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(57) Abrege/Abstract:

Processes for selectively eliminating hydrogen sulfide from liguid ammonia, elither anhydrous or aqueous, are described herein.

The processes generally include contacting a first liguid stream, anhydrous or agueous, comprising ammonia and hydrogen
sulfide, with a solution comprising sulfur dioxide to convert the hydrogen sulfide to thiosulfate.

4_:r;- o
et VNN
- h.“s- .\l\.\‘ .'&. N A L~
SRaRRaE L /S

I*I . . b RN, o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OP[C AR By meew ..
OPIC - CIPO 191 ot




WO 2012/125643 A2 |I]H]FII0A 000D VA0 0O S O AR

CA 02829929 2013-09-11

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property

(43) International Publication Date

Organization
International Bureau

(10) International Publication Number

WO 2012/125643 A2

20 September 2012 (20.09.2012) WIPO I PCT
(51) International Patent Classification: (74) Agent: MENON, Usha; D'Ambrosio & Menon, PLLC,
CO2F 1/68 (2006.01) CO2F 101/10(2006.01) 2825 Wilcrest Drive, Suite 486, Houston, Texas 77042
C0IC 1/02 (2006.01) (US).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/US2012/028936 kind of national protection available): AE, AG, AL, AM,
, - AOQO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(22) International Filing Date: CA. CH, CL. CN, CO, CR, CU, CZ. DE, DK, DM. DO,
13 Ndatoh 2012 (13.43.2012) DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
(25) Fi]ing Language: Enghsh HR, HI_I, II), IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ. NA. NG, NI, NO, NZ.
(30) PI'iOI'ity Data: OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
61/465,041 14 March 2011 (14.03.2011) US SE, 3G, SK, SL, SM, ST, SV, SY, TH, 1), 1M, 1N, 1K,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): . o
THIOSOLV, 1.L.C. [US/IJS], ThiOSOlV, LLC, 410 Grand (84) D.eSIgnated. States (unleoss OZLhef”WlSé? mdzcared, fO?‘ every
Oaks Blvd., SpI’lIlg Branch, Texas 78070 (US) kind Of regzonal protection avazlable): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(72) Inventors; and UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
(75) Imventors/Applicants (for US only): ANDERSON, Mark TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

[US/US]; 8911 Kennett Valley, Spring, Texas 77379 (US).

RAY, Michael [US/US]; 410 Grand Oaks Blvd., Spring
Branch, Texas 78070 (US).

DK, EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: ELIMINATION OF HY DROGEN SULFIDE IN AQUEOUS AMMONIA

LN

NS
§ .,
\
\
h)
Ay .
.
\
. ~
:\,\ \.\'\\ﬁ\\i. R,S
>  §
\
\
\
N .
.
N . AR RN RRAR VA R R AR AN
- suuwee ~ '\ |
“ W :
b \ .
3 \ :
EneS Ry } :
3 \ 3 : .
% : s . : N '\‘ i \E
[ .
t | § - v ~\\ :. . " Y \'.\
\ " w L :
\ 4
~ X
: b \ . } v
araslanaca asessase D WA .
N - A s
a . \ :
N \
N |
N \
SN § :
: |
tsa&x (. v t
N )
3 :
5 \ 2
3 N X
- - twtwte *&\ § \ t
\ ) 3
8 4
N :
L)
\ 1)
N . § »
A . R S :
Ly % \ '{

"A.:,. >
1
-

\-

»

‘.\"\',\--,\\x\sss\\\\.\\xs\\\\\\\‘.\- AANALNACcarasmuTTTRRE T IRy
3

By .

Y

¢
&
ffff/ffff/f/t%fg
7

:
PLLLLPEVSPIIITIIIS
%

.

'y,

;

(57) Abstract: Processes for selectively
celimmating hydrogen sulfide from Ili-
quid ammonia, either anhydrous or
aqueous, are described heremn. The pro-
cesses generally include contacting a
first liquid stream, anhydrous or
aqueous, comprising ammonia and hy-
drogen sulfide, with a solution compris-
ing sultur dioxide to convert the hydro-
gen sulfide to thiosulfate.



CA 02829929 2013-09-11

WO 2012/125643 A2 |0 A0 00 KL 0 A

Declarations under Rule 4.17: Published:
— as to applicant's entitlement to apply for and be granted —  without international search report and to be republished
a patent (Rule 4.17(ii)) upon receipt of that report (Rule 48.2(g))

— as to the applicant’s entitlement to claim the priority of
the earlier application (Rule 4.17(iii))



10

13

20

CA 02829929 2013-09-11
WO 2012/125643 PCT/US2012/028936

ELIMINATING HY DROGEN SULFIDE FROM LIQUID AMMONIA

BACKGROUND

[0001] Hydrogen sulfide (H,S) and ammonia are commonly found together in process
streams produced 1n commercial processes such as petroleum refining and gasification of carbon-
containing materials such as coal, petroleum coke, and heavy oils. Conventionally, the ammonia
1s removed from gaseous or liquid streams immiscible with water by washing with water and
subsequent separation of the phases. Dissolution of the ammonia in the wash water also renders
soluble a roughly equimolar amount of hydrogen sulfide. Because of the toxicity of hydrogen
sulfide, waste waters containing hydrogen sulfide (“sour water”) must be treated before
discharge or reuse. It the liquid stream 1s to be discharged to public waters, the ammonia must
also be removed.

[0002] Typically, sour water 1s treated by distillation to remove both hydrogen sulfide
and ammonia as a gaseous mixture. The gas mixture may be further treated in a Claus process,
an 1ndustry standard for recovery of elemental sultur. The ammonia 1n the gas mixture 1s
incinerated in the Claus process to form water and nitrogen gas. Alternatively, sour water may
be treated by taking advantage of the fact that the ratio of partial pressure of hydrogen sulfide to
the partial pressure of ammonia over water solution increases with increasing temperatures. The
sour water 1s treated under elevated pressure in a two-part distillation process. The first
distillation strips out most of the hydrogen sulfide and minor amounts of ammonia as an
overhead gas product, which may be further treated with a Claus process. The second distillation
produces an overhead gas stream, comprising ammonia with minor amounts of hydrogen sulfide,

and a bottoms water stream suitable for discharge or reuse.

1
SUBSTITUTE SHEET (RULE 26)
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SUMMARY
[0003] The one or more embodiments of the invention provide a process for efficiently

eliminating hydrogen sulfide in a fluid which comprises ammonia by converting the hydrogen
sulfide to ammonium thiosulfate, which has commercial value. The processes of the invention
reduce the cost of removing hydrogen sulfide 1n comparison to physical separation or reactive
solvents. The ammonium thiosulfate and ammonia products are marketable, which can offset
process costs.

10004 ] In one embodiment, the process comprises contacting, in a first contact zone, a
first liquid stream, anhydrous or aqueous, comprising ammonia and hydrogen sulfide (“sour
ammonia’) with a second stream, liquid or gas, comprising sultur dioxide. The first contact zone
produces a liquid effluent comprising ammonia and ammonium thiosulfate. The first contact
zone also yields an overhead gas comprising ammonia and sulfur dioxide and insoluble and 1nert
gaseous compounds that may have been present in the second stream. Water may be added to
the first contact zone if necessary to satisty the stoichiometric demand for one mol of water per
each two mols of hydrogen sulfide converted to thiosulfate or to prevent precipitation of
ammonium thiosulfate salt.

[0005] In another embodiment of the invention, the first contact zone overhead gas 1s
sent to a second contact zone where 1t 1s washed by a scrub solution comprising at least one of
water and a dilute ammonium sulfite solution. At least a portion of the second contact zone
liquid effluent, comprising ammonium sulfite and ammonium bisulfite, may be recycled to the
first contact zone

[0006] In another embodiment, the process comprises diverting at least a portion of the

first contact zone liquid effluent to an evaporator that separates the effluent into an evaporator
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overhead gas product comprised of ammonia commercially free of hydrogen sulfide and an
evaporator liquid effluent product comprised of ammonium thiosulfate.

[0007] To increase the ratio of thiosulfate to ammonia exiting the first contact zone in
the liquid effluent, hydrogen sulfide concentration in the feed may be increased. One method of
increasing the hydrogen sulfide concentration i1s by adding hydrogen sulfide to the feed or
directly to contact zone. Another means of increasing the ratio of sulfur to ammonia in the
product 1s to reduce the separation of hydrogen sulfide from the ammonia sulfur 1in a preceding
distillation step. Another means of increasing to the desired level the ratio of sulfur to nitrogen
in the first contact liquid effluent, 1s by adding ammonium thiosulfate.

[0008] In yet another embodiment, the sulfites and bisulfites supplied to the first contact
zone are supplied as sulfites of one or more of metal cations. The cations may be from the
family of ammonia, alkaline metals, alkaline earth metals, and other metals whose presence 1s
not objectionable to the intended use of the ammonia.

[0009] In another embodiment, hydrogen sulfide is removed from an anhydrous first
liquid stream, comprising hydrogen sulfide and ammonia, by passing the anhydrous first liquid
stream through a porous bed selected from the group consisting of metal sulfites, metal bisulfites,

and combinations thereof, wherein the hydrogen sulfide 1s converted to ammonium thiosulfate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 i1s a schematic diagram of one embodiment of the process.

[0011] FIG. 2 is a schematic diagram of another embodiment of the process.
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DETAILED DESCRIPTION
[0012] Waste water containing ammonia and hydrogen sulfide (“sour water”) 1is

incidentally produced 1n commercial processes such as petroleum refining, gasification of
various carbon-containing materials such as coal, petroleum coke, and heavy oils, and by
anaerobic digestion of organic wastes, such as manure. Because of the toxicity of the hydrogen
sulfide, the sour water must be treated to remove the hydrogen sulfide before discharge or reuse.
hydrogen sulfide 1s typically removed from the sour water by distillation. This process also
removes most of any ammonia also present in the sour water in a vapor mixture with the
hydrogen sulfide (“‘sour water stripper gas”).

[0013] The sour water stripper gas may be further treated by feeding i1t to a Claus
process, 1n which the hydrogen sulfide 1s converted to and recovered as elemental sulfur, or
preferably, by feeding it to the ThioSolv' " SWAATS'" process wherein both ammonia and
hydrogen sulfide are converted to ammonium thiosulfate solution, an article of commerce used
primarily as a fertilizer.

[0014] An alternate process for treating the sour water exploits the well-known
principle that Henry’s constant of hydrogen sulfide over water rises more rapidly with
temperature than the Henry’s constant of ammonia. The process 1s to distill the sour water in
two steps under elevated pressure, so that the volatility of hydrogen sulfide 1s much higher than
that of ammonia. The first distillation produces a first overhead product stream comprising most
of the hydrogen sulfide from the sour water and a minor concentration of ammonia and an
aqueous bottom stream containing most of the ammonia present in the sour water and a relatively
small amount of hydrogen sulfide. The first overhead product stream 1s then fed to a sulfur

recovery process, such as a Claus unit. The aqueous bottom stream 1s fed to a second distillation
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step that produces a second bottom product water stream with the concentration of ammonia
reduced to render 1t suitable for discharge or reuse and a second overhead vapor stream
comprising ammonia and a small concentration of hydrogen sulfide. The overhead product
stream from the second fractionation step is typically further processed by compression and
extractive distillation to produce an aqueous ammonia or liquid anhydrous ammonia product
containing some hydrogen sulfide. Further processing may be used to reduce the concentration
of hydrogen sulfide 1n the produced ammonia.

[0015] However, 1t 1s not economically feasible to eliminate the hydrogen sulfide from
the ammonia product by recycle and distillation. Hence, the ammonia product contains a small
concentration of hydrogen sulfide (from a few parts per million to a few percent by weight), and
18, therefore, not acceptable for many of the uses for ammonia not containing hydrogen sulfide.
The ammonia product contaminated with hydrogen sulfide i1s sold at a substantial discount
compared to the current market price of pure ammonia, the discount typically increasing with the
concentration of hydrogen sulfide. The contaminated ammonia may be burned to recover its
heating value, though sulfur dioxide must be captured to meet emission standards. Alternatively,
the contaminated ammonia, in either anhydrous or aqueous phase, as mentioned earlier, may be
sold at a substantial discount to market price. Also, if not for the residual hydrogen sulfide, the
ammonia product would be suitable for use as fertilizer. Current processes for hydrogen sulfide
removal are usually not economically feasible when compared with synthetic ammonia free of
hydrogen sulfide.

[0016] The one or more embodiments of the invention provide an economically
efficient process for treating a liquid, either anhydrous or aqueous, comprising ammonia (NHs)

and hydrogen sulfide (H,S) - ““sour ammonia™. In the one or more embodiments of the invention,
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a solution comprising sulfur dioxide (SO,) reacts with the sour ammonia to convert hydrogen
sulfide to ammonium thiosultate ((NH4),S,03) (as thiosulfate and ammonium 1ons in solution)

according to the following reactions:

6 NH3 + 4 802 + 2 HQS + HZO -2 3 (NH4)28203

2H>,S +4 HSO; + 2 NH; 2 3 82032' +3H,0+2 NH,"

The hydrogen sulfide 1s thus converted to a non hazardous material. Additionally, ammonium
thiosulfate, ammonia, and the combinations thereot are marketable products.

[0017] Figure 1 depicts a process for removing hydrogen sulfide from a liquid
comprising hydrogen sulfide and ammonia in accordance with one or more embodiments of the
invention. The process comprises contacting a first liquid stream 1 with a second stream 4 1n a
first contact zone 3. In one or more embodiments, a fresh ammonia stream 2, either aqueous or
gaseous, may be added to at least one of the first liquid stream 1 and first contact zone 3. As
described herein, the term contact zone may include any combination of towers, columns, trays,
vessels, pumps, valves, control systems, and any other equipment known in the art useful in
contacting liquids and gases. The first liquid stream 1 may comprise hydrogen sulfide and
ammonia in either anhydrous or aqueous form. The second stream 4 may comprise sulfur
dioxide 1n either liquid or gaseous form or sulfite and bisulfite 1ons 1n solution. The ammonia
and hydrogen sulfide react with the sultfur dioxide and bisulfite 1ons in the first contact zone 3 to
form ammonium thiosultate. The first contact zone liquid effluent 6 may comprise ammonium
thiosulfate and ammonia. The first contact zone overhead gas 7 may comprise ammonia, sulfur

dioxide, and insoluble gases that may have been present in the second stream 4.
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[0018] Sulfur dioxide may be added to ammonia by one of many means, including, co-
and countercurrent contacting equipment, venturi scrubbers, or any means known in the art of
bringing the sulfur dioxide into contact with the solution.

[0019] The reaction by which hydrogen sulfide 1s converted to thiosulfate consumes
one-half mol of water per mol of sulfide reacted. Thus, if the first liquid stream 1 and second
stream 4 are anhydrous, water 3 1s also added to the first contact zone 3. Water may also be
added to the first contact zone 3 to prevent precipitation of ammonium thiosulfate salt or to
provide a desired dilution of the product. The product solution comprising ammonia and
ammonium thiosulfate 1s yielded as a first contact zone liquid effluent 6. The ratio of sulfur to
nitrogen in the first contact zone liquid effluent 6 may be further increased by adding ammonium
thiosulfate 16.

[0020] The first contact zone overhead gas 7 may be sent to a second contact zone 8
where 1t 1s washed with a scrubbing solution 14. The scrubbing solution 14 may comprise at
least one of water and a dilute ammonium sulfite solution. The second contact zone 8 produces
an second contact zone overhead gas 9 and a second contact zone liquid effluent 10 comprising
ammonium sulfite and ammonium bisulfite. This second contact zone liquid effluent 10 may be
recycled to the first contact zone 3. For example, in one or more embodiments, the second
contact zone liquid effluent 10 may be recycled to the first contact zone 3 either directly or via
the second stream 4.

[0021] In a preferred embodiment, referring to Figure 2, the first contact zone liquid
effluent 6, comprising ammonia and ammonium thiosulfate, may be sent to an evaporator 11 to
separate ammonia that 1s now substantially free of hydrogen sulfide, as a gas 12 from ammonium

thiosulfate in liquid form 13.



10

15

20

CA 02829929 2013-09-11
WO 2012/125643 PCT/US2012/028936

[0022] In one or more embodiments of the invention, the ratio of ammonium thiosulfate
to ammonia in the first contact zone liquid effluent 6 exiting the first contact zone 3 may be
increased by increasing the concentration of hydrogen sulfide in the first liquid stream 1. For
example, the concentration may be increased either by adding hydrogen sulfide to the first liquid
stream 1 or by reducing the separation of hydrogen sulfide from the first liquid stream 1 1n a
preceding distillation step. Thus, an aqueous solution of ammonia and ammonium thiosulfate
comprising about 20% nitrogen and 5% sulfur by weight may be produced. Such a composition
has commercial value as a fertilizer. Before the first contact zone liquid effluent 6 enters an
evaporator 11, or an equivalent separator, there may be a product takeoff 15, for use in fertilizer
products. The ratio of sulfur to nitrogen in the product takeoff 15 may be further increased by
adding ammonium thiosulfate 16’.

[0023] In one or more embodiments, especially applicable when the concentration of
hydrogen sulfide in the first liquid stream 1 is low and the objective 1s to remove the hydrogen
sulfide contaminant, the first liquid stream 1 may be contacted by passing it through a solid
bisulfite contained 1n a vessel as a porous bed of solid granular or crystalline salt (not shown).
[0024] In one or more embodiments, sulfite and bisulfite ions are delivered to the first
contact zone 3 as an aqueous solution of metal sulfites and bisulfites. These metals may be of
the group of ammonia, alkaline metals, alkaline earth metals, and other metals whose presence 1n
the ammonia 1s not objectionable to the intended use of the product.

[0025] While the invention has been described with respect to a particular number of
embodiments, those having ordinary skill in the art will understand that numerous other
embodiments involving variations or modifications to the systems and processes described are

also within the scope of the invention.
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Claims:

1.

A process for selectively eliminating hydrogen sulfide from a liquid comprising:

contacting, in a first contact zone, a first liquid stream comprising ammonia and
hydrogen sulfide with a second stream comprising sulfur dioxide, and

contacting a first contact zone overhead gas with a scrub solution in a second
contact zone to produce a second contact zone liquid effluent comprising ammonium
sulfite and ammonium bisulfite and a second contact zone overhead gas,

the first contact zone overhead gas comprises sulfur dioxide and ammonia,

the second contact zone overhead gas has a reduced concentration of ammonia
and sulfur dioxide, and

the first contact zone produces a first contact zone liquid effluent comprising
ammonia and ammonium thiosulfate.
The process of claim 1 further comprising supplying water to the first contact zone.
The process of claim 1 further comprising supplying the second contact zone liquid
eftluent to the first contact zone.
The process of any one of claims 1 to 3 further comprising directing the first contact zone
liquid effluent to an evaporator, the evaporator separating the first contact zone hquid
effluent into an evaporator overhead gas comprising ammonia substantially free of

hydrogen sulfide and an evaporator liquid effluent comprising ammonium thiosulfate.

The process of any one of claims 1 to 4, wherein the first liquid stream comprising

ammonia and hydrogen sulfide is an aqueous solution.
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The process of any one of claims 1 to 5 further comprising controlling a ratio of
ammonium thiosulfate to ammonia in the first contact zone liquid effluent by increasing
the concentration of hydrogen sulfide in the first liquid stream.

The process of claim 6, the increasing the concentration of hydrogen sulfide in the first
liquid stream further comprising reducing a separation of hydrogen sulfide from the first
liquid stream in a preceding distillation step.

The process of any one of claims 1 to 5 comprising increasing the ratio of sulfur to
nitrogen 1n the first contact zone liquid effluent by adding ammonium thiosulfate.

The process of any one of claims 1 to 8, wherein the sulfur dioxide of the second stream
1s supplied in the form of at least one of sulfites and bisulfites.

The process of claim 9, wherein the at least one of sulfites and bisulfites is supplied as at
least one of sulfites and bisulfites of one or more cations from the group consisting of
ammonia, alkaline metals and alkaline earth metals.

The process of any one of claims 1 to 10, wherein the scrub solution comprises water and

dilute ammonium sulfite solution.

10
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