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ACID GAS TREATMENT

This application claims priority under 35 U.S.C189 of Chinese Patent Application No.
Application No. 201810804898.6, filed on July 20,18, which is hereby incorporated

herein in its entirety.

TECHNICAL FIELD

The disclosure relates to removing acidic sulfids gsuch as hydrogen sulfide, sulfur
dioxide, COS, C§ etc.) in production processes of petrochemicalural gas chemical,
coal chemical industries and other industries blyzing an ammonia desulfurization

process. The disclosure specifically relates tattrg acid gas, wherein an ammonia

desulfurization process is used to treat the amidyis, thereby achieving the purpose that

net tail gas meets the discharge standards througdti-stage circulating absorption, in

particular, wherein the enthalpy value of the aaiill gas is first adjusted by a regulatory

system, and then the acid tail gas is fed intolssguent ammonia desulfurization process.

The disclosure further relates to a correspondiengak for treating acid gas, which may be

applied to the technical fields of petrochemicaltural gas chemical, coal chemical

industries and the like.

BACKGROUND

Acid gas refers to the process gas that includesng other things, sulfur-containing
materials such as hydrogen sulfide, sulfur oxi@eganic sulfur and the like, which is
derived from petrochemical, natural gas chemica&l chemical, shale oil chemical, and
shale gas chemical industries and the like. Thenhdrcomponents in the acid gas are
primarily hydrogen sulfide, sulfur dioxide, COS, £8tc. with a high concentration ot 8
(generally, 70%-95% for petrochemical industry, 38980 for natural gas chemical
industry, and 20%-50% for coal chemical industafnd need to be treated to meet a

discharge standard.
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There are various methods for treatment technotogfesulfide-containing acid gas, such
as conventional Claus plus hydrogenation reductiosorption regeneration (low
temperature SCOT) technology, dry process for makufuric acid, incineration plus tail
gas desulfurization technology, wet process for imglsulfuric acid, conventional Claus
plus Super(Euro)Claus technology, conventional €lalus tail gas incineration plus tail
gas desulfurization technology, conventional Clplus catalytic oxidation, conventional
Claus plus biological desulfurization, etc., whardie most commonly used technology is
the conventional Claus plus hydrogenation reducéibsorption regeneration technology.
In the Claus sulfur recovery stage, 85%-99% of bgeén sulfide is converted into sulfur,
and less than 15% of the sulfide is reduced by dbgenation, absorbed and regenerated to
obtain KBS which is returned to the Claus sulfur recoveryice.

However, after the above treatments, the acid gasill difficult to meet environmental
standards and cannot be directly discharged, anbdutreatment is required. Further
treatment technologies include tail gas desulfurimaby alkali method, tail gas bio-
desulfurization, Cansolv and the like. With incrieagdy strict standards for sulfur
discharged into the environment, a compulsory sukégovery rate may reach 99.9% or
more, and the sulfur oxide concentration in thédgas may be required to be controlled at
100 mg/Nnior even below 50 mg/Nn

However, in general, existing processes have largestment, high operating cost, and
high emission concentrations of pollutants, or elame difficulty in meeting discharge
standards, especially during the startup and shutdweriods.

The Chinese invention patent with Application Nd\ 200910188118 discloses a high-
concentration flue gas desulfurization method, Wwhises sodium-method desulfurization
and simultaneously recovers the by-product sodiulits, wherein the flue gas is
deoxidized before desulfurization. The concentrawd sulfur dioxide in flue gas before
treatment ranges between 10,000-100,000 rﬁgﬁme oxygen content ranges between

2,000-10,000 mg/fh and the concentration of sulfur dioxide in theeflgas after treatment
-2
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is less than 200 mgfnCompared with the common sodium sulfite methaebxidation

step in this method requires conversion of paduwfur dioxide into low-value low-
concentration sulfuric acid as an efflux, and teeavery rate of sulfur dioxide in the flue
gas is reduced. Furthermore, this method is diffitndeoxidize thoroughly, the purity of
the product sodium sulfite is low, and this methhad large investment and high operating
cost.

The Chinese invention patent with Application NdN 200580011908.X discloses a
biological desulfurization technology, which is ds@r biological desulfurization of Claus
tail gas to obtain desulfurized tail gas and sufitmduct. The main process is that: tail gas
is introduced into an absorber and contacted widaa solvent to obtain desulfurized tail
gas and a rich solvent; the rich solvent is introduced into a bioreactor device in which the
dissolved hydrogen sulfide is bio-oxidized to ohtaisulfur product and a lean solvent.
The hydrogen sulfide in the tail gas can be leas thO ppm. This method has large
investment, difficult operation, and waste liquidacharge, and it is difficult to keep the
continuous and stable biological activity.

The Chinese invention patent with Application N&5 B019361 illustrates the Cansolv
process flow as below: the concentration of suthaxide is 7x10*-5x10°%, the mass
concentration of the organic amine liquid is nasehan 20%, the temperature of
absorption liquid is 10°C-50°C, sulfur dioxide atised per 1,000 g of absorption liquid is
greater than 100 g, the desorption temperatur@4€-B0°C, and 4 g-10 g of steam will be
consumed per desorption of 1 g of sulfur dioxidkeisTmethod has large investment, waste
acid discharge and high energy consumption.

The Chinese invention patent with Application NdJ 201210288895 discloses a method
for treating Claus process tail gas, in which thauS process tail gas containing sulfur
dioxide, oxygen and water is continuously added mteactor filled with a porous carbon
desulfurizer; at a reaction temperature of 30°C-150°C, sulfur dioxide and water in the tail

gas undergo catalytic oxidation reaction on thdase of the porous carbon to form
-3-
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sulfuric acid, and the regeneration detergent igtiooously introduced into the reactor at
the same time. In this method, the desulfurizatie is up to 93%, and the final tail gas
discharge cannot meet the high environmental ptimiecequirements, and the by-product
low-concentration sulfuric acid is difficult to us€éhe multi-stage Claus process tail gas
still fails to meet the discharge requirements.

Countries around the world discharge sulfur dioxioelifferent degrees. China's sulfur
dioxide emissions are huge and have a great ingratte environment and society. The
total amount of sulfur dioxide emissions in 2014svi®.74 million tons, and the total
amount of sulfur dioxide emissions in 2015 was 9&./illion tons, ranking first in the
world, which caused a huge economic loss and ssiyaffected China's ecological
environment and people's health.

In view of the shortcomings of the above technodsgand the reality of sulfur dioxide
emission load in China, various tail gas desulfatiian technologies are emerging. At
present, there are hundreds of mature desulfuaaagchnologies, among which the wet
desulfurization process is the most widely usedpaating for about 85% of the world's
total installed capacity of desulfurization. Commaaet flue gas desulfurization
technologies include limestone-gypsum method, dewalitali-method, sodium carbonate-
method, ammonia-method, magnesium oxide-methodtlatike. Ammonia
desulfurization is a wet desulfurization processigsammonia as an absorbent, this method
can produce ammonium sulfate fertilizer using,S&hd is a green flue gas management
scheme with low energy consumption, high additiorelle and the implementation of
recycling utilization of resources. Since a largeoaint of available ammonia water is
generated in the production process of the chenmchlstry, the use of ammonia
desulfurization may be desirable for the tail gashie chemical industry.

The ammonia desulfurization process is mainly cosegloof three processes: absorption,
oxidation and concentration (crystallization). Biyssulfur dioxide is absorbed with

ammonium sulfite to obtain a mixed solution of ammuon sulfite and ammonium
-4 -
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hydrogen sulfite, and then neutralization by addangmonia is performed to obtain
ammonium sulfite again:

(NH4)2S0O5+H,0+SG=2NH4HS O3

(NH4)xH(2-X) SOs+(2-X)NHz=(NH4)2SOs

Oxidized air is introduced into the solution to dizie ammonium (hydrogen) sulfite to
obtain ammonium (hydrogen) sulfate:

(NH4)2S05+1/20,=(NH4)2.SOy

The circulating absorption liquid containing ammami sulfate is subjected to
concentration, crystallization, solid-liquid sep@oa and drying to obtain the final product,
ammonium sulfate.

The Chinese invention patent with Application NN 201310130225.4 discloses an
ammonia-method flue gas management apparatus atitbdsefor acid tail gas, specifically
comprising the following steps: 1) controlling thencentration of sulfur dioxide in the tail
gas to be introduced into an absorption towet 20000 mg/Nm;, 2) process water or
ammonium sulfate solution is provided in the irflee pipe of the absorption tower or
within the absorption tower for spraying to lower the temperature; 3) an oxidation section is
provided in the absorption tower, and an oxidatiestributor is provided in the oxidation
section to realize oxidation of the desulfurization absorption liquid; 4) an absorption

section is provided in the absorption tower, andabsorption liquid distributor is used to
achieve desulfurization spray absorption by the amiar-containing absorption liquid in
the absorption section; the ammonia-containing absorption liquid is supplemented tlgiou
an ammonia storage tank; 5) the upper part of the absorption section in the absorption tower
is equipped with a water washing layer, which wastie absorption liquid in the tail gas
to reduce the escape of the absorption liquid; 6) the upper part of the water washing layer in
the absorption tower is equipped with a defoggerantrol the content of fog drops in the
purified tail gas; in the coal chemical industry, the use of integrated desulfurization

technology of Claus sulfur recovery plus ammoniaulirization can reduce the
-5-
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investment cost of post-treatment, and the flowimspler, and the process is mainly applied
to acid gas treatment in the coal chemical indystherein the concentration of sulfur
dioxide in the tail gas to be introduced into thsarption tower needs to be controlledkat
30,000 mg/Nm, and the requirements for other parameters ofdheas such as enthalpy
value and impurity content are not specified.

The Chinese invention patent with Application NdN 201410006886.0 discloses a method
for efficiently removing acidic sulfide gas usinmmonia desulfurization technology,
comprising the following steps: 1) pre-treatmenifisle in acid gas is subjected to the pre-
treatment method such as sulfur recovery, sulfacicl production and/or incineration, and
thus the remaining sulfur in the acid gas is coteeinto sulfur oxides to obtain acid tail
gas containing sulfur oxides; the acid gas is derived from petrochemical, natural gas

chemical, coal chemical industries and the like; 2) ammonia absorption of sulfur oxide: the
acid tail gas containing sulfur oxides is introdddéeto an ammonia absorption device, and
the sulfur oxides are absorbed by a circulating absorption liquid; 3) ammonium sulfate
post-treatment: the saturated or nearly saturabsdration liquid which fully absorbs

sulfur oxides is subjected to concentration, cryizetion, solid-liquid separation, and
drying to obtain a solid ammonium sulfate prodBulfur oxides (sulfur dioxide, sulfur
trioxide, and hydrates thereof) are removed from the acid tail gas; furthermore, sulfuric

acid, sulfur and ammonium sulfate by-products aeegated, and clean gas is discharged
meeting the standard. The components, densitylation amount or other parameters of
the absorption liquid are adjusted according téedé&nt sulfur oxide concentrations and
sulfur oxide absorption amounts in the acid tag.g&/hen the concentration of sulfur oxide
in the acid gas is lower than 30,000 mg/\the acid gas is directly introduced into the
ammonia absorption device without pre-treatment &hthalpy value and the impurity
content of the acid tail gas after the pre-treathaa not specified in this process, as well

as the treatment measures after the impurities ¢éiméeammonia desulfurization system.
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The Chinese patent applications with ApplicationsNGN 201611185413.7, CN
201611185413.7, and CN 201810062243.6 have alempted to improve the treatment of
acid tail gas by ammonia desulfurization, respesdtivbut these improvement measures are
still not ideal. Moreover, the control over the lealpy value of the acid tail gas has not
been noted in these publications either.

Therefore, it is desirable to determine more suéalrid tail gas parameters and further
improve the desulfurization method. This may regltlee investment and operating cost of
the ammonia desulfurization device, may achieveipariod stable operation, may achieve
synergistic control of acid gas pre-treatment aman@nia desulfurization of tail gas, may
improve ammonia recovery rate, may control the podien of aerosol, and may improve

the product quality.

BRIEF DESCRIPTION OF THE DRAWINGS
The objects and advantages of the invention wilapparent upon consideration of the
following detailed description, taken in conjunetiwith the accompanying drawings, in
which like reference characters refer to like pant®ughout, and in which:
FIG. 1 shows illustrative apparatus of Example Aa@cordance with principles of the
invention.
Figure 2 shows illustrative apparatus of Exampla accordance with principles of the
invention.
Figure 3 shows illustrative apparatus of a regulagystem in accordance with principles
of the invention.

List of reference signs:

1. Acid gas

2. Sulfur recovery system

3. Sulfur/sulfuric acid

4. Sulfur-recovered tail gas



10

15

20

25

5. Incineration system

6. Acid tail gas

7. Regulatory system

8. Adjusted tail gas

9. Ammonia

10. Ammonia desulfurization system
11. Ammonium sulfate

12. Net tail gas

13. Sulfuric acid production system
14. Cooling apparatus

15. Dehumidifying apparatus

16. Sulfur removal device

17. Dust removal/impurity removal apparatus.

DETAILED DESCRIPTION

DEFINITIONS
“Ammonia recovery” means that fraction or percemtaj ammonia added to a gas cleaning

process that is subsequently captured and extrdwiadthe process.

“Dust” means a particulate material fine enoughvedt along gaseous flows, when
handled, processed, or contacted. It includes$ubt limited to aerosols, including solid
aerosol particles and liquid aerosol particles,tsobarcoal, non-combusted coal, fine
minerals, sand, gravel, salts, and any combindtieneof.

“Oxidation rate” means the percentage, calculatgdbl percent, of a given material that
has been converted into an identified more-oxidiggeécies of the material. For example,
in a mixture containing ammonia bearing speciessuifur oxides, if X mol% of the
mixture is ammonium sulfate, Y mol% is ammoniumfie) and Z mol% is some other

ammonia, sulfur, and/or oxygen containing speciéh an oxidation potential greater than
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ammonium sulfate, because ammonium sulfate isdbetified most-oxidized species, the
oxidation rate of the mixture would be X mol%.

“Sulfur oxides or S means a chemical species containing sulfur angyer. It includes
compounds such as sulfur monoxide (SO), sulfur idi®@XSQ), sulfur trioxide (SQ),

higher sulfur oxides (S€and SQand polymeric condensates of them), disulfur modexi
(S20), disulfur dioxide (802), and lower sulfur oxides (82, 02, and $SOx, where n and
x are any possible stoichiometric numerical values)

In the event that the above definitions or a dgdimn stated elsewhere in this application
is inconsistent with a meaning (explicit or imptjcihat is commonly used, set forth in a
dictionary, or stated in a source incorporated dfgmence into this application, the
application and the claim terms in particular anglerstood to be construed according to
the definition or description in this applicaticand not according to the common
definition, dictionary definition, or the definitiothat was incorporated by reference. In the
event that a claim term can only be understoodig construed by a dictionary, a definition
set forth in the Kirk-Othmer Encyclopedia of Chealidechnology, 5th Edition, 2005,
(John Wiley & Sons, Inc.) shall control, if providi¢herein.

The disclosure provides apparatus and methodgsédatihg acid gas with respect to none,
some, or all of the following problems of the priamt in using ammonia desulfurization to
treat acid tail gas: inability of achieving longfpel stable operation of the device, poor
product quality, and difficulty in headstream-canling ammonia escape and the
production of aerosol.

The apparatus and methods for treating acid gasintdyde the use of an ammonia
desulfurization process to treat acid tail gas, axay achieve the discharge of net tail gas
meeting the standard through multi-stage circutpibsorption and efficient acid tail gas
treatment with low cost. Here, the multi-stage glating absorption of ammonia
desulfurization may include one or more of a coglaycle, an S@absorption cycle, and a

water-washing cycle.
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It may be advantageous to adjust the enthalpy sabfiehe acid tail gases obtained as
described above by a regulatory system at firsd, then feed the acid tail gases into a
subsequent ammonia desulfurization process.

The enthalpy value of acid tail gas has an effecth® stable standardized operation of the
desulfurization device: when the enthalpy valubigh and the absorption temperature is
high, ammonia escape may be significant, and tlhssmption efficiency cannot be
guaranteed; whereas, when the enthalpy value is low and the absorption temperature is low,
oxidation rate of circulating absorption liquid mbg low and thus the post-treatment
system cannot be operated stably, moreover, shmesulfur-recovered tail gas may be
incompletely incinerated in an incineration systémdrogen sulfide tends to be converted
into sulfur when incinerated at a lower temperatared hydrogen sulfide, elementary
sulfur and organic matters in turn may affect tkedation of ammonium sulfite and the
crystallization of ammonium sulfate, causing th@pproduct quality. If it is desirable to
incinerate virtually all of the hydrogen sulfiderganic matters and elementary sulfur in the
acid gas or sulfur-recovered tail gas through ttwneration system, the incineration
temperature may need to be raised to 1,300°C drehighe coefficient of excess air may
need to be raised to 1.8, and the residence timenead to be raised to 7 s. However, this
may increase the investment and operating codtefricineration system and may
consume a large amount of fuel gas; moreover, the incinerated flue gas may contain a high
concentration of nitrogen oxides, the denitrifioatinvestment may be large with high
operating cost, and the nitrogen oxide contenheffinal effluent gas may not easily meet
the standard.

The enthalpy value of the acid tail gas should jyerapriately controlled within the range
of 60-850 kJ/kg dry gas, for example, 80-680 kJkg gas or 100-450 kJ/kg dry gas,
before entering the process of ammonia desulfudnat

The regulatory system may include a temperaturasijent unit and/or a humidity

adjustment unit or both of a temperature adjustnuaiitand a humidity adjustment unit.
-10 -
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The enthalpy value of acid tail gas may be con¢eblby measuring the temperature and
humidity of the acid tail gas which will enter tpeocess of ammonia desulfurization, and
by adjusting the temperature and humidity of thkegas with the regulatory system.

An illustrative formula of the enthalpy value ofltgas is H = (1.01 + 1.88b)*t + 2490b,
wherein t is temperature in °C, and b is water vajpmtent in dry gas in kg/kg dry gas.
Those skilled in the art will appreciate that, degi@g on different temperatures and
humidities of the acid tail gas itself to be trehte the regulatory system, the temperature
adjustment unit may accordingly comprise a heatingooling apparatus, for example, a
heater or cooler or other temperature control agpa:; while the humidity adjustment unit
may accordingly comprise a humidifying or dehunmydiiy apparatus, such as an apparatus
that can perform nitrogen or carbon dioxide gasritistion or add water vapor. Suitable
temperature regulating apparatus and humidity sguy apparatus themselves are well
known to those skilled in the art.

The regulatory system further may include one orevaf a sulfur removal unit, a dust
removal unit, and an impurity removal unit. Thuse total dust content of the acid tail gas
may be adjusted by the regulatory system, anddtet &cid dust content of the acid tail gas
after adjustment may be200 mg/Nmi, for example< 50 mg/Nnf.

The impurity content of the acid tail gas can bpuatkd by the regulatory system, and the
organic matter content of the acid tail gas afgjustment may be& 30 ppm, for example
<10 ppm, and/or the elementary sulfur and hydrogidfide content may be 30 ppm, for
example< 10 ppm.

The circulating absorption liquid of ammonia desuifation may be subjected to a
purification treatment such that the suspendedanatintent in the circulating absorption
liquid may be< 200 mg/L and/or the oil content may $€.00 mg/L.

There are no special restrictions on the sourcacaf tail gas applicable to the apparatus
and methods, as long as they are commonly usetkeipétrochemical, natural gas

chemical, coal chemical industries and the likeerd] the acid tail gas may include,
-11 -
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illustratively, the tail gas obtained after treatithe petrochemical, natural gas chemical,
and coal chemical acid gas with a process suchilasrsecovery plus incineration, sulfuric
acid productionand incineration; or the acid tail gas may include, illustratively, catalytic
cracking regeneration flue gas.

The sulfur recovery may include a sulfur recoverggess, such as a 1 to 3-stage Claus
sulfur recovery process, a SuperClaus sulfur regopeocess, an EuroClaus sulfur
recovery process, a liquid-phase catalytic oxidagalfur recovery process or a biological
sulfur recovery process; and the sulfuric acid production process may be performéith a
wet sulfuric acid production process or a dry sutfuacid production process.

The molar ratio of HS/SG in the sulfur-recovered tail gas may be controbed.2-3, for
example, 1.5-2.5.

In the sulfur recovery plus incineration procesd #me incineration process, the
incineration temperature may be 600°C-1,300°Cef@mple, 650°C-950°C, the residence
time may be 1-6 s, for example, 1.5-4 s, the oxygemtent of the acid tail gas may be 2%-
5%, for example, 3%-4%, and sulfur oxide contenthaf acid tail gas may be 2,000-
150,000 mg/Nm, for example 5,000-55,000 mg/Nm

The methods may include the process steps:

1) acid gas is treated by sulfur recovery plusnecation or sulfuric acid production or
incineration, or directly by catalytic cracking abtst regeneration process to obtain acid
tail gas;

2) the acid tail gas is fed into the regulatoryteys to adjust the enthalpy value of the tail
gas to be within the range of 60-850 kJ/kg dry dasexample, 80-680 kJ/kg dry gas or
100450 kJ/kg dry gas;

3) the acid tail gas which meets the enthalpy vaégirement is fed into the ammonia
desulfurization process for treatment, to achidvepurpose that net tail gas meets the

discharge standard through multi-stage circulaghgorption.

-12 -
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The acid tail gas obtained in step 2) may be furtheated in the regulatory system such
that the total dust content $200 mg/Nni and/or the organic matter contenti80 ppm
and/or the elementary sulfur contenki80 ppm before it is fed into the ammonia
desulfurization process.

The apparatus may include a device for treatind geis, including an acid gas pre-
treatment system and an ammonia desulfurizatioterys

The acid gas pre-treatment system may include omeooe of a sulfur recovery system
plus incineration system, a sulfuric acid productgystem, an incineration system, and a
catalytic cracking catalyst regeneration systenme @mmonia desulfurization system may
be a conventional ammonia desulfurization devicel iés structure may be known in the
art, for example, reference may be made to CN 20372460.3, CN 201810057884.2 for
which the applicant has applied. CN 2017103794608 201810057884.2 are hereby
incorporated herein by reference in their entietie

The sulfur recovery system may include one or nufre 1 to 3-stage Claus sulfur recovery
system, a SuperClaus sulfur recovery system, an@aus sulfur recovery system, a
liquid-phase catalytic oxidation sulfur recoverysssm and biological sulfur recovery
system.

The apparatus may include a regulatory system cisimgra temperature regulating
apparatus and/or a humidity regulating apparatuoth a temperature regulating
apparatus and a humidity regulating apparatus.régalatory system may include one or
more of a sulfur removal device, a dust removalaspfus, and an impurity removal
apparatus.

The acid gas pre-treatment system, the regulatgstem, and the ammonia desulfurization
system may be connected successively. The acigmgageatment system may include a
sulfur recovery system plus incineration systeme Tégulatory system may include one or
more of a temperature regulating apparatus, a hitynmielgulating apparatus, and an

impurity removal apparatus that can be connectezhtth other successively in any order,
-13-
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or one or more of an impurity removal apparatueraperature regulating apparatus, a
humidity regulating apparatus and an impurity realapparatus that can be connected to
each other successively in any order.

The apparatus may include an absorption liquidtineat system that may include one or
more of a concentration apparatus, a solid-lig@pagation apparatus, and a drying
apparatus.

The absorption liquid treatment system may inclade or more of a solution purification
apparatus and an evaporation crystallization agparaThe solution purification apparatus
may include one or more of an oil removal apparatus a suspended matter removal
apparatus. The suspended matter removal apparaydenconfigured to form a circulating
absorption liquid with a suspended matter contérit 800 mg/L, 20-100 mg/L, or 30-50
mg/L.

The oil removal apparatus may be configured to fargirculating absorption liquid with

an oil content ok 100 mg/L, for example 10-80 mg/L or 20-30 mg/LheToil removal
apparatus may include one or more of an air flotaipparatus, an adsorption apparatus or
a precision filtration apparatus, or a combinatibareof.

The oil removal apparatus may be connected tortbmeration system.

The acid gas derived from petrochemical industry in@ subjected to sulfur recovery plus
incineration (pre-treatment) to obtain an acid gk, and then the enthalpy value of the
acid tail gas may be adjusted with a regulatoryeysbefore it is fed into the ammonia
desulfurization process. Here, the multi-stageuwating absorption of ammonia
desulfurization may include a 1-stage cooling cyal@-stage SQabsorption cycle, and a
1-stage water-washing cycle.

The regulatory system may include one or more thaperature regulating unit, a
humidity regulating unit and a sulfur removal uthiit are connected successively. The
enthalpy value of the acid tail gas may be firguated to 560-720 kJ/kg dry gas through a

cooling apparatus, and then the low-temperaturedathalpy nitrogen gas may be
-14 -
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supplemented through a dehumidifying apparatusitthér adjust the acid tail gas's
enthalpy value to 440-530 kJ/kg dry gas. Then dleenentary sulfur and hydrogen sulfide
content of the tail gas may be regulated and cdlettdo 4-7.5 ppm through an adsorption
sulfur-removal apparatus.

The hydrogen sulfide content of the acid gas mayfdmeexample, about 90%, the rest
being nitrogen, carbon dioxide, and the sulfur ey system for treating the acid gas may
include an air-method 3-stage Claus sulfur recoyeocess. The molar ratio o, 8/SQ in

the sulfur-recovered tail gas may be controlled.&t2.8, the incineration temperature of
the incineration system may be 850°C-950°C, thiele@se time may be 2-4 s, the oxygen
content of the acid tail gas may be about 3%, &edsulfur oxide content in the incinerated
tail gas may be about 12,000-15,000 mgANm

For an illustrative flow rate of an acid gas of @&) Nn/h, the sulfur recovery rate may be
96%, the annual operating time may be 8,400 h,44¥J000 tons of sulfur per year and
80,500 tons of ammonium sulfate per year may baiobtl after the treatment.

If the regulatory system is not used to control dhganic matter content of the acid tail gas,
the circulating absorption liquid of ammonia desulfation may be subjected to the
treatment of oil removal to render the oil contefithe circulating absorption liquid 50
mg/L.

An illustrative acid gas treatment apparatus mayjuidle one or more of an acid gas pre-
treatment system (sulfur recovery system plus Gtion system), a regulatory system,
and an ammonia desulfurization system.

The sulfur recovery system may include a thermacttien plus 3-stage Claus catalytic
reaction apparatus, and the Claus catalytic re@yvweay be a recoverer that is not charged
with a hydrolysis catalyst.

The regulatory system may include one or more t&haperature regulating apparatus, a

humidity regulating apparatus and a sulfur remalalice that are connected successively.

-15-
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The sulfur recovery system, incineration systemgufatory system and ammonia
desulfurization system for acid gas may be connesteEcessively. The temperature
regulating apparatus may be a two-stage wasterkeavery apparatus, the by-product of
first-stage waste heat recovery may be saturaeahstand the second-stage waste heat
recovery may preheat boiler feedter; and the humidity regulating apparatus may include
a nitrogen gas distribution apparatus.

The apparatus make include an absorption liquidtinent system, which may include one
or more of a concentration apparatus, a solid-ticgeparation apparatus, and a drying
apparatus.

The absorption liquid treatment system may incladmlution purification apparatus. The
solution purification apparatus may include anreihoval apparatus, which may be
configured to form a circulating absorption liquidth an oil content ok 50 mg/L. The oil
removal apparatus may include an air flotation appes plus precision filtration apparatus.
The oil removal apparatus may be connected tortbimération system, and the waste oil
may be completely incinerated into water, carbayxidie and sulfur dioxide in the
incineration system.

With regard to the apparatus and methods, refereanédbe made to the authorized series
patents of ammonia desulfurization, such as CN 20080801.1, CN 03158258.3, CN
201010275966.8, CN 200510040800.7, CN 03158257d5 laen like, and CN
201710379460.3, CN 201710379458.6, CN 2017101581%MN 201710800599.0, CN
201710865004.X, and CN 201810329999.2 under examma

Compared with prior acid gas treatment processpgcifying the acid tail gas control
parameters, using the pre-treatment plus adjustplestammonia desulfurization process
to treat the acid gas, especially by controlling &mthalpy value of the acid tail gas, the
apparatus and methods may reduce the investment@rating cost of the ammonia
desulfurization system, may achieve long-periotlst@mperation, may achieve synergistic

control of acid gas pre-treatment and ammonia desmétion of acid tail gas, may
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improve ammonia recovery rate, may control the podidhn of aerosol, and may improve
the product quality.

Apparatus and methods for treating acid gas areiged. The apparatus may include, and
the methods may involve an acid gas pratment system; and, in fluid communication
with the acid gas pre-treatment system, an ammaesalfurization system.

The pretreatment system may include one or moie flfur recovery system plus
incineration system, a sulfuric acid productionteys and a catalytic cracking catalyst
regeneration system. The sulfur recovery system imelude a Claus sulfur recovery
system. The Claus sulfur recovery system may beeastage Claus sulfur recovery
system. The Claus sulfur recovery system may tveoastage Claus sulfur recovery
system. The Claus sulfur recovery system may theee-stage Claus sulfur recovery
system.

The sulfur recovery system may include a liquidgdhaatalytic oxidation sulfur recovery
system. The sulfur recovery system may includéobical sulfur recovery system.

The sulfur recovery system may include, in fluidrmaaunication with the Claus sulfur
recovery system, a SuperClaus sulfur recovery ayste

The sulfur recovery system may include, in fluidroaunication with the Claus sulfur
recovery system, a EuroClaus sulfur recovery system

The sulfur recovery system may include, in fluidraaunication with the Claus sulfur
recovery system, a biological sulfur recovery syste

The sulfur recovery system may include, in fluidrmaaunication with the Claus sulfur
recovery system, a liquid-phase catalytic oxidasaifur recovery system

The apparatus may include a regulatory systemishiatfluid communication with, and
upstream from, the ammonia desulfurization systdine regulatory system may include a
temperature regulator configured to regulate atgagerature in the regulatory system.
The regulatory system may include a humidity retpri@onfigured to regulate a gas

humidity in the regulatory system.
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The apparatus may include a sulfur removal dewicuid communication with the
ammonia desulfurization system. The apparatus imelyde a dust removal apparatus in
fluid communication with the ammonia desulfurizatisystem.

The apparatus may include an impurity removal apparin fluid communication with the
ammonia desulfurization system.

The apparatus may include a sulfur removal dewiciuid communication with the
ammonia desulfurization system; and a dust removal apparatus in fluid communicatiothwi
the ammonia desulfurization system.

The apparatus may include a sulfur removal dewiciuid communication with the
ammonia desulfurization system; and an impurity removal apparatus in fluid
communication with the ammonia desulfurization syst

The apparatus may include a dust removal appamatiisid communication with the
ammonia desulfurization system; and an impurity removal apparatus in fluid
communication with the ammonia desulfurization syst

The acid gas prereatment system; the regulatory system; and the ammonia desulfurization
system may be connected successively along a dosamstdirection.

The acid gas pre-treatment system may includefarstdcovery system plus incineration
system.

The apparatus may include a regulatory systemishiatfluid communication with, and
upstream from, the ammonia desulfurization syst@ine regulatory system may include a
temperature regulator configured to regulate atgagperature in the regulatory system.
The regulatory system may include a humidity retpr@onfigured to regulate a gas
humidity in the regulatory system.

The apparatus may include a sulfur removal dewicuid communication with the
ammonia desulfurization system.

The acid gas préeatment system; the regulatory system; and the ammonia desulfurization

system may be connected successively along a dosamstdirection.
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The acid gas pre-treatment system may include farstdcovery system plus incineration
system. In the regulatory system, the temperategelator, humidity regulator and a the
sulfur removal device may be connected successiwvetlge downstream direction. In the
regulatory system, the temperature regulator, hitpnr@gulator and a the sulfur removal
device are connected successively in the downstidieaution.

The ammonia desulfurization system: may be con&duo circulate ammonia-containing
absorption liquidand may include an absorption liquid treatment systhat may include
one or more ofa concentration device configured to receive the absorption liquid; a solid-
liquid sepat#tion device configured to collect solids suspended in the liquid; and a drying
device configured to dry the collected solids.

The absorption liquid treatment system may incladmlution purification device in fluid
communication with, and disposed in a directionragienally downstream from, the solid-
liguid separation device. The absorption liquiglaiment may system includes an
evaporation crystallization device that: may bdliuad communication with one or both of:
the concentration device; and the solidtiquid separation device; and may be disposed,
operationally:downstream from the concentration device; and upstream from the solid-
liquid separation device.

The absorption liquid treatment system may incladesvaporation crystallization device
that may be: in fluid communication with one or baif: the concentration device; and the
solid-liquid separation device; and may be disposed, operationally: downstream froen th
concentration device; and upstream from the solid-liquid separation device.

The solution purification device may include an @moval device that is in fluid
communication with the solid-liquid separation dmui

The solution purification device may include a sarsgled matter removal device that is in
fluid communication with the solid-liquid separatidevice.

The solution purification device may include a sersged matter removal device that is in

fluid communication with the solid-liquid separatidevice.
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The suspended matter removal device may be cordtgto provide a circulating
absorption liquid that has a suspended matter comte greater than 200 mg/L. The
suspended matter content may be in the range 20vifdD. The suspended matter content
may be in the range 30-50 mg/L.

The oil removal device may include, in fluid comnmeation with the solid-liquid
separation device, an air flotation device.

The oil removal device may include, in fluid comneation with the solid-liquid
separation device, an adsorption device.

The oil removal device may include, in fluid comneation with the solid-liquid
separation device, a precision filtration device.

The oil removal device may include, in fluid comnmeation with the solid-liquid
separation device, an adsorption device.

The oil removal device may include, in fluid comnmeation with the solid-liquid
separation device, a precision filtration device.

The oil removal device further includes, in fluidmmunication with the solid-liquid
separation device, a precision filtration device.

The oil removal device may be configured to prodaa®rculating absorption liquid having
an oil content no greater than 100 mg/L. The ontent may be in the range 10-80 mg/L.
The oil content may be in the range 20-30 mg/L.e Bl removal device may be in fluid
communication with, and disposed operationally tgesin from, the incineration
system.The methods may includkeeiving acid gas; and deriving from the acid gas: one or
both ofammonium sulfate; and net tail gas that meets a discharge standard. diduharge
standard may be a standard defined in the docueditted, "Emission Standard of
Pollutants for Petroleum Refining Industry,” pubksl as China, GB31570-2015, which is

hereby incorporated by reference herein in itsretyi
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The discharge standard may be a standard defindteidocument entitled, "Emission
Standard of Pollutants for Petroleum Chemistry Btdy" published as China, GB31571-
2015, which is hereby incorporated by referencesimein its entirety.

Illustrative examples of pollutant emission start$ar

"Emission Standard of Pollutant for Oil Refiningdlustry" Tables 3 4, excerpted below,
show the pollutant emission standards of regendrdtie gas for process heating furnaces,
FCC catalyst regeneration flue gas, particulatetenan tail gas of acid gas recovery plants,
nickel and its compounds, sulfur dioxide and sutfarcid mist.

From "Emission Standard of Pollutant for Oil Refig Industry” Table 3: Special
Emission Limits of Air Pollutants (Units of Measument: mg/nt)

Numbe | Pollutant: Acid gas recover Location of Pollutant Emissic
devices Monitoring Device
1 particulate matte —
2 nickel and its —
compounds
3 sulfur dioxide 40C
4 nitrogen oxide
5 sulphuric acid mit 30(4)
6 hydrogen chlorid — Exhaust pipe for workshop or production facility
7 pitch fume —
8 benzo(a)pyrer —
9 benzen —
10 toluen —
11 xylene —
12 NMHC —

From "Emission Standard of Pollutant for Oil Refig Industry” Table 4: Special
Emission Limits of Air Pollutants (Units of Measment mg/m3)

Number| Pollutants Process | FCC catalyst Acid gas Location of
heating regeneration flue | recovery Pollutant Emission
furnace gas (1) devices Monitoring Device
1 particulate mattef n/a 30 —
2 nickel and its| — 0.3 —
compounds
3 sulfur dioxide 50 50 100
4 nitrogen oxides 100 100 —
5 sulphuric acid — — 5(3)
mist Exhaust pipe for
6 hydrogenr — — — workshop or production
chloride facility
7 pitch fume — — —
8 benzo(a)pyrer — — —
9 benzen — — —
10 toluen — — —
11 xylene — — —
12 NMHC — — —
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(D The maximum value of the concentration of ttgemerated flue gas pollutants in
the catalytic cracking waste heat boiler does xakted 2 times of the limit value in the
table, and the time duration of each time is netager than 1 hour.

"Emission Standard of Pollutant feetroleum Chemistry Industry'Tables 4 and 5,
excerpted below, show emission requirements ofi@#ete matters and sulfur dioxide in
tail gas of process heating furnace device.

From "Emission Standard of Pollutant for Petrole@hemistry Industry” Table 4:
Emission Limits of Air Pollutants (Part) (Units dfeasurement mg/m3)

Number | Pollutants Procesg Location of Pollutant
heating| Emission Monitoring
furnace| Device

1 particulate matte 20

2 sulfur dioxide 100 Exhaust pipe for workshop or
15C production facility

3 nitrogen oxides
180(3)

From "Emission Standard of Pollutant for Petrole@hemistry Industry” Table 5: Special
Emission Limits of Air Pollutants (Part) (Units Measurement mg/m3)

Numbe | Pollutant: Proces: Location of Pollutan
heating Emission Monitoring
furnace Device

1 particulate matter | 20

Exhaust pipe for workshop

2 sulfur dioxide SC or production facility

3 nitrogen oxide 10C

The deriving may include: one or both of recoversugfur from the acid gas to produce
sulfur-recovered tail gaand, then, incinerating the sulfur-recovered gas.

The deriving may include producing sulfuric acidrr the acid gas.

The deriving may include incinerating.

The method may include channeling the acid gas fagmetrochemical chemical reaction.
The method may include channeling the acid gas faamatural gas chemical reaction. The
method may include channeling the acid gas froma chemical reaction.

The deriving may include generating catalytic ciagkregeneration flue gas. The acid tail
gas may include the regeneration flue gas.

The deriving may include adjusting an enthalpy eatd acid tail gas.
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The deriving may include passing adjusted tail thimsugh one or more of: a cooling stage,
an absorption stage, and a water-washing staga ah ammonia circulation
desulfurization reactor.

The adjusting may include changing a temperaturihefacid tail gas.

The adjusting may include changing a humidity &f #tid tail gas.

The adjusting may include changing a temperaturin@facid tail gas.

The adjusting may include removing sulfur from #wad tail gas.

The adjusting may include removing dust from thil dail gas.

The adjusting may include removing an impurity freime acid tail gas.

The adjusting may adjust the value to 60-850 kdfkggas. The adjusting may adjust the
value to 80-680 kJ/kg dry gas. The adjusting mdjyst the value to 100-450 kJ/kg dry
gas.

The recovering may include flowing the acid gaotlgh a Claus sulfur recovery system
having 1 stage. The recovering may include flowting acid gas through a Claus sulfur
recovery system having 2 stages. The recoveringin@dude flowing the acid gas through
a Claus sulfur recovery system having 3 stages.

The recovering may include flowing the acid ga®tlgh a liquid-phase catalytic oxidation
sulfur recovery system. The recovering may incltidesing the acid gas through a
biological sulfur recovery system. The recoveringy include flowing the acid gas
through a SuperClaus sulfur recovery system. Elcevering may include flowing the acid
gas through a EuroClaus sulfur recovery systeme rBcovering further includes flowing
the acid gas through a biological sulfur recoveygtem. The recovering may include
flowing the acid gas through a liquid-phase caitalgidation sulfur recovery system.

The sulfuric acid production may include wet suifuaicid production. The sulfuric acid
production may include dry sulfuric acid production

The recovering may include producing sulfur-recegegas having a molar ratio&SQ

in the range 1.2-3. The molar ratio may be inrdmege 1.5-2.5.
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The incinerating may be performed at a temperatutbe range 600 °C-1,300 °C. The
incinerating may produce an acid tail gas.

In the incinerating, the sulfur-recovered tail gagy have a residence time in the range 1 to
6 s.

The acid tail gas may have an oxygen content irrdinge 2%-5%.

The acid tail gas may have a sulfur oxide contarthe range 2,000 mg/Nhto 150,000
mg/Nnr. The incinerating may be performed at a tempeeaitu the range 65C to 950C.

In the incinerating, the sulfur-recovered tail ntegve a residence time in the range 1.5to 4
S.

The acid tail gas may have an oxygen content irrdinge 3%-4%.

The acid tail gas may have a sulfur oxide contarthe range 5,000 mg/Nhto 55,000
mg/Nnt.

The method may include producing an acid tail gaging a sulfur oxide content in the
range 2,000 mg/Nfto 150,000 mg/Nrh

The incinerating may be performed at a temperaitutbe range 600 °C-1,300 °C. The
incinerating may produce the acid tail gas.

The method may include incinerating sulfur-recodet&l gas having an incineration
residence time in the range 1 to 6 s.

The acid tail gas may have an oxygen content irrdnge 2%-5%.

The incinerating may be performed at a temperaitutbe range 650C to 950°C.

In the incinerating, the sulfur-recovered tail gaay have a residence time in the range 1.5
to 4 s.

The acid tail gas may have an oxygen content irrdinge 3%-4%.

The acid tail gas may have a sulfur oxide contarthe range 5,000 mg/Nhto 55,000

mg/Nnt.
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The method may include producing an acid tail gagiing an oxygen content in the range
2%-5%.

The acid tail gas may have a sulfur oxide contarthe range 2,000 mg/Nhto 150,000
mg/Nnr.

The incinerating may be performed at a temperatutbe range 600 °C-1,300 °C. The
incinerating may produce the acid tail gas.

In the incinerating, the sulfur-recovered tail gaay have a residence time in the range 1 to
6s.

The incinerating may be performed at a temperaitutbe range 65 to 950C.

In the incinerating, the sulfur-recovered tail gaay have a residence time in the range 1.5
to 4 s.

The acid tail gas may have an oxygen content irrdinge 3%-4%.

The acid tail gas may have a sulfur oxide contarthe range 5,000 mg/Nhto 55,000
mg/Nnt.

In the incinerating, the sulfur-recovered tail gaay have a residence time in the range 1 to
6s.

The method may include producing acid tail gas hgwan oxygen content in the range 2%-
5%.

The method may include producing acid tail havirgudur oxide content in the range
2,000 mg/Nni to 150,000 mg/Nrh

The incinerating may be performed at a temperatutbe range 600 °C-1,300 °C. The
incinerating may produce the acid tail gas.

The incinerating may be performed at a temperatutbe range 650C to 950°C.

In the incinerating, the sulfur-recovered tail gaay have a residence time in the range 1.5
to 4 s.

The acid tail gas may have an oxygen content irrdnge 3%-4%.
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The acid tail gas may have a sulfur oxide contarthe range 5,000 mg/Nhto 55,000
mg/Nnt.

The deriving may include reducing a suspended matietent of an ammonia
desulfurization circulating absorption liquid to geeater than 200 mg/L.

The deriving may include reducing an oil contenaafammonia desulfurization circulating
absorption liquid to no greater than 100 mg/L.

The deriving may include reducing an oil contenaafammonia desulfurization circulating
absorption liquid to no greater than 100 mg/L.

The adjusting may produce adjusted tail gas hasimgrganic matter content not greater
than 30 ppm.

The adjusting may produce adjusted tail gas hasimglementary sulfur and hydrogen
sulfide content not greater than 30.

The adjusting may produce adjusted tail gas hagimgrganic matter content not greater
than 10 ppm.

The adjusting may produce adjusted tail gas hasimglementary sulfur and hydrogen
sulfide content not greater than 10 ppm.

The acid gas may be treated by sulfur recovery plaseration or sulfuric acid production
or incineration, or directly by catalytic crackiegtalyst regeneration process to obtain acid
tail gas.

The acid tail gas may be fed into the regulatorstesm to adjust the enthalpy value of the
tail gas to be within the range of 60-850 kJ/kg das, for example, 80-680 kJ/kg dry gas,
or 100-450 kJ/kg dry gas.

Acid tail gas meeting a selected enthalpy critemuay be fed into the ammonia
desulfurization process for treatment, to achidvepurpose that net tail gas meets a
discharge standard through multi-stage circulatibgorption.

Some embodiments may omit features shown and/aridbesl in connection with the

illustrative apparatus. Some embodiments may bhelieatures that are neither shown nor
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described in connection with the illustrative apdas. Features of illustrative apparatus
and methods may be combined. For example, ongtiitive embodiment may include
features shown in connection with another illustaembodiment.

The steps of illustrative methods may be perforimean order other than the order shown
and/or described herein. Some embodiments may steyis shown and/or described in
connection with the illustrative methods. Some edib@nts may include steps that are
neither shown nor described in connection withithistrative methods. lllustrative
method steps may be combined. For example, onstiditive method may include steps
shown in connection with another illustrative metho

Embodiments may involve some or all of the featwkthe illustrative apparatus and/or
some or all of the steps of the illustrative method

Apparatus and methods described herein are illtigeraApparatus and methods in
accordance with the invention will now be descrilidonnection with the Examples and
the FIGs, which form a part hereof. The FIGS. slidwstrative features of apparatus and
method steps in accordance with the principleshefihvention. It is to be understood that
other embodiments may be utilized and that stradidunctional and procedural
modifications may be made without departing frora stope and spirit of the present
invention.

ILLUSTRATIVE EXAMPLES

Example 1

Acid gas 1 derived from petrochemical industry wasd. The acid gas 1 was passed
through a sulfur recovery system 2 to obtain sutRoovered tail gas 6, and then passed
through an incineration system 5 to obtain acittdas 6 (pre-treatment system). The
enthalpy value of the acid tail gas was adjustea bggulatory system 7, and then the
adjusted tail gas 8 was fed into an ammonia degaHtion system 10 to which ammonia 9

was introduced. The multi-stage circulating absorpof the ammonia desulfurization
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system 10 included a 1-stage cooling cycle, a Bes®Q absorption cycle, and a 2-stage
water-washing cycle.

The adjusting system 7 herein as shown in FigureRided an impurity removal apparatus
17, a cooling apparatus 14, a dehumidifying apperd6, and a sulfur removal device 16
which were connected successively. The organicanatintent of the acid tail gas was
reduced to 4.5 ppm or lower by the impurity remoapparatus 17, the enthalpy value of
the acid tail gas 6 was further adjusted to 600481/@g dry gas through the cooling
apparatus 14, and then the low-temperature carboad# gas with a low water vapor
content was supplemented through the dehumidifgimgaratus 15 to further adjust the
enthalpy value of the acid tail gas 6 to 410-50&gdry gas. Then, the elementary sulfur
and hydrogen sulfide content of the adjusted tad § was controlled to 3 ppm or lower by
adsorbing sulfur and hydrogen sulfide in the tais ghrough the adsorption sulfur-removal
apparatus 16.

In this example, the hydrogen sulfide content & #tid gas 1 was 75%, and the rest were
nitrogen, carbon dioxide, hydrogen, and carbon monoxide; and the sulfur recovery system 2
adopted the air-method 2-stage Claus sulfur regopescess. The molar ratio o,8/SG

in the sulfur-recovered tail gas 4 was controlléd .d-2.2, the incineration temperature of
the incineration system 5 was 750°C-810°C, thedeggie time was 2-2.8 s, the oxygen
content of the acid tail gas was 2.8%, and theuswkide content was 22,400 mg/ﬁl.m

The flow rate of the acid gas 1 was 8,100 Wmthe sulfur recovery rate was 93.6%, the
annual operating time was 8,400 h, 68,200 tonautitis 3 per year and 19,000 tons of
ammonium sulfate 11 per year were obtained, angthmonia recovery rate was 99.1%.
Accordingly, the apparatus for carrying out the @donentioned treatment method in this
example comprises an acid gas pre-treatment sy&elfur recovery system plus
incineration system), a regulatory system, andramania desulfurization system which

are connected successively.
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The sulfur recovery system included a blower appetaa thermal reaction apparatus and a
2-stage Claus catalytic reaction apparatus.

In addition, the regulatory system included the umty removal apparatus, cooling
apparatus, dehumidifying apparatus and desulfudmapparatus which were connected
successively. The impurity removal apparatus waatalytic oxidation apparatus, the
desulfurization apparatus was an activated carldsomption apparatus, the cooling
apparatus was a one-stage waste heat recoverythvathy-product of 0.3-0.5 MPa
saturated steam, and the dehumidifying apparatisscoanected to a carbon dioxide gas
source.

The apparatus included an absorption liquid treatnsgstem, which included a
concentration circulating tank, a solid-liquid segtéon apparatus, and a drying apparatus.
The ammonia desulfurization system adopted a stdirerystallization process in the
tower.

The amount of the adjusted tail gas was 68,450/Nifstandard state, wet base, actual
oxygen), the S@concentration was 16,100 mg/Nrthe tower had a diameter of 3.2 m and
a height of 42 m, the sulfur dioxide content of te tail gas was 32.4 mg/Nnthe free
ammonia was 1.3 mg/Ninand the total dust was 9.5 mg/Rim

For the ammonia desulfurization apparatus and nustho this example, reference can be
made to CN 201710379460.3, CN 201710865004.X, ah2C1810329999.2.

Example 2

Acid gas 1 derived from natural gas chemical industas used. The acid gas 1 was passed
through a sulfuric acid production system 13 toadbsulfuric acid 3 and acid tail gas 6,
and then the enthalpy value of the acid tail gas adjusted by a regulatory system 7. Then
the adjusted tail gas was fed into the ammonia lfi@$zation system 10 to which ammonia
9 was added. The multi-stage circulating absorptibthe ammonia desulfurization system
10 included a 1-stage cooling cycle, a 1-stage &f3orption cycle, and a 1-stage water-

washing cycle.
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Here, the regulatory system 7 was a water vapoitiaddapparatus, and the enthalpy value
of the acid tail gas 6 was adjusted to 320-410&kdlk/ gas by adding water vapor.

In the acid gas 1 used, the hydrogen sulfide cantes 45%, the COcontent was 30%,
and the rest were nitrogen, hydrogen, carbon mateoand methane. The sulfuric acid
production system 13 adopted a wet sulfuric acmtpction process. The sulfur oxide
content in the acid tail gas was 5,350 mgANm

The flow rate of the acid gas 1 was 7,200 Mmthe sulfuric acid recovery rate was 98%,
the annual operating time was 8,400 h, and 119t0608 of sulfuric acid 3 per year and
3,200 tons of ammonium sulfate 11 per year wer@iokt, and the ammonia recovery rate
was 99.4%.

Accordingly, the apparatus for carrying out the @donentioned method included a wet
sulfuric acid production system, a regulatory sgsend an ammonia desulfurization
system which were connected successively.

The wet sulfuric acid production system includedrarineration apparatus, a conversion
apparatus and a condensing apparatus.

The regulatory system included a water vapor additipparatus.

The apparatus included an absorption liquid treatnsgstem, which included a solid-liquid
separation apparatus, a drying apparatus. The amndesulfurization system adopted a
saturated crystallization process in the tower.

The amount of the adjusted tail gas was 38,45(?/Nr(rstandard state, wet base, actual
oxygen), the S@concentration was 4,830 mg/Nnthe tower had a diameter of 2.6 m and a
height of 33 m, the sulfur dioxide content of thet tail gas was 16.8 mg/Ninthe free
ammonia content was 0.6 mg/Nnand the total dust was 4.5 mg/Rim

For the ammonia desulfurization apparatus and nistho this example, reference can be
made to CN 201710379460.3, CN 201710865004.X, aN@®€1810329999.2.

Example 3
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Acid tail gas derived from a petrochemical catalydtracking catalyst regeneration was
used. The enthalpy value of the acid tail gas whssted by a regulatory system, and then
the acid tail gas was fed into an ammonia deswéairon system. The multi-stage
circulating absorption of the ammonia desulfuriaatsystem included a 2-stage washing
cycle, a 1-stage Sabsorption cycle, and a 1-stage water-washingecycl

The regulatory system was a cooling apparatus sam@moval apparatus and an impurity
removal apparatus. The organic matter content wedsaed to 6.2 ppm or less by the
impurity removal apparatus. The enthalpy valuehef &cid tail gas was further adjusted to
370-408 kJ/kg dry gas through the cooling apparafben the total dust content was
reduced to 20-30 mg/Nhby the dust removal apparatus.

The flow rate of the acid tail gas was 210,00034mthe sulfur oxide content was 2,350
mg/Nn?, and the total dust content was 100-230 mgiNfhe annual operating time was
8,400 h, 4,100 tons of ammonium sulfate per yeaevebtained after the treatment of the
ammonia desulfurization system, and the ammoniavexy rate was 99.3%.

Accordingly, the apparatus for carrying out the @donentioned method included a
catalytic cracking catalyst regeneration systend, @we regulatory system and ammonia
desulfurization system connected successively.

The regulatory system included a cooling apparaudyst removal apparatus, and an
impurity removal apparatus.

The apparatus included an absorption liquid treatnsgstem, which included an
evaporation crystallization apparatus, a solid-ligseparation apparatus, and a drying
apparatus.

The absorption liquid treatment system includedlatson purification apparatus. The
solution purification apparatus included an oil maral apparatus and a suspended matter
removal apparatus, which were configured to foroiraulating absorption liquid with an
oil content of< 80 mg/L and a suspended matter conterit 820 mg/L. The oil removal

apparatus was an air flotation apparatus plus pi@tifiltration apparatus, and the
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suspended matter removal apparatus was a preasgiéit apparatus such as a plate and
frame filter press.

The oil removal apparatus is connected to the er@tion system, and the waste oil was
completely incinerated into water, carbon dioxiae &ulfur dioxide in the incineration
system.

The absorption tower had a diameter of 6 m andight@f 32 m, the sulfur dioxide content
of the net tail gas was 23.3 mg/Njnthe free ammonia content was 0.75 mgNand the
total dust was 14.5 mg/Nin

For the ammonia desulfurization apparatus and nustlod this example, reference can be
made to CN 201710379460.3 and CN 201810057884.@ich have been applied by the
applicant.

Comparative Example 1

Example 1 was repeated except that the acid tailges not adjusted by the regulatory
system 7, but the acid tail gas that had been stdgjeto one-stage waste heat recovery was
directly fed into the ammonia desulfurization systél'he parameters of the tail gas

entering the ammonia desulfurization system andiheration effects are compared as

follows:
Number Comparison item Unit Example 1 Comparatllve Example
1 Enthalpy value of the tail gas kJ/kg 410-505 -2000
Organic matter content of the
2 tail gas ppm 4.5 37
Sulfur andsulfide content of th
- ppm 3 42
tail gas
Absorption temperature °C 50-57 70-85
Sulfur d|0X|de_ content of the net mg/Nn? 324 123
tail gas
6 Free ammonia content of the net mg/Nn? 13 26.8
tail gas
7 Total dust cog';esnt of the net tajil mg/Nn? 95 479
8 Ammo_nla recovery rate of t % 99.1 94.3
ammonia desulfurization system

It can be seen that the sulfur dioxide concentmtfree ammonia content and total dust

content of the net tail gas in Comparative Exanipieere all higher than those in Example
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1, and the ammonia recovery rate was only 94.3%clmivas 4.7% lower than that in
Example 1, resulting in a large amount of secongbenfjution.

Comparative Example 2
Example 2 was repeated except that the acid tailges not adjusted by the regulatory
system 7, but the acid tail gas was directly fetd the ammonia desulfurization system.
The parameters of the tail gas entering the ammaoesalfurization system and the

operation effects are compared as follows:

Number Comparison item Unit Example 2 Comparative
Example 2
1 Enthalpy \éaallge of the tall kJ/kg 320-410 30-52
2 Absorption temperature °C 47-50 30-35
3 Sulfur dioxide content of mg/Ni? 16.8 37
the net tail gas
4 Free ammonia content of mg/NIT? 06 48
the net tail gas
5 Total dust content of th mg/NIT? 45 18.3
net tail gas
Ammonia recovery rate (
6 the ammonia % 99.4 97.2
desulfurization system

It can be seen that the sulfur dioxide concentrgticee ammonia content and total dust
content of the net tail gas in Comparative Exantpieere all higher than those in Example
2, and the ammonia recovery rate was only 97.2%chwvivas 2.2% lower than that in
Example 2, resulting in a large amount of secongbenfjution.

Comparative Example 3
Example 3 was repeated except that the acid tailges not adjusted by the regulatory
system, but the acid tail gas of the catalytic kinag catalyst regeneration system that had
been subjected to waste heat recovery and dendtifin was directly fed into the ammonia
desulfurization system. The parameters of thegad entering the ammonia desulfurization

system and the operation effects are comparedliasvi

Number Comparison item Unit Example 3 Comparative
Example 3
1 Enthalpy \éaallge of the ta KI/kg 370408 930.1150
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Organic matter content
2 the tail gas ppm <6.2 18.9
3 Total dust_ content of tr mg/NIT? 20-30 150-300
tail gas
4 Absorption temperatu °C 47.5-49.¢ 8C-9C
5 Sulfur dioxide content ¢ mg/NIT? 233 169
the net tail gas
6 Free ammonia content of mg/NIT? 0.75 33.7
the net tail gas
7 Total dust content of the mg/NIT? 145 102
net tail gas
Ammonia recovery rate of
8 the ammonia % 99.3 91.3
desulfurization system

It can be seen that the sulfur dioxide concentraticee ammonia content and total dust
content of the net tail gas in Comparative Exangleere all higher than those in Example
3, and the ammonia recovery rate was only 91.3%clwvas 8% lower than that in
Example 3, resulting in a large amount of secongeijution.

Some illustrative embodiments are identified below:

(A) A method for treating acid gas, wherein the aonima desulfurization process is used to
treat acid tail gas, thereby achieving the purpgbse net tail gas meets the discharge
standard through multi-stage circulating absorption

(B) The method of (A), wherein the acid tail gasngises the tail gas obtained after
treating the petrochemical, natural gas chemiaad, @al chemical acid gas with a process
such as sulfur recovery plus incineration, sulf@id production, and incineration.

(C) The method of (A), wherein the acid tail gasnguises catalytic cracking regeneration
flue gas.

(D) The method of any one of (B)-(C), wherein thghalpy value of the acid tail gas is
first adjusted by a regulatory system, and thenattid tail gas is fed into a subsequent
ammonia desulfurization process.

(E) The method of (A), wherein the multi-stage oieting absorption comprises a cooling

cycle, an absorption cycle, and a water-washindecyc
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(F) The method of (D), wherein the regulatory systsomprises a temperature adjustment
unit and/or a humidity adjustment unit, or botreanperature adjustment unit and a
humidity adjustment unit.

(G) The method of (F), wherein the regulatory sgsferther comprises one or more of a
sulfur removal unit, a dust removal unit, and amumity removal unit.

(H) The method of (D), wherein the enthalpy valdehe tail gas after the adjustment is
within the range of 60-850 kJ/kg dry gas, for exéemB@0-680 kJ/kg dry gas or 100-450
kJ/kg dry gas.

() The method of (B), wherein the sulfur recovesyperformed with a sulfur recovery
process, such as a 1 to 3-stage Claus sulfur reg@recess, a SuperClaus sulfur recovery
process, an EuroClaus sulfur recovery processgjuadiphase catalytic oxidation sulfur
recovery process or a biological sulfur recovery process; and the sulfuric acid production
process is performed with a wet sulfuric acid pratthn process or a dry sulfuric acid
production process.

(J) The method of (1), wherein the molar ratio ofSASG in the sulfur-recovered tail gas is
controlled at 1.2-3, for example, 1.5-2.5.

(K) The method of (B), wherein in the sulfur recoy@lus incineration process and the
incineration process, the incineration temperatsi@00°C-1,300°C, for example 650°C-
950°C, the residence time is 1-6 s, for example4ls5the oxygen content of the acid tail
gas is 2%-5%, for example, 3%-4%, and sulfur oxidetent of the acid tail gas is 2,000-
150,000 mg/Nm, for example, 5,000-55,000 mg/Nm

(L) The method of (A), wherein the circulating abston liquid of ammonia
desulfurization is subjected to a purification traant such that the suspended matter
content in the circulating absorption liquidd200 mg/L and/or the oil content 4100

mg/L.
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(M) The method of (G), wherein the organic mattentent of the tail gas after adjustment
is < 30 ppm, for exampleg 10 ppm, and/or the elementary sulfur and hydrogdfide
content is< 30 ppm, for examples10 ppm.

(N) The method of any one of (A)-(M), wherein thesific process steps include:

1) acid gas is treated by sulfur recovery plusnecation or sulfuric acid production or
incineration, or directly by catalytic cracking abtst regeneration process to obtain acid
tail gas;

2) the acid tail gas is fed into the regulatoryteys to adjust the enthalpy value of the tail
gas to be within the range of 60-850 kJ/kg dry dasexample, 80-680 kJ/kg dry gas or
100450 kJ/kg dry gas;

3) the acid tail gas which meets the enthalpy vaégirement is fed into the ammonia
desulfurization process for treatment, to achidwepgurpose that net tail gas meets the
discharge standard through multi-stage circuladibhgorption.

(O) A apparatus for treating acid gas, whereinapparatus comprises an acid gas pre-
treatment system and an ammonia desulfurizatiotesys

(P) The apparatus of (O), wherein the pre-treatnsgatem comprises a sulfur recovery
system plus incineration system, a sulfuric aciddpiction system, an incineration system,
and a catalytic cracking catalyst regenerationesyst

(Q) The apparatus of (P), wherein the sulfur recpwystem comprises a 1 to 3-stage Claus
sulfur recovery system, a SuperClaus sulfur recpggstem, an EuroClaus sulfur recovery
system, a liquid-phase catalytic oxidation sulfecavery system and biological sulfur
recovery system.

(R) The apparatus of (O), wherein the apparatus edsnprises a regulatory system
comprising a temperature regulating apparatus aredfmmidity regulating apparatus, or
both a temperature regulating apparatus and a htynw&hulating apparatus.

(S) The apparatus of (Q), wherein the regulatosstesy further comprises one or more of a

sulfur removal apparatus, a dust removal apparatug,an impurity removal apparatus.
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(T) The apparatus of (S), wherein the acid gastpratment system, the regulatory system,
and the ammonia desulfurization system are condesuecessively, the acid gas pre-
treatment system includessulfur recovery system plus incineration system; and the
regulatory system includes a temperature regulajgaratus, a humidity regulating
apparatus and a sulfur removal apparatus that@reected successively.

(U) The apparatus of (O), wherein the apparatush&rrcomprises an absorption liquid
treatment system, which comprises a concentrappaieatus, a solid-liquid separation
apparatus, and a drying apparatus.

(V) The apparatus of (U), wherein the absorptiquid treatment system further comprises
one or more of a solution purification apparatud an evaporation crystallization
apparatus.

(W) The apparatus of (V), wherein the solution figation apparatus may include one or
more of an oil removal apparatus and a suspendetknramoval apparatus.

(X) The apparatus of (W), wherein the suspendedenatmoval apparatus is configured to
form a circulating absorption liquid with a suspeddnatter content af 200 mg/L, for
example, 20-100 mg/L or 30-50 mg/L.

(Y) The apparatus of (W), wherein the oil removpparatus is an air flotation apparatus,
an adsorption apparatus or a precision filtratipparatus, or a combination thereof.

(Z2) The apparatus of (Y), wherein the oil removpparatus is configured to form a
circulating absorption liquid with an oil content ® 100 mg/L, for example, 10-80 mg/L or
20-30 mg/L.

(AA) The apparatus of any one of (V)-(Z), wherelre toil removal apparatus is connected

to the incineration system.

1. Apparatus for treating acid gas, the apparatogocising:
an acid gas pre-treatment system; and,
in fluid communication with the acid gas pre-treatrhsystem, an ammonia

desulfurization system.
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2. The apparatus of embodiment 1 wherein the piarrent system includes

a sulfur recovery system plus incineration system.

3. The apparatus of embodiment 1 wherein the piarrent system includes

a sulfuric acid production system.

4. The apparatus of embodiment 1 wherein the piarrent system includes

a catalytic cracking catalyst regeneration system.

5. The apparatus of embodiment 2 wherein the stdftmvery system

includes a Claus sulfur recovery system havingagest

6. The apparatus of embodiment 2 wherein the stdftmvery system

includes a Claus sulfur recovery system havingges.

7. The apparatus of embodiment 2 wherein the stdftmvery system

includes a Claus sulfur recovery system havingages.

8. The apparatus of embodiment 2 wherein the stdftmvery system

includes a liquid-phase catalytic oxidation sulfecovery system

9. The apparatus of embodiment 2 wherein the suftovery system

includes a biological sulfur recovery system.

10. The apparatus of any of embodiments 5 to 7 ewhehe sulfur recovery
system further includes, in fluid communicationwibhe Claus sulfur recovery system, a

SuperClaus sulfur recovery system.

11. The apparatus of any of embodiments 5 to 7 ewhehe sulfur recovery
system further includes, in fluid communicationtwibe Claus sulfur recovery system, a
EuroClaus sulfur recovery system.

12. The apparatus of any of embodiments 5 to 7 ewhehe sulfur recovery
system further includes, in fluid communicationtwibe Claus sulfur recovery system, a

biological sulfur recovery system.

13. The apparatus of any of embodiments 5 to 7 ewhehe sulfur recovery
system further includes, in fluid communicationwibhe Claus sulfur recovery system, a liquid-

phase catalytic oxidation sulfur recovery system
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14. The apparatus of embodiment 1 further comgiainegulatory system
that is in fluid communication with, and upstreaionf, the ammonia desulfurization system.

15. The apparatus of embodiment 14 wherein thelatgy system includes a

temperature regulator configured to regulate atgaperature in the regulatory system.

16. The apparatus of embodiment 15 wherein thelaegy system includes a

humidity regulator configured to regulate a gas ldityrin the regulatory system.

17. The apparatus of embodiment 14 wherein thdamy system includes a

humidity regulator configured to regulate a gas ldityin the regulatory system.

18. The apparatus of any of embodiments 14 to @tAducomprising a sulfur

removal device in fluid communication with the amigodesulfurization system

19. The apparatus of any of embodiments 14 to @tAducomprising a dust

removal apparatus in fluid communication with tinenaonia desulfurization system.

20. The apparatus of any of embodiments 14 to @tiAducomprising an

impurity removal apparatus in fluid communicatioiththe ammonia desulfurization system.

21. The apparatus of any of embodiments 14 to tthducomprising:

a sulfur removal device in fluid communication witle ammonia desulfurization
system; and

a dust removal apparatus in fluid communicatiorhlie ammonia

desulfurization system.

22. The apparatus of any of embodiments 14 to fthducomprising:

a sulfur removal device in fluid communication witte ammonia desulfurization
system; and

an impurity removal apparatus in fluid communicatwith the ammonia

desulfurization system.

23. The apparatus of any of embodiments 14 to @thducomprising:

a dust removal apparatus in fluid communicatiorlie ammonia
desulfurization system; and

an impurity removal apparatus in fluid communicatwith the ammonia

desulfurization system.
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24, The apparatus of any of embodiments 18 to 23 evh:

the acid gas pre-treatment system;

the regulatory system; and

the ammonia desulfurization system are connectecessively along a

downstream direction.

25. The apparatus of embodiment 24 wherein thegasdore-treatment

system includes a sulfur recovery system plus @araition system.

26. The apparatus of embodiment 1 further comggiainegulatory system

that is in fluid communication with, and upstreaionf, the ammonia desulfurization system.

27. The apparatus of embodiment 26 wherein thdamy system includes a

temperature regulator configured to regulate ag@aperature in the regulatory system.

28. The apparatus of embodiment 27 wherein thelaeary system includes a

humidity regulator configured to regulate a gas tlityin the regulatory system.

29. The apparatus of embodiment 28 further commgiai sulfur removal

device in fluid communication with the ammonia déasization system.

30. The apparatus of embodiment 29 wherein:

the acid gas pre-treatment system;

the regulatory system; and

the ammonia desulfurization system are connectecessively along a

downstream direction.

31. The apparatus of embodiment 30 wherein thegasdre-treatment

system includes a sulfur recovery system plus @reition system.

32. The apparatus of embodiment 31 wherein, indbalatory system, the
temperature regulator, humidity regulator and astiieur removal device are connected

successively in the downstream direction.

33. The apparatus of embodiment 30 wherein, indbalatory system, the
temperature regulator, humidity regulator and astiitur removal device are connected

successively in the downstream direction.
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34. The apparatus of embodiment 1 wherein the anam@sulfurization

system:
is configured to circulate ammonia-containing apson liquid ; and
includes an absorption liquid treatment systemitidtides:
a concentration device configured to receive trsogiiion liquid,;
a solid-liquid separation device configured to ecilsolids suspended in
the liquid; and

a drying device configured to dry the collecteddsol

35. The apparatus of embodiment 34 wherein therptiso liquid treatment
system further includes a solution purification ideun fluid communication with, and disposed

in a direction operationally downstream from, tb&dsliquid separation device.

36. The apparatus of embodiment 35 wherein therptiso liquid treatment
system further includes an evaporation crystalliratievice that is:
in fluid communication with:
the concentration device; and
the solid-liquid separation device; and
disposed, operationally:
downstream from the concentration device; and

upstream from the solid-liquid separation device.

37. The apparatus of embodiment 34 wherein therptiso liquid treatment
system further includes an evaporation crystalliratievice that is:
in fluid communication with:
the concentration device; and
the solid-liquid separation device; and
disposed, operationally:
downstream from the concentration device; and

upstream from the solid-liquid separation device.

38. The apparatus of any of embodiments 35 tol3&en the solution
purification device includes an oil removal devibat is in fluid communication with the solid-

liquid separation device.
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39. The apparatus of embodiment 38 wherein theisaolpurification device
includes a suspended matter removal device thiaffiisid communication with the solid-liquid

separation device.

40. The apparatus of any of embodiments 35 to 3&ewh the solution
purification device includes a suspended matteokaindevice that is in fluid communication

with the solid-liquid separation device.

41. The apparatus of any of embodiments 39 to 4€revh the suspended
matter removal device is configured to providerautating absorption liquid that has a

suspended matter content no greater than 200 mg/L.

42. The apparatus of embodiment 41 wherein theesukgul matter content is
in the range 20-100 mg/L.

43. The apparatus of embodiment 42 wherein theesukgul matter content is
in the range 30-50 mg/L.

44, The apparatus of embodiment 38 wherein theegibval device includes,

in fluid communication with the solid-liquid sepé&iom device, an air flotation device.

45, The apparatus of embodiment 44 wherein theegibval device further

includes, in fluid communication with the solid4iigl separation device, an adsorption device.

46. The apparatus of embodiment 45 wherein theemibval device further
includes, in fluid communication with the solid4igl separation device, a precision filtration

device.

47. The apparatus of embodiment 38 wherein theegibval device further

includes, in fluid communication with the solid4iigl separation device, an adsorption device.

48. The apparatus of embodiment 38 wherein theegibval device further
includes, in fluid communication with the solid4ligl separation device, a precision filtration

device.

49. The apparatus of embodiment 47 wherein theegibval device further
includes, in fluid communication with the solid4igl separation device, a precision filtration

device.

-42 -



10

15

20

25

50. The apparatus of embodiment 44 wherein theenibval device further
includes, in fluid communication with the solid4ligl separation device, a precision filtration

device.

51. The apparatus of any of embodiments 44 to 5€revh the oil removal
device is configured to produce a circulating apson liquid having an oil content no greater
than 100 mg/L.

52. The apparatus of embodiment 51 wherein theooitent is in the range
10-80 mgl/L.

53. The apparatus of embodiment 52 wherein theooitent is in the range
20-30 mgl/L.

54. The device of any one of embodiments 44 to B&rein the oil removal
device is in fluid communication with, and is dispd operationally upstream from, the

incineration system.

55. A method for treating acid gas, the method asiny:
receiving acid gas; and
deriving from the acid gas:

ammonium sulfate; and

net tail gas that meets a discharge standard.

56. The method of embodiment 55 wherein the digghatandard is defined
in the document entitled, "Emission Standard ofuRaits for Petroleum Refining Industry,”
published as China, GB31570-2015.

57. The method of embodiment 55 wherein the digghatandard is defined
in the document entitled, "Emission Standard ofuRaits for Petroleum Chemistry Industry,"
published as China, GB31571-2015.

58. The method of embodiment 55 wherein the degiumcludes:
recovering sulfur from the acid gas to producewstiécovered tail gas; and, then,

incinerating the sulfur-recovered gas.

59. The method of embodiment 55 wherein the degiumcludes producing

sulfuric acid from the acid gas.
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60. The method of embodiment 55 wherein the degiimeludes incinerating.

61. The method of any of embodiments 55 to 60 &rrttomprising

channeling the acid gas from a petrochemical chelmsaction.

62. The method of any of embodiments 55 to 60 &rrtomprising

channeling the acid gas from a natural gas chemeeation.

63. The method of any of embodiments 55 to 60 &rrtomprising

channeling the acid gas from a coal chemical reacti

64. The method embodiment 55 wherein:
the deriving includes generating catalytic crackiegeneration flue gas; and

the acid tail gas includes the regeneration fluge ga

65. The method of any of embodiments 55 to 64 whehe deriving

comprises adjusting an enthalpy value of acidgasl.

66. The method of embodiment 55 wherein the degiumcludes passing
adjusted tail gas through:

a cooling stage,

an absorption stage, and

a water-washing stage,

all in an ammonia circulation desulfurization react

67. The method of embodiment 65 wherein the adjgsticludes changing a

temperature of the acid tail gas.

68. The method of embodiment 65 wherein the adjgsticludes changing a

humidity of the acid tail gas.

69. The method of embodiment 68 wherein the adjgdtirther includes
changing a temperature of the acid tail gas.

70. The method of any of embodiments 67 to 69 whehe adjusting further
includes removing sulfur from the acid tail gas.

71. The method of any of embodiments 67 to 69 whehe adjusting further
includes removing dust from the acid tail gas.
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72. The method of any of embodiments 67 to 69 whehe adjusting further

includes removing an impurity from the acid taikga

73. The method of embodiment 70 wherein the adjgdtirther includes

removing an impurity from the acid tail gas.

74. The method of embodiment 71 wherein the adjgdtirther includes

removing an impurity from the acid tail gas.

75. The method of embodiment 65 wherein the adjgstdjusts the value to
60-850 kJ/kg dry gas.

76. The method of embodiment 75 wherein the adjgstdjusts the value to
80-680 kJ/kg dry gas.

77. The method of embodiment 76 wherein the adjgstdjusts the value to
100-450 kJ/kg dry gas.

78. The method of embodiment 55 wherein the redogencludes flowing

the acid gas through a Claus sulfur recovery sy$taving 1 stage.

79. The method of embodiment 55 wherein the re@ogencludes flowing

the acid gas through a Claus sulfur recovery sys$taving 2 stages.

80. The method of embodiment 55 wherein the re@dogencludes flowing

the acid gas through a Claus sulfur recovery systaving 3 stages.

81. The method of embodiment 55 wherein the re@dogencludes flowing

the acid gas through a liquid-phase catalytic diodesulfur recovery system

82. The method of embodiment 55 wherein the redogencludes flowing

the acid gas through a biological sulfur recovesstem.

83. The method of any of embodiments 78 to 80 whehe recovering

further includes flowing the acid gas through a&@baus sulfur recovery system.

84. The method of any of embodiments 78 to 80 whehe recovering

further includes flowing the acid gas through adgllaus sulfur recovery system.

85. The method of any of embodiments 78 to 80 whehe recovering

further includes flowing the acid gas through ddmecal sulfur recovery system.
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86. The method of any of embodiments 78 to 80 whehe recovering
further includes flowing the acid gas through aikigphase catalytic oxidation sulfur recovery

system.

87. The method of embodiment 59 wherein the swfacid production

includes wet sulfuric acid production.

88. The method of embodiment 59 wherein the swfacid production

includes dry sulfuric acid production.

89. The method of any of embodiments 78 to 88 whehe recovering

includes producing sulfur-recovered gas having &anmatio HS/SQ in the range 1.2-3.

90. The method of embodiment 89 wherein the malto is in the range 1.5-
2.5.

91. The method of embodiment 56 wherein the inaitireg:
is performed at a temperature in the range 600,3001°C; and

produces an acid tail gas.

92. The method of embodiment 91 wherein, in thengrating, the sulfur-

recovered tail gas has a residence time in theerang 6 s.

93. The method of any of embodiments 91 to 92 whehe acid tail gas has

an oxygen content in the range 2%-5%.

94.  The method of any of embodiments 91 to 93 whehe acid tail gas has a
sulfur oxide content in the range 2,000 mgAtm150,000 mg/Nrh

95. The method of any of embodiments 91 to 94 whehe incinerating is

performed at a temperature in the range’650 950C

96. The method of any of embodiments 91 to 95 wheri@ the incinerating,

the sulfur-recovered tail gas has a residenceitintiee range 1.5t0 4 s.

97. The method of any of embodiments 91 to 96 whehe acid tail gas has
an oxygen content in the range 3%-4%.

98. The method of any of embodiments 91 to 97 whehe acid tail gas has a
sulfur oxide content in the range 5,000 mgANm55,000 mg/Nrh
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99. The method of embodiment 56 further comprigiraducing an acid tail
gas having a sulfur oxide content in the range@@@/Nn¥ to 150,000 mg/Nrh

100. The method of embodiment 99 wherein the imaiirgy:
is performed at a temperature in the range 600,3001°C; and

produces the acid tail gas.

101. The method of any of embodiments 99 to 10téurcomprising

incinerating sulfur-recovered tail gas having asirieration residence time in the range 1to 6 s.

102. The method of any of embodiments 99 to 10lrethéhe acid tail gas has

an oxygen content in the range 2%-5%.

103. The method of any of embodiments 99 to 102r@&rhdhe incinerating is
performed at a temperature in the range 56 950°C

104. The method of any of embodiments 99 to 103 &rhe in the incinerating,

the sulfur-recovered tail gas has a residenceitintige range 1.5t0 4 s.

105. The method of any of embodiments 99 to 104rethehe acid tail gas has

an oxygen content in the range 3%-4%.

106. The method of any of embodiments 99 to 105&rhdhe acid tail gas has
a sulfur oxide content in the range 5,000 mg/Nar55,000 mg/Nrh

107. The method of embodiment 56 further comprigiraglucing an acid tail

gas having an oxygen content in the range 2%-5%.

108. The method of embodiment 107 wherein the @didjas has a sulfur
oxide content in the range 2,000 mg/fm 150,000 mg/Nrh

109. The method of any of embodiments 107 to 108reih the incinerating:
is performed at a temperature in the range 600,3001°C; and

produces the acid tail gas.

110. The method of any of embodiments 107 to 108reih, in the incinerating,

the sulfur-recovered tail gas has a residenceitinttee range 1to 6 s.

111. The method of any of embodiments 107 to 11€reih the incinerating is

performed at a temperature in the range®650 950C
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112. The method of any of embodiments 107 to 11dreih , in the

incinerating, the sulfur-recovered tail gas hassadence time in the range 1.5to0 4 s.

113. The method of any of embodiments 107 to 11@reih the acid tail gas

has an oxygen content in the range 3%-4%.

114. The method of any of embodiments 107 to 118reih the acid tail gas
has a sulfur oxide content in the range 5,000 md/téns5,000 mg/Nrh

115. The method of embodiment 56 wherein, in tleeerating, the sulfur-

recovered tail gas has a residence time in theerarig 6 s.

116. The method of any of embodiment 115 furthenmasing producing acid

tail gas having an oxygen content in the range 286-5

117. The method of any of embodiments 115 to 1tiBiéu comprising
producing acid tail having a sulfur oxide contenthe range 2,000 mg/Nto 150,000 mg/Nrh

118. The method of any of embodiments 115 to 11&reih the incinerating:
is performed at a temperature in the range 600,3001°C; and

produces an acid tail gas.

119. The method of any of embodiments 115 to 118reih the incinerating is

performed at a temperature in the range €5@o 950°C

120. The method of any of embodiments 115 to 116reih , in the

incinerating, the sulfur-recovered tail gas hassadence time in the range 1.5to0 4 s.

121. The method of any of embodiments 115 to 12€reih the acid tail gas

has an oxygen content in the range 3%-4%.

122. The method of any of embodiments 115 to 12dreih the acid tail gas
has a sulfur oxide content in the range 5,000 md/tn55,000 mg/Nrh

123. The method of embodiment 55 wherein the dagiincludes reducing a
suspended matter content of an ammonia desulfimizairculating absorption liquid to no

greater than 200 mg/L.

124. The method of embodiment 123 wherein the geyiturther includes

reducing an oil content of an ammonia desulfur@atirculating absorption liquid to no greater
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than 100 mg/L.

125. The method of embodiment 55 wherein the dagiincludes reducing an
oil content of an ammonia desulfurization circulgtabsorption liquid to no greater than 100
mg/L.

126. The method of 67 wherein the adjusting progsachusted tail gas having

an organic matter content not greater than 30 ppm.

127. The method of 67 wherein the adjusting prosachusted tail gas having
an elementary sulfur and hydrogen sulfide contengreater than 30 ppm.

128. The method of any of embodiments 126 to 12&reih the adjusting
produces adjusted tail gas having an organic mettetent not greater than 10 ppm.

129. The method of any of embodiments 126 to 128reih the adjusting
produces adjusted tail gas having an elementafyrsamd hydrogen sulfide content not greater
than 10 ppm.

130. The method of 68 wherein the adjusting prosachusted tail gas having

an elementary sulfur and hydrogen sulfide contengreater than 30 ppm.

131. The method of 68 wherein the adjusting prosachusted tail gas having

an organic matter content not greater than 30 ppm.

132. The method of any of embodiments 130 to 134reih the adjusting

produces adjusted tail gas having an organic mettatent not greater than 10 ppm.

133. The method of any of embodiments 130 to 132reih the adjusting
produces adjusted tail gas having an elementafyrsamd hydrogen sulfide content not greater
than 10 ppm.

134. The method of any one of the preceding embexlisnwherein the specific
process steps include:

a) acid gas is treated by sulfur recovery plusn@ition or sulfuric acid
production or incineration, or directly by catatytiracking catalyst regeneration process to
obtain acid tail gas;

b) the acid tail gas is fed into the regulatoryteysto adjust the enthalpy value of

the tail gas to be within the range of 60-850 kdlkggas, for example 80-680 kJ/kg dry gas or
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100-450 kJ/kg dry gas;

c) the acid tail gas which meets the enthalpy vedggiirement is fed into the
ammonia desulfurization process for treatmentctoeve the purpose that net tail gas meets the
discharge standard through multi-stage circulagibgorption.

Thus, apparatus and methods for treating acid gae been provided. Persons skilled in

the art will appreciate that the present inventtan be practiced by other than the
described examples, which are presented for pugpoglustration rather than of

limitation. The present invention is limited only the claims that follow.
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What is claimed is:

1. Apparatus for treating acid gas, the apparatugcising:
an acid gas pre-treatment system; and,
in fluid communication with the acid gas pre-treatrnsystem, an ammonia

desulfurization system.

2. The apparatus of claim 1 wherein the pre-treatragstem includes a
sulfur recovery system plus incineration systesyléuric acid production system, and/or a

catalytic cracking catalyst regeneration system.

3. The apparatus of any of previous claims 1 tch2rein the sulfur recovery
system includes a Claus sulfur recovery systemmigaVistage, 2 stages or 3 stages, a liquid-

phase catalytic oxidation sulfur recovery systers biological sulfur recovery system.

4, The apparatus of any of previous claims 1 tch@rein the sulfur recovery
system further includes, in fluid communicationtwibe Claus sulfur recovery system, a
SuperClaus sulfur recovery system, a EuroClausiistétovery system, a biological sulfur

recovery system, or a liquid-phase catalytic oxalasulfur recovery system.

5. The apparatus of any of previous claims 1 torthér comprising a
regulatory system that is in fluid communicatiorihyiand upstream from, the ammonia

desulfurization system.

6. The apparatus of claim 5 wherein the regulasystem includes a
temperature regulator configured to regulate aig@perature in the regulatory system, and/or a

humidity regulator configured to regulate a gas idityrin the regulatory system.

7. The apparatus of any of previous claims 1 toréhér comprising in fluid
communication with the ammonia desulfurization egsta sulfur removal device, a dust

removal apparatus, and/or an impurity removal agtpar

8. The apparatus of any of previous claims 5 tdh@érein:

the acid gas pre-treatment system;

the regulatory system; and

the ammonia desulfurization system are connecteckssively along a

downstream direction.
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9. The apparatus of any of previous claims 5 tdh8rein, in the regulatory
system, the temperature regulator, humidity reguland a the sulfur removal device are

connected successively in the downstream direction.

10. The apparatus of any of previous claims 1wh8rein the ammonia
desulfurization system:
is configured to circulate ammonia-containing apson liquid ; and
includes an absorption liquid treatment systemiti@dtdes:
a concentration device configured to receive trsogdiion liquid;
a solid-liquid separation device configured to edllsolids suspended in
the liquid; and
a drying device configured to dry the collecteddsol

11. The apparatus of claim 10 wherein the absorpituid treatment system
further includes a solution purification deviceflid communication with, and disposed in a

direction operationally downstream from, the sailigid separation device.

12. The apparatus of any of previous claims 1Qltevtierein the absorption
liquid treatment system further includes an evapamecrystallization device that is:
in fluid communication with:
the concentration device; and
the solid-liquid separation device; and
disposed, operationally:
downstream from the concentration device; and

upstream from the solid-liquid separation device.

13. The apparatus of any of previous claims 112tavherein the solution
purification device includes, in fluid communicatiwith the solid-liquid separation device, an

oil removal device, and/or a suspended matter rairasvice.

14. The apparatus of claim 13 wherein the suspentter removal device is
configured to provide a circulating absorption ldjthat has a suspended matter content no
greater than 200 mg/L, preferably in the range @0+hg/L and more preferably in the range 30-
50 mgl/L.

15. The apparatus of any of previous claims 13twherein the oil removal
device includes, in fluid communication with thdiddiquid separation device, an air flotation

device, an adsorption device, and/or a precisitation device.
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16. The apparatus of any of previous claims 13%twherein the oil removal
device is configured to produce a circulating apgon liquid having an oil content no greater

than 100 mg/L, preferably in the range 10-80 mgitl more preferably in the range 20-30 mg/L.

17. The apparatus of any of previous claims 13tonherein the oil removal

device is connected to the incineration system.

18. The apparatus of claim 17 wherein the oil reahodkevice is in fluid

communication with, and is disposed operationgigtteam from, the incineration system.

19. A method for treating acid gas, the method awsimy:
receiving acid gas; and
deriving from the acid gas:

ammonium sulfate; and

net tail gas that meets a discharge standard.

20. The method of claim 19 wherein the derivindudes:
recovering sulfur from the acid gas to producewstiécovered tail gas; and, then,

incinerating the sulfur-recovered gas.

21. The method of any of previous claims 19 to 2@min the deriving

includes producing sulfuric acid from the acid gasj/or incinerating.

22. The method of any of previous claims 19 towihier comprising
channelling the acid gas from a petrochemical chahneaction, a natural gas chemical reaction

and/or a coal chemical reaction.

23. The method of any of previous claims 19 to 22min:
the deriving includes generating catalytic crackiegeneration flue gas; and

the acid tail gas includes the regeneration flue ga

24. The method of any of previous claims 19 to 2@min the deriving

comprises adjusting an enthalpy value of acidgasl.

25. The method of any of previous claims 19 to 2&min the deriving
includes passing adjusted tail gas through:

a cooling stage,

an absorption stage, and

a water-washing stage,
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all in an ammonia circulation desulfurization react

26. The method of any of previous claims 24 to 2&min the adjusting
includes changing a temperature of the acid tailagad/or a humidity of the acid tail gas, and or

further includes removing sulfur, dust and/or imfyuirom the acid tail gas.

27. The method of any of previous claims 24 to 2@rein the adjusting
adjusts the value to 60-850 kJ/kg dry gas, prefei@®-680 kJ/kg dry gas and more
preferably100-450 kJ/kg dry gas.

28. The method of any of previous claims 24 to 2iémein the adjusting
produces adjusted tail gas having an organic medtetent not greater than 30 ppm, preferably

not greater than 10 ppm.

29. The method of any of previous claims 24 to 2@min the adjusting
produces adjusted tail gas having an elementafyrsamd hydrogen sulfide content not greater

than 30 ppm, preferably not greater than 10 ppm.

30. The method of any of previous claims 24 to 2@min the recovering
includes flowing the acid gas through a Claus sulfgovery system having 1 stage, 2 stages or
3 stages, through a liquid-phase catalytic oxigesiolfur recovery system, through a biological
sulfur recovery system, through a SuperClaus su#fcovery system, and/or through a

EuroClaus sulfur recovery system, .

31. The method of claim 21 wherein the sulfuridgmoduction includes wet

sulfuric acid production and/or dry sulfuric acidguction.

32. The method of any of previous claims 20 to 3min the recovering
includes producing sulfur-recovered gas having &nmatio HS/SQ in the range 1.2-3,

preferably in the range 1.5-2.5.

33. The method of any of previous claims 20 to 32min the incinerating:
is performed at a temperature in the range 600,3001°C, preferably in the range
650°C to 950C; and

produces an acid tail gas.

34. The method of any of previous claims 20 to 3@mein, in the incinerating,
the sulfur-recovered tail gas has a residenceitintige range 1 to 6 s, preferably in the range 1.5
to 4 s.
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35. The method of any of previous claims 23 to 3#mein the acid tail gas

has an oxygen content in the range 2%-5%, prefemtihe range 3%-4%.

36. The method of any of previous claims 23 to 3&win the acid tail gas
has a sulfur oxide content in the range 2,000 md/t%m50,000 mg/NH preferably in the
range 5,000 mg/Nfrto 55,000 mg/Nrh

37. The method of any of previous claims 19 to 3&mein the deriving
includes reducing a suspended matter content afranonia desulfurization circulating

absorption liquid to no greater than 200 mg/L, erably .

38. The method of any of previous claims 19 to 3iémin the deriving
further includes reducing an oil content of an amiaalesulfurization circulating absorption
liquid to no greater than 100 mg/L.

39. The method of any of previous claims 23 to\8Berein the acid tail gas

comprises the tail gas obtained after treatingp#eochemical, natural gas chemical, and
coal chemical acid gas with a process such asstgftovery plus incineration, sulfuric
acid production, and incineratipar the acid tail gas comprises catalytic cracking
regeneration flue gas.

40. The method of any of previous claims 23 to\8Berein the enthalpy
value of the acid tail gas is first adjusted byegulatory system, and then the acid tail gas
is fed into a subsequent ammonia desulfurizatiacess.

41. The method of claim 19, wherein the specificcess steps include:

1) acid gas is treated by sulfur recovery plusnecation or sulfuric acid production
or incineration, or directly by catalytic crackiegtalyst regeneration process to obtain acid
tail gas;

2) the acid tail gas is fed into the regulatoryteys to adjust the enthalpy value of
the tail gas to be within the range of 60-850 kJdkg gas, for example, 80-680 kJ/kg dry

gas or 100450 kJ/kg dry gas;

-55-



3) the acid tail gas which meets the enthalpy vaégirement is fed into the
ammonia desulfurization process for treatment,ctoieve the purpose that net tail gas

meets the discharge standard through multi-stageileiting absorption.
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