulfur, is 

withdrawn from the reactor as a precipitate in the reaction solution, is 

30 separated from solution by filtration, centrifugation or other means known 
in the art, is washed to remove the polar organic solvent and dissolved 

anthra~ydroquinone, any unreacted anthraquinone and complexing 

agent, and is dried or melted to a liquid form. 
Suitable polar organic solvents include N-methyl-2-pyrrolidinone, 

35 N,N-dimethylacetamide, N,N-dimethylformamaide, sulfolane 

(tetrahydrothiophene-1, 1 ·dioxide), acetonitrile, 2·nitropropane, 

propylene carbonate and mixtures thereof. The most preferred solvent is 
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N-methyl-2-pyrrolidinone (NMP). Useful anthraquinones are ethyl, t· 
butyl, t-amyl and s-amyl anthraquinones and mixtures thereof because of 
their relatively high solubilities in most polar organic solvents. The pl<t, of 

the complexing agent utilized, if any, is less than about 13.0, more 
5 preferably less than about 9.0, and most preferably less than about 6.0. 

The pt<a, values are based on Kw (equilibrium constant) of 14.0 for the 
dissociation of water. Suitable complexing agents are selected from 
amines, amides, ureas, nitrogen containing heterocyclic aromatics, 
quanidines, imidazoles, and mixtures thereof. These complexing agents 

1 o can also be substituted with alkyl, aryl and organic alcohol groups. 
Examples of suitable complexing agents are n-methylacetamide, 
pyridine, substituted pyridines, diethylmethylamine, 
methyldiethanolamine and tetramethylurea. The· preferred complexing 
agents are diethylmethylamine (OEMA), methyldiethanolamine (MDEA), 

15 pyridine(PY), and substituted pyridines. The molar ratio of complexing 

agent to anthraquinone in the polar organic solvent is about 1 :32 to 
about 1 :1, preferably about 1 :16 to about 1 :2, and most preferably about 
1 :5. 

In accordance with the present invention, a small quantity of water 

20 is added and dissolved into the reaction solution prior to or in the H2S 
reactor. As utilized throughout this specification, the term •water" 
encompasses fresh water, tap water, deionized water, water free of acidic 
components, etc. The amount of water added to the reaction solution is 
from about 0.5 to about 5.0 moles of water to moles of anthraquinone, 

25 more preferably from about o. 75 to about 2.0, and most preferably from 
about 1.0 to about 1.5. The addition of water to the reaction solution 
results in an unexpected increase in the recovery of sulfur formed during 
the conversion of hydrogen sulfide and anthraquinone to sulfur and 
anthrahydroquinone. While it is not exactly understood why the addition 

30 of water to the reaction solution increases the amount of sulfur which can 
be recovered from the reaction solution, it is believed that the addition of 

a small amount of water to the reaction solution likely limits the total 
solution solubility and water is selectively solubiUzed over sulfur, i.e. Se. 

As discussed above, the reaction solution is removed from the 
35 H2S reactor and sulfur is separated therefrom by filtration, centrifugation, 

or any other means known in the art. This remaining reaction solution is 
then heated to from about 100° C to about 150° C at atmospheric. 
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pressure and fed to a flash tank where substantially all unreacted feed 
gas constituents, including H2S, CQa, and complexing agent, if desired, 

are removed from solution and recycled to the reactor. The solution is 
withdrawn from the flash tank and may be further heated to from about 

5 150° C to about 350° Cat a pressure suffacient to prevent solvent boiling. 
The heated solution is then fed to· a dehydrogenation reactor where· the 
anthrahydroquinone is catalytically or thermally converted to 
anthraquinone and hydrogen gas (H2) under the temperature and 

pressure conditions stated above. In accordance with the present 
1 O invention, A_pplicant has discovered that the presence of a small amount 

of water dissolved in the heated solution fed to the dehydrogenation 
reactor unexpectedly increases hydrogen production selectivity during 
dehydrogenation of anthrahydroquinone. and thus. decreases unwanted 
hydrogenolysis by-products, such as anthrones and/or anthranols. 

15 Further, increased hydrogen product selectivity occurs in accordance 
with the present invention at dehydrogenation temperatures, e.g. 150° to 
250° C, which previously yielded lower conversion rates. After the 

. . 

dehydrogenation reaction, anthraquinone in its initial form is withdrawn 
from the dehydrogenation reactor dissolved with the complexing agent in 

20 the polar organic solvent and is recycled to the H2S reactor, while the H2 

gas is recovered as a commercial product. Preferably, the process of the 
present invention is operated as a continuous process. 

While it is not expressly understood why the addition of water to 
the polar organic solvent prior to or in the sulfur production stage of the 

25 process of the present invention results in increased .hydrogen product 
selectivity in the dehydrogenation stage of the process, it is believed that 
water addition in the sulfur production stage substantially eliminates the 
production of the free radicals at this stage which are necessary for 
anthranol production in the later dehydrogenation stage. Anthrone 

30 production is effectively eliminated by operating at temperatures less 

than about 265° C. 
The following examples demonstrate the practice and utility of the 

present invention, but are not to be construed as limiting the scope 

thereof. 
35 Example 1 

T-butyl anthraquinone (TBAQ) is added to N-methyl-2-
pyrrolidinone (NMP) in an amount of 25 wt%. Pyridine (PY) is also 
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added to the solution as a complexing agent in a molar ratio of 
complexing agent to TBAQ of 1/1. Varying amounts of water are added 
to separate portions of the solution. Each portion of the solution is 
contacted with hydrogen sulfide containing gas in a suitable reactor at a 
temperature of 20° C and at a H2S partial pressure of 1.5 atmospheres 
for 2 hours. The amount of Sa recovered is determined by weighing the 
sulfur which is precipitated out of the solution removed from the reactor. 
The results are graphically illustrated In FIGS. 1-3. As illustrated in FIG. 1, 
the amount of Sa recovered, which is expressed as the weight % of total 
sulfur formed In the reactor, increases with increasing amounts of water 
which are added to the solution prior to· or during the· sulfur production 
stage of the process, i.e. during the conversion of hydrogen sulfide and 
anthraquinone to sulfur and anthrahydroquinone. As illustrated in FIG. 2, 

the time required for Sa precipitation decreases to commercially 
acceptable levels with. increasing water/TBAQ ratios. As further 
illustrated in FIG. 3, the TBAQ conversion rate to H2 TBAQ increases with 
increasing water/TBAQ ratios. 

Example 2 
T-amyl anthraquinone (TAAQ) is added to N-methyl-2-

pyrrolidinone (NMP) in an amount of 39 wto/o. Diethylmethylamine 
(OEMA) is also added to the solution as a complexing agent in a molar 
ratio of complexing agent to T AAQ of 1 /8. One such solution does not 
contain any water, while another solution contains one mole of water per 
mole of T AAQ. Each of these solutions is contacted with hydrogen sulfide 
containing gas In separate reactors at a temperature of 20° C and at a 
H2S partial pressure of 1.5 atmospheres for 15 minutes. The amount of 
Sa recovered is determined by weighing the sulfur which is precipitated 
out of the solution removed from the reactor. The amount of Se 
recovered which is expressed as the weight o/o of total sulfur formed in 
the reactor increases from 61 % to 78% while the Sa precipitation time 
decreases from 1 o minutes to 7 minutes when water is added to the 
solution, as opposed to a solution without water. 

Example 3 
A dehydrogenation feed of N-methyl-2-pyrrolidinone (NMP) 

containing 25 wt% t-butyl anthrahydroquinone (H2 TBAQ) is introduced to 
a reactor wherein the t-butyl anthrahydroquinone is dehydrogenated tot­
'butyl anthraquinone (TBAQ) and hydrogen in the presence of a platinum 
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catalyst. Dehydrogenation is carried out in the reactor at varying 
hydrogen pressures of about 2.31 to about 6.12 atmospheres to prevent 
solution boiling at the. varying dehydrogenation temperatures of from 
about 220° C to about 290° C. Three separate feeds are reacted under 
these parameters. Water is not added to one feed, is added to another 
feed after sulfur production in the amount of 1 mole of water per mole of 
H2 TBAQ, and is added to still another feed prior to sulfur production in an 
amount of from about 1 to about 1.5 moles of water per mole of TBAQ. 
Pyridne (PY) Is added as a complexing agent to the latter feed in the 
amount of one mole of pyridine per mole of TBAQ. Each feed is reacted 
tor approximately 1 minute. The results which are illustrated graphically 
in Fig. 4 indicate that H2 TBAQ selectivity to hydrogen and TBAQ can be 
increased to 100% below 225° C if water is added to the NMP solvent 
prior to the sulfur production stage of the process. Thus, unw~nted 
hydrogenolysis by-products, such as anthrones and/or anthranols, can · 
be effectively eUminated. These results also indicate that the addition of 
water to the feed after the sulfur production stage of the process 
described herein, or in the hydrogen production step, improves hydrogen 
selectivity over the absence of water in the feed. However, in this case, 
hydrogen selectivity is significantly below the 100% which can be 
obtained by adding water earlier in the process, i.e. prior to or during the 
sulfur production stage. Also, hydrogen selectivity decreases both above 
and below an optimum temperature of about 265°0 when water is added 
to the feed after the sulfur production stage or in the hydrogen production 
stage. 

From the foregoing, it can be appreciated that the addition of water 
to the solvent prior to or during the sulfur production stage of the process 
described herein permits the hydrogen production stage of this process 
to be operated at temperatures below 265° C while unexpectedly 
increasing ·selectivity to the hydrogen product to about 100%. This 

. *· 
reduced temperature requirement translates to reduced reactor design 
and operating costs. 

While the foregoing preferred embodiments of the invention have 
been described and shown, it is understood that the alternatives and 
modifications, such as those suggested and others, may be made thereto 
and fall within the scope of the invention. 
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A process for converting hydrogen sulfide to sulfur 

contacting a feed gas containing hydrogen sulfide with a polar 
organic solvent having an anthraquinone and water dissolved therein, 
said water being dissolved in said solvent in an amount of from about 0.5 
to about 5.0 moles of said water to moles of said anthraquinone; and 

reacting said hydrogen sulfide gas with said anthraquinone to 
produce sulfur and an anthrahydroquinone in said solvent, said water 
increasing the_ amount of said sulfur which is precipitated and recovered 
from said solvent. 

2. The process of claim 1 wherein said amount of water which 
is added to said solvent is from about o. 75 to about 2.0 moles of said 
water to moles of said anthraquinone. 

3. The process of claim 2 wherein said amount of water which 
is added to said solvent is from about 1.0 to about 1.5 moles of said water 
to moles of said anthraquinone. 

4. The process of claim 1 wherein said_ solvent has a 
complexing agent dissolved therein, said complexing agent reacting with 
said hydrogen sulfide to form an ion complex. 

5. The process of claim 4 wherein said complexing agent is 
amines, amides, ureas, nitrogen containing heterocyclic aromatics, 
quanidines, imidazoles, or mixtures thereof. 

6. The process of claim 5 wherein said complexing agent is 
substituted with alkyl, aryl, or organic alcohol groups. 

7. The process of claim 5 wherein said complexing agent is N­
methylacetamide, pyridine, substituted pyridines, diethylmethylamine, 
methyldiethanolamine or tetramethylurea. 

8. The process of claim 5 wherein the ratio of said complexing 
agent to said anthraquinone in Said polar organic solvent is about 1 :32 to 
about 1 :1. 

9. The process of claim 8 wherein the ratio of said complexing 
agent to said anthraquinone in said polar organic solvent is about 1 :16 to 

about 1:3. 
· 10. The process of claim 9 wherein the ratio of said complexing 

agent to said anthraquinone in said polar organic solvent is about 1 :8. 
------------
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11. The process of claim 1 wherein said polar organic solvent is 
selected from N,N-dimethylacetamide, N-methyl-2-pyrrolidinone, N,N· 
dimethylformamide and mixtures thereof. 

12. The process of claim 1 wherein said feed gas also contains 
nitrogen, methane, other low molecular weight hydrocarbon .gases, or 
mixtures thereof. 

13. The process of claim 1 wherein said feed gas also contains 
COS, C02, or mercaptans which are converted to hydrogen sulfide by 
reaction with said anthrahyroquinone. 

14. The process of claim 4 wherein the pKt, value of said 
complexing agent is less than about 13.0. 

15. The process of claim 14 wherein the pKt, value of said 
complexing agent is less than about 9.0. 

16. . The process of claim 15 wherein the pKt, value of said 
complexing agent is less than about 6.0. 

17. A process for converting hydrogen sulfide to sulfur and 
hydrogen comprising: 

contacting a feed gas containing hydrogen sulfide with a polar 
organic solvent having an anthraquinone and water dissolved therein, 
said water being dissolved in said solvent in an amount of from about 0.5 
to about 5.0 moles of said water to moles of said anthraquinone; 

reacting said hydrogen sulfide with said anthraquinone to produce 
sulfur and an anthrahydroquinone in said solvent, said water increasing 
the amount of said sulfur which is precipitated and recovered from said 
solvent; and 

dehydrogenating said anthrahyroquinone to anthraquinone and 
hydrogen, said water increasing the selectivity of anthrahydroquinone 
conversion to anthraquinone and hydrogen. 

18. The process of claim 17 wherein said amount of water 
which is added to said solvent is from· about O. 75 to about 2.0 moles of 
$8id water to moles of said anthraquinone. 

19. The process of claim 18 wherein said amount of water 
which is added to said solvent is from about 1.0 to about 1.5 moles of 
said water to moles of said anthraquinone. 

20. The process of claim 17 wherein said solvent has a 
2 
3 

complexing agent dissolved therein, said complexing agent reacting wit~ 
___ said_._h~~~n sulfac:le to form an ion complex~ 
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1 21. The process of claim 20 wherein said complexing agent is 
2 amines, amides, ureas, nitrogen containing heterocycllc aromatics, 
3 quanidines, imidazoles, or mixtures thereof • 

. 1 22. The process of claim 21 wherein said complexing agent is 
2 substituted with alkyl, aryl, or organic alcohol groups. 
1 23. The process of claim 21 wherein said complexing agent is 
2 N-methylacetamlde, pyridine, substituted pyridines, diethylmethylamine, 
3 methylcliethanolamine or tetramethylurea. 
1 24. The process of claim 20 wherein the ratio of said 
2 complexing agent to said anthraquinone is about 1 :32 to about 1 :1. 
1 25. The process of claim 24 wherein the ratio of said 
2 complexing agent to said anthraquinone is about 1 :16 to about 1 :2. 
1 26. The process of claim 25 wherein the ratio· of said 
2 complexing agent to said anthraquinone is about 1 :5. 
t 27. The process of claim 17 wherein said dehydrogenation 

2 reaction is carried out at a temperature of about 150° C to about 350° C. 
1 28. The process of claim 20 wherein the pl<t, value of said 
2 complexing agent is less than about 13.0. 
1 29. The process of claim 28 wherein the pKt, value of said 
2 complexing agent is less than about 9.0. 
1 30. The process of claim 29 wherein the pKt, value of said 
2 complexing agent is less than about 6.0. 
1 31. The process of claim 17 wherein said anthraquinone, said 

2 water, said complexing and said solvent are recycled from said 
3 dehydrogenating step to said contacting step. 
1 32. All inventions described herein. 


