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ABSTRAC
Fluid ptreams containing hydrogen sulfide from a
asteam tubine or from a sour gus stream are contacted with

an anquecous solution of a polyvalent metal chelate and a
vinrulfite whereby the hydrosen sulfide is convarted to
free sulfur and then teo soluble sulfur compounds. The
metul chelute is reduced to a lower oxidation state metal
chelute and reduced metal chelsate inm subnequently oxidized
with nir back to the higher oxidation state and reused.
The biculfite is formed by combustion of a portion of the
fluid streai and subsequent absorption of the sulfur
dioxide formed thereby in a two-stoge countercurrent ’
scrubber operating at conditionms favorable for high bisul-
fite and low pulfito formation and selective away from
carbon dioxide akrsorption. . .
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REMOVAL OF HMYDROGEN SUYLFIDE FROM FLUID

STREAMS WITH MINIMUM PRODUCTION OF SOLIDS

ABSTRACT

Fluid streams containing hydrogen sulfide from
a steam tubine or from a sour gas stream are contacted
with aﬁ aqueous solution of a polyvalent metal chelate
and a bisulfite whereby the hydrogen sulfide is conw
verted to free sulfur and then te soluble sulfur comw
pounds. The metal chelate is reduced to a lower oxie
dation state metal chelate and reduced metal chelate
is sﬁhseqnently oxidized with air bdack to the higher
oxidation state and reused. The bisulfite is formed
by combustion of a portion of the fluid stream and subw
sequent absorption of the sulfur dioxide formed therew
by in a two-stage countercurrent scrubber operating at
conditions favorable for high bisulfite and low sulfite
formation and selective away from carbon dioxide abe

sorption,
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BACKGROUND OF THE INVENTION

This invention relates to a process wherein
a fluid stream containing hydrogen sulfide is cone
tacted with an aqueous solution containing a polyw
valent metal chelate and the hydrogen sulfide in
said steam is removed.

It is known from ¥.S. Pat. Nos 4,123,506 dated
Octe 31, 1978 and U.S. Pat. Noo 4,202,864, dated May
134 1980 that geothermal steam containing M,8 can be
purified by contacting the steam with a metal come
pound that forms insoluble metallic sulfides.

It is also known from U.S. Pat. No, 4,196,183,
dated Apre 1, 1980 that geothermal steam containing
nas can be purified by adding oxygen and passing it
through an activated carbon bede

Yarious processes for hydrogen sulfide control
in geothermal steam are outlined in the VU.S. Departe
ment of Energy Report #DOW/EV~0068 (March, 1980) by
F. 3. Stephens, et al.

¥.S. Pate No. 4,009,251, dated Febe 22, 1977

discloses the removal of hydrogen sulfide from gaseous
streams with metal chelates to form sulfur substantial~
ly without the formation of sulfur oxides,

In ¥.S. Pat. Noo lyklh,817 dated Nov. 15, 1983,

there is disclosed a process for the removal of hye

’
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drogen sulfide from geothermal steam. Nowever, this
process generates free sulfur or sulfur solids which
must be removed. The instant process is superior in
that the sulfur solids are minimized by being cone
verted to éolublo sulfur compounds,

In ¥.S, Pat. Nos Uylt51,hk2, dated May 29, 198k,
there is disclosed a process for the removal of hye
drogen sulfide from geothermal streams with minimum
solid sulfur production, In this process, hydrogen
sulfide is removed from fluid streams containing the
same using a polyvalent metal chelate and an oxidizing
agent, The oxidizing agent is preferably sulfur die
oxide which can be generated by oxidizing a side
stream of the hydrogen sulfide, HNowever, in this
process, the production of 802 also forms 002 which
results in the formation of insoluble carbonates.
These insoluble salts are troublesome and costly in
geothermal power plants and other applications where
solids free operation is necessary or desirabieo

In ¥.S. Pat. Nos 4,622,212, dated Nov. 11, 1986,
there is described a hydrogen sulfide removal method
using a chelating solutioa containing thisoulfate as
a stabilizer,

In U.S. Pat. Noo 3,446,595, dated May 27, 1969,

there is described a gas purification process inm

p;
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which hydrogen sulfide is absorbed with bisulfite to
form elemental sulfur and sulfite. This sulfite is rew
generated to form bisulfite by contact with sulfur die
oxide which in turn is formed by combustion of the elee
mental sulfure

U.S. Pate. No. 3,859,411k, dated Jan. 7, 1975,
describes a progess in which sulfite is reacted with
hydrogen sulfide in a gas stream at thiosulfate foraing
conditions, e.gs a pNA between 6 and 7, to form soluble
sulfur compoundse

Other references which may be relewant to the
instant disclosure include U.S. Pat. Nos. 44629,608;

3,447,903; and 3,851,050,

SUMMARY OF THE INVENTION

The present invention is directed to a process
wherein fluid streams containing H,8 are purified by
converting the nas to soluble sulfur compounds by usw
ing a polyvalent metal chelate and a sulfite oxidizing
agent.

The process of this invention has the followe
ing steps:

(a) incinerating hydrogen sulfide to form sule
fur dioxides

(b) selectively absorbing said sulfur dioxide

without substantial carbon dioxide absorption in a
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basic aqueous solution to Hrm sulfites in said sow=
lution essentially free of insoluble carbonates;

(c) contacting said fluid stream in a first
reaction zone with aqueous solution at a pH range
suitable for hydrogen sulfide removal wherein said
solution contains an effective amount of polyvalent
metal chelate to convert said hydrogen sulfide to sule
fur and to reduce said polyvalent metal chelate to a
lower oxidation statej

(d) contacting said sulfur with said sulfites
to form soluble sulfur compounds;

(e) contacting said reduced polyvalent metal
chelate in a second reaction zone with oxygen to ree
oxidize said metal chelate; and

(f) recirculating said reoxidized solution

back to said first reaction zone,

Advantages of the process described herein
are the substantially elimination of sulfur solids
and insocluble carbonate salts which foul pipinge heatw

exchanger surfaces, cooling tower basins and the like,

‘Such fouling of equipment in geothermal power plants,

for example, leads to costly downtime for waintenance
and loss of power production. Advantages of the pro=
cess, when used for gas scrubbing are elimination of

the heed for expensive mechanical equipment such as
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settlers, frothers, filters, centrifuges, melters and
the like for sulfur removal, This is particularly
advantageous when treating streams having low gulfur
content and recovery of the sulfur does not warrant
the equipment required for its removal from the pro=
cess,

Further advantages of the process described
herein include the minimization of sulfur emissions
and the ability to optimize the hydrogen sulfide re~
moval process by formation of a sulfur~solubilizing
agent (sulfites) under controlled conditiona to fure
ther assure complete sulfur solubilization and to
minimize tﬂe use of makeup reagents such as chelating

solution and caustice

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a process in which this ine
vention is applied for the oxidation of hydrogen sule
fide contained in a liquid stream produced by the
condensation of geothermal steam.

FIG. 2 illustrates a process in which this ine
vention is applied to the removal of hydrogen sulfide
form a sour gas stream such as a natural gas stream,
refinery gas, synthesis gas, or the likeo

In FIG. 1 the geothermal steam from line 2 is

used to power a steam turbine 4 which is connested to
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an electric power generator 6. Line 18 directly
supplies steam from line 2 to the steam turbine ke
The turbine 4 exhausts through line 8 to a condenger
10, Cooling water containing chelated iron (ferrie
chelate) and sulfites from line 28 is sprayed into
condenser 10 for this condensation and passes from
the condenser 10 through line lk*to the hot well 16
operating at 100o " 125°F. Non~condensable gases
such as 002, la, CH“, "2' 02 and part of the st are
removed from the main condenser 10 through line 360
If desired, a conventional steam ejectar or ejectors
may be employed in line 36 to create a partial vacuum
or low pressure zone. The exhaust steam from line
364 including the H,8 and nonecondensable gas is fed
to an incinerator or SO2 generator Sk for oxidation
of the nas to SOZ. An oxygenwcontaining gas such as
air, oxygen, or mixtures thereof is supplied to the
generator 5k by line 55. The 50, generator 5k is a
conventional catalytic incinerator, however, a thermal
jincinerator may be used if desired,

Sufficient amounts of polyvalent metal chelate
is added after start-up to the cold well 66 By line
56 to make up for the amounts lost by continuous blown
down through line 76. In a similar manner, caustic

solutions such as aqueous sodium hydroxide are added,
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if needed, by line 78 to the cold well 66 to adjust
or.maintain the pi of the recirculating solution withe
in the desired range of 5 to 11 and preferably ?7 to

%

The aqueous solution in the cold well 66 is
withdrawn by line 63 into pump 60 and pumped thrﬁugh
line 58 to the static mixer 50 and thence to condenser
10 via line 28,

The aqueous solution in the hot well 16 is
vithdrawn by line 64 into pump 62 and pumped through
line 70 to the cooling tower 72 where the solution is
sprayed into the tower and oxidized by air circulation.
Line 76 is provided for continuous solution withdrawal,
About 10~20 percent of the steam frdm line 2 is contie
nuously withdrawn from line 76 which is typically ree
injected into the underground steam~bearing formation.
Line 74 is provided to allow the cooled solution to
recycle back to the cold well 66, The cooling tbver
72 is vented to the atmosphere at 80 with substantiale
ly no 528 being present,

The SO. generated in the icinerator, along

2
with the non~condensable gases and combuation products
thereof, is fed via line 52 to optional quench vessel
81 and thence through line 82 to a first-stage scrube

bing vessel 84 where it is absorbed by contact with

’
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alkali metal and sulfite/bisulfite solution at a pA
of U=? circulated via pump 83 and recirculation loop
85. Unabsorbed gases from scrubber 34 are fed
through line 86 to second-stage scrubber 88 where
residual soz is absorbed to less than 100 ppm in the
gas which is then vented through line 87. A solution
of alkali metal, bisulfite and sulfite at a pN of 8.5
9.5 ie circulated through scrubber 38 by means of pump
89 and second=stage recirculation loop 90, Make«up
alkali metal hydroxide is added through line>91 to
recirculation loop 90 to maintain the desired pK and
also to ensure that the alkali metal is reacted with
sulfite in the recirculation loop 90 to form bisule
fite, so that absorption of CO, in scrubber 88 and
the resultant formation of carbonates thcr;in is
substantially avoided. Absorption solution is fed
from recirculation loop 90 through line 92 to reeirw
culation loop 85 to maintain the desired pM and scrube
bing liquor level in scrubber 84, Scrubbing ligquor
containing sulfite and/or bisulfite is fed from ree
circulation loop 85 through line 93 to line 58 in a
sufficient amount to -aintaig soluble sulfur-forming
conditiohs in condenser 10,

In FIG. 2, a sour gas feed is led by line 110

where it is combined with the aqueous solution from
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line 158 and thence to a static mixer 112 for good

gas-liquid contact. The combined streams are fed

into the first separator 11, The gaseous effluent from

the geparator 114 is led overhead by line 116 where it
ijs combined with the recycled aqueous solution in kine
126 and fed by line 118 to a static mixer 120 and then
to a second gas~liquid separator 122, The overhead
gas from the second separator 122 which is the purie~
fied or sweetened gas product of this process is ree
moved by line 124 while the liquid bottoms are remojed
by line 156, pump 154, and recycled by line 158 to the
first separator llho

The bottoms from the first separator 11k are
removed by line 164 to the pump 160 and pumped through
1inc 162 where it is mixed, with or without statie
mixer 150, with aqueous solution from line 184, The
mixed bottoms and liquid effluent from lin;s 162 and
184 reepectiv;ly are passed through line 152 into an
oxidation rector 1lh6, An oxygen=containing gas is
supplied to the oxidizer 146 by the line 1lki mo that
the polyvalent metal chelate is omidized to its higher
state of oxidatione The non-absorbed gases are purged
overhead by line 148, The bottoms from the oxidizer
146 are removed by line 143 to pump 142, A purge line

135 is provided for the continuous removal of a pore

o 10 =
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tion of the agqueous solution from the pump line 136,

The pump line 136 feeds into a mixing tank
132 where a mixer 134 stirs the chemicals that are
added. Line 138 is provided for the addition of
aqueous caustic solution to the tank 132 so that the
pl can be adjusted within the desired rangeo Line 140
is provided for the addition of make up polyvalent
metal chelate. The contents of the mixing tank 132
are removed by line 130 to the pump 128 for recycle
back to the second separator 122 by line 1264

Mydrogen sulfide is fed from any convenient
source such as a pressurized tank or the like (not
shown) through line 166, with an oxygen~containing
gas such as air, oxygen, or a mixture thereof supplied
through line 168, to SO2 generator or incinerator 1780
The 802 is routed through line 172 into an optional
quench vessel 183 and thence through line 187 to a
first scrubber 180, Scrubbing solution is ciroulated
through scrubber 180 for contact with and absorption
of the SO2 by means of pump 179 and recirculation loop
181.‘ Partially scrubbed Sozucontaining gas is taken
overhead by line 184 to a second scrubbing vessel 182
through which a scrubbing solution is circulated by
means of pump 185 and recirculation loop 186, The

scrubbed gas (less than 10 ppmv 502) is purged overe

/

w ll @
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head from scrubber 182 by line 194. Makeup caustic
or other alkali metal or ammonium hydroxide is ine
troduced from line 190 into the recirculation loop
186 at a sufficient rate to maintain a pK in the range
of about 8,6w9.5, and eo that carbonate formation inm
the scrubbers 180, 182 is substantially avoided by
reaction of the alkali metal to form sulfite and/or
bisulfite before being placed in contact with the SO,=
containing gas which may also contain COZ. Scrubbing
solution from scrubber 182 is introduced to recirculaw
tion loop 181 through line 192 from recirculation loop
186 at a sufficient rate to maintain a pN of about &b?
in the scrubbing solution in first scrubber 180, Serube
bing solution containing sulfite and/or bisulfite is
fed to line 152 through line 184 from reciroulation
loop 181 to maintain soluble sulfur~forming conditions
in oxidizer 146 as described avao.

Alternatively, the sulfite and/or bisulfite Bo=
lution or the metal chelate solution may be fed to the

process at points other than described above.o

DETAILED DESCRIPTION OF THE INVENTION

The polyvalent metal chelates used herein are
agueous soluble, polyvalent metal chelates of a redu=
cible polyvalent metal, i.e., & polyvalent metal which

is capable of being reduced and a chelating or complexw

w 12 =
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ing agent capable of holding the metal in solution.
As used herein, the term polyvalent metal includes
those reducible metals having a valenco of two or
more. Representative of such polyvalent metals are
chromium, cobalt, copper, iron, lead, manganese, merw
cury, polybdenum, nickel, palladium, platinum, tin,
titanium, tungsten and vanadium. 0f said polyvalent
metals, iron, copper and nickel are most advantageously
employed in preparing the polyvalent metal chelate, '
with iron being most preferrede

The term "chelating agent" is wellw-known in
the art and references are made thereto for the pure
poses of this invention. Chelating agents useful in
preparing the polyvalent metal chelate of the present
invention include those chelating or complexing agents
which form a water-soluble chelate with one or more
of the gforedescribed polyvalent metals. Representa~
tive of such chelating agents are the aminopolycarboxye
lic acids, including the salts thereof, nitrilotriacetic
acid, N~hydroxyethyl aminodiacetic acid and the poly=
aminocarboxylic acids including ethylenediaminetetra=
acetic acid, N-hydroxyethylcthylenediaminetriacetic
acid, diethylenotrianinepentaacetic acid, cyclohexane
diamine tetraacetic acid, triethylene tetraamine hexaw

acetic acid and the likej aminophosphonate acids such
/

ul}-
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as ethylene diamine tetra (methylene phosphonic acid),
aminotri(methylene phosphonic acid), diethylenetriw
amine penta(methylene phosphonic acid); phosphonate
acids such as lehydroxy ethylidene~l, lediphosphonic
acid 2-phosphonoacetic acid, 2=phosphono propionie
acid, and lephosphono'ethane~l, 2-dicarboxylic acidj
polyhydroxy chelating agents such as monosaccharides
and sugars (e.g., disaccharides such as sucnese, lace
tose and maltose), sugar acids (esge.s gluconiec or glu=
coheptanoic acid); other polyhydric alcohols such as
sorbitol and mannitol; and the like. Of such chelating
agents, the polyaminocarﬁoxylic atids, particularly
ethylenediaminetetraacetic and N~hydroxyethylethylene=
diaminetriacetic acids, are most advantageously eme
ployed in preparing the polyvalent metal chelate used
herein. Most preferably, the polyvalent metal chelate
is the chelate of a ferric iron with a polyaminocar=
boxylic acid, with the most preferred polyaminocarboxye
lic acids being selected on the basis of the process
conditions to be employed. Ethylenediaminetetraacetic
acid and Nnhydroxyethylethylenediaminetriacetic acid
are generally particularly preferred,

For the purpose of this invention, an effective
amount of a polyvalent metal chelate is that amount

ranging from about a stoichiometric amount based on

ull’-u
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the hydrogen sulfide absorbed to the amount repree
sented by the solubility limit of the metal chelate
in the solution, In like manner, an effective amount
of an oxidizing agent (sulfite and/or bisulfite) is that
amount ranging from about a stoichiometréc amount on -
the free sulfur formed to about five times the stoichio=-
metric amount, |

Sulfite and/or bisulfite (collectively referred
to herein as "sulfites'") is employed as an oxidizing
agent in the present process to maintain conditions in
at least the second (oxidation~regeneration) reaction
zone, and preferably also the first reaction zone,
suitable for the formation of soluble sulfur compounds,
e.ge thiosulfate, and to avoid the formation of solid
elemental sulfur thereine The source of thé sulfites,
employed is preferably the aqueous absorption effluent

of N5 combustion products, and the combustion prow

2
ducts are preferably obtained by combustion or catae
lytic incineration of a portion of the HZSucontaining
stream treated by the process. The aqueous absorption
is preferably effected in a twowstage countercurrent
scrubber using basic alkali metal hydroxide or ammonium
hydroxide at conditions selective away from CO, abw

sorption, This is accomplished, for example, by adde

ing the makeup alkali metal hydroxide to a recirculaw

;

® 15 =
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tion line or loop so that the alkali metal is conw

tacted with the SO, containing gas in the form of

2
sulfites so the absorption solution is essentially
free of alkali metal hydroxide which could absorb

CO., and concomitantly form carbonates which are une

2
desirable in a desirably solids free system, and

which are particularly undesirable where the aqueous
chelating solution is cooled in a cooling tower, In

such a two-stage scrubbing system, the first stage
scrubber is preferably operated at a pR of about Us5,
e.g. about 4=5, while that of the second stage is about
9, e.g. about B.5=9.,5, This two-~stage scrubbing is thus
preferred because of no excess alkalinity in the sule
fite/bisulfite effluent, i.e. a high proportion of biw
sulfite relative to sulfite which is economical by
virtue of less makeup caustic being used, very low SO2
slippage (usualiy less than 10 ppm) and substantially
no alkali metal carbonates in the sulfite/bisulfite

effluent due to the selectivity away from 002.

CONTROL 1

To & leliter agitated reactor in a constant teme
perature bath was added about 500 water, 1h.8 (0,0hh8
mole) ferrié iron~N(hydroxyethyl)=ethylene diaminetrie
acetic acid chelate (FE + aoHﬁDTl), and 1.15 (0,0148

mole) of sodium sulfide as a stimulant for the abe

“ 16 =
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sorption of 0.01%48 mole of H 80 The pH was adjusted
to 7.0 with NHMOH or HCl, The reaction was carried
out for 30 minutes at 20°¢c, during which time subsge
tantially all of the sulfide was oxidized by the
ferric iron to elemental sulfur, The iron wae ree
duced to the ferrous state.

The total reaction solution was then weighed
and filtered onto a tared filter paper for gravimetric
determination of weight percent sulfur solids. The
tared filter paper was dried and weighed., The weight
percent sulfur solds, based on solution weights, was
calculateds The filtrate was analyzed for weight per~
cent thisoulfate (520}=) and sulfate (SOuu) by icn
chromatographye

Analytical results showed 966 ppm sulfur sow
1ids and 164 ppm sodium thiosulfate (Na23203). Sul.

fate (souz) was below detectablie limits, i.e., less

than 110 ppme

EXAMPLE 1

The reaction was carried out using the method
and conditions of Control 1 except that 2¢95 of S0
dium sulfite was added. This represents a sloichioe
metric amount of 50% excess with respect to the sodium

aulfide of Control 1,

Analytical results showed 149 ppm sulfur solids

“w 17 -
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and 3400 ppm sodium thisoulfateo

EXAMPLE II & CONTROL 2

The reaction was carried out using
and conditions of control 1 except the pH
trolled at 8,0, With no sulfite addition
analysis showed 953 ppm sulfur solids and
dium thiosulfate., With sulfite addition,
analysis showed only 53 ppm sulfur solids

ppm sodium thiosulfate,

EXAMPLE IIXI & CONTROL 3

The reaction was again carried out
method and conditions of Control 1 except

controlled at 6.0¢

With no sulfite addition, (Control

the method
was cone
(Control 2)
232 ppm 80w~
(Example II)

and 3412

using the

the pH was

3) analysis

showed 968 ppm sulfur solids and 149 ppm sodium thioe

sulfate. With sulfite addition, (Example

III) ana=~

lysis showed 163 ppm sulfur solids and 3370 ppm sodium

thiosulfate,

CONTROL &

The reaction was again carried out

using the

method and conditions of Control 1, except that pH

was not controllede The pH fell to about 3.6 resulting

in nearly complete loss, of HZS abatement efficienecy

w18 -



10

15

20

and loss of SO2 absorption.

Most of the Naa > 3

was probably formed initially at the higher pHe

Results of the Examples and Controls are shown

in Table 1.
TABLE 1
i sBETde Na28203 Remarks
Control 1 7.0 966 164 No sulfite addition
Example I 7.0 149 . 3440 With sulfite addition
Control 2 8.0 953 232 No sulfite addition
Example II 8.0 53 3412 With sulfite addition
¢ontrol 3 6.0 968 149 With sulfite addition
Example III 6.0 163 3370 With sulfite addition
Control & 3.6 58 2054  No pH contr/with SO
2
8.0 feed
EXAMPLES IV

A pilot scale two~stage countercurrent scrubber

was used to scrub CO2 and Soancontaining gas streams.

The raw gas stream was fed consecutively through the

first stage scrubber and then through the second stage

scrubber.

tion line of the second s
pH of approximately 9.0.

second-stage scrubber wsa

-19‘

Makeup caustic was added to the recircula=
tage scrubber to maintain a
Scrubbing solution from the

g in turn added to the first
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stage scrubber to control the pH at approximately
b:5. The gases scrubbed contained 1% 802, 10% coz,
h.5% 0, and the balance N,g saturated with water at
140°¥. (Example IV) and at 180°F. (Example V); and

5% 50,9 10% CO,y L.5% 0, (Example VI), All streams
were scrubbed to less than 1 ppmv SOZ’ and the agqueous
effluent of the first stage scrubber contained a high
proportion of NaHSOB, and no detectable free NaOH

which is required for efficient solids controle

w 20 -
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WHAT 1S CLAIMED IS:

1. A continuous process for removing hydroe
gen sulfide from a fluid stream, comprisings:

jncinerating hydrogen sulfide to form sulfur
dioxides

selectively absorbing said sulfur dioxide in
an alkaline aqueous solution without subsee
tantial carbon dioxide absorption to form
a solution of sulfites essentially free of
insoluble carbonates}

contacting said fluid stream in a first rew
action zone with an aqueous solution at a pH
range suitable for hydrogen sulfide removal
wherein said solution contains an effective
amount of polyvalent metal chelate to cone
vert said hydrogen sulfide to sulfur and to
reduce said polyvalent metal chelate to a
lower oxidation statej

contacting said sulfur with said sulfites to
from soluble sulfur compoundsj

contacting said reduced polyvalent metal che=
late in a second reaction zone with oxygen
to reoxidize said polyvalent metal chelates
and

recirculating said reoxidized polyvalent metal

- 21 =
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chelate back to said fluid stream/aqueoua chelate

solution contacting step;

2o The process of Claim 1, wherein hydrogen
sulfide remaining in said fluid stream after said
fluid stream/polyvalent metal chelate contacting
step is supplied to said hydrogen sulfide incinerae

tion stepo

3. The process of Claim 1, wherein said sule
fites are added to said polyvalent metal chelate 80~
lution for conversion of said hydrogen sulfide to said
sulfur and then to said soluble sulfur compounds in

said first reaction zone,

4, The process of Claim 1, wherein said eulw
fites are added to said reduced polyvalent metal che=
late solution for conversion of said sulfur to sald

soluble sulfur compounds in said second reaction zone,

5« The process of Claim 1, wherein said fluid

stream comprises geothermal steam.

6. A continuous process for removing hydro=
gen sulfide from geofherm&l steam, comprising:
condensing said geothermal steam in a first
reaction zone with an aqueous solution of a

pH range suitable for hydrogen sulfide rew

- 22 =
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moval to form a stream of non~condensable
gases of reduced hjdrogen sulfide content
wherein said solution contains an effective
amount of polyvalent metal chelate to cone
vert said hydrogen sulfide to sul fur and to
reduce said polyvalent metal chelate to a
lower oxidation state, and an effective
amount of sulfites to substantially convert

said sulfur to soluble sulfur compounds}

contacting said reduced polyvalent metal chew
late with oxygen in A second reaction zone
to reox#dize said polyvalent metal chelate;

recirculating said reoxidized polyvalent metal
chelate to said first reaction zone}

incinerating the remainder of said hydrogen
pulfide in said nonecondensable gas stream
to form sulfur dioxide;

absorbing said sulfur dioxide with a scrubbing
solution at conditions effective to form sul=
fites to substantially remove said sulfur
dioxide; and

supplying said sulfites from said absorption

step to said first reaction zonee

7. The process of Claim 6, wherein said abe

‘

w 23 -
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sorption comprises:

contacting said non~condensable gas stream in
a first scrubbing zone with a first scrube
bing solution at a pH of from about I to
about 5 to absorb a portion of said sulfur
dioxide therein and produce a non=condensable
gas stream of reduced sulfur dioxide content;
and

contacting said non-condensable gas stream of
reduced sulfur dioxide con;ent in a second
scrubbing zone with a second scrubbing sow
lution at a pH of from about 8.5 to about
9.5 to substantially remove said sulfur die

oxide from said nonécondensable gasese

8. The process of Claim 7, wherein said second
scrubbing solution is continuously removed, wherein a
first portion thereof is mixed with alkali metal or
ammonium hydroxide to form bisulfite and recirculated
to said second scrubber to maintain said second scrube
bing solution pH, wherein a second portion thereof is
introduced to said first scrubbing solution in said
scrubber, and wherein a portion of said first sCrube

ber solution is supplied to said first reaction zone.

9. The process of Claim 8, wherein said first
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and second scnubbing solutions are substantially
free of free .alkali metal or ammonium ions to
operate said first and second scrubbers selectively

away from carbon dioxide absorption,.

10, The process of Claim 6, wherein said sule
fttes supplied to said first reaction zone comprise

predominately bisulfite,

1l. The process as set forth in Claim 6,
wherein the amount of metal chelate is from about
stoichiometric based on the hydrogen sulfide absorbed
to the solubility limit of said metal chelate in said

solution,

12. The process as set forth in Claim 6, where~
in the amount of sulfites in said first reaction zone
is from about stoichiometric based on the free sulfur

formed to about five times the stoichiometric amount.

13, The process as set forth in Claim 6 where~
in the first and second reaction ‘zones are maintained

at a temperature in the range from about 0° to 50°Ce

14, The process as set forth in Claim 6 wherew

in said polyvalent metal chelate is an iron chelate,

15. The procesa of Claim 14 wherein the iron

- 25 -
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chelate is a chelate of iron with an aminopolycar-

boxylic acide

16, The process of Claim 15 wherein the
aminopolycarboxylic acid is selected from the group
congisting of ethylenediaminetetraacetic acid, die
ethylenetriamine pentaacetic acid, Nehydroxy-~ethyle
ethylenediaminetriacetic acid, diethylene~triaminew
pentaacetic acid, cyclohexandiaminetetraacetic acid,
triethylenetetraaminehexaacetic acid, nitrilotriacetic

acid, and Nehydroxyethyliminodiacetic acide

17. The process of Claim 1k wherein the iron
chelate is a chelate of iron with an amine phosphonie

acide

18, The process of Claim 17 wherein the amine
phosphonic acid is selected from the group consisting
of ethylenediamine tetra(methylene phosphonic acid),
aminotri{methylene phosphonic acid), and diuthylgne-

triamine penta(methylene phosphonic acid)e

19, The process of Claim 14 wherein the iron

chelate is a chelate of iron with a phosphonate acide

20. In a continuous process for removing hye
drogen sulfide from a fluid stream containing hyw

drogen sulfide which comprises: (a) contacting said

¢
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stream in a first reaction zone with an agqueous so=
lution at a pH range suitable for removing hydrogen
sulfide, said solution containing an effective

amount of a polyvalent metal chelate and an effective
amount of an oxidizing agent capable of oxidizing

elemental sulfur to soluble sulfur compounds whereby

‘said hydrogen sulfide is converted to free sulfur and

then to soluble sulfur compounds and said polyvalent
metal chelate is reduced to a lower oxidation étate
metal chelate, (b) contacting said solution contain~
ing reduced polyvalent metal chelate in a second re-
action zone with an oxygen containing gas stream where~
by said metal chelate is continuously reoxidized, and
(¢) continuously recirculating said reoxidized soluw~
tion back to said first reaction zone; the improvee
ment comprising:
}ineinerating hydrogen sulfide to form sulfur
dioxides
selectively absarbing said sulfur dioxide in
an alkaline aqueous solution without subse
tantial carbon dioxide absorption to form
a solution of sulfites essentially free of
insoluble carbonates; and
employing said sulfites as said oxidizing agent

-4n said first reaction zonej
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wherein sald aqueous solution in said first
reaction zone is essentially free of insoluble

carbonates.

2l. The impravement of Claim 20, wherein hy-
drogen sulfide remaining in saild fluid stream after
said first reactlon zone contacting is suppliedi to

sald hydrogen sulfide incineration.

22, The improvement of Claim 20, ‘wherein said

fluid atream comprises geothermal steam,

23. The 1mprovemeht of Claim 22, whereln said
geothermal steam is condensed in gaid first reaction
zone to form a stream of noncondensable gases af re-

duced hydrogen sulfide content.

24, The improvemant of Claim 23, wherein gsaid

non-condensable gas stream is supplied to sald hy-

drogen sulfide incineration step.

25. The improvemant of Claim 24, wherein seid
incinerated non-condensable gas stream is contacted
in a first scrubbing zone with a first screbbing so-

lution at a pH of from about 4-5 to absorb a portion

sald sulfur dioxide tharein and produce a non-condenge

able gas stream of reduced sulfur dioxide content;

and wherein sald nori-condensable gas stream of raduced
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sulfur dioxide content is contacted in a second scrub-
bing zone with a second scrubbing solution at a pH of
about 8.5-9.5 to substantially remove said sulfur die

oxide Trom sald non-condansable gas stream,

26. The lmprovement of Claim 25, wherein said
first scrubbing solution is continuously removed,
wherein a first portion thersof is mixed with alkaline
metal or ammonium hydroxide to form bisulfite and re-
circulated to sald first scrubber to maintaip said
fi?st scrubbing sclution pH,, wherein a second porfiun
thereof is introduced to said first scrubbing solution
in gaid first scrubbér, and wherein a portion of sald
first scrubber solution is supplied to gald first re-

actlion zone,

27. The improvement of Claim 26, wherein said
firat and second scrubbing solutions are substantially
free of free alkaline or ammonium ionsg to operate

sald first and second scrubbers selectively away from

carbon dioxide absorptione.

28, The improvement of Claim 27, wherein said

sulfites supplied to said firat reaction zone comprise

predbminantly bisulfite.

29. The improvement as set forth in Claim 20,
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wherein the emount of metal chelate is from about
stoichiomatric based on the hydrogen sulfide sbsorbed
to the solution ty limit of said metal chelate in said

solution,

30. The improvement es set forth in Claim 20,
wherein the amount of sulfites in said first reaction
.zone is from about stoichiometric based on the free sul-

fur formed to about five times the stoichiometric. amounte.

31, The improvement as set forth in Cleim 20,
wherein the first and second reaction zones are main-
tained at a temperature in the range from about 0% to

50°%.

32. The improvement as set forth in Claim 20,
wherein said polyvalent metel chelate is an iron che-

late.

334 The improvement of Claim 32, wherein the

" iron chelaté is a chelate of iron with an aminopolye

carboxyllc acid.

34, The improvement of Claim 33, wherein the
aminopolycarboxylic acid is selected fraom the groum
consisting of ethylsnediamingtetraacetic acid,, diethylene-
triamine pentaacetic acid, N-hydroxy-ethylethylenediamine-

triacetic acid, diethylene-triaminepentaacetic acid,,

-30-
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cyclohexenediaminetetrascetic acid,. triethylenste-
traaminehexaacetic scid, nitrilotriacetic acid and

N-hydroxyethyliminodiacetic acid.

35, The improvement of Claim 32, wherein the
iron chelate is a chalate of iron with an amine phose

phonic scid.

36. The improvement of E€laim 35, wherein the
amine phosphonic acld is gelected from the group con-
sisting of ethylenediamine tetra(methylena phosphonic
acid), aminotri(methylene phosphonic acid),, end di-

gthylenetriamine penta(methylene phosphonic acid).

37. The procéss of Claim 32, wherein the iron

chelate is a chelats of iron with a phosphonate acid.
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