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_ 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 soivent
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
1§ increases hydrogen product selectivity in the subsequent
dehydrogenation of anthrahydroquinone 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 valua,'bl_e hydrogen source, precise air rate control, removal of trace
sulfur cqihpounds from spent air, and an upper limit on the ratio of carbon
dioxide to hydrogen suifide, led to the development of aiternative
" 30 processes for the conversion of hydrogen sulfide in gaseous by-products
 tosulfur. | |
| " 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 polar organic solvent. This polar organic solvent preferably has a
~ polarity greater than about 3 Debye .units. .The resulting reaction
between hydrogen sulfide and: anthraquinoné yields sulfur and the
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petrol eum I ndustry %ﬂgéﬁéﬁdmg anthrahydroquinone. The sulfur formed from the reaction
' between hydrogen suifide and anthraquinone precipitates from the
solution in crystalline form (Sg) and is recovered as a product. However,
the polymerization and precipitation of the sulfur formed as Sg has
5 remained a limiting factor in this process. The amount of sulfur
recoverable as an Sg product has been an unacceptable percentage of
the total sulfur formed and the time required to precipitate Sg as a product
is sufficiently long to impede the commercial viability of the process.

The remaining solution containing anthrahydroquinone is

10 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 undesirabie production of water and anthrones and/or anthranols. Thus,
a need exists for such a process whersin the amount of sulfur which can
be precipitated from solution in crystalline form (Sg) 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 (Sg) 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 mventnon 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 (Sg) in a commercially acceptable time. |

SUMMARY OF THE INVENTION
35 .~To achieve the foregomg and other.objects, and in accordance
with the purposes of the present gnventlon as embodied and broadly
described herein, one charactenzatlon of the present invention is a
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with a polar organic solvent having an anthraquinone and water
dissolved therein and reacting the hydrogen sulfide gas with the
S anthraquinone to produce sulfur and an anthrahydroquinone in the
solvent. In accordance with this embodiment of the present invention,
~ water is dissolved in the soivent in an amount of from about 0.5 to about
5.0 moles of the water to moles of the anthraquinone so as to increase
the amount of sulfur produced.

10 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 suifur 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 (Sg) 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 (Sg) precipitation

30 as a function of the molar ratio of water 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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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention relates to a process wherein a feed gas

containing hydrogen sulfide (H2S) and an anthraquinone, dissolved in a

10 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 entitied

"Hydrogen Sulfide Conversion Process" which is being filed concurrently

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

15 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, CSz 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 HzS 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. Sg 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

anthrahydroquinone, any unreacted anthraquinone and complexing
agent, and is dried or melted to a liquid form.

Suitable polar organic solvents include N-methyi-2-pyrrolidinone,

35 N,N-dimethylacetamide, N,N-dimethyiformamaide, 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 pKy 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 pKp values are based on Ky (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
10 can aiso be substituted with alkyl, aryl and organic aicohol groups.
Examples of suitable complexing agents are n-methylacetamide,
pyridine, substituted pyridines, diethyimethyiamine,
methyidiethanolamine and tetramethylurea. The preferred complexing
agents are diethyimethylamine (DEMA), 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 dissoived 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 0.75 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 solubilized over sulfur, i.e. Sg.

As discussed above, the reaction solution is removed from the

35 Ha2S 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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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° C at a pressure sufficient 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
10 invention, Applicant 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 HaS 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 substantiaily 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 constmed 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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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 Sg 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 Sg 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 suifur and anthrahydroquinone. As illustrated in FIG. 2,
the time required for Sg precipitation decreases to commercially
acceptable levels with increasing water/TBAQ ratios. As further
illustrated in FIG. 3, the TBAQ conversion rate to H2TBAQ mcreases with
increasing water/TBAQ ratios.
Example 2

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

pyrrolidinone (NMP) in an amount of 39 wi%. Diethyimethylamine
(DEMA) is also added to the solution as a complexing agent in a molar
ratio of complexing agent to TAAQ of 1/8. One such solution does not
contain any water, while another solution contains one mole of water per
mole of TAAQ. 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
Sg recovered is determined by weighing the sulfur which is precipitated
out of the solution removed from the reactor. The amount of Sg
recovered which is expressed as the weight % of total sulfur formed in
the reactor increases from 61% to 78% while the Sg precipitation time
decreases from 10 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-methyi-2-pyrrolidinone (NMP)
containing 25 wt% t-butyl anthrahydroquinone (H2TBAQ) is introduced to
a reactor wherein the t-butyl anthrahydroquinone is dehydrogenated to t-

‘butyl anthraquinone (TBAQ) and hydrogen in the presence of a platinum
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to provide a process wherein sulfur which is fornmed by the reaction between
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crystalline form [ eatdlystd aDehydrogenation isccaniedlouttinTthe 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
5 these parameters. Water is not added to one feed, is added to another
feed after sulfur production in the amount of 1 moie of water per mole of
H2TBAQ, 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.
Pyridine (PY) is added as a complexing agent to the latter feed in the
10 amount of one mole of pyridine per mole of TBAQ. Each feed is reacted
for approximately 1 minute. The results which are illustrated graphically
in Fig. 4 indicate that HoTBAQ sslectivity 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, unwanted

15 hydrogenolysis by-products, such as anthrones and/or anthranols, can
be effectively eliminated. These results also indicate that the addition of
water to the feed after the suifur 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,
- 20 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°C when water is added
to the feed after the sulfur production stage or in the hydrogen production

25 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

30 increasing selectmty 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

35 modifications, such as those suggested and others, may be made thereto

and fall within the soope of the invention.
T
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CLAIMS
| claim: _ I
1. A process for converting hydrogen sulfide to sulfur
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; and

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

2. The process of claim 1 wherein said amount of water which
is added to said solvent is from about 0.75 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 complexmg agent is
amines, amides, ureas, nitrogen containing heterocyclic aromatics,
quanidines, imidazoles, or mixtures thereof.

6. The process of claim 5 wherein said complexmg 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, diethyimethylamine,
methylidiethanolamine or tetramethylurea.

8. The process of claim 5 wherein the ratio of said complexing
agent to said anthraquinone in said polar organic soivent 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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converting hydrggen sulfjde gag, bﬁcﬁ!gfo%laﬁf?lmp('}h%ir&ﬂ s%?d‘bS&*r o?&aﬁlc 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, COg2, or mercaptans which are converted to hydrogen sulfide by
reaction with said anthrahyroquinone.

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

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

16. . The process of claim 15 wherein the pKp value of said
complexmg 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 dissoived 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
11 dehydrogenating said anthrahyroquinone to anthraquinone and
12 hydrogen, said water increasing the selectivity of anthrahydroquinone
13 conversion to anthraquinone and hydrogen.

1 18. The process of claim 17 wherein said amount of water

2 which is added to said solvent is from about 0.75 to about 2.0 moles of

3 said water to moles of said anthraquinone.

1 19. The process of claim 18 wherein said amount of water
. 2 which is added to said solvent is from about 1.0 to about 1.5 moles of
3
1
2

b
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said water to moles of said anthraquinone.
20. The process of claim 17 wherein said solvent has a

complexing agent dissolved therein, said complexing agent reacting with
3 said hydrogen sulfide to form an ion complex.
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dehydrogenating the anuMBMl t o ant hygaqul none and hydrogen The
water is dissolved in m amount of from about 0.5 to about
5.0 noles of water to @ |none so as to increase the

sel ectivity of anthrahydrqu|none conversion to anthraqui none and hydrogen

gﬁA{/\m'Gg' ting hydrogenolysi s. T process of claim 20 WhekdimS2id Ebmpiéting 'dgent is
2 amines, amides, ureas, nitrogen containing heterocyclic 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-methylacetamide, pyridine, substituted pyridines, diethyimethylamine,
3 methyldiethanclamine 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.
1 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 pKp value of said
2 complexing agent is less than about 13.0.
1 29. The process of claim 28 wherein the pKyp value of said
2 complexing agent is less than about 9.0.

1 30. The process of claim 29 wherein the pKp 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. Allinventions described herein.

This Sheet Has Been Reﬂla




The- acconpanyi ng draw ngs, which are incorporated in and for WWNE@HA@E&?
specification, illustrate the enbodi nents of the present invgntionRepdacED
together with the description, serve to explain the principl
lLnvention. 25 In the drawings: FIG 1 is a graph which depicts [err]
recovery as a function of the nolar ratio oj ,pater to t-butyl anthraqui none
(TBAQ in the process of the present invention; FIG 2 is a graph which

depicts the tinme for sulfur [err] precipitation '
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30 -as a function of the nolar ratio of water to t-butyl ant

(TBAQ in the process of the present invention; FIG 3 is a gMy
" depicts the wei ght percent of t-bulyl anthraqU|none (TSAQ a a f éHHAS?EEN

Y ul

: the reaction time for feeds having varying nolar ratios of

=anthraqumone (TBAQ in tte 35 process of the present |nvent|on and FIG

i 4 is a sem-logarithmc graph which dem<ﬂs¥£4mahydrogen productlon
selectivity as a functi-on of the dehydrogenati on tenperature
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nmoke of t-butyl anthrahydroquinone [err] added after sulfur
one to one and a half noles of water per nole of t-butyl an hraqu

(TBAQ added prior to the sul fur production stage of the 5 process of the
present invention. DETAI LED DESCRI PTI ON OB/3HE PREFERRED ENBCDI MENTS

for. separate reaction solutions containing no water, one nolE.-of
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met hane or other | ow nol ecul ar wei ght hydrocarbons, the feed [os—srd—pal-ar
organi ¢ sol vent co(ryzab ' an ant hraqui none ‘and a corrpl exi ng”a@-‘éi&bhﬁ?&‘ haes =%EEN
initially contacte n an absorber. The feed gas may 20 confjai n otiB8LACED

gul fur conpounds, such as [err] [err] and nerggptans, which are convertegd———-
I'n the process to [err] recycled, and converted to sulfur. The sol vent
preferentially solubilizes hydrogen sulfide fromthe feed gas to forma
reaction solution which is maintained in the reactor at a tenperature of

fromabout [err] C to about [ersBSTHARCT2OFCTHE pmsc@bsﬁ'ag pressure of

from about 0.05 to about 4.0 atnospheres and for a tine
A process for converting hydrogen sulfide which is contained in a
gaseous feed stream to elemental sulfur and hydrogen. The process
comprises contacting said gaseous feed stream with a polar organic
5 solvent having an anthraquinone, and optionally a complexing agent,
dissolved therein, reacting the hydrogen sulfide gas and anthraquinone
to produce sulfur and an anthrahydroquinone in the solvent, and
catalytically dehydrogenating the anthrahyroquinone to anthraquinone
and hydrogen. In accordance with the present invention, a relatively
10 small quantity of water is added to a polar organic solvent thereby
" increasing the elemental suifur which is precipitated and thus recovered.
The addition of water prior to or during sulfur production also increases
hydrogen product selectivity in the subsequent dehydrogenation of
anthrahydroquinone. |
15
JEE:lea
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- k0 the reactlorﬂ“ﬁ , separ at ed Trum fy Dbtel:L.F.aL 1 OffF; Y-
-eentrifugation knovvn in the art i s washed f=~F&Rove t '

pol ar organi ¢ sol vent and dlssolved anthrahydrqu|none any unreacted;

ant hr aqui none and conpl exi ng agent, and is dried or nelted to a I|qU|d.

form Suitable polar or BROCESScFOR RECOVERING ' SUIFUR' AND NS
- - HYDROGEN FROM HYDROGEN SULFIDE

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION i

The present Invention relates to a process for converting hydrogen
sulfide which is contained in a gaseous feed stream to elemental sUIfur
and hydrogen by initially reacting hydrogen sulfide with | lan

10 anthraquinone which is dissolved in a polar organic solvent wherai:h 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 wharein the relatively small quantity of
water which ig added to the soivent during the initial reaction stage diso

15 increases hydrogen product selectivity in the . subsequent
dehydrogenation of anthrahydroqulnone which is formed in the initial
reaction. g

DESCRIPTION or RELATED ART g é

Many processes relating to the petroleum Industry gene@te

20 gaseous by-products containing hydrogen sulfide, either alone or in a
mixture with other gases, for exampie, methane, carbon dloxlde
nitrogen, etc. For many years, these gassous by-products were qx:dazied
by common oxidation processes, such as, the Claus process, to obtain
sulfur. In accordance with the Claus process, hydrogen sulﬂde' is

25 oxidized by direct contact with air to produce sulfur and water. Howevar.

~ several disadvantages of air oxidation of hydrogen sulfide. including lass
of & valuable hydrogen source, precise air rate control, removal of trqce
sulfur compounds 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 eonversion of hydrogen sulfide in gaseous by-produe:ts
to sulfur.

. As detalled inC. % Patent No ggsz.so fto Plummer et al., one
such alternativa process involves eontactmg witiin a reactor a feed gas
containing hydrogen sulfide with an anthraquinone which is dissolved:in

35 a polar organic solvent.. This polar organic solvent preferably has @
polarity greater than about 3 Debye units. The resulting reactipr
between hydrogen sulfide and anthraquinone yields sulfur and the



35 N, N di met hyI a_gq_t_a_m__c_l_e NN di rret T B =g 1ol AKepLACE T NT
(tet rahydrot hi ophene- 1, 1-di oxide), ool ISSHEEEHASrBEtEINo ropane prfpélr

~carbonate and m )fﬁ,gg&&ﬂabeéeﬁdxfcpl%hé m)

"N et Ryl - 2-pyrrol Useful e 3 e:thte ..... bui"vf
t-anyl and s-anyl arid mxtures'?‘hereof because of their:
rel atively high so es |n nost pol ar organic solvents. The [err] lof _

corrgsponding anthrahydroquinone The sulfur formed from the rea(!:tlon
between hydrogen sulfide and anthraquinone precipitates from the
solution in crystalline form (Sg) and is recovered as a product. However
the polymerization and precipitation of the sulfur formed as Saihas
5 remained a limiting factor in this process. The amount of slifur
recoverable as an Sg product has been an unacceptable percentage of
the total sulfur formed and the time required to precipitate Sg as a product
Is sufficiently long to impede the commaercial viability of the process. i
The remalining saolution containing anthrahydroquingné is
10 thermally or catalytically regenerated theraby producing the Initial
anthraquinone form and releasing hydrogen gas. The anthraquinone is
recycled back to the reactor and the hydrogen gas is recovered &s a
product. Regeneration or dehydrogenation of anthrahydroquinone using
metal supported catalysts causes hydrogenolysis which resuits inj the
15 undesirable production of water and anthrones and/or anthranols. Thus,
a need exists for such a process wherein the amount of suffur whichican -
| be precipitated from solution in crystalline form (Sg) and recovered as a
— product is increased. A further need exists to increase the selectivily of
- anthrahydroquinone to anthraquinone and hydmgen product in such a
20 process, and thus, decreass unwanted hydrogenolysie by-products, duch
as anthrones and/or anthranols.

Accordingly, it is an object of the present mventron to prewde a
procass for increasing the amount of sulfur obtalned from the reaction
between hydrogen sulfide and anthraquinone which can.be precipitéted

25 trom solution in crystalline form (Sg) and recovered as a product.

It is a further object of the present invention to provide a prod;ess
for increasing hydrogen production selectivity during dehydrogenatio‘n of
anthrahydroquinone, and thus, decrease unwanted hydrogenolysls by-

- products.
30 © It is a still further object of the present invention to prov:de a
- process wherein sulfur which is formed by the reaction between
hydrogen sulfide and anthraquinone can be precipitated from solutlon in

crystalline form (Sg) in a commaercially acceptable time. i

, SUMMARY OF THE INVENTION
35 To achiove the foregoing and other objects, and in accorclam.e
with the purposes of the present invention, as embodied and oroedl :
~ described hersin, one characterization of the presem invention ¢ 2



~ the conplexing agent utilized, if any, #&pl_mge’qsnsﬁger
- preferably |ess than about 9.0, and o

\ ; 1 nab%b
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Hmsremmsrt
di ssoci ati on of e conpl exing a ents are sele
am des, ureas mm Erﬂ
intdazoles

|n|ng het er ocyct¥c aromati cs, quani di nes;
eof . These conpl exi ng agents 10 can alsp be
substituted Wi th aIkyI aryl and organic al cohol groups. Exanples of

Ol X, VproRBRE! Rr thvartig 'hyR St 548 6’ i, THBSbhoHsR”
o | compnses contacting a fead gas which contains the hydrogen suifide |gas

with a polar organic salvent having an anthraqumone and water
dissolved therein and reacting the hydrogen sulfide gas with ithe

5 anthraquinone to produce sulfur and an anthrahydroquinone in ithe
solvent. In accordance with this embodiment of the present invention,
watar is dissolved in the solvent in an amount of from about 0.5 to abiout
5.0 moles of the water to moles of the anthraquinone so as to increase
the amount of suffur produced.

10 In ancther characterization of the present invention, the process of
for converting hydrogen sulfide gas 10 sulfur comprising contacting lhe
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 anthrahyroqumone| to
anthraquinone and hydrogen. The water is digsolved in the soivent inian
amount of from about 0.5 to about 5.0 moles of water to mcles‘cf
anthraquinone so as to increase the seiectivity of anthrahydroquinone
conversion to anthraquinone and hydrogen by inhibiting hydrogenolysi;s.

20 - BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are mccrporated in and rorm
a part of the spacification, illustrate the embodiments of the present
“invention and, together with the description, serve to explain tha

principles of the invention. _ : i
25 in the drawings: 'i

FIG. 1 is a graph which depicts sulfui-(Sg) recovery as a function; of
the molar ratio of water to t-butyl amhraqumone (TBAQ) in the process ; of
the present invention; i

. FIG. 2 is a graph which depicts the time for sulfur (Sg) prectpltatmn
30 as a function of the molar ratio of water to t-butyl anthraqumone (TBAb)
in the process of the present invention; :

FiG. 3 is a graph which depicts the weight percent of tbuqyt .
anthraquinone (TBAQ) as a function of the reaction time for feeds havmg
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 hydrogsr
production selectivity as a functior: of the dehydrogenation temperatufe
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per mol t-butyl anthrahydroquinone (HzTBAQ) added after suifur
production, and one to one and a half moles of water per mole of t-buty!
anthraquinone (TBAQ) added prior to the sulfur production stage of the
process of the present invention. .

DETMLED DESCRIPTION OF THE PREFEHRED
| - EMBODIMENTS - =
‘The present invention relates to a process wherein a feed; igas
containing hydrogen sulfide (H2S) and an anthraquinane, dissolved iin a

- 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 entitied

18

20

25

‘Hydregen Sulfide Conversion Process™ which is being filed eoneurrently
herewith. The complexing agent reacts with hydrogen sulfide to femp an
ion complex. Should the feed gas contain large quantities of gases cther
than hydrogen sulfide which are inert to the process, such as nitrogen,

‘methane or other low molecular weight hydrocarbons, the feed gas and

polar ofganlc solvent containing an anthraquinone and a compleking
agent may be initiaily contacted in-an absorber. The feed gas ::nay
contain other sulfur compounds, such as COS, CS2 and mercaptans,
which are converted in the process to HzS, 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
pressure of from about 0.05 to about 4.0 atmospheres and for a time

~which is sufficient to convert the hydrogen sulfide and anthraqumone to
“sulfur and anthrahydroquinone. i

30

35

The insoluble sulfur, e.g. Sg or other forms of polymerized sulfur, is
withdrawn from the reactor as a precipitate in the reaction solution, is
separated from solution by filtration, centrifugation or other means known
in the art, is washed to remove the polar organic solvent and dissoived
anthrahydroqumene. any unreacted anthraquinone and complexmg
agent, and is dried or meited to a liquid form. ;

Suitable polar organic soivents inciude N-methyl-z pyrrohdmane
N,N-dimethylacetamide, N,N-dimethylformamaide.  suitoiare
(tetrahydrothiophene-1,1-dioxide), acetonitrile. '2—nitropropa§yw'«a

- propylene carbonate and mixtures thereat The mos: nreferrad soiven ~
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about 0.5 to abou el p\msd?er Ui d@te2?2 EAB m
preferably from abj E} wmﬂt 2.0, and¥iost preferabl apout 1.0
- to about 1.5. The er to the reaction soluton results ih an
unexpected increase In the recovery of sulfur fornmed during the conversion

Wi 1210 ﬁzif'e%“m yPE. e'”‘”mm “L%‘E@Jﬁ“&“‘%ﬁf %‘?’" oL
reaction sol ution f thEquingnes a '@én! bGCﬂUSB Of
" their relatwely high solubilities in most polar organic sofvents. The pK

the complexing agent utilized, if any, Is less than about 13.0, n'iore
§ preferably less than about 9.0, and mostpreferably less than about B 0.
The pKy values are based on Ky (equilibium constant) of 14.0 for; the
dissociation of water. Suitable complexing agents are selacted ftom
amines, amides, ureas, nifrogen containing heterocyclic aromatlcs.
quanidines, imida2oles, and mixtures thereof. These complexing agénts
10 can also be substituted with alkyl, aryl and organic alcohol grou:ps.
Examples of suitable complexing agents are n-methylacetamide,
pyridine, substituted pyridines, diethylmethylamihe.
methyidiethanolamine and tetramethyiurea. The prefarred complemng
agents are dlethylmethylamma (DEMA), methyldlethanolamme (MDEA)
15 pyridine(PY), and substituted pyridines. The molar ratio of complexmg

agent to anthraquinone in the polar organic soivent is about 1 32 o
about 1:1, preferably about 1:16 to about 1:2, and most preferably about

1:5.

— _ In aceordance with the present mvantlon, a small quantity of wa,te'r
| 20 is added and dissolved into the. reaction solution prior to of in the HzS
- reactor. As utllized throughout this specification, the term “water"
encompasses fresh water, tap water, deionized water, water iree of acidic
- components, etc. Tha amount of water added to the reaction solutior| is
~ from about 0.5 to about 5.0 moles of water to moles of anthraquinoﬁe.
25 more preferably from about 0.75 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 increass in the recovery of sulfur formed duriing
the conversion of hydrogen sulfide and anthraquinone to sulfur and
anthrahydroquinone. While it is not exactly understood why the addntuon
30 of water to the reaction solution increases the amount of sulfur which c?n
be recovered from the reaction solutidn, it is believed that the addition:of
a small amount of water to the reaction solution hkely limits the total

solution solubllity and water is selectively solubilized aver sulfur, i.e. Sa|. -

As discussed above, the reaction solution is removed from the'_ :

35 H2S reactor and sulfur is saparated therefrom by filtration, centrifugathn
or any other means known in the ant. This remaining reaction- solutoon i
then heated to from about 100° C to about 150° C at atmosphenc.

!
i
i
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or any other neans known in the art.
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gas constituents, including HzS, CO2, and complexing agent, if des{rad.

are removed from solution and recycled to the reactor. The solutign is
withdrawn from the flash tank and may be further heated to from about
150° C t0 about350° C at a pressure sufficient to prevent solvent boiling.
The heated solution is then fed to a dehydrogenation reactor wherejthe
anthrahydroquinone is catalytically or thermally converted to
anthraquinone and hydrogen gas (Hz) under the temperature }fand
prossure conditions stated above. In accordance with the praéent

‘invention, Applicant has discovered that the presence of a small amaunt

of water dissolved in the heated solution fed to the dehydrogenauon
reactor unexpectedly increases hydrogen production selectivity du'nng
dehydrogenation of anthrahydroquinone, and thus, decreases unwahted
hydrogenolysis by-products, such as anthrones and/or anthrartols

Further, increased hydrogen product selectivity occurs in ancordqnce.
with the presant invention at dehydrogenation temperatures, e.g. 1 5(1;° to
250° C, which praviously yielded lower conversion rates. Afterithe

‘dehydrogenation reaction, anthraguinone in its initial form is withdrawn

from the dehydroganation reactor dissolved with the complexing agent in
the polar organic solvent and is recycled to the HzS reactor, while the Hz
gas is recoveraed as a commercial product. Preferably, the process omhe
present invention is operated as a continuous process.

" While it is not expressly understood why the addition of watar to
the poiar organic solvent prior to or in the sulfur production stage of ltha
process of the present invention results in mcreasad -hydrogen product
selectivity in the dehydrogenation stage of the process, it is believed that
water addition in the sulfur production stage substantially eliminates lthe

_production of the free radicals at this stage which are necessary! \for

anthranol productlon in the later dehydrogenation ~stage. Anthrone
production is effectively eliminated by operating at temperatures lbss
than about 265° C.

The followmg examples demonstrate the practice and utility of ’the
present invention, but are not to be construed as hmmng the scape
thereof. : o i

: ' Example 1

T-butyl anthraquinone (TBAQ) is added to N-methyi-7z-

pyrrolidinone (NMP) in an amount of 25 wt%. Pyridina (PY! is alsc




pressUre‘and fed to a flash tank where T SMEETaHAS BEEN Teet—
constituents, including [err] [err] and| conpRERLAGEBgent fﬁﬁ?éé\ﬂ"-édr‘ r&P*
renoved froim sol Ution and recycled to t R EoT——THe—Sot tion 252"

wi t hdiawmn fromthe flash tank and may be furtdfer heated t of] el -alout - e :
[err]-.to about [err] .C at a pressure sufficient to prevent SOl vent
boi li'ng. The heated. solution is then fed to a dehydrogenation reactor where

i heagu nona. ot i s sHhitE S48 coMBIPKRGLRRERt 41 chmolar ratib. o
complexing agent to TBAQ of 1/1, Varying amounts of water are added
fo saparate portlons of the solution. Each portion of the solutaon is
contacted with hydrogen suifide containing gas in a suitable reactor |at a

S temparatura of 20° C and at a HzS partial pressurs of 1.5 atmospheres
for 2 hours. ' The amount of Sg recovered is determined by wetghmg the
sulfur which is preclpltated out of the solution removed from the reactor
The results ars. graphncally illustrated in FIGS. 1-3. As illustrated in FIG 1,
the amount of Sg recovered, which is expressed as the weight % of total

10 - sulfur formed in the reactor. increases with increasing amounts of water
which are added to the solution pnor to or during the sulfur produaﬂon
~ stage of the process, i.e. during the conversion of hydrogen sulfide and
anthraquinone to sulfur and anthrahydroquinone. As illustrated in Fl¢ 2,
the time requnred for Sg precipitation decreases to commercnally
15 acceptable lovels with increasing water/TBAQ ratios. As tur&her
illustrated in FIG. 3, the TBAQ conversion rate to H2TBAQ increases ‘\lllth

increasing water/TBAQ ratios. e i

T Example 2

- T-amyl anthraquinone (TAAQ) is added to N-methyl-2-
20 - pyrrolidinone (NMP) in an amount of 39 wt%. Diethylmethylamine
(DEMA) is also added to the solution as a complexing agent in a miolar

’ ratio of complexing agent to TAAQ of 1/8. One such solution does; not

' contain any water, while another solution eontains one mole of water per

- mole of TAAQ. Each of thess solutions is contacted with hydrogen sulfide

25 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 amoumt of
Sa recovered is determined by weighing the sulfur which is precxpltéted
out of the solution removed from the reactor. The amount of! Ss
~ recoversed which is expressed as the weight % of total sulfur formed in
30  the reactor increases from 681% to 78% while the S precipitation time
decreases from 10 minutes to 7 minutes when water is added to! ithe
solution, as opposed to a solution without water. -
Example 3
A dehydrogenatlon feed of N-methyl-2-pyrrolidinone (NMP‘ '
35 containing 25 wt% t-butyl anthrahydroquinone (H2TBAQ) is introducel to
- a reactor wherein the t-butyl anthrahydroquinone is dehydrogenated to t
butyl anthraqumona (TBAQ) and hydrogen in the presence af a platlmurr

i
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pressure’conditions stated abbve In a ¢Hf§3’ﬂ\6ﬁ Qf%ﬁ .
i nvention, Applicant. has discovered th @EW#\QEBt% "ém)uh‘t %?EET

water dissolved in the heated sol ution - eé@ﬁo
unexpect edl y increases hydrogen productlon sg ectivity duri %{e m -
dehydr ogenati on of anthrahydroquinone, and thus, decreases unwaited
'hydrogenonS|s by- products, such as anthrones and/or ant hranol s. 15
Further, increased hydrogen product selectivity occurs in accordance. .with

t he present | nvent catalyst. d@qhydmﬁm is wﬂedtwtem the gredctor ]attmr?_
Lerr], which previgurodel! frbskites 3fabotP 851" &t ¥.£2 athbbpherdd%o preyent
solution boiling at the varying dehydrogenation temperatures of f}nm
about 220° C to about 290° C. Three separate feeds are reacted urfader
S5 these parameters. Water is not added to one feed, i added to anoher
fead after sulfur production in the amount of 1 mole of water per mole of
H2TBAQ, and is added to still another feed prior to sulfur productionip an -
amount of from about 1 to about 1.5 moles of water per mole of TBAQ.
Pyridine (PY) is added as a complexing agent to the latter feed inithe
10 amount of one mole of pyridine per mole of TBAQ. Each feed is reacted
for approximately 1 minute. The results which are illustrated graphléally
in Fig. 4 indicate that HaTBAQ selectivity to hydrogen and TBAQ ear) 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, unwanted
1§ hydrogenolysis by-products, such as anthrones and/or anthranols.Tcan
_be effectively eliminated. These results also indicate that the addition of
-water to the feaed after the sulfur production stage of the proc:ess
described herein, or in the hydragen production step, impraves hydrogen
- selectivity over the absence of water in the feed. Howaver, in this cése,
20 hydrogen selectivity is sxgmfncamly below the 100% which can, be
obtained by adding water earlier in the process, i.e. prior to or during.tha
sulfur production stage. Also, hydrogen selectivity decreases both above
and below an optimum temperature of about 265°C when water is added
to the feed aftar the sulfur production stage or in the hydrogen produd,tion

25 stage. j

=

From the foregoing, it can be appreciated that the addition of w:ater _
to the solvent prior to or during the sulfur production stage of the process
described herein permits the hydrogen production stage of this procéass
to be operatad at temperatures below 265° C whiie unexpactédly

30 increasing selectivity to the hydrogen product to about 100%. - Thls
reduced temperature requurement translates to reduced reactor design
and operating costs. - !

While the foregoing praferrad embodiments of the invention riave

been described and shown, it is understood that the alternatives 3and_

35 modifications, such as those suggested and othiers, may be made thereto
_ _ i

and fall within the scope of the invention. a
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1 Dhate

fromthe dehydr ogenation reactor dissol
t he polar organic solvent and is recycl
H2. gas is. recoveped—as—a’ﬁvmm“rm al product. eferab y, t'

present inventio a cont i nuous process Wiile it is not|
expressly undersm&mﬂm t|on of water to the -polar organic sdal vent
prior to or int redueti on stage of the 25 process of the 5
present invention results in increased hydGCigAlMS oduct sel ect ivity in the
dehydrogenatlon stap(ga,% the process, it is believed that ’
1. A process for convamng hydrogen sulfide to sulfur
- comprising: : |
' contacting a feed gas containing hydrogen sulfide with a polar

dehydrogénat i on reaction, ant hr aqui noneﬂdg i T Lra.'
*Efg

1
2

3

4 - organic solvent having an anthraquinone and water dissolved the{rein,
5 said water being dissolved in said solvent in an amount of fram about 0.5
6 1o about 5.0 moles of said water to moles of said anthraquinone; and!'

7 ‘reacting said hydrogen sulfide gas with said anthraquinor{e o
8 produce sulfur and an anthrahydroquinona in said solvent, said water
8§ increasing the amount of Said sulfur which is precipitated and recoviered
0 f{rom said sclvent. !

1 2 The process of claim 1 wharem said amount of water vyhuch
2 ' is added to said solvent is from about 0.75 to about 2.0 moles ot said
3 water to moles of said anthraquinone. :

1 3. The process of claim 2 wherein said amount of water wmch
2 ig added to said solvent is from about 1 O to about 1.5 moles of sdid Water
3 o moles of said anthraquinone.

1 4 The process of claim 1 wherein said solvent has a
2 complexing agent dissclved therein, said complexing agent reactmg wnth
3 said hydregen sulfide to form an ion complex. .-

1 -8, The procass of claim 4 wherein said complexing age;nt is
2 amines, amides, ureas, nitrogen cantaining heterocycuc aromgtics.
3

1

2

1

2

3

1

e

3

1

2

3

1

2

quamdmes. imidazoles, or mixtures thereof.

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

' 7. =~ The process of claim 5 wherein said complexing agent ps N-

- methylacetamide, pyridine, substituted pyridines, dnethylmethylamme.

methyidiethanofamine or tetramethyiurea.
. 8. The process of claim 5 wherein the ratio of said compléxmg

' agent to said anthraquinone in said polar organic solvent is about 1:32 to

about 1:1. _
8.  The process of claim 8 wherein the ratio of said comple}xing_

. agent to said anthraquinone in said polar organic solvent is about 1:16 to
- about 1:3. :

" 10. The process of clalm 9 wherein the ratio of said complqzmn

agem to saad anthraquincne in said polar organic solvent is aboui ? &}

Thls Sheet Has Been Replaced l




-water addition in the sul fur productlon s‘tmgg,_@glpgmqa‘kl
prodUctlon of the free radicals at this st agep@pliAGEMN € Nné

.

ant hr anol product ion in the later dehydiegesation—stogesr

I ng at tenper

.'glrjggtjct g(rjp] ' emmﬂulﬂ(“mmu"M?r{aleceisbée(r)rgﬁ;?bate t he pract |c and ut i I|.ty

of the present i hvént ifon® bbit are not to be construed as limting thelscope

t hereof. 35
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" mixtures thereot.

. reaction with said anthrahyroqumone

—dh

~ Exanple 1 ,

11.  The process of claim 1 wherein said polar organic soiveht is
selected from N,N-dimethylacetamide, N-methyl-2-pyrrolidinone, N,N-
dimethylformamide and mixtures thareof.
12. The process of claim 1 wherein said feed gas also contg’ins
nitrogen, methane, ather low molecular weight hydrocarbon gases, or

13. The process of claim 1 whersin sa:d teed gas also contgins
COS, CO2, or mercaptans which are converted to hydrogen gulfide by

14. The process of claim 4 whersin the pKp value of §aud
complexing agent is less than about 13.0.

15. The process of claim 14 wherein the pKp value of éaud
complexmg agent is fass than about 9.0. |

16. The process of ciaim 15 wherein the pKp value of Taud
complexing agent is less than about 6.0. !

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

contacting a feed gas containing hydrogen sulfide with a pblar
or_gamc 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 {0 moles of said anthraquinone; ; '

reacting said hydrogen sulfide with said anthraquinone to prodjice
sulfur and an anthrahydrequincne in said solvent, said water increasing

" the amount of said sulfur which is precipitated and recovered from saud

solvent; and : :
dehydrogenatlng sald anthrahyroquinone to anthraqumone and

'_hydrogen said water increasing the selectivity of anthrahydroqumone
_conversion to anthraquinone and hydrogen. !

~18. The process of ciaim 17 wherein said amount of water
which is added to said solvent is fragy about 0.75 to about 2.0 moles of

_said water to moles of said anthraquinone a

19, The process of claim 18 wherein said amount of water
which is added to said solvent is from about 1.0 1o about-1.5 mole§ of

said water to moles of said anthraquinone.

~

20. The process of claim 17 whereir said solvant has &

complexing agent dissalved therein, said complexmg agent reacting wnth

said hydrogen sulﬂde to 1crm ar ioh compler
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T- butyl.',ant hr aqui none (TBAQ is added t PhsesdmT- Q,s@gsr:t:ﬁl
an anmount of 25 w % ..Pyridine (PY) is allso ngddﬁdEDo th

| i i gf{r% ﬁNg?%{*
\CE/EEEI ﬁél Q%Dﬁgtegt Ohi“ﬁﬁi“ﬁilﬂﬁﬂho 0t ocglepar ate“port I ons of ﬁgﬁeo':(zﬁ?zulﬁ&m
ach portion of t ntacted with hydrogen sul fide contaiini ng
gas in a suitable feattor |
21, The process of claim 20 wherein said complexing agEnt is
_amines, amldes. ureas, nitrogen containing heterocyclic aromatncs.
quanidines, lmldazoles. or mixtures thereof.
- 22. The process of claim 21 wherein said complexing agant is
substituted with alkyl, aryl, or organic alcohol groups. ; '
_ - 23. The process of claim 21 wherein said complexmg agént is
N-methylacetamide, pyridine, substﬂuted pyridines, dcethylmethylamme.

methyidiethanolamine or tetramethyluraa
24. The process of claim 20 wherein the ratio of said -

1

2

3

1

2

1

2

3

1

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 ofl said
2 complexing agent to said anthraquinone is about 1:5. ' ’
1
2
1
2
1
2
1
2
1
2
3
1

27. The process of claim 17 wherein said dehydrogenatuon
reaction is carried out at a temperature of about 180° C to about 350° C.
28. The process of claim 20 wherein the pKy value oﬂ said

complexing agent is less than about 13.0.. _
29. The process of claim 28 wherein the pKp value of said

complexmg agent is less than about 9.0.
30. The process of claim 28 wherein the pKp value oﬂ saud

complexing agent is less than about 6.0.
31. The process of ciaim 17 wherein said amhraquinone‘ said

water, said complexing and said solvent are recycled frorm said

dehydrogenating step to said contacting step.
32." Allinventions described herein.
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5 tenperature of [err] Cand at a [err] partial pressure of ”
atmospheres for 2 hours. ' The anount of [err] recovered is dgt F ﬁ“rSHEET
wei ghi hg the sul fur which is precipitated out of the. sol uti g eﬁb?eﬂ EEB
the reactor. The results are graphically illuRrated in Fl G~rbaf

illustrated in FIG 1, the anount of [err] recovered, which s pxnre:cpd as ..
the weight %of total 10 sulfur formed in the reactor. incre Sﬁ%é%ﬁ&ETHASBEEV

during the eul fur producton SARRTBACTOR, JHE BISCLOSIREN L heuhchLACED

cconversion of hydrogen sulfide and anthraqul nono to sul fur and |

ant hr ahydr oqui none. As’ Al grosesstarcesnveRting hydrogen sulfide which is contained| iin a
gaseous feed stream to elemental sulfur and hydrogen. The process
comprises contacting said gaseous feed stream with a polar orgamc

5 solvent having an anthraquinone, and optionally a complexing agent
dissolved therein, reacting the hydragen sulfide gas and anthraqmdone
to produce sulfur and an anthrahydroqumone in the solvent, ]and
catalytically dehydrogenating tha anthrahyroquinone to anthraquu'{lona
and hydrogen. In accordance with the present invention, a relatively

10 small quantity of water is added to a polar organic solvent thelieby
increasing the elemental sulfur which is precipitated and thus recavered.
The addition of water prior.to or-during sulfur production also mcreases
hydrogen product selectivity in the subsequent dehydrogenahoqi of
anthrahydroquinone. _

185 . _ - _ S
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the time required for [err] precipitati
acceptabl e level s with increasing water/
illustrated in FIG 3, the TBAQ conver sifon raﬂéF‘anisg
i ncreasi ng wat er/TBAQ ratios. Exanple 2 ' :;
added to N-methyl-2- 20 pyrrolidinone (NIVP}/dn an amount of 30 wt % _
Di et hyl net hyl ani ne (DEMA) is al so added to the solution as a conpl exi ng
agent in a nolar ratio of conplexing agent to TAAQof /8 —0Onesuch |

sol ution.does not. ’ This Sheet Has BeenRTlaced
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'ontaln any mater mhlle anot her solutlon contalns on- B e E =

rngumwﬁﬂmsﬁﬁﬁ

mol e of, TAAQ Each of these solutions is gg
containing gas in separate reactors at at
[err] part|aI—p%essu%e—ﬁﬁmi-s—atnnspheres'
[err] recovered,]

out of the soIJPE

[e %&ac
] te

whi ch i s express ht %-of total sulfur forned in 30 the
reactor increasedi 78% while the [err] precipitation tirne
decreases from 10 n1nutes to 7 minutes when water is added to the

S0 5

MIN.

'Sg PRECIPITATION TIME
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%]melghln
ﬂﬁﬁ the react @/4 The amount of [err] recoyer ed
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‘solution, as opposed to a sol uti on W t hout water. Exanple

dehydro‘genatlon feed of N-nmethyl-2-pyrrptdrm NIVPF—355)1 cont

Wt %t butyl anthrahydroqui'none- [err] i .Elq"lt‘f du‘c@ﬁmf@%Nr ______________________________
t-b'u-tyl ant hr ahydr oqui none i s dehydrogenated. 1= 6 S I i :
.and hydrogen in the presence of a platindM ~

!
i
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catal yst . Dehydrogenatlon is carried qQutr , ' e 4|
pres‘sures of about 2.31 to about 8.12 jat %%Eﬁg?”ﬂ.g@%% ﬁ?‘%@% ET
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parameters. Wat gplsgﬂet% gto one feeq is added to another feed a ter
sul fur productlo [ of 1 nole ({f wat er per nole of [err], and
is added to still pricor to sul fur production in an anount of
fromabout 1 to about 1.5 noles of water. per nole of TBAQ Pyridine (PyY) is
added as a conpl exing agent to the latter feed in the
100 @ :
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10 -apount of one nole of pyridine per nole of TBAQ Each f ﬂtPL&GEMENETaiiEET

for approximately 1 minute. The results which are illustrat
) in Flg 4 indicate that [err] selectivity to hydrogen and
increased to 100% below [err] C If water |s12dded to the NMR=sowef

to the sul fur prpﬂb'élts?rl-'@li auecofER NG UFass ANDhus, unwant ed 15
hydr ogenol ysi s by-products, such as anthrones and/or anhranols, can be

effectively el i mippREEEN TheseM rEXDROGENMISILFIDE cate that the addition of
water to the feed after the sABSTRACIIQFi THE DISCIWOSURE process
descri bed herein, or in the hydrogen production step, inproves hydrogen

A process for converting hydrogen sulfide which is contained in a
gaseous feed stream to elemental sulfur and hydrogen. The process
comprises contacting said gaseous feed stream with a polar organic

5 solvent having an anthraquinone, and optionally a complexing agent,
dissolved therein, reacting the hydrogen sulfide gas and anthraquinone
to produce sulfur and an anthrahydroquinone in the solvent, and
catalytically dehydrogenating the anthrahyroquinone to anthraquinone
and hydrogen. In accordance with the present invention, a relatively

10 small quantity of water is added to a polar organic solvent thereby
increasing the elemental sulfur which is precipitated and thus recovered.
The addition of water prior to or during sulfur production also increases
hydrogen product selectivity in the subsequent dehydrogenation of
anthrahydroquinone.

15

FIGURE 4




"sel'ectivity over the absence of water ;in the fepd. However d-A_thi-s—ease-——
20. 7 hydrogen selectivity iiﬁ%igﬂmﬁY%dntaa R biAk he 100% WhixehLaGEsbRT SHEET |}
obtai ned by adding water earlier in the process} i.e. prioff to or durin
t he sul fur production stage. Al so, hydrogen selectivity de rgageﬂﬂhdﬂﬁi%ﬁﬁun

“above and bel ow an opti numtenperature of about [err] when } .

"to the feed after the sul fur productionistage or in the hydrogen ppp@ﬂ?tkﬁ%

25 stage. Fromthe foregoing, it can be appreciated that the addi i o]

water to the solvent_prior to—oef-during the sulfur production stage-of the

process PROCESS FOR RECOVERING SULFUR AND
HYDROGEN FROM HYDROGEN SULFIDE

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
dehydrogenation of anthrahydroquinone 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 valuable hydrogen source, precise air rate control, removal of trace
sulfur compounds 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 suifur. . .
- " 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 polar organic solvent. This polar organic solvent preferably has a
polarity greater than about 3 Debye units. The resulting reaction
between hydrogen sulfide and anthraquinone yields sulfur and the
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corresponding anthrahydroquinone. The sulfur formed from the reaction:

~ betwsen hydrogen sulfide and anthraquinone precipitates from the
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solution in crystalline form (Sg) and is recovered as a product. However,
the polymerization and precipitation of the sulfur formed as Sg has
remained a limiting factor .in this process. The amount of sulfur
recoverable as an Sg product has been an unacceptable percentage of
the total sulfur formed and the time required to precipitate Sg as a product
is sufficiently long to impede the commercial viability of the process.

The remaining solution containing anthrahydroquinone is
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
undesirable production of water and anthrones and/or anthranols. Thus,
a need exists for such a process whersin the amount of sulfur which can
be precipitated from solution in crystalline form (Sg) 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
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
from solution in crystalline form (Sg) 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. '

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 an?ffraquinone can be precipitated from solution in
crystalline form (Sg) in a commercially acceptable time.

- SUMMARY OF THE INVENTION . .
To achieve the foregoing and other objects, and in accordance
with the purposes of the present invention, as embodied and broadly:
described herein, one characterization ot the present invention is a




CLAIMS - claim 1~ 71 A process for converting hy '

sulfur 2 conprising: 3 contacting a feed gas cont ﬁEHgAbEﬂeng@mEET
sulfi'de with a polar 4 organic solvent having an anthraq none

dlssolved t herein,

-3-

process for oonvemng “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
5.0 moles of the water to moles of the anthraquinone so as to increase
the amount of sulfur produced.

10 In another characterization of the praesent 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 (Sg) recovery as a functlon of
the molar ratio of water to t-butyl anthraqumone (T BAQ) in the process of
the present invention;

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

30 as a function of the molar ratio of water 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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"produce sul fur and an anthrahydroqui none in said solvent,

S
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production, and one to one and a half moles of water per mole of t-butyl
anthraquinone (TBAQ) added prior to the suifur production stage of the
process of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
_ EMBODIMENTS
The present invention relates to a process wherein a feed gas
containing hydrogen sulfide (H2S) and an anthraquinone, dissolved in a
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

ion complex. Shouid 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
contain other sulfur compounds, such as COS, CS2 and mercaptans,
which are converted in the process to HzS, 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
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, .g. Sg or other forms of polymerized sulfur, is
withdrawn from the reactor as a precipitate in the reaction solution, is
separated from solution by filtration, centrifugation or other means known
in the art, is washed to remove the polar organic_solvent and dissolved
énthrahydroquinone any unreacted anthraquinone and complexing
agent, and is dried or melted to a liquid form. e o
N,N-dimethylacetamide, N,N-dimethylformamaide, sulfolane
(tetrahydrothiophene-1,1-dioxide), acetonitrile, 2-nitropropans,
propylene carbonate and mixtures thereof. The most preferred solvent is

‘Suitable polar organic solvents include N- methy'°2'9yrro|| danne A

-——_._.......'
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i.s.added to said solvent is fromabout 1.0 to about 1.5 nollleBEBRAGEY
3 'to noles of said anthraqui none. 1 4. The procesjs_of % 1896
wherein said solvent has a 2 conpl exi ng agent dissolved t PRIe T
conpl exi ng agent +reacting with 3 said hydmpgen sulfide to Torm ap g oV 19%5
‘conplex. 1 5. The process of claim4 wherein said conpl exihg agen
is 2 amnes, am des, ureas, nitrogen containing heterocyclic aromatics, 3
guani di nes, im-dazoles, or m xtures thereof. -

N-methyl-2-pyrrolidinone (NMP). Useful anthraquinones are ethyl, t-

butyl, t-amyl and s-amy! anthraquinones and mixtures thereof because of
their relatively high solubilities in most polar organic solvents. The pr 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 pKp values are based on Ky (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
10 can aiso be substituted with alkyl, aryl and organic alcohol groups.
Examples of suitable complexing agents are n-methylacetamide,
. pyridine, substituted pyridines, diethylmethyiamine,
methylidiethanolamine and tetramethylurea. The preferred complexing
agents are diethylmethylamine (DEMA), methyldiethanolamine (MDEA),
18 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:. ' '

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 HaS
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 0.75 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 solutign, 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 solubilized over sulfur, i.e. Sg.

i .- ...As discussed.above;, the. reaction-solution is. removed from the. .. .
'35 H,S 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



1. .6... The process of claimb5 wherein said conpl exi
‘substltuted with alkyl, aryl, or organic al cohol groups. 1
. The process of claimb5 wher ei n sai d conpl exi ng agent is N
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et hyl acet am de, pyridine, substituted pyrldlnes dlethylne )Y

-met hyl di et hanol amine or tetranethylurea. 1g. 8. The procetg(ﬂnv:@q%1
"5 wherein the ratio of said conplexing 2 agent to said anthraqui none_in
sai d polar organic solvent is about 1:32 to 3 about 1:1. 1 9. The-:

preeess of claim8 wherein the ratio of —said conpl exi ng
pressure and fed to a flash tank where substantially all unreacted feed

gas constituents, including HgS COg2, and complexmg 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° C at a pressure sufficient to prevent soivent boiling.
The heated solution is then fed to- a dehydrogenation reactor where the
anthrahydroquinone is catalytically or thermally converted to
anthraquinone and hydrogen gas (Hz) under the temperature and
pressure conditions stated above. In accordance with the present
10 invention, Applicant 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, anthraquindne 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 HaS reactor, while the Ha
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
o 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 utiiity of the
present invention, but are not to be construed as hmmng the scope .
- 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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2 agent to said anthraquinone in said polar--organic solve
to.3 about 1:3. 1 10. The process of claim9 where
sai'd-.conplexing 2 agent to said anthraqui none in said pol
'solvent is about This Sheet Has Been Repl aced 1

of claim1l wherein said polar organic soIvePt S

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
5 temperature of 20° C and at a H2S partial pressure of 1.5 atmospheres
for 2 hours. The amount of Sg recovered is determined by weighing the
sulfur which is precipitated out of the solution removed from the reactor.
The rasults are graphically illustrated in FIGS. 1-3. As illustrated in FIG. 1,
the amount of Sg recovered, which is expressed as the weight % of total
10  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 anthr'ahydroquinon'a. As illustrated in FiG. 2,
the time required for Sg precipitation decreases to commercially
15 acceptable “lavels with increasing water/TBAQ ratios. As further
illustrated in-FIG. 3, the TBAQ conversion rate to HaTBAQ increases with
increasing water/TBAQ ratios.
Example 2
- T-amyl anthraquinone (TAAQ) is added to N-methyi-2-
20 pyrolidinone (NMP) in an amount of 39 wi%. Diethyimethylamine
(DEMA) is also added to the solution as a complexing agent in a molar
. ratio of complexing agent to TAAQ of 1/8. One such solution does not
" contain any water, while another solution contains one mole of water per
mole of TAAQ. Each of these solutions is contacted with hydrogen sulfide
25 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
Sg recovered is determined by weighing the sulfur which is precipitated
out of the solution removed from the reactor. The amount of Sg
recovered which is expressed as the weight % of total sulfur formed in
30 the reactor increases from 61% to 78% while the Sg precipitation time
decreases from 10 minutes to 7 minutes when water is added to the
solution, as opposed to a solution without water.
Example 3 :
e e a0 hydrogenation--feed-of- N-meth ylélz-ﬂyfral-idi'rfn ne—(NMP): -
35 containing 25 W% t-butyl anthrahydroquinone (H2TBAQ) is introduced to
a reactor wherein the t-butyl anthrahydroquinone is dehydrogenated to t-
butyl anthraquinone (TBAQ) and hydrogen in the presence of a platinum’
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The process of claim1l wherein said food gas al so contains Fert '
‘'or norcaptans which are converted to hydrd@en sulfide by 3 reacthdﬁ Nﬁ_
sai d ant hrahyroqui none. 1 14. The process of claim4 wherein the

[err] vaIue~Qf sai d

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
S5 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
" H2TBAQ, 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.
Pyridine (PY) is added as a complexing agent to the latter feed in the
-10  amount of one mole of pyridine per mole of TBAQ. Each feed is reacted
for approximately 1 minute. The results which are illustrated graphically
in Fig. 4 indicate that H2TBAQ 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, unwanted
15 hydrogenolysis by-products, such as anthrones and/or anthranols, can
be effectively eliminated. These results also indicate that the addition of
water to the feed after the suifur production stage of_thé process
described herein, or in the hydrogen production step, improves hydrogen
selectivity over the absence of water in the feed. However, in this case,
20 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°C when water is added
to the feed after the sulfur production stage or in the hydrogen production
25 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
30 increasing selectivity to the hydrogen pfoduct to about 100%. This
reduced temperature requirement translates to reduced reactor desugn
and operating costs.
While the foregoing preferred embodiments of the invention have
- +o - been.described- -and- shown, it is ‘understood that thealtematives: ang. T
35 modifications, such as those suggested and others, may be made thereto
and fall within the scope of the invention.
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1. A process for converting hydrogen sulfide to sulfur
comprising:

' contacting a feed gas containing hydrdgen sulfide with a polar
organic solvent having an anthraquinone and water dissolved thersin,
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 0.75 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
subsmuted with alkyl, aryl, or organic alcohol groups. .

7. The process of claim 5 wherein said complexing agent is N-
methylacetamide, pyridine, substituted pyridines, diethylmethylamine;
methyldlethanolamme 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. T

9. The process of claim 8 wherem the ratio of said complexmg_ :

- agent to said anthraqumone i sand pblar organic solvent is‘about 1:16t0
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.

e
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11. The procass 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, CO», or mercaptans which are converted to hydrogen sulfide by
reaction with said anthrahyroquinone.

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

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

16. The process of claim 15 wherein the pKp 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 thersin,
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 sald hydrogen sulfide with said anthraquinone to produce
sulfur and an anthiahydroquinone 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

A 0 . "
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12 hydrogen, said water increasing the selectivity of anthrahydroquinone
13 conversion to anthraquinone and hydrogen.
1 18. The process of claim 17 wherein said amount of water
2  which is added to said solvent is from about 0.75 to about 2.0 moles of
3 said water to moles of said anthraquinone. _ |
1 19. The process of claim 18 wherein said amount of water
_____ 2 whichis added to said solvent is from about 10t about 1.5 moles of ~ .
'3" "said watér to moles of said anthraquinone.
1 20. The process of claim 17 wherein said solvent has a
2 compiexing agent dissolved therein, said complexing agent reacting with
3 said hydrogen sulfide to form an ion complex. :

* [ L M S *
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with 3 - said hydrogen sulfide to forman ion conpl ex

1 21. The process of claim 20 wherein said complexing agent is
2 amines, amides, ureas, nitrogen containing heterocyclic 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-methylacetamide, pyridine, substituted pyridines, diethylmethylamine,
3  methyldiethanolamine or tetramethylurea. o -
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.
1 - 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 procass of claim 20 wherein the pKp value of said
2 complexing agent is less than about 13.0. |

1 29. The process of claim 28 wherein the pKp value of said
2 complexing agent is less than about 9.0. |

1 30. The process of claim: 29 wherein the pKp value of said
2 complexing agent is less than about 6.0. L

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. Al inventions described herein.
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1 - . 21. The process of claim 20 wherein said conplex _ i

an1ne5~ ‘am des, ureas, nltrogen cont ai ni ng heterocyclic arn E?EQQEMFNTgﬁEET
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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 thersof.

13. The process of claim 1 wherein said feed gas also contains
COS, Cs2, or mercaptans which are converted to hydrogen sulfide by
reaction with said anthrahyroquinone.

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

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

16. The process of claim 15 wherein the pKp 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 0.75 to about 2.0 moles of
said 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 soilvent has a
complexing agent dissolved therein, said complexing agent reacting with
said hydrogen sulfide to form an ion complex,
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~anthraqui none is about 24;5. The process ®f -claifl'20WRERHF said Somplaxing ¥HEAEis
sai d dehydrogenati on, . ) . . .
. amines, amides, ureas, nitrogen containing heterocyclic aromatics,
quanidines, imidazoles, or mixtures thereot.

22. The process of claim 21 wherein said complexing agent is
substituted with alkyl, aryl, or organic alcohol groups.

23. The process of claim 21 wherein said complexing agent is
N-methylacetamide, pyridine, substituted pyridines, diethylmethylamine,
methyidiethanolamine or tetramethylurea.

24. The process of claim 20 wherein the ratio of said
complexing agent to said anthraquinone is about 1:32 to about 1:1.

25. The process of claim 24 wherein the ratio of said
complexing agent to said anthraquinone is about 1:16 to about 1:2.

26. The process of claim 25 wherein the ratio of said
complexing agent to said anthraquinone is about 1:5.

27. The process of claim 17 wherein said dehydrogenation
reaction is carried out at a temperature of about 150° C to about 350° C.

28. The process of claim 20 wherein the pKp value of said
complexing agent is less than about 13.0.

29. The process of claim 28 wherein the pKp value of said
complexing agent is less than about 9.0. y

30. The process of claim 29 wherein the pKp value of said
complexing agent is less than about 6.0.

| 31. The process of claim 17 wherein said, anthraquinone, said
water, said complexing and said solvent are recycled from said
dehydrogenating step to said contacting step.




2. reactlon IS carrled ou- t§
C 1 ‘ 28. The process of:

err] val e of said 2

conplexi'ng agent is less than about-13 01 ~ 29. The process of
clai‘m 28 wherein the [err] value of said 2 conplexing agent is less than
about 9.0. 1 30. The process of clai mhereln the [err] val ue of

said. 2 conpl exi ng agent is |ess than about
of claim 17 wherein said ant hraqui none said 2 mater
said solvent are recycled fromsaid :

Fad

80 1

Sg RECOVERY: WT %OF TOTAL S FORMED

60 Y T ! T A
00 0.5 1.0 1.5 20 2.5

WATER/TBAQ RATIO: MOLES/MOLE

FIG. 1



3, dehydr ogenati ng stép ixisks
i nventi ons described herein. Thi S-S

2/4 e}

50 -

Sg PRECIPITATION TIME: MIN.

30

I

0 _ofs 1.0 1.5 20 25
WATER/TBAQ RATIO: MOLES/MOLE

FIG. 2




TBAQ CONVERTED: MOLE %

100 4.

80 -

60 -

40 -+

20 4

3/4

WATER/ TBAQ

REPLACEMENT SHEET

18 JuL 1997

Date ..h e

:’

O NONE
0 1.0 & 2.0 MOLES/MOLE

0.5

-
1.0

T
1.5

2.0 25

REACTION TIME: HRS.

FIG. 3



H,TBAQ SELECTIVITY TO HYDROGEN: MOLE %

REPLACEMENT SHEET

anm pate :4.8.JUL. 1997 ...
100 O~
90 |
\ WATER ADDED PRIOR TO
80 \(‘SULFUR PRODUCTION
70

6\{ ,e
60 _

50
F/ Q_ (WATER ADDED AFTER

SULFUR PRODUCTION
40 /

N //‘\\
A

10
200 220 240 260 280 300

REACTION TEMPERATURE °C

FIG. 4



