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Method for Controlling Aerosol Production During Absorption in Ammonia

Desulfurization

[01] This application claims priority under 35 U.S.C18 of Chinese Patent Application No.
201710800599.0, filed on September 7, 2017, angribety of US application No. 15/923,031,

filed on March 16, 2018, which are hereby incorpedaherein in its entirety.

Technical Field
[02] The present disclosure relates to the field oftindronmental technology, and
particularly to a method for controlling aerosobguction during absorption in ammonia

desulfurization.

Background

[03] Various countries in the world discharge sulfurxitie to different extents. Sulfur

dioxide emissions are huge in China, have a hugadton the environment and society, and the
total sulfur dioxide emission in 2014 was 19.74lionil tons, and, in 2015, 18.591 million tons,
ranking first in the world, resulting in a huge romic loss and a serious impact on ecological
environment and people’s health in China.

[04] Currently there are hundreds of relatively matwsuifurization technologies, in which
the wet desulfurization process is the most wideskyd, accounting for around 85% of the
world’s total installed capacity for desulfurizatioCommon wet flue gas desulfurization
technologies are limestone-gypsum, double alkstidium carbonate, ammonia, magnesium
oxide methods, and the like. Ammonia desulfuraais a wet desulfurization process using
ammonia as an absorbent, and this method can gr@auammonium sulfate fertilizer using $0
and is a kind of green flue gas treatment schertteloiv energy consumption, high added value

and realized resource recycling. There is a largeunt of ammonia wastewater generated
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during production in the chemical industry, and¢fiere using ammonia desulfurization for
boiler exhaust gas in the chemical industry hasntque advantages.
[05] Ammonia desulfurization process mainly includegéhprocedures, absorption, oxidation
and concentration (crystallization), by:
[06] Absorbing sulfur dioxide with ammonium sulfite tbtain a mixed solution of
ammonium sulfite and ammonium bisulfite, to whichraonia is added to obtain ammonium
sulfite:

(NH4)2S0s+H,0+SQ=2NHHS O3

(NHg)xH(2-X)SOs+(2-X)NHz=(NH4)2S0s

[07] Supplying oxidation air to the solution to oxidiaemmonium sulfite to give ammonium
sulfate:

(NH4)2S0s+1/20,=(NH4)>SOy; and
[08] Subjecting the ammonium sulfate solution to coneiain, crystallization, solid-liquid
separation and drying, thereby obtaining the fpraduct ammonium sulfate.
[09] The three procedures, absorption, oxidation andexmnation, seem simple. In fact, they
influence each other. Conventionally, in ordeemsure the absorption efficiency, ammonium
sulfite and free ammonia contents were maintainedragh level, and the ammonium sulfate
content was maintained at a low level in the alsampgiquid, which is conducive to absorption,
but not conducive to oxidation and concentration pH of the absorption liquid was
maintained at about 7, thereby leading to seriousiania escape and aerosols during absorption.
[010] In order to ensure the absorption efficiency, coiemally, the absorption temperature
was controlled to be not higher than 40°C by capliith process water, setting a reheater,
lowering temperature with a dilute ammonium sulfst&ution, and other measures that are
conducive to absorption, but not conducive to oxateand concentration. At a low temperature,
ammonium sulfite at a high concentration cannatdrapletely directly oxidized to ammonium

sulfate quickly, but same at a lower concentratian be subjected to oxidation and the
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evaporation and concentration processes to obgainduct, with a large amount of evaporation,
large energy consumption, a long flow processt aflequipment, a large footprint, a high
operation cost, and poor economical efficiencyhefdevice. Furthermore, generally the water
content of the boiler flue gas is maintained atless than 7%. The water content of sulfur
recovery exhaust gas, incineration flue gas andratidustrial exhaust gas is even more than
25%. Therefore if the absorption efficiency isilbetately pursued by reducing the absorption
temperature to not less than 40°C, not only isstiergy consumption high, but also the water in
the flue gas will condense. The condensed watxdsss, is not conducive to rinsing the
demister and rinsing the tower wall, and needsetdibcharged in the form of waste water.
[011] As for a dry method for the sulfuric acid exhauss,gdue to a low water content and a
low concentration of sulfur dioxide, the absorpttemperature can be controlled at 30°C-50°C.
[012] Ammonia desulfurization processes for flue gas maglve the following technical
issues:

1. Ammonia escape and aerosols

[013] Different from the limestone-gypsum method basediroastone as the raw material, the
ammonia is easy to volatilize, when the free ammopresent in the absorption liquid,
ammonia, S@and SQ are simultaneously present in the gas phase.efdrer ammonium

sulfite and ammonium sulfate mist is forms easityd saturated water vapor in the flue gas
condenses onto the mist by using the mist as a ttereby forming dense white mist, which on
the one hand causes ammonia loss, and on thehathdrcauses secondary pollution.

[014] Until now the ammonia desulfurization failed todféectively generalized, for which the
main reason is that the previous efforts focusmm to capture aerosols produced during
absorption, and not suppress or reduce aerosoligtiod during absorption, resulting in a large
system investment, high operation cost and unstgigeation.

2. Oxidation of ammonium sulfite
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[015] The oxidation of ammonium sulfite is different frasther sulfites, and NH4+ at a certain
concentration has a damping effect on the oxidgtimcess. Literature (for example, Zhou, J.,W.
Li, and W. Xiao, Kinetics Of Heterogeneous Oxidatiof Concentrated Ammonium Sulfite,
Chemical Engineering Science, Volume 55, Issuedb28ember 2000, Pages 5637-
5641,Pergamon Press, Oxford, England, 2000, wkitielieby incorporated herein by reference
in its entirety) illustrates this unique propeitg, NH," significantly blocks the dissolution of,O
in aqueous solutions. When the salt concentragitess than 0.5 mol/L (about 5% (wt)), the
oxidation rate of ammonium sulfite increases whté increase of its concentration; and when
this limit is exceeded, the oxidation rate decreagi¢h the increase of the concentration. In
addition, when the concentration of the total amimonsalt is 3-4 mol/L, and the concentration
of ammonium sulfite is less than 0.15 mol/L, thédaxion reaction of the solution is &-@rder
rapid reaction, i.e.,the oxidation rate is irreleveo the ammonium sulfite content.

[016] The oxidation reaction of ammonium sulfite actuallyo occur during absorption, but
due to a low @content in the flue gas, a low temperature ardw geaction speed, the
oxidation rate is generally 40%-70% in continuoysliog conditions. However, further
improving the oxidation rate to not less than 95%meet the post-treatment processing
requirements is still needed, so an oxidation @xi#Ation section/jet oxidizer has been used in
to fully oxidize ammonium sulfite in a condition ekcess and pressurized oxidation air, and
some manufacturers choose to add a catalyst @b$@rption liquid to promote the oxidation,
but this will affect the product quality.

3. Recovery of the exhaust gas entraining ammonia

[017] Different from other alkaline substances, ammosieasily volatile. In traditional
counter-current contact type absorption towerbgeeispray towers, packed towers or plate
towers, in order to ensure the desulfurizatiorcedficy and the final emission index, the pH
value of a solution is the highest, the concerdratif SQ in the gas phase is the lowest and the

concentration of ammonia in the gas phase wilheehighest at a contact point at the top of the
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absorption zone. This means that the amount of@marspilling with the exhaust gas out of the
desulfurization tower will be large. This will cseithe waste and loss of ammonia, but also
cause new pollution

[018] As for the aerosols and ammonia escape probleniiskmevn research institutions and
engineering companies have proposed a varietyhafnses to control or eliminate, such as wet
electricity, multi-stage water washing, multi-stadgmisting or a combination thereof; however,
these methods treat the problem not from the seyaducing aerosols, and ammonia escape
during absorption, only focusingon how to eliminatemonia escape and aerosols produced
during absorption, making the section number ofeiamore and more and the system more
complex, which not only has poor treatment effelotd,also has a substantial increase in
investment and operation costs.

[019] The absorption, oxidation and concentration ofdimenonia desulfurization device
interact with each other, the absorption requirbigh pH value of the solution and a high
ammonium sulfite content, the oxidation requireslatively low total ammonium salt
concentration and a low ammonium sulfite contemd #e concentration requires a high
ammonium sulfate content. Controlling ammonia peand aerosols requires a low pH value
and a solution not containing free ammonia.

[020] Since the requirements of the solution compositionglifferent processes are different,
more reasonable technologies for controlling adrmpsmduction are highly required to achieve
synergistic control of the absorption, oxidatiom @oncentration, meet the emission
requirements while reduce investment, simplifyté@hnological process, and reduce the
operation difficulty.

[021] A Chinese patent for invention with an applicatmmmber of CN 02136906.2 discloses a
method and device for removal and recovery of BGlue gas, in which the concentration of
ammonium sulfite is controlled between 0.1%-5% (fd) example, between 0.5% and 2.0%, to

create favorable conditions for oxidation, reduteénergy consumption and investment of
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oxidation, and ensure a high desulfurization efficly. The ratio of ammonia in the absorption
liquid to sulfur is 1.3-1.8 (molar ratio), the @bf the absorption gas to liquid is 2000-5000
(volume ratio). Hot flue gas heat is used for @iating the ammonium sulfate solution, and
when the hot flue gas temperature is reduced tG6&5”C, the concentration of ammonium
sulfate can be increased to 40%-50% (wt), whiclhlvg@lsent to an ammonium sulfate
crystallizer and processed into a commercial amomarsulfate fertilizer. The oxidation section
is provided with a longitudinal partition, so tliae unoxidized ammonium sulfite solution and
oxidized ammonium sulfate solution are separatddraas possible, so as to prevent the
occurrence of back-mixing. In this method: 1) to@centration of the absorption liquid is low,
and the method is only suitable for low sulfur-@ning flue gas; 2) the method does not
concern about the control of ammonia escape amdalgoroduction during absorption, it is
necessary to provide a reheater to eliminate veniteke; 3) the crystallization is influenced by
the drying air volume and dust content, and thetetization amount is small and not stable, and
the like.

[022] A Chinese patent for invention with an applicattarmber of CN 201310634675.7
discloses a desulfurization and denitrificationtegsand a desulfurization and denitrification
method therewith, wherein the absorption secticiuntes an one-level circulation liquid
spraying layer I, an one-level circulation liquigtaying layer Il, a filler absorption layer and an
one-level circulation liquid spraying layer 11l arrged from bottom to top sequentially, in which
the one-level circulation liquid spraying layesla fixed ammonia absorption layer for
efficiently absorbing S¢) the fixed ammonia absorption layer is a sepamatmonia absorption
circulation system, the one-level circulation lidgipraying layer Il and the filler absorption layer
are used for preventing ammonia escape and forlzihgoSQ, and the one-level circulation
liquid spraying layer Il is used for preventing mmnia escape. However, the solution
compositions are not specified, and the effeciooftrolling the ammonia escape and aerosols is

limited by adding ammonia in layers.
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[023] A Chinese patent for invention with an applicatmrmber of CN 201510009642.2
discloses a method for achieving integrated desmétion and dust removal with ultrasonic
waves for achieving ultra-low emissions, in whibk flue gas which has been subjected to
temperature reduction and desulfurization is fulshed by providing an absorption liquid
droplet washing system, the droplet in the absongiguid in flue gas is captured and removed,
followed by demisting; after demisting, the fluesga washed by the droplet of the absorption
liquid, followed by demisting; the above-mention@eéliminarily purified flue gas is subjected to
agglutination and/or coagulation so that the plrsize of fine particles is enlarged, and the
enlarged fine particles are removed by agglutimeéind/or a layer demister; and use of multi-
stage water washing and multi-stage demisting essine total dust being qualified with large
investment and high operation cost, which cannotrobammonia escape and aerosol
production from the aspect of mechanism.

[024] A Chinese patent for invention with an applicatrmmmber of CN 201510680578.0
discloses an ammonia double circulation desulftiomadenitrification and dust removal system,
including a washing absorption tower (1) and amation circulation tank (9); the washing
absorption tower (1) consists of an efficient waiest removal section (2), an enhanced
ammonia mist removal section (3), an absorptiomidiglemisting section (4), a secondary
absorption section (5), a primary absorption secf@) and a washing and lowering temperature
(7) sequentially; when the flue gas enters intoptfieary absorption section (6), @ primarily
removed by using an ammonium nitrate-containing amiomm sulfate solution with a density of
1.1to 1.15 kg/L and a pH value of 6.5 to 7 aslasogption liquid; and when the flue gas enters
into the secondary absorption section (5), 8&econdarily removed by using an ammonium
nitrate-containing ammonium sulfate solution wittemsity of 1.05 to 1.1kg/L and a pH value of
5.5 to 6 as an absorption liquid. The technoldgicacess is complex, with excess ammonia
used during absorption, significant aerosol and amanescape, and final emission targets that

are difficult guarantee by water washing and dengst

IEC170096



10

15

20

25

[025] A Chinese patent for invention with an applicattmmrmber of CN 201610390173.8
discloses an integrated desulfurization and dusbval device with a single tower having six
gradient purification sections for achieving ulloa¥ emissions, including: an oxidation section,
a concentration section, an absorption sectionyiéigd water washing section, a demisting
section, a partition and a wet electrical sectioherein the tiny droplets carried by demisted flue
gas are further removed through the electrostdsoiption action in the wet electrical section,
S0 as to ensure that the discharge standard ofjfilsés met when the working conditions for flue
gas vary, and the section is used as an insuraeasure for this device. The process requires
large investment, has a high operation cost, aardirgeffective electrical method of controlling
ammonia escape and aerosol emissions.

[026] A Chinese patent for invention with an applicattarmber of CN 201610177178.2
discloses a combined desulfurization and dust remaocess for achieving ultra-low emissions,
a device therein includes a desulfurization tovgr 4 flue gas inlet (2) and a flue gas outlet (9)
are provided on the desulfurization tower (1); akiag and lowering temperature section (3), a
primary absorption section (4), a secondary abgorection (5), a primary demisting section
(6), a secondary demisting section (7), and aargrtiemisting section (8) are arranged in series
in the flow direction of flue gas between the flyges inlet (2) and the flue gas outlet (9); the flue
gas containing S£of fuel coal at 120°C-180°C is subjected to démaation and dust removal,
then enters into the washing and lowering tempegataction (3) from the flue gas inlet (2), and
is sprayed with an ammonium sulfate solution witheasity of 1200-1250 g/L and a pH value of
3-5, so as to reduce the temperature of the flseaghae 45°C-60°C; the flue gas flows into the
primary absorption section (4), and is sprayed waittabsorption liquid with a density of 1100-
1250 g/L and a pH value of 5.5-6.5; and when the flas enters into the secondary absorption
section (5), it is sprayed with an absorption liwith a pH value of 5.0-5.8 and a density of
1030-1100 g/L, and then the flue gas enters irggtimary demisting section (6), the secondary

demisting section (7) and the tertiary demistinctise (8) sequentially, and is discharged from
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the flue gas outlet (9). The hot flue gas is sciigje to gradient elution by controlling the density
pH value and the like of the absorption liquid,rtiseibjected to mist droplet removal using a
unique demister and other devices, and sulfur, endloist and the like in the flue gas can be
effectively removed thereby achieving ultra-low esns. However, the process does not
specify the solution compositions and absorptiomgeratures, and still cannot control the
ammonia escape and aerosol production from thesour

[027] A Chinese patent for invention with an applicatirmrmber of CN 201611014433.8
discloses a method for reducing aerosol produdéti@mmonia desulfurization, of which the
particular steps are: 1) driving the agueous amanoiio an ammonia absorption tower, initiating
a primary absorption and circulation pump for spseghing, so as to desulfurize most SO2 in
the flue gas; 2) driving the aqueous ammonia inéoammonia absorption tower for spray
washing, where the spray liquid is further reast#iti SO2 flue gas to remove pollutants in the
flue gas; 3) passing the flue gas which has bekjested to the secondary absorption through a
water washing and spraying device to wash impgrgigch as aerosols entrained in the flue gas;
and 4) lastly purifying the flue gas, which hasrbsabjected to water washing, against
impurities such as liquid foams and residual adsosotrained in the flue gas during washing
and spraying, and discharging the cleaned exhassu to standard. In step 1, the pH value of
the absorption solution is strictly controlled &-%.5, and the density is controlled at 1.15-1.25
g/ml. In step 2, the pH value of the absorptiolutson is strictly controlled at 5.0-6.0, and the
density is controlled at 1.0-1.20 g/ml. The pracedses not specify the solution compositions
and absorption temperatures, and still cannot cet@lyl control the ammonia escape and aerosol
production from the source. Also, the flue gasohtias been subjected to simple water washing
and demisting cannot meet or cannot easily meatltreelow emission standard requirements or
higher requirements in China.

[028] A Chinese patent for invention with an applicattmrmber of CN201611207184.4

discloses a process for saving water and contgothe aerosol phenomenon in ammonia
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desulfurization process, wherein the boiler flus gaters into a desulfurization tower, the,SO
containing flue gas which has entered into the lfi@szation tower is sprayed with a spray
liquid of ammonium sulfate/ammonium sulfite solutieith a concentration of 5%-35%,
followed by passing through a filler layer, contagtwith the cooling water on the filler layer,
and then contacting with a water washing and spgalgyer, during which the cooling water at
the bottom of the filler layer falls onto a wateashing liquid accumulation pan and reversely
flows to a cooling water tower, then enters intwader washing tank, and is driven to a water
washing and spraying layer through a water washiagr infusion pump for recycling; the
system has advantages such as a simple flow prags®d cooling effect and a low operation
cost, the spray cooling water absorbs substanadsasi(NH4SO, particles, S@ and NH in

the boiler flue gas, the saturated water vaponeénbiler flue gas condenses, using the
(NH4).SO, particles as the cores to form water dropletshabthe (NH),SO, particles in the
boiler flue gas are captured, thereby inhibiting slerosol formation, and making the particle
concentration in the boiler flue gas dischargethemammonia desulfurization process be less
than 30 mg/m The process does not specify the solution coitipos, pH values and
absorption temperatures, still cannot completehtr@d ammonia escape and aerosol production
from the source, furthermore, the energy consumpsifdow-temperature washing is high, and
the particle concentration in purified flue gagelss than 30 mg/fnwhich cannot meet the latest
emission standards.

[029] A Chinese patent for invention with an applicatmmmber of CN 201310340885.5
discloses a method for controlling aerosol emisgice)mmonia desulfurization and a dedicated
absorption tower therefor, wherein the flue gaschliiias been subjected to spraying with
atomized water and lowering temperature and has beeled to 100°C to 120°C is allowed to
flow into a desulfurization zone of a desulfuripatiabsorption tower, the flue gas in the
desulfurization zone from bottom to top is allowtectontact with a desulfurization liquid

countercurrent ejected from top to bottom to ab&hin the flue gas, and fillers or sieve plates
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are provided within the desulfurization zone; thee fgas after been desulfurized enters into a
filler washing zone, into which washing water ifeicted to remove coarse-grained aerosols
produced in ammonia desulfurization; the flue géex deen subjected to desulfurization and
coarse-grained aerosol removal enters into a wafeor phase transition zone, steam is injected
into the middle of the water-vapor phase transiione so as to establish an oversaturate water
vapor environment required for the water-vapor pheansition, so that unremoved fine-grained
aerosol particulates condense and grow up anceareved by a wire mesh demister at a flue gas
outlet of the water-vapor phase transition zond;tae purified flue gas is discharged via a
chimney from the flue gas outlet at the top ofdesulfurization absorption tower. The
superficial gas velocity of the flue gas is 2.0-8U& and an operation liquid to air ratio is 2 to 8
L/Nm?; and the desulfurization liquid has a pH valu&&-6.0 and a temperature of 45°C-55°C;
the desulfurizing agent in the desulfurization ithis ammonium sulfate or ammonium sulfite at
a concentration of 10% wt to supersaturated, trghimg water spraying liquid-gas ratio in the
filler washing zone is 0.6-3.0 L/Ninthe temperature of the flue gas after been wasitredgh

the filler layer is reduced to 50°C-55°C, and inemmbodiment, at the absorption tower outlet, the
minimal mass concentration of Rps 45mg/ni and the minimal S©concentration is 135
mg/Nnt. The process still cannot completely control amia@scape and aerosol production
from the source, furthermore, the particles and i8@he purified flue gas cannot meet the latest
emission standards, and the energy consumptioapgnphase transition is high.

[030] A Chinese patent for invention with an applicatmmmber of CN 201610966033.0
discloses a device and method for removing aeras@smonia desulfurization, the device
including a desulfurization tower (1), wherein theerior of the desulfurization tower (1) is
provided with an absorption reaction zone (2), ddation water-washing zone (3) and a water
washing and purifying zone (4) from bottom to tepgentially; an oxidation water-washing and
spraying layer (22) is provided within the oxidatiwater-washing zone (3), and the

concentration of ammonium sulfate dissolved in mdation water-washing circulation liquid is
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controlled at 3%; the temperature of water washing and purifygrg50°C; and the strong
oxidant includes hydrogen peroxide or hypochloritée process does not specify the solution
compositions, pH values and absorption temperataresstill cannot completely control the
ammonia escape and aerosol production from thespfurthermore, the investment in

oxidation water-washing is large, the operatiort high, and there is a certain safety risk.

Brief Description of the Drawings

[031] The objects and advantages of the invention wikjmearent upon consideration of the
following detailed description, taken in conjunctizith the accompanying drawings, in which
like reference characters refer to like parts tghmut, and in which:

[032] Figure 1 is a schematic view of apparatus and nastimaccordance with the principles
of the invention.

[033] Figure 2 is a schematic view of Example 1.

[034] Figure 3 is a schematic view of Example 2.

Reference numerals:

1 absorption tower

2 oxidation vessel

3 fine particle washing circulation tank
4 pre-washing zon

5 absorption zor

6 fine particle control zone

7 absorption circulation liquid

8 purified flue gas outlet

9 flue gas inle

1C pre-washing spraying lay

11 absorption spraying layer

12
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12 fine particle spraying layer a

13 fine particle spraying layer b

14 demister

15 fine particle circulation washing ligt

16 absorption circulation tank

17 gas-liquid separator a

18 gas-liquid separator b

19 gas-liquid dispersion enhancer

21 ammonis

22 oxidation air

23 process water

24 ammonium sulfate post-processing system

Detailed Description

DEFINITIONS

[035] “Ammonia escape” means ammaonia or one or more arnatemine bearing species that
escape with the exhaust of the gas flow. The spec derived from ammonia or
ammonia/amine bearing species that were addee tgath flow.

[036] “Dust” means a particulate material fine enouglvédt along gaseous flows, when
handled, processed, or contacted. It includesshobt limited to aerosols, including solid
aerosol- 4 -particles and liquid aerosol partickemt, charcoal, non-combusted coal, fine
minerals, sand, gravel, salts, and any combinaiiereof.

[037] “Exhaust” means a flow of gas exiting an industaathemical process. It includes but is
not limited to flue gas, tail gas, exhaust gasesifovens, furnaces, boilers, and/or generators. It
may comprise combustion products derived from timalmustion of air and flammable material,

residual material from chemical processes, whicls melude water, nitrogen, and pollutants,
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such as particulate matter, soot, carbon monoriti®@gen oxides, and sulfur oxides. The
exhaust of one process may be a gaseous inpubtbearprocess.

[038] “Oxidation Rate” means the percentage, calculajechdl percent, of a given material
that has been converted into an identified moreliz&d species of the material. For example, in
a mixture containing ammonia bearing species aldraxides, if X mol% of the mixture is
ammonium sulfate, Y mol% is ammonium sulfite, anch@% is some other ammonia, sulfur,
and/or oxygen containing species with an oxidagiotential greater than ammonium sulfate,
because ammonium sulfate is the identified mogtin&d species, the oxidation rate of the
mixture would be X mol%.

[039] “Recovery Rate of Ammonia” means that fraction ergentage of ammonia added to a
gas cleaning process that is subsequently capaume@xtracted from the process.

[040] “Spray Coverage” is a divergence of spray from zzfeor an array of nozzles. The
greater is the divergence, the greater is the spragrage.

[041] In the event that the above definitions or a desion stated elsewhere in this application
is inconsistent with a meaning (explicit or impljdhat is commonly used, set forth in a
dictionary, or stated in a source incorporateddfgrence into this application, the application
and the claim terms in particular are understodoktaonstrued according to the definition or
description in this application, and not accordimghe common definition, dictionary definition,
or the definition that was incorporated by refeerio the event that a claim term can only be
understood if it is construed by a dictionary, éindgon set forth in the Kirk-Othmer
Encyclopedia of Chemical Technology, 5th Editio@02, (John Wiley & Sons, Inc.) shall control,
if provided therein.

[042] All ranges and parameters disclosed herein arerstwael to encompass any and all
subranges subsumed therein, and every number betheendpoints. For example, a stated
range of “1 to 10” should be considered to incladg and all subranges between (and inclusive

of) the minimum value of 1 and the maximum valud.@f that is, all subranges beginning with a
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minimum value of 1 or more (e.g. 1 to 6.1), andiegavith a maximum value of 10 or less
(e.g.2.3t0 9.4, 310 8, 4 to 7), and finally teleaumber 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 coathin
within the range. All percentages, ratios and propoes herein are by weight unless otherwise
specified. Unless explicitly stated otherwise, téren “molecular weight” means weight average
molecular weight (mw).

[043] Apparatus and methods for controlling aerosol petidn in ammonia desulfurization are
provided. The apparatus may include, and the ndsthmay involve, a gas purification and
removal system. The gas purification and remoystiesn may be configured to apply an
ammonium salt gradient to flue gas. The appanaiginclude, and the methods may involve,
an oxidation system. The apparatus may include tla@ methods may involve, an auxiliary
system.

[044] The oxidation system may include oxidation vedsat is configured to force oxidation
of input ammonium solution to yield a plurality @fitputs of different degrees of oxidation of the
ammonium solution. The oxidation vessel may prewtie outputs to the gas purification and
removal system to define the gradient.

[045] The auxiliary system may include an ammonium selfadst-processing system. The
auxiliary system may include an ammonia supplyesyst The auxiliary system may include a
process water system.

[046] The apparatus may include a tower. The tower noayé the gas purification and
removal system. The tower may include a pre-washome. The tower may include an
absorption zone. The tower may include a fineiglartontrol zone.

[047] The apparatus may include a component disposedbatthe absorption zone and the
pre-washing zone. The component may allow onlytggsss. The apparatus may include a
plurality of spraying layers. The pre-washing zomay include a spraying layer of the plurality.
The absorption zone may include a spraying layén@plurality. The fine particle control zone

may include a spraying layer of the plurality. Thever may be configured to provide divisional
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control of solution compositions to the sprayingeles. Divisional control may include providing
different compositions to different spraying layefishe different compositions may be selected
or adjusted to select or adjust the gradient.

[048] The oxidation system may include the spraying lsydihe oxidation system may be
configured to control interaction between (a) ldygprayed at different ones of the spraying
layers and (b) the flue gas at the respective rdifficones of the spraying layers to naturally
oxidize the liquid to yield a plurality of outputé different degrees of oxidation of the
ammonium solution to define the gradient.

[049] The oxidation system may be configured to contnobperation temperature of one or
more of the pre-washing zone, the absorption, hedine particle control zone to control the
gradient.

[050] The oxidation system may be an oxidation systermdbes not include a forced oxidation
vessel.

[051] The oxidation system may be configured to routevgaishing liquid into the absorption
zone.

[052] Each zone may include a single spraying layer.hEane may include a plurality of
spraying layers.

[053] The apparatus may include a component disposecbatthe absorption zone and the
fine particle control zone. The component mayvaltmly gas to pass.

[054] The apparatus may include a component disposedhwtita absorption zone. The
component may allow only gas to pass.

[055] The apparatus may include a component disposedhwita fine particle control zone.
The component may allow only gas to pass.

[056] The apparatus may include a plurality of demisagets. A demister layer of the plurality
may be disposed in the fine particle control zoAelemister layer of the plurality may be

disposed in each spraying layer of the pre-washamge and the absorption zone.
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[057] A demister of the plurality of demister layers niagiude a baffle.

[058] A demister of the plurality of demister layers magiude a ridge.

[059] A demister of the plurality of demister layers magiude filler.

[060] A demister of the plurality of demister layers magiude a wire mesh.

[061] A demister of the plurality of demister layers niaglude a combination of one or more
of a baffle; a ridge; filler; and wire mesh.

[062] Each spraying layer of the absorption zone may bdiguid-to-gas ratio that is not less
than 0.2 L/Nm. Each spraying layer of the absorption zone n@aseta spray coverage that is
not less than 110%.

[0631 " Each spraying layer of the fine particle contrate@anay have a liquid-to-gas ratio that is
not less than 0.1 L/NP Each spraying layer of the fine particle conohe may have a spray
coverage that is not less than 105%.

[064] Each spraying layer of the absorption zone may laiguid-to-gas ratio that is not less
than 0.2 L/Nni; and a spray coverage that is not less than 140%;each spraying layer of the
fine particle control zone may have a liquid-to-gai$o that is not less than 0.1 L/Nnand a
spray coverage that is not less than 105%.

[065] The oxidation system may include a plurality oftsets. Each section may correspond
to an ammonium salt of a different composition.e Dixidation system may be configured to
provide to a fine particle washing circulation ligand an absorption circulation liquid a
composition of the plurality of the compositionsféom the ammonium salt gradient.

[066] A section may be defined by a layer of the oxidaggstem.

[067] A section may be defined by a component of theatiad system.

[068] A section may be occupy a different position in tixéation system.

[069] The oxidation system may include 0, 1, 2, 3, 4t Bore layers of gas-liquid dispersion

enhancers.
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[070] The oxidation system may include a liquid stagbe Tiquid stage may have a height that
is greater than 3 m. The oxidation system maydodigured to provide not less than 20% excess
oxidation air.

[071] The tower may be configured to cool and wash the @las using circulation washing
liquid in the pre-washing zone, and simultaneoirstyease a concentration of the circulation
washing liquid. The tower may be configured tospéhe flue gas through the absorption zone, in
which the flue gas is washed and desulfurized pgdtion circulation liquid. The tower may
be configured to pass the flue gas through thedarécle control zone, in which fine particles
are removed by a fine particle circulation wasHiggid. The tower may be configured to
discharge the flue gas. The tower may be confjtmeeplenish the circulation washing liquid
in the pre-washing zone from the fine particle @iation washing liquid. The tower may be
configured to rinse fouling on a tower wall. Tlogver may be configured to replenish the
absorption circulation liquid. The tower may befigured to oxidize the absorption circulation
liquid in the oxidation system. The tower may beftgured to draw circulation liquids with
different compositions from an oxidation systendiferent sections for distribution to the
different zones.

[072] The fine particle circulation washing liquid may denajority constituent of circulation
washing liquid replenishment fluids.

[073] The tower may be configured to rinse fouling byasimg fine particle circulation

washing liquid. The fouling may be a chemical fogl The fouling may be a physical fouling.
The fouling may be on the tower interior. The foglmay be on structures inside the tower.
[074] The tower may be configured to rinse fouling byagimg process water.

[075] The tower may be configured to replenish absorptiozulation liquid with liquid from

the fine particle control zone.
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[076] The tower may be configured to replenish absorpticzulation liquid with process water.
The tower may be configured to replenish the preeester with liquid from the fine particle
control zone.

[077] The tower may be configured to provide a supelffitiee gas velocity in the range 1-5
m/s.

[078] The tower may be configured to provide in the pessting zone a temperature in the
range 40°C to 80°C.

[079] The tower may be configured to receive flue gasrtaan SQ concentration as high as
30,000 mg/Nm

[080] The tower may be configured to exhaust purifieé fjas that conforms to: all emission
requirements of GB13223-2011, Emission StandardiOPollutants For Thermal Power Plants,
Ministry of Environmental Protection of The PeoplRepublic of China,2011,which is hereby
incorporated by reference herein in its entirdtgr example, GB13223-2011 requires that in
China's key areas, dust, sulfur dioxide and nitnoggade emissions from coal-fired boilers be no
higher than 20, 50 and 100 mg/R(B% oxygen content, dry basis),respectively. Amjer
Environment and Development No. 164(Full ImplemgaitaOf The Work Plan For Ultra-Low
Emission And Energy Conservation Of Coal-Fired PoRlants, Ministry Of Environmental
Protection, Development and Reform commission, @nBureau of The People's Republic of
China, Released on December 11, 2015,which is hi@nebrporated by reference herein in its
entirety),in China, by 2020, coal-fired power pkate to achieve ultra-low emissions (namely
under the condition of 6% oxygen content, dusfusulioxide, nitrogen oxide emission
concentration shall be not more than 10, 35, 50nf)g/Also, relative to ammonia-based
desulfurization and electrostatic-demisting setifam PCT/US2002/039095, which involves a
method for removing SENO/NGO, from gas flow as follows:

A. Oxidize some or all of the gas stream to-NiGen,
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B. Wash some or all SONO and NQ in the gas flow with washing liquid
that contains ammonia, and has a pH between 6,and 8

C. Use an aerosol removal device to remove somal @mmonia aerosol
generated in the washing step; and

D. Remove ammonium sulfate from the washing licagdertilizer,
the tower may have a cost of construction thatOi20% less; an operation cost that is 5-10%
less; and a performance-price ratio that is 15-B869%.
[081] The tower may be configured to discharge flue pashas an S@oncentration not
greater than 200 mg/Nin The tower may be configured to discharge flugthat has an
SO,concentration not greater than 100 mgﬁNrﬂihe tower may be configured to discharge flue
gas that has an $S€bncentration not greater than 35 mgA\rithe tower may be configured to
discharge flue gas that has an&@centration not greater than 5 mgfim
[082] The tower may be configured to discharge flue pashas a total dust concentration,
including aerosols, not greater than 20 mg?Nifhe tower may be configured to discharge flue
gas that has a total dust concentration, includemsols, not greater than 10mg/riThe tower
may be configured to discharge flue gas that hasahdust concentration, including aerosols,
not greater than 5mg/Nin The tower may be configured to discharge flugthat has a total
dust concentration, including aerosols not greti@n 2mg/Nrm.
[083] The tower may be configured to discharge flue pashias an ammonia concentration not
greater than 5 mg/Nin The tower may be configured to discharge fluethat has an ammonia
concentration not greater than 2 mgfim
[084] The tower may be configured to discharge flue bashias an ammonia concentration not
greater than 1 mg/Nin
[085] The tower may be configured to discharge flue pashias an ammonia concentration not

greater than 0.5 mg/Nin
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[086] The apparatus may include a drying device. Thandrglevice may be configured to
receive absorption liquid. The drying device maycbnfigured to produce a solid product that
includes an ion from a circulation liquid. The ioray include chloride. The ion may include
fluoride.

[087] The drying device may be configured to reduce trmukation liquid chloride ion
concentration to less than 50,000 mg/L. The drgiegce may be configured to reduce the
circulation liquid fluoride ion concentration toskethan 20,000 mg/L. The drying device may be
configured to reduce the circulation liquid fluaicbn concentration to 300-3000 mg/L. The
drying device may be configured to reduce the tatoen liquid chloride ion concentration to
10,000-31,000 mg/L.

[088] The tower may be configured to spray, in a spralaygr in the absorption zone,
absorption circulation liquid having a mass fractratio of ammonium sulfate to ammonium
sulfite that is in the range 1.5-199 to 1.

[089] The tower may be configured to spray, in a sprajaggr in the fine particle absorption
zone, fine particle circulation washing liquid hayia mass fraction ratio of ammonium sulfate to
ammonium sulfite that is in the range 3-1,999 to 1.

[090] The methods may include applying an ammonium satlignt to the flue gas. The
methods may include applying a reaction conditicadgent to the flue gas.

[091] The applying an ammonium salt gradient may inclapielying a first ammonium salt
concentration at a first stage. The applying amanium salt gradient may include applying a
second ammonium salt concentration at a second.stHug first stage may be upstream, relative
to the flue gas, from the second stage.

[092] The salt may include ammonium sulfite. The saly im@lude ammonium bisulfite. The
salt may include ammonium sulfate.

[093] The first concentration may be greater than thersgconcentration.
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[094] The applying a first ammonium salt concentration &tst stage may include spraying on
the flue gas absorption circulation liquid in afsudioxide absorption process.

[095] The applying a second ammonium salt concentrati@xsacond stage may include
spraying on the flue gas absorption circulationitigin the sulfur dioxide absorption process.
[096] The applying a first ammonium salt concentration fitst stage may include spraying on
the flue gas fine particle washing circulation ldjin a fine particle washing process.

[097] The applying a second ammonium salt concentrati@asacond stage may include
spraying on the flue gas fine particle washinguwation liquid in the fine particle washing
process.

[098] The applying a reaction condition gradient mayudel providing a first temperature at a
first stage. The applying a reaction conditiondggat may include providing a second
temperature at a second stage. The first stagebmapstream, relative to the flue gas, from the
second stage.

[099] The first temperature may be greater than the setmperature.

[0100] The providing a first temperature at a first stag®y include setting a first temperature in
a sulfur dioxide absorption process. The providirgecond temperature at a second stage may
include setting a second temperature in a findg@mvashing process.

[0101] The applying a reaction condition gradient mayudel providing a first pH at a first
stage. The applying a reaction condition gradmeay include providing a second pH at a second
stage. The first stage may be upstream, relatitieet flue gas, from the second stage.

[0102] The first pH may be greater than the second pH.

[0103] The providing a first pH at a first stage may imdwspraying on the flue gas absorption
circulation liquid in a sulfur dioxide absorptionogess.

[0104] The providing a second pH at a second stage méydespraying on the flue gas

absorption circulation liquid in the sulfur dioxidésorption process.
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[0105] The providing a first pH at a first stage may imgwspraying on the flue gas fine particle
washing circulation liquid in a fine particle wasgiprocess.

[0106] The providing a second pH at a second stage méydiespraying on the flue gas fine
particle washing circulation liquid in the fine gale washing process.

[0107] The method may include cooling and purifying theefgas. The method may include
after the cooling and purifying, absorbing sulfioxide. The method may include after the
absorbing, removing the flue gas with a fine p&tigashing circulation liquid. The applying an
ammonium salt gradient may be performed after thidying and cooling. Both the absorbing
and the removing may include spraying ammoniumtsulBoth the absorbing and the removing
may include spraying ammonium sulfate.

[0108] The absorbing may include spraying on the flueade®rption circulation liquid. The
fine particle washing circulation liquid may haveld that is lower than a pH of the flue gas
absorption circulation liquid. The fine particl@ghing circulation liquid may have an
ammonium sulfite concentration less than an amnmmrsulfite concentration of the absorption
circulation liquid.

[0109] The reaction condition may be a temperature gradi€he temperature gradient may be
defined by an absorption temperature and a wasamgerature. The applying a reaction
condition gradient may include controlling the aiption temperature and the washing
temperature to reduce an energy consumption. pplyiag a reaction condition gradient may
include maintaining an absorption efficiency. Epplying a reaction condition gradient may
include maintaining a limit on ammonia escape. a&pplying a reaction condition gradient may
include maintaining a limit on aerosol escape.

[0110] The absorption temperature may be in the range 8)70°C.

[0111] The absorption temperature may be in the range 858D°C.

[0112] The absorption temperature may be the range 4555%0.

[0113] The washing temperature may be in the range 2888%G.
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[0114] The washing temperature may be in the range inathge 30°C to 55°C.

[0115] The washing temperature may be in the range inathge 40°C to 50°C.

[0116] The absorbing may include spraying an absorptimulztion liquid at a lower stage.

The absorbing may include spraying an absorptiorulztion liquid at an upper stage that is
downstream, relative to the flue gas, from the lostage. The absorption circulation liquid at
one or both of the lower and upper stages may diectu15%-4.95% ammonium sulfite. The
absorption circulation liquid at one or both of tbeier and upper stages may include 5%-38%
ammonium sulfate. The absorption circulation liat one or both of the lower and upper stages
may have a pH value in the range 4-6.6. The ammnosulfite concentration of the upper stage
absorption circulation liquid may be lower than #mmonium sulfite concentration of the lower
stage of the absorption circulation liquid.

[0117] The pH of the upper stage absorption circulatiqnid may be lower than the pH of the
lower stage of the absorption circulation liquid.

[0118] The absorbing may include spraying an absorpticukztion liquid at a lower stage.

The absorbing may include spraying an absorptiorulztion liquid at an upper stage that is
downstream, relative to the flue gas, from the lostage. The absorption circulation liquid at
one or both of the lower and upper stages may declu15%-4.95% ammonium sulfite. The
absorption circulation liquid at one or both of tbever and upper stages may include 5%-38%
ammonium sulfate. The absorption circulation lijat one or both of the lower and upper stages
may have a pH value in the range 4-6.6. The pth@lpper stage absorption circulation liquid
may be lower than the pH of the lower stage ofaieorption circulation liquid.

[0119] The absorbing may include spraying absorption @tan liquid at a single stage.

[0120] The absorbing may include spraying absorption @t@n liquid at only two stages.
[0121] At a stage of the removing, the fine particle waglgirculation liquid may include

0.003%-1% ammonium sulfite. At a stage of the reimm the fine particle washing circulation
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liquid may include 0.3%-38% ammonium sulfate. Atage of the removing, the fine particle
washing circulation liquid may have a pH in thegar3-5.4.

[0122] The removing may include spraying fine particle iag circulation liquid at two stages.
At a stage of the stages the fine particle wasbirgylation liquid may include 0.1%-
1%ammonium sulfite. At a stage of the stagesitiegarticle washing circulation liquid may
include 5%-38%ammonium sulfate.

[0123] The apparatus and methods provide for controllimgnania escape and aerosol
production at the source, in which the sulfur dilexin flue gas is removed with an absorption
liquid containing ammonium sulfite, and ammoniauliesization is performed by converting
ammonia to ammonium sulfite by adding ammonia talasorption circulation liquid.
Furthermore, by using staged solution compositmmtiol and reaction condition control,
synergistic control of absorption, oxidation, amtcentration may be achieved. This may
simplify the technological process, reducing theestiment, and forming the technology of the
present disclosure.

[0124] Illustrative principles of invention such as thdedow may be used alone or in
combination, or in combination with other principlustrated herein:

1. The gas purification process may include an matem circulation and a fine particle
washing circulation, and the circulation liquid ohg the gas purification may include an
absorption circulation liquid and fine particle wawy circulation liquid. The absorption
circulation liquid may be mainly used for desulfation and controlling the aerosol production
during desulfurization. The fine particle washingrculation liquid may further aid
desulfurization efficiency while the fine partiadentrol is performed.

2. The reaction conditions may be controlled, tHevplue of the absorption circulation liquid
may be reduced to not more than 6.6, and the afisoemperature may be controlled at 30°C-
70°C, so that the ammonia escape and aerosolsggcabsorption is reduced, and the total dust at

the outlet after demisting in the absorption zosiend greater than 100 mg/Nm3. This may
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reduce energy consumption, reduce or avoid wasterwhscharge, and provide long-period
stable operation of the device.

3. The ammonium sulfite content of the absorptimoutation liquid may be controlled. This
may control aerosol production during absorptioeate favorable conditions for oxidation, and
reduce energy consumption and cost associatecowidation.

4. The flue gas heat may be used for concentratiothe ammonium sulfate solution.
Ammonium sulfate content of the absorption ciraolatiquid may be increased to not less than
5% generally, for example to not less than betwiee€h and 35%. This may maintain absorption
efficiency and controlling aerosol production whilieling the concentration process. A process
configured to accept raw flue gas having an SOZewoination more than 10,000 mg/Nm3only
needs crystallization by saturation. For flue géth a higher SO2 concentration, a part of the
solution can be sent to an evaporation crystaiimatievice for treatment, so as to reduce
investment and energy consumption in an ammoniudfatsipost-processing system.

5. The oxidation system, which may include différiyers, different apparatus, or both,may
be implemented according to the desired solutionpmsition control. The fine particle washing
circulation liquid and the absorption circulatiaguid may be taken out from the oxidation vessel
of the oxidation system at different positions,leaorresponding to a different layer, or different
apparatus.

[0125] The control of aerosol production during absorptizely aid the disclosed processes.
Control means may include precise divisional cdrifdhe solution composition. The
absorption circulation liquid may be provided witlstage or multiple stages. One or more
stages may include ammonium sulfite and ammonidfatsyand the fine particle washing
circulation liquid may be provided with one or matages. One or more stages may include
contains ammonium sulfite and ammonium sulfatee fiile particle washing circulation liquid
may have a pH value that is lower than a pH vafueeabsorption circulation liquid and an

ammonium sulfite content that is less than an amunosulfite content in the absorption
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circulation liquid. The absorption temperature rbaycontrolled within a suitable range to
reduce the energy consumption while ensuring tisergtion efficiency and controlling
ammonia escape and aerosols, and the total dis atitlet after demisting in the absorption
zone may be no greater than 100 mg/Nm

[0126] The divisional solution composition may be cont&dlby forced oxidation via an
oxidation vessel and/or natural oxidation and/okimgthe pre-washing liquid enter into the
absorption zone and/or controlling the operationgerature.

[0127] The absorption temperature may be reduced throogbentional means such as process
water cooling and mixing with cold wind, and incsed through conventional means such as
mixing with hot wind.

[0128] A method for controlling aerosol production durggsorption in ammonia
desulfurization may include removing sulfur dioxideflue gas with an absorption circulation
liquid containing ammonium sulfite, so as to cohthe aerosol production during absorption in
ammonia desulfurization.

[0129] The aerosol may include solid crystal grains prigaied by evaporating circulation
absorption liquid droplets in hot flue gas, anddsphrticulates formed by reacting gaseousNH
escaped from the volatilization of agueous ammunthe circulation absorption liquid with SO
in the flue gas, which are mainly composed of {N8O;, NH;HSO;, NHsHSOy, and (NH)2SOy.
The higher the pH value of the circulation absampiiquid and/or the higher the operating
temperature, the more severe the aerosol is.

[0130] Aerosol has a specific relationship with the tala$t content at the outlet, the higher the
aerosol content, the higher the total dust cordettie outlet. Devices which cannot or do not
control aerosols well may fail to meet the ultra+lemission requirements, for example,
GB13223-2011, and the purified flue gas may forfwhite dragon” when discharged into the
atmosphere. This may extend a few kilometers endens of kilometers, causing serious haze

pollution.
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[0131] Efficient desulfurization and dust removal may lbhiaved by staged solution
composition control and reaction condition contesid, concurrently, ammonia escape and
aerosol production may be controlled.

[0132] The staged solution composition control may incladecentration gradient control of
ammonium sulfite, ammonium bisulfite, ammonium atéf or a combination thereof.

[0133] The flue gas subjected to preliminary temperatoweeting and purification may be
allowed to contact with an absorption circulatimuid and a fine particle washing circulation
liquid sequentially so as to achieve synergistietia of absorption, oxidation and concentration.
The absorption circulation liquid may be provideithwl stage or multiple stages as required,
wherein one or more stage may include ammoniunitesahd ammonium sulfate. The fine
particle washing circulation liquid may be provideidh 1 stage or multiple stages. One or more
stage contains ammonium sulfite and ammonium sulfat

[0134] The fine particle washing circulation liquid maykaa pH value that is lower than a pH
value of the absorption circulation liquid, andeanmonium sulfite content that is less than an
ammonium sulfite content in the absorption cirdoladiquid.

[0135] An absorption temperature and a washing temperatasebe controlled within a suitable
range to reduce the energy consumption, while aoestly maintaining absorption efficiency
and controlling ammonia escape and aerosols.

[0136] The absorption circulation liquid may have anyaii¢ number of stages, for example, 1-
2 stages, or 1 stage. When choosing multiple stam® or more stage of composition of the
absorption circulation liquid mayinclude 0.15%-28%ammonium sulfite and 5%-38%
ammonium sulfate, with a pH value of 4-6.6, anddahemonium sulfite content of an upper stage
of the absorption circulation liquid may be loweanh the ammonium sulfite content of a lower
stage of the absorption circulation liquid. The yafue of an upper stage of the absorption
circulation liquid may be lower than the pH valdeadower stage of the absorption circulation

liquid.
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[0137] One or more stage of composition of the fine pkertreashing circulation liquid may
include 0.003%-1% ammonium sulfite and 0.3%-38% amom sulfate, with a pH value of 3-
5.4.

[0138] The fine particle washing circulation liquid maykaany suitable number of stages, for
example, 2 stages. One of the stages may beuwdation liquid with a high concentration
content of ammonium sulfate, in which ammoniumisuit 0.1%-1% and ammonium sulfate is
5%-38%; and the other stage may be a dilute soluitnowhich the ammonium sulfite content is
not more than 0.1%. One stage of dilute solutiay me included. One stage of process water
may be included.

[0139] The absorption temperature may any suitable tertyeseor example, from 30°C to
70°C, from 35°C to 60°C, or from 45°C to 55°C.

[0140] The washing temperature may be any suitable teryperdor example, from 28°C to
68°C, 30°C to 55°C, or from 40°C to 50°C.

[0141] The auxiliary system may include an ammonium selfadst-processing system, an
ammonia supply system, and a process water system.

[0142] The apparatus and methods may use divisional dpatrd may include a pre-washing
zone, an absorption zone, and a fine particle obmtme, wherein each of the pre-washing zone,
the absorption zone, and the fine particle cor#oole is provided with one or more layers of
spraying layer, and a gas-liquid separator suchlagiid receiver, a partition with a gas cap, a
gas distribution plate and a liquid receiving pahich only allows gas to pass therethrough and
allows the liquid to be taken out from the sidehm lower part, is provided between the
absorption zone and the pre-washing zone.

[0143] A gas-liquid separator that allows only gas to ghsesethrough, and allows the liquid to
be taken out from the side or the lower part, mapitwovided between the absorption zone and
the fine particle control zone, within the absarptzone and within the fine particle control zone,

as follows:
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when the gas flow of original flue gas is more t809,000 Nni¥h, a gas-liquid separator
which only allows gas to pass therethrough andmalithe liquid to be taken out from the side or
the lower part may be provided within the absorptzone and within the fine particle control
zone;

when the concentration of $Of original flue gas is more than 6,000 mg/fim gas-liquid
separator which only allows gas to pass therethr@rgl allows the liquid to be taken out from
the side or the lower part may be provided withie &bsorption zone; and

when the total dust of original flue gas is moranti00mg/Nm, a gas-liquid separator which
only allows gas to pass therethrough and allowdithed to be taken out from the side or the
lower part may be provided within the fine partictantrol zone.
[0144] The fine particle control zone may be provided vaitte or more layers of demisters, and
each layer of the pre-washing zone and the absorgtine may be provided with one or more
layers of demisters. The demisters may use bafildges, fillers and wire mesh forms, or
combination forms thereof.
[0145] The liquid-to-gas ratio and the spray coverageachdayer of the absorption zone may be
controlled, so that sulfur dioxide, particles areefammonia are fully or near fully absorbed. In
particular, for example, the liquid-to-gas ratioyniee not less than 0.2 L/Nrand the spray
coverage may be not less than 110% in each layyeadbsorption zone; and the liquid-to-gas
ratio may be not less than 0.1 L/Riand the spray coverage may be not less than 10%%ch
layer of the fine particle control zone.
[0146] The oxidation system may be established with lageegpparatus according to the
requirements of the solution composition contrbhe fine particle washing circulation liquid
and the absorption circulation liquid may be takenhfrom the oxidation vessel of the oxidation
system at different positions or different appasatu
[0147] In some embodiments, the absorption circulationidigand the fine particle washing

circulation liquid at a high concentratiohammonium sulfate and ammonium sulfik@ay be
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taken from the oxidation vessel of the oxidatiosteyn at different positions. The absorption
circulation liquid may include 1-3 levels. Thediparticle washing circulation liquid, at a high
concentration of ammonium sulfate and ammoniunitsulinay include 1-2 stages. The fine
particle washing circulation liquid, at a low cont&tion, may circulate separately from the fine
particle washing circulation tank, and may be paed with 1-3 levels.
[0148] In some embodiments, the absorption circulationidignay be taken from an absorption
circulation tank, and may include 1-4 levels. Tine particle washing circulation liquid at a
high concentration of ammonium sulfate and ammorsuifite may be taken from the oxidation
vessel of the oxidation system and may be of l8est. The fine particle washing circulation
liquid at a low concentratiegfpFFEUE-GASSO2? of ammonium sulfatenay be circulated
separately from the fine particle washing circaatiank. The separate circulation may be
omitted, for example, if the concentration of sulfiioxide of the inlet flue gas is lower than
2,000 mg/Nrﬁ(dry basis, 6% €), and the emission concentration of sulfur dioafiéhe clean
gas is higher than 100 mg/N¢dry basis, 6% §), and the fine particle washing circulation liquid
may be sprayed atl-3 levels.
[0149] In some embodiments, process water may be usée dasst (most downstream) level of
the fine particle washing circulation liquid.
[0150] 1-5 layers of gas-liquid dispersion enhancers neagrovided within the oxidation vessel
of the oxidation system. The gas-liquid dispergahancer may use one or more of structured
fillers, random fillers, perforated plates, gassageration heads, and the like, or any
combination thereof.
[0151] The oxidation vessel may have a liquid level grnetitean 3 m and not less than 20%
excess oxidation air.
[0152] The methods may include the following illustratpm@cess:

the flue gas enters from the pre-washing zone ancboled and washed by a circulation

washing liquid in the pre-washing zone while thewaation washing liquid is concentrated, and

31
IEC170096



10

15

20

25

then the flue gas passes through the absorptioe zdmere the flue gas is washed and
desulfurized by the absorption circulation liqumEhsses through the fine particle control zone
where fine particles are removed by a fine partaiteulation washing liquid respectively, and
then is discharged;

the circulation washing liquid in the pre-washingne is mainly replenished by the fine
particle circulation washing liquid, and the finarficle circulation washing liquid and/or process
water is used to rinse fouling on a tower wall, #mel absorption circulation liquid is replenished
by the circulation washing liquid in the fine pahti control zone and/or process water; and

the absorption circulation liquid is oxidized inettoxidation system, and solutions with
different compositions are drawn from the oxidatiessel of the oxidation system at different
positions or different apparatus respectively forwdation.
[0153] The process water may be replenished from onetbrdidhe fine particle control zone
and the fine particle washing circulation tankitanay be replenished by rinsing water.
[0154] The solution composition may be controlled by foregidation via an oxidation vessel
and/or natural oxidation and/or making the pre-waghiquid enter into the absorption zone
and/or controlling the operation temperature. Wmagmal circumstances, the temperature of
the flue gas is 110°C-180°C, oxygen content inflilie gas is 3%-7%, and the water content is 7-
10%, at this time it is needed to control forcedlakon of part of the circulation liquid to
control the solution composition within a desiradge; however, in the case that the temperature
of the flue gas is above 200°C and/or the oxygemnert in the flue gas is above 8%, the natural
oxidation of the absorption circulation liquid byetflue gas can meet the requirements, and at
this time it is not needed to control forced oxidatduring circulation and absorption.
[0155] If the gas velocity of the absorption tower is hitife entrainment of liquid by gas is
serious, or the sealing of trays from one zonentiiteer zone is poor, so that the pre-washing
circulation liquid and the absorption circulatiaguid flow into each other, and it is also possible

to obtain an ideal solution composition.

32
IEC170096



10

15

20

25

[0156] Implementations may include staged solution comjmwscontrol and reaction condition
control, so as to achieve efficient desulfurizator dust removal, and at the same time of the
efficient desulfurization, ammonia escape and a¢q@®duction during absorption are
controlled. Desulfurization material may includeraonium sulfite. The absorption circulation
liquid may be a weakly acidic ammonium sulfate-ammm sulfite mixed solution, and the fine
particle washing circulation liquid may be a moc&gda&c ammonium sulfate-ammonium sulfite
mixed solution at lower concentrations. This malia achieving synergistic control of
absorption, oxidation and concentration.

[0157] The sulfur dioxide in the flue gas may be removedhe absorption circulation liquid
containing ammonium sulfite, and the absorptiooutation liquid after absorbing S@ay be
converted into ammonium sulfite by adding ammomid #nen subjected to ammonia
desulfurization.

[0158] The absorption tower may have a flue gas inlet,thadsarious zones, positioned based
flue gas parameters at on one or more of the fatig\stages: inlet, after prewash control (if
there is such a stage), after absorption, aftergarticle control, after discharge. The positigni
may also depend on whether or not there is a ptea@strol zone, the number of spray layers in
the zones, the degree of absorption liquid oxidaitiothe oxidation system, and the degree of
enrichment to post-processing. The flue gas psition may be at 10%-40% of the tower
height, the height of the pre-washing zone may(8é-#0% of the tower height, the height of
the absorption zone may be 10%-35% of the towegtheand the height of the fine particle
control zone may be 15%-70% of the tower height.

[0159] The ratio of the diameter of the absorption towethe diameter of the oxidation vessel
may be 0.5-3, and the height of the oxidation Vessg be 0.3-6 times the diameter of the
absorption tower.

[0160] The superficial gas velocity of the absorption towmy bel m/s-5 m/s. The operation

temperature of the pre-washing zone may be 40°C-80°
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[0161] The absorption temperature may be controlled acegid the flue gas parameters, and
for the boiler flue gas, it is generally controlled40°C-60°C. For sulfur recovery exhaust gas
and incineration flue gas, it is generally contdlat 50°C-70°C. For a dry method for sulfuric
acid exhaust gas, it is generally controlled aC3@5°C.

[0162] When the system is under the condition that the @@centration in the original flue gas
is not greater than 30,000 mg/Rirthe purified flue gas may meet the most stringenission
standard requirements or process requirements wioldgl and the device may be tuned and
designed according to specific project requirementeduce investment and operation costs and
improve the performance-price ratio.

[0163] The purified flue gas may have 80t greater than 200 mg/Ninfor example, not greater
than 100 mg/Nr) or 35 mg/Nm, or 5 mg/Nn.

[0164] The purified flue gas may have a total dust (conmg aerosols) not greater than 20
mg/Nnt, for example 10mg/Nfnor 5mg/Nni, or 2mg/Nm.

[0165] The purified flue gas may have ammonia escape ogmater than 5mg/Ninfor

example 2 mg/Nrh or 1 mg/Nni, or 0.5 mg/Nm

[0166] When the emission index requirements are low,ritiestment and operation costs can be
reduced by reducing levels of the absorption catoh and fine particle washing circulation
and/or spraying layer number and/or circulation hemand/or increasing the ammonium sulfite
content and pH values of the absorption liquid.

[0167] When the emission index requirements are striclifigd emissions may be achieved,or
production requirements of subsequent working pocesmay be met, by increasing levels of
the absorption circulation and fine particle waghiirculation and/or spraying layer number
and/or circulation number, and/or precisely cotitiglthe ammonium sulfite content and pH
values of the absorption liquid.

[0168] The mass fraction ratio of ammonium sulfate to amiona sulfite in one or more stage

of the absorption circulation liquid may be 1.5-199 for example, 9-99 : 1.
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[0169] The mass fraction ratio of ammonium sulfate to amiona sulfite in one or more stage

of the fine particle circulation washing liquid mbg 3-1999 : 1, for example, 9-999 : 1.

[0170] When it is needed to control harmful ions suchtdsrae ion and fluoride ion in the
circulation solution, a part of the fine particiecalation washing liquid may be directly prepared
as ammonium sulfate. The content of the chlorheimn the circulation solution may be less than
50,000 mg/L, for example, 10,000-31,000 mg/L, dralftuoride ion concentration may be less
than 20,000 mg/L, for example, 300-3,000 mg/L.

Selected illustrative embodiments:

1. A method for controlling aerosol production idgrabsorption in ammonia desulfurization,
wherein sulfur dioxide in flue gas is removed wéth absorption circulation liquid containing
ammonium sulfite, so as to control the aerosol petdn during absorption in ammonia
desulfurization.

2. The method of embodiment 1 wherein efficierdulieirization and dust removal are achieved
by staged solution composition control and reactiendition control, and at the same time of the
efficient desulfurization and dust removal, ammormscape and aerosol production are
controlled.

3. The method of embodiment 2 wherein the stag#dtisn composition control includes
concentration gradient control of ammonium sulfasmmonium bisulfite, ammonium sulfate, or
a combination thereof.

4. The method of embodiment 2 wherein the flue gagected to preliminary temperature
lowering and purification is allowed to contact kvihe absorption circulation liquid and a fine
particle washing circulation liquid sequentially & to achieve synergistic control of absorption,
oxidation and concentration, the absorption cirboteliquid is provided with 1 stage or multiple
stages as required, wherein one or more 1 stag@insrammonium sulfite and ammonium
sulfate, and the fine particle washing circulatiguid is provided with 1 stage or multiple stages

as required, wherein one or more stage containsosmium sulfite and ammonium sulfate.
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5.The method of embodiment 4 wherein the fine plartivashing circulation liquid has a pH
value being lower than a pH value of the absorptioculation liquid and an ammonium sulfite
content being less than an ammonium sulfite contetite absorption circulation liquid.

6. The method of embodiment 2 wherein an absorgémperature and a washing temperature
are controlled within a suitable range to reduce ¢mergy consumption while ensuring the
absorption efficiency and controlling ammonia escapd aerosols.

7. The method of embodiment 4 wherein when muatiphels are chosen for the absorption
circulation liquid, one or more 1 stage of comgositincludes 0.15%-4.95% ammonium sulfite
and 5%-38% ammonium sulfate, with a pH value of@l-ehe ammonium sulfite content of an
upper level of the absorption circulation liquidiésver than the ammonium sulfite content of a
lower level of the absorption circulation liquidpdior the pH value of an upper level of the
absorption circulation liquid is lower than the pldlue of a lower level of the absorption
circulation liquid.

8. The method of embodiment 4 wherein the absmwgtirculation liquid is of 1 to 2 stages, for
example, 1 stage.

9. The method of embodiment 4 wherein one or nstage of composition of the fine particle
washing circulation liquid includes 0.003%-1% amioom sulfite and 0.3%-38% ammonium
sulfate, with a pH value of 3-5.4.

10. The method of embodiment 9 wherein the fingigda washing circulation liquid is of 2
stages, and 1 of the stages contains ammoniumtesudfia a high concentration, wherein
ammonium sulfite is 0.1%-1% and ammonium sulfat2s38%.

11. The method of embodiment 6 wherein the absorpémperature is from 30°C to 70°C, for
example, from 35°C to 60°C, or from 45°C to 55°C.

12. The method of embodiment 6 wherein the wastengperature is from 28°C to 68°C, for

example, from 30°C to 55°C, or from 40°C to 50°C
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13. A device for controlling aerosol productionaimmonia desulfurization for implementing the
method of any one of embodiments 1 to 12, wheteéndevice includes a gas purification and
removal system, an oxidation system, and an auxiigstem.

14. The device of embodiment 13 wherein the aamilsystem includes an ammonium sulfate
post-processing system, an ammonia supply systeana @rocess water system.

15. The device of embodiment 13 wherein an absorpgbwer of the gas purification and
removal system uses divisional control, and inchua@re-washing zone, an absorption zone, and
a fine particle control zone, wherein each of thewashing zone, the absorption zone, and the
fine particle control zone is provided with one more layers of spraying layer, and an
apparatus/component which only allows gas to passethrough is provided between the
absorption zone and the pre-washing zone.

16. The device of embodiment 15 wherein an appsi@mponent which only allows gas to
pass therethrough is provided between the absargboe and the fine particle control zone, as
required.

17. The device of embodiment 15 wherein an appsi@mponent which only allows gas to
pass therethrough is provided within the absorptimme as required.

18. The device of embodiment 15 wherein an appsi@mponent which only allows gas to
pass therethrough is provided within the fine gétcontrol zone as required.

19. The device of embodiment 15 wherein the fiagigle control zone is provided with one or
more layers of demisters, and each layer of thewahing zone and the absorption zone is
provided with one or more layers of demisters agiired; the demisters use baffles, ridges,
fillers and wire mesh forms, or combination forrnereof.

20. The device of embodiment 15 wherein the ligoidjas ratio per layer is not less than 0.2
L/Nm? and the spray coverage is not less than 110%eimtisorption zone; and the liquid-to-gas
ratio is not less than 0.1 L/Nnand the spray coverage is not less than 105%cim leger of the

fine particle control zone.
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21. The device of embodiment 13 wherein the olodasystem is arranged with layers or
apparatus according to the requirements of thdisnleomposition control, and the fine particle
washing circulation liquid and the absorption ciation liquid are taken out from an oxidation
vessel of the oxidation system at different posgior different apparatus.

22. The device of embodiment 21 wherein 1-5 laydrgas-liquid dispersion enhancers are
provided within the oxidation vessel of the oxidatisystem.

23. The device of embodiment 22 wherein the gasdi dispersion enhancer can use one of
structured fillers, random fillers, perforated pkt gas caps, and aeration heads, or any
combination thereof.

24. The device of embodiment 21 wherein the oldavessel of the oxidation system has a
liquid level greater than 3 m and not less than 20&ess oxidation air.

25. The device of any one of embodiments 13-24reih:

the flue gas enters from the pre-washing zone suwcdoled and washed by a circulation washing
liquid in the pre-washing zone while the circulatiwvashing liquid is concentrated, and then the
flue gas passes through the absorption zone whertue gas is washed and desulfurized by the
absorption circulation liquid, passes through the particle control zone where fine particles are
removed by a fine particle circulation washing ldjtespectively, and then is discharged,;

the circulation washing liquid in the pre-washingne is mainly replenished from the fine
particle circulation washing liquid, and the finarficle circulation washing liquid and/or process
water is used to rinse fouling on a tower wall, #mel absorption circulation liquid is replenished
by the circulation washing liquid in the fine pahti control zone and/or process water; and

the absorption circulation liquid is oxidized iretbxidation system, and solutions with different
compositions are drawn from the oxidation vesseahefoxidation system at different positions
or different apparatus respectively for circulation

26. The device of embodiment 25 wherein the poueser is replenished from the fine particle

control zone.
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27. The device of embodiment 25 wherein the smhugf preliminary temperature lowering and
purification is lowering temperature and removingowith the circulation washing liquid.

28. The device of embodiment 15 wherein the flag iglet position is at 10%-40% of the tower
height, the height of the pre-washing zone is 1@%4f the tower height, the height of the
absorption zone is 10%-35% of the tower height, wedheight of the fine particle control zone
is 15%-70% of the tower height.

29. The device of embodiment 21 wherein the ratithe diameter of the absorption tower to
the diameter of the oxidation vessel is 0.5-3, edheight of the oxidation vessel is 0.3-6 times
the diameter of the absorption tower.

30. The device of embodiment 25 wherein the supaligas velocity of the absorption tower is
1 m/s-5 m/s; and/or the operation temperature@ptie-washing zone is from 40°C to 80°C.

31. The device of embodiment 25 wherein the comagon of SQ in original flue gas i<
30,000 mg/Nr

32. The device of embodiment 31 wherein the pdifilue gas can meet the most stringent
emission standard requirements or process requitsmeoridwide, and the device is optimized
and designed according to specific project requarsito reduce investment and operation costs
and improve the performance-price ratio.

33. The device of embodiment 31 wherein the mdiflue gas has S®f < 200 mg/Nni, for
example< 100 mg/Nni, < 35 mg/Nnd, or< 5 mg/Nni.

34. The device of embodiment 32 wherein the padifflue gas has total dust (containing
aerosols) of 20 mg/Nni, for example< 10mg/Nni, or< 5mg/Nn¥, or< 2mg/Nnf.

35. The device of embodiment 32 wherein ammon@es into the purified flue gas
5mg/NnT, for example< 2mg/Nn?, or< 1mg/Nn?, or< 0.5mg/Nn.

36. The device of embodiment 25 wherein when halriohs such as chloride and fluoride ions
in a circulation solution need to be controlleghaat of an absorption liquid is directly made into

a solid product by using a drying apparatus.
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37. The device of embodiment 36 wherein the cdntérthe chloride ion in the circulation
solution is less than 50,000 mg/L, for example,000;31,000 mg/L, and the fluoride ion
concentration is less than 20,000 mg/L, for exanf0®-3,000 mg/L.

38. The device of embodiment 21 wherein the smutomposition is controlled by forced
oxidation via an oxidation vessel and/or naturatiakon and/or making the pre-washing liquid
enter into the absorption zone and/or controlllmg @aperation temperature.

39. The device of embodiment 25 wherein the meastibn ratio of ammonium sulfate to
ammonium sulfite in one or more stage of the aligmrirculation liquid is 1.5-199 : 1.

40. The device of embodiment 20 wherein the m@sdibn ratio of ammonium sulfate to
ammonium sulfite in one or more stage of the fiagiple circulation washing liquid is 3-1999 :
1.

[0171] Apparatus and methods described herein are illisraApparatus and methods in
accordance with the invention will now be describedonnection with the FIGs, which form a
part hereof. The FIGS. show illustrative featureapgparatus and method steps in accordance
with the principles of the invention. It is to bederstood that other embodiments may be utilized
and that structural, functional and procedural riicalions may be made without departing from
the scope and spirit of the present invention.

[0172] The steps of the methods may be performed in agr athier than the order shown and/or
described herein. Embodiments may omit steps stamlfor described in connection with the
illustrative methods. Embodiments may include stbpsare neither shown nor described in
connection with the illustrative methods. lllusivatmethod steps may be combined. For
example, one illustrative method may include s&msvn in connection with another illustrative
method.

[0173] Some apparatus may omit features shown and/orideddn connection with illustrative
apparatus. Embodiments may include features tleat@ither shown nor described in connection

with the illustrative methods. Features of illustra apparatus may be combined. For example,
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one illustrative embodiment may include featuremashin connection with another illustrative
embodiment.

[0174] The apparatus and methods of the invention willéscribed in connection with
embodiments and features of illustrative devicé® devices will be described now with
reference to the accompanying drawings in the FI@Bich form a part hereof.

[0175] As shown in Figure 1, a method for controlling asigroduction during absorption in
ammonia desulfurization is performed by removinfuswioxide in flue gas with an absorption
circulation liquid containing ammonium sulfite, @ to control the aerosol production during
absorption in ammonia desulfurization.

[0176] Efficient desulfurization and dust removal may lbhiaved by staged solution
composition control and reaction condition contesid, concurrently, ammonia escape and
aerosol production are controlled.

[0177] The staged solution composition control mayincladecentration gradient control of
ammonium sulfite, ammonium bisulfite, ammonium atdf or a combination thereof.

[0178] The flue gas may enter from a pre-washing zonetfaélue gas, subjected to
preliminary temperature lowering and purificationthe pre-washing zone,may be allowed to
contact an absorption circulation liquid 7 andree fparticle washing circulation liquid 15
sequentially, to achieve synergistic control ofapton, oxidation and concentration. The
absorption circulation liquid may be provided wétlsingle stage that includes 1% ammonium
sulfite and 22% ammonium sulfate with a pH valu&.df and an absorption temperature ¢iGG0
The fine particle washing circulation liquid may ®vided with three levels, wherein the lower
level is a high-concentration ammonium sulfate-amionm sulfite mixed solution including 0.17%
ammonium sulfite and 22% ammonium sulfate with avalie of 4.5 and a washing temperature
of 49.3C, the second level is a dilute ammonium sulfateaamum sulfite mixed solution
including 0.01% ammonium sulfite and 1.5% ammongutfate with a pH value of 4.3 and a

washing temperature of 48, and the third level is process water.
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[0179] The apparatus may be configured to control aeq@smluction during absorption in
ammonia desulfurization. The apparatus may includas purification and removal system, an
oxidation system, and an auxiliary system. Thdli@ay system may include an ammonium
sulfate post-processing system, an ammonia sugpters, and a process water system.

[0180] The gas purification and removal system may incladebsorption tower 1, a fine
particle washing circulation tank 3, a pre-washsirgulation pump, and a fine particle washing
circulation pump. The absorption tower 1 may usesinal control and be divided into a pre-
washing zone 4, an absorption zone 5, and a firteelgacontrol zone 6, wherein the pre-washing
zone 4, the absorption zone 5, and the fine partichtrol zone 6 may be provided with three,
three, and five spraying layers, respectively, amgés-liquid separator a 17 which only allows
gas to pass therethrough, and allows the liqulietoonducted out from the side or the lower part,
may be provided between the absorption zone Stangre-washing zone 4. The fine particle
control zone may be divided into three sprayingfaywherein a gas-liquid separator b 18 which
only allows gas to pass therethrough, and alloeditjuid to be conducted out from the side or
the lower part, may be provided between the sespralying layer and the third spraying layer.
The fine particle washing circulation liquid 15layers 1-2 may be mixed with the absorption
circulation liquid 7, followed by flowing into arxalation vessel.

[0181] The fine particle control zone may be provided vediven layers of demisters, wherein
three layers are below the gas-liquid separatachiding one baffle layer and two ridge layers,
and four layers are below a purified flue gas du@lencluding one baffle layer, two ridge layers
and one wire mesh layer.

[0182] In each layer of the absorption zone, the liquigdias ratio may be 1.5 L/Ninand the
spray coverage may be 300%. In various layerbeofihe particle control zone, the liquid-to-gas
ratios may be, respectively, 0.15 L/Rini.1 L/Nn¥, 1.3 L/Nn¥, 0.15 L/Nn¥, and 1.5 L/Nm, and

the spray coverages may be, respectively, 1059862280%, 105%, and 300%.
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[0183] The oxidation system may include an oxidation vieBseherein the oxidation device 2
may be arranged with layers according to the requénts of the solution composition control.
The fine particle washing circulation liquid 15 athe absorption circulation liquid 7 may be
taken out from the oxidation vessel at differergipons. Five layers of gas-liquid dispersion
enhancers may be provided within the oxidation eesshe gas-liquid dispersion enhancer uses
a perforated plate.
[0184] The oxidation vessel may have a liquid level of 8amd 200% excess oxidation air.
[0185] The apparatus and methods may involve the followiagtrative process:

the flue gas enters from the pre-washing zone 4ismtoled and washed by a circulation
washing liquid in the pre-washing zone 4 while teulation washing liquid is concentrated,
and then the flue gas passes through the absorptioa 5 where the flue gas is washed and
desulfurized by the absorption circulation liquidpasses through the fine particle control zone 6
where fine particles are removed by the fine plartagrculation washing liquid 15 respectively,
and then is discharged,;

the circulation washing liquid in the pre-washinone 4 is mainly replenished by the fine
particle circulation washing liquid 15, the finerpele circulation washing liquid 15 and/or
process water 23 is used to rinse fouling on a towal and the like, and the absorption
circulation liquid is replenished by the fine pelei circulation washing liquid 15 and/or process
water 23; and

the absorption circulation liquid 7 is oxidized time oxidation vessel 2, and solutions with
different compositions are drawn from the oxidati@ssel 2 at different positions respectively
for circulation.
[0186] Sulfur dioxide in the flue gas may be removed waithabsorption circulation liquid
containing ammonium sulfite, ammonia may be comeeimto ammonium sulfite after being

added into the absorption circulation liquid forraomia desulfurization, and at the same time
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ammonia may be added into the pre-washing zoneeded to ensure that the free acid
indicators in the ammonium sulfate product meet 8Bg&equirements.

[0187] The process water 23 may be replenished from tigegarticle control zone 6 and the
fine particle washing circulation tank 3. The flyes inlet position may be at 12% of the tower
height of the absorber tower 1. The height ofgieewashing zone 4 may be 20% of the tower
height. The height of the absorption zone 5 ma$3% of the tower height. The height of the
fine particle control zone 6 may be 65% of the toheight.

[0188] The diameter ratio of the absorption tower 1 todkielation vessel 2 may be 1.5, and the
height of the oxidation vessel 2 may be 1.4 tinhesdiameter of the absorption tower 1.

[0189] The superficial gas velocity of the absorption towenay be 2.75 m/s; and the operation
temperature of the pre-washing zone 4 may BE55

[0190] The flue gas flow may be 186,000 Rlim the SG concentration may be 3000 mg/Rim
the total dust concentration may be 19.6 mg/N8@; in the purified flue gas may be 79.4
mg/Nnt, the total dust (including aerosol) may be 6.5Mmy?, and ammonia escape may be 1.8
mg/Nn.

[0191] The solution composition may be controlled maihisough forced oxidation in the
oxidation vessel 2 and controlling the operatiangerature.

[0192] The mass fraction ratio of ammonium sulfate to amionm sulfite in the absorption
circulation liquid 7 may be 22 : 1.

[0193] The mass fraction ratio of ammonium sulfate to amiono sulfite in the lowest fine
particle circulation washing liquid 15 may be 1294

EXAMPLES

[0194] The following examples, which are presented foppses of illustration and are not
intended to limit the scope of the invention. Apption of the principles of the invention is not
limited to the conditions set forth in the exampkesd it will be understood that the principles

encompasses various changes and modificationg exgimples described herein, and that such
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changes and modifications can be made without tdagdrom the spirit and scope of the
invention.
Example 1

1. Method for Controlling Aerosol Production DuginAbsorption in Ammonia
Desulfurization
[0195] Sulfur dioxide in flue gas was removed with an apson circulation liquid containing
ammonium sulfite, so as to control the aerosol petidn during absorption in ammonia
desulfurization.
[0196] Efficient desulfurization and dust removal wereiaeld by staged solution composition
control and reaction condition control, and, conently ammonia escape and aerosol production
were controlled.
[0197] The staged solution composition control included onmore of concentration gradient
control of ammonium sulfite, ammonium bisulfite, menium sulfate.
[0198] The flue gas entered from a pre-washing zone @fsorption tower, and the flue gas,
subjected to preliminary temperature lowering audfigation in the pre-washing zone, was
allowed to be contacted by an absorption circufaliguid 7 and a fine particle washing
circulation liquid 15 sequentially so as to achigyaergistic control of absorption, oxidation and
concentration. The absorption circulation liquidsaprovided with two levels, which were taken
out from an oxidation vessel at different positiansl delivered using separate pumps. The first
level of absorption circulation liquid included %5ammonium sulfite and 24% ammonium
sulfate with a pH value of 6.3 and an absorptiomgerature of 5IC, and the second level of
absorption circulation liquid included 0.9% ammanisulfite and 24% ammonium sulfate with
a pH value of 5.5 and an absorption temperatu&C. The fine particle washing circulation
liquid was provided with three levels, wherein tinst level was a high-concentration
ammonium sulfate-ammonium sulfite mixed solutioaluding 0.15% ammonium sulfite and 24%

ammonium sulfate with a pH value of 4.5 and a wagiemperature of 56, the second level
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was a dilute ammonium sulfate-ammonium sulfite migelution including 0.02% ammonium
sulfite and 2% ammonium sulfate with a pH valud @ and a washing temperature of 4€.8
and the third level was process water.

2. Device for Controlling Aerosol Production DuginAbsorption in Ammonia
Desulfurization
[0199] The device mainly included a gas purification aghoval system, an oxidation system,
and an auxiliary system. The auxiliary systemudeld an ammonium sulfate post-processing
system, an ammonia supply system, and a process syatem.
[0200] The gas purification and removal system includedlasorption tower 1, a fine particle
washing circulation tank 3, a pre-washing circalatppump, and a fine particle washing
circulation pump. The absorption tower 1 usedsirial control and was mainly divided into a
pre-washing zone 4, an absorption zone 5, andegofanticle control zone 6, wherein the pre-
washing zone 4, the absorption zone 5, and thepfanicle control zone 6 were provided with
three, three, and four spraying layers, respegtiagld a gas-liquid separator a 17 which only
allowed gas to pass therethrough was provided leghilee absorption zone 5 and the pre-
washing zone 4. A gas-liquid separator 17, whialy allows gas to pass therethrough,was also
provided between the absorption zone 5 and thepfangcle control zone 6. The fine particle
control zone 6 was divided into three spraying tayeherein a gas-liquid separator b 18, which
only allows gas to pass therethrough, was provimsdieen the first spraying layer and the
second spraying layer. The first layer of spragyili and the absorption circulation liquid entered
the oxidation vessel, respectively.
[0201] The fine particle control zone were provided witleflayers of demisters, wherein two
layers were below the gas-liquid separator b, anolided one baffle layer and one ridge layer,
and three layers were below a purified flue gate08t and included one ridge layer and two
wire mesh layers.

[0202] The absorption zone was provided with two layerbaifle demisters.
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[0203] In each layer of the absorption zone, the liquidrs ratio was 1.6 L/Nfnand the spray
coverage was 320%. In various layers of the femigle control zone from top to bottom, the
liquid-to-gas ratios were respectively 0.2 L/Riin2 L/Nn?, 1.3 L/Nn?, and 1.6 L/Nm, and the
spray coverages were respectively 110%, 260%, 280%320%.
[0204] The oxidation system included an oxidation vesselt#rein the oxidation device 2 was
arranged with layers according to the requiremehtke solution composition control. The fine
particle washing circulation liquid 15 and the aipsion circulation liquid 7 were taken out from
the oxidation vessel 2 at different positions. eHayers of gas-liquid dispersion enhancers were
provided within the oxidation vessel. The gas4ligdispersion enhancer used a perforated plate
and an aeration head.
[0205] The oxidation vessel had a liquid level of 9.3ng 260% excess oxidation air.

3. Processes and Parameters of Method for Cdngolherosol Production During
Absorption in Ammonia Desulfurization
[0206] The apparatus and methods may involve the followiagtrative process:
[0207] The flue gas entered from the pre-washing zonadiwascooled and washed by a
circulation washing liquid in the pre-washing z@hevhile the circulation washing liquid was
concentrated, and then the flue gas passed thitbegibsorption zone 5, where the flue gas was
washed and desulfurized by the absorption cirauidtguid 7, passed through the fine particle
control zone 6, where fine particles are removethiyfine particle circulation washing liquid 15,
and then was discharged.
[0208] The circulation washing liquid in the pre-washirmne 4 was mainly replenished from
the fine particle circulation washing liquid 15h&fine particle circulation washing liquid 15
and/or process water 23 was used to rinse foulngwer walls and the like, and the absorption
circulation liquid was replenished by the fine paet circulation washing liquid 15 and/or

process water 23.
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[0209] The absorption circulation liquid 7 was oxidizede oxidation vessel 2, and solutions
with different compositions were drawn from thedation vessel 2 at different positions
respectively into the absorption zone 5 and the fiiarticle control zone 6 for circulation.

[0210] The process water 23 was replenished from theplamgcle control zone 6 and the fine
particle washing circulation tank 3.

[0211] The second level of fine particle washing circaatiiquid 15 (a dilute ammonium
sulfate-ammonium sulfite mixed solution) was mixeith the first level of fine particle washing
circulation liquid 15 (a high-concentration ammanisulfate-ammonium sulfite mixed solution)
via a pipeline, and then sprayed at a spraying leythe fine particle control zone 6 of the
absorption tower 1.

[0212] The absorbent was 20% ammonia, which was repleshisite the pre-washing zone 4
and the oxidation vessel 2. Sulfur dioxide infloe gas was removed with an absorption
circulation liquid containing ammonium sulfite. Amonia was converted into ammonium sulfite
after being added into the oxidation vessel for amia desulfurization, and concurrently
ammonia was added into the pre-washing zone taenisat the free acid indicators in the
ammonium sulfate product meet the GB535 requiresaent

[0213] Oxidation air was added into the oxidation vessaizl the outlet gas from the oxidation
vessel 2 was introduced into the absorption zooktde absorption tower 1 for natural oxidation
of the absorption liquid.

[0214] The flue gas inlet position was at 11% of the tolaight of the absorber tower 1, the
height of the pre-washing zone 4 was 21% of theetdweight, the height of the absorption zone
5 was 20% of the tower height, and the height effile particle control zone 6 was 59% of the
tower height.

[0215] The diameter ratio of the absorption tower 1 todkielation vessel 2 was 1.1, and the

height of the oxidation vessel 2 was 1.2 timesieneter of the absorption tower 1.
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[0216] The superficial gas velocity of the absorption towevas 2.68m/s; and the operation
temperature of the pre-washing zone 4 w&€C56
[0217] The flue gas flow was designed to be 510,000/Nnthe SQ concentration was designed
to be 5,000 mg/Nr°’r,1 and the total dust concentration was designéxe too greater than 25
5 mg/Nnt,

[0218] During the test, S©in the purified flue gas was 21 mg/Nthe total dust (including
aerosol) was 1.3 mg/Ninand ammonia escape was 0.8 mgiNm
[0219] The solution compositions in different zones werstmlled mainly through forced
oxidation in the oxidation vessel 2, natural oxiolatin the absorption zone 4, controlling the

10 operation temperature and other means.

Table 1. Device design parameters

Number Process indicator Unit Numerical valug

1 Flue gas flow Nrifh 510,000

2 Flue gas inlet temperature °C 140-160

3 SQ concentration in flue gas mg/Nm 5,000

4 Dust concentration at flue gas inlget mgAm <25

5 SQ concentration in outlet flue ggs mg/Rim <35

6 Dust concentration in outlet flue gas ~ mg/Nn? <5

4 Ammon|aoﬁflcé?§3é:(§)jg§entrat|on mg/Nn? <1

8 Recovery rate of ammonia % >99.3

4. Implementation Effect
[0220] The flue gas in different working conditions wabjseted to ammonia desulfurization
and dust removal using the device and method ofrpl@ 1. Table 2 shows the test methods and
15 testinstruments. Table 3 shows the operatiompetexrs and test results.

Table 2. Test methods for each indicator andfishajor instruments

| Monitoring| Standard name and number jof Name and type of Instrument
Numbe : i :
item analytical method instrument number
Dust and Determination of particulates Laoying 3012H type 8042448,
1 fume and sampling methods of | dust and fume sampler 08244496
gaseous pollutants from Electronic balances | 18360886,
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exhausted gas of stationary  BS224S, AB204-S and
source GB/T16157-1996 1119051201
Determination of sulfur dioxide
from exhausted gas of station
SGQ source Fixed-potential Testo 35|0 flue gas 10%, and 1
electrolysis method HJ/T 57+ analyzer
2000
Determination of nitroge
oxides from exhausted gas of Testo 350 flue gas
NOyx [stationary source Fixed-potentia analvzer 10%, and 1
electrolysis method HJ/T 693- y
2014
Ambient air and exhausted ¢c-
Determination of ammonia . 02085809,
. , Laoying 3072H type
Ammonia Nessler 's reagent 722 spectrophotometef and
spectrophotometry 2c5BP363
HJ 533-2009
Electrochemical method -
Specifications and test
Oxygen procedures for continuous
content | emission monitoring systems (of Testo 350 flue gas 10%, and 1
) i analyzer
of flue gag flus gas emitted from stationary
sources (Appendix B) (HJ/T 76-
2007)
Platinum resistance meth-
Determination of particulates
Flue gas and sampling methods of TES-1310 /
temperature  gaseous pollutants from
exhausted gas of stationary
source (GB/T 16157-1996)
Specifications and test
procedures for continuous 8042448
Flue gas | emission monitoring systems jof Laoying 3012H type and '
humidity | flus gas emitted from stationary dust and fume sample
. 08244496
sources (Appendix B)
(HJ/T 76-2007)
Analytical balance, pH
Ammonia| Ammonia sulfate (GB 535- meter and other
sulfate 1995) conventional laboratory
instruments
Table 3. Device operating parameters and tesltsesu
Number Item Unit Test Comments
result
Flue gas Sta_ndard state, wet x10 m¥h 45 67 i
1 vglumet.ln bSatS|saandd a:c:ualdzc
absorption| Standard state, dry 3
tower basis, and 6% O x10'mvh | 41.34 i
System resistance Pa 1021 -
Original | SO, concentration Mean value
3 flue gas | (standard state, dry mg/Nn? 4230 during test
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parameters

5 basis, and 6% £)

0, (VIV)

%

Temperature

°C

127.3

Mean value
during test

Moisture content
(VIV)

%

9.05

Dust and fume
concentration
(standard state, dry
basis, and 6% £)

X mg/Nn?

23.6

SO, concentration

basis, and 6% £)

(standard state, dry mg/Nn?

21

Mean value
during test

0, (VIV)

%

Temperature

°C

49.8

Mean value
during test

Purified

Moisture content
(VIV)

%

14.23

flue gas

parameters

Dust and fume
concentration
(standard state, dry
basis, and 6% £)

mg/Nn?

1.3

Including
solid particles
and soluble
solid particles

Escape free
ammonia (standarc
state, dry basis, an

o=

6% O)

mg/Nnt

0.8

Desulfurization efficiency of

abs

orption tower

%

99.5

Dust removal efficiency of

abs

orption tower

%

94.5

Ammonia

basis of 20% ammonia)

consumption (on the

t/h

4.659

Amm

onia utilization

%

99.45

Ammonium
sulfate by-
product

Nitrogen
content

%

21.1

Moisture

%

0.25

Free acic
content

%

0.03

Example 2

1. Method for Controlling Aerosol

Desulfurization

Production DuginAbsorption

in  Ammonia

[0221] Sulfur dioxide in flue gas was removed with an apson circulation liquid containing

ammonium sulfite, so as to control the aerosol petidn during absorption in ammonia

desulfurization.
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[0222] Efficient desulfurization and dust removal wereiaeld by staged solution composition
control and reaction condition control, and conently ammonia escape and aerosol production
were controlled.
[0223] The staged solution composition control includedoamtration gradient control of one or
more of ammonium sulfite, ammonium bisulfite, ammom sulfate.
[0224] The flue gas enters from a pre-washing zone. [egedas, subjected to preliminary
temperature lowering and purification in the preshiag zone, was allowed to contact with an
absorption circulation liquid 7 and a fine partialashing circulation liquid 15 sequentially, so as
to achieve synergistic control of absorption, okimaand concentration. The absorption
circulation liquid was provided with two levels, ish were taken out from an absorption
circulation tank 16 at different positions and deted using separate pumps. The first level of
absorption circulation liquid included 2% ammonisaifite and 27% ammonium sulfate with a
pH value of 6.4 and an absorption temperature 8€48nd the second level of absorption
circulation liquid included 1.1% ammonium sulfiteda27.9% ammonium sulfate with a pH
value of 5.7 and an absorption temperature of°@8.7he fine particle washing circulation
liquid was provided with four levels, wherein thist level was a high-concentration ammonium
sulfate-ammonium sulfite mixed solution includin@® ammonium sulfite and 28.8%
ammonium sulfate with a pH value of 4.9 and a wagiemperature of 486, the second level
was a dilute ammonium sulfate-ammonium sulfite migelution including 0.03% ammonium
sulfite and 3.7% ammonium sulfate with a pH valtd.8 and a washing temperature of 48.2
the third level was a lower-concentration dilutenaomium sulfate-ammonium sulfite mixed
solution including 0.005% ammonium sulfite and 0.&&monium sulfate with a pH value of
4.25 and a washing temperature of 48,1and the fourth level was process water.

2. Device for Controlling Aerosol Production DuginAbsorption in Ammonia

Desulfurization
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[0225] The device mainly included a gas purification agiehoval system, an oxidation system,
and an auxiliary system. The auxiliary systemudeld an ammonium sulfate post-processing
system, an ammonia supply system, and a process syastem.

[0226] The gas purification and removal system includedlasorption tower 1, an absorption
circulation tank 16, a fine particle washing ciatidn tank a 3, a fine particle washing circulation
tank b 3, a pre-washing circulation pump, an algmrzirculation pump, and a fine particle
washing circulation pump. The absorption towesédudivisional control and was mainly
divided into a pre-washing zone 4, an absorptioreZs and a fine particle control zone 6,
wherein the pre-washing zone 4, the absorption 8oa@d the fine particle control zone 6 were
provided with three, four, and five spraying layeespectively, and a gas-liquid separator a 17
which only allowed gas to pass therethrough wasigea between the absorption zone 5 and the
pre-washing zone 4. A gas-liquid separator a lichvbnly allowed gas to pass therethrough
was also provided between the absorption zone Shenfine particle control zone 6. A gas-
liquid separator b 18which only allowed gas to ghssethrough was provided between the first
absorption (two spraying layer) and the secondratism (two spraying layer) in the absorption
zone 5, between the first spraying layer and terse spraying layer in the fine particle control
zone 6, and between the third spraying layer aaddbrth spraying layer in the fine particle
control zone. The absorption circulation liquidntered the absorption circulation tank. The
first layer of fine particle circulation washingjliid 15 entered the oxidation vessel 2. The
second layer and the third layer of fine partigteudation washing liquid 15 entered the fine
particle washing circulation tank a 3. The fodayer and the fifth layer of fine particle
circulation washing liquid 15 entered the fine w&twashing circulation tank b 3.

[0227] The fine particle control zone was provided withieselayers of demisters, wherein two
layers were below the gas-liquid separator b 1&éem the first spraying layer and the second
spraying layer including two ridge layers, two les/evere below the gas-liquid separator b 18

between the third spraying layer and the fourtlagpg layer included one ridge layer and one
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wire mesh layer, and three layers are below aipdrifue gas outlet 8 included one ridgelayer
and two wire mesh layers.
[0228] The absorption zone was provided with one laydradfie demisters and one layer of
ridge demisters.
[0229] In each layer of the absorption zone, the liquidis ratio was 2.1 L/Nand the spray
coverage was 400%. In various layers of the femtigde control zone from top to bottom, the
liquid-to-gas ratios were respectively 0.16 L/AIM.1 L/NnT, 1.4 LINnT, 1.4 L/Nn?, and 2.1
L/Nm?, and the spray coverages were respectively 1109864300%, 300%, and 400%.
[0230] The absorption circulation tank 16 was set witletayaccording to the requirements of
the solution composition control. The first leegélabsorption circulation liquid 7 and the second
level of absorption circulation liquid 7 were takeum from an absorption circulation tank 2 at
different positions. Two layers of gas-liquid désgion enhancers were provided within the
absorption circulation tank 16, which were struetlfillers.
[0231] The oxidation system included an oxidation vessdFie layers of gas-liquid dispersion
enhancers were provided within the oxidation ves$ék gas-liquid dispersion enhancer used a
perforated plate and an aeration head.
[0232] The liquid level in the oxidation vessel 2 was 10 m
[0233] The oxidation air added into the absorption cirtafatank 16 and the oxidation vessel 2
was in excess of 350%.
[0234] The ammonium sulfate post-processing system wasdao with a drying tower, through
which part of the fine particle circulation washiliguid was converted directly into ammonium
sulfate, so as to control the content of chlormeand fluoride ion in various circulation
solutions.

3. Processes and Parameters of Method for Cdngolherosol Production During
Absorption in Ammonia Desulfurization

[0235] Specific processes of the above method or device a®follows:
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[0236] The flue gas entered from the pre-washing zoneddaaas cooled and washed by a
circulation washing liquid in the pre-washing z@hehile the circulation washing liquid was
concentrated, and then the flue gas was passaapthtbe absorption zone 5, where the flue gas
was washed and desulfurized by the absorptionlation liquid 7, passed through the fine
particle control zone 6, where fine particles amaoved by the fine particle circulation washing
liquid 15, respectively, and then was discharged.

[0237] The circulation washing liquid in the pre-washirmne 4 was mainly replenished from
the fine particle circulation washing liquid 15 datfe fine particle circulation washing liquid 15
and/or process water 23 was used to rinse fouling mwer wall, and the absorption circulation
liquid was replenished by the fine particle cir¢ida washing liquid 15 and/or process water 23.
[0238] The absorption circulation liquid 7 was oxidizede absorption circulation tank 16, and
solutions with different compositions were drawonfrthe absorption circulation tank 16 at
different positions respectively into the first aligion and the second absorption.

[0239] The process water 23 was replenished from theplamtcle control zone 6 and the fine
particle washing circulation tank 3.

[0240] The second level and the third level of fine pétiwashing circulation liquid 15 (a dilute
ammonium sulfate-ammonium sulfite mixed solutioryereplenished into the oxidation vessel
2.

[0241] The fourth level of fine particle washing circutatiliquid 15 was replenished into the
fine particle washing circulation tank 3.

[0242] The first level of fine particle washing circulatitiquid 15 was replenished into the
absorption circulation tank 16.

[0243] The absorbent was liquid ammonia and was mainlignéghed into the absorption
circulation tank 16. Sulfur dioxide in the fluesgaas removed with an absorption circulation
liquid containing ammonium sulfite, and ammonia wasverted into ammonium sulfite after

being added into the absorption circulation tankdtGammonia desulfurization.
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[0244] Ammonia was added into the pre-washing zone 4 jissathe pH value to ensure that the
free acid indicators in the ammonium sulfate pradoet the GB535 requirements. Ammonia
was added into the oxidation vessel 2 to adjuspth@alue.

[0245] Oxidation air was added into the oxidation vessah@ the absorption circulation tank 16,
and the outlet gases from the oxidation vesseli2tlag absorption circulation tank 16 were
introduced into the absorption zone 4 of the aligmrgower 1 for natural oxidation of the
absorption liquid.

[0246] The flue gas inlet position was at 7% of the totweight of the absorber tower 1, the
height of the pre-washing zone 4 was 17% of theetdweight, the height of the absorption zone
5 was 25% of the tower height, and the height effihe particle control zone 6 was 58% of the
tower height.

[0247] The diameter ratio of the absorption tower 1 todkielation vessel 2 was 0.85, and the
height of the oxidation vessel 2 was 1.25 timediiheneter of the absorption tower 1.

[0248] The superficial gas velocity of the absorption towevas 2.64 m/s; and the operation
temperature of the pre-washing zone 4 wa51

[0249] The flue gas flow was designed to be 350,000/Nnthe SQ concentration was designed
to be 15,000 mg/Nfthe hydrogen chloride content was designed tb0emg/Nr, and the

total dust concentration was designed to be nagrézan 30 mg/Nrh

[0250] The flue gas had a high content of sulfur dioxiéédter calculation and analysis with
water balance, 10%-20% of the high-concentratioa fiarticle circulation washing liquid was
needed to be fed into an evaporation crystallipasigstem for separate treatment, and the rest of
the high-concentration fine particle circulationshiang liquid was concentrated and crystallized
in the pre-washing zone of the absorption towexkifg into account that the tower was designed
for flue gas hydrogen chloride content to be ufpG® mg/Nni, a drying apparatus was selected
(instead of the evaporation crystallization systermgrein 10%-20% of the high-concentration

fine particle circulation washing liquid was dridlectly in the drying apparatus to control the
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chloride ion concentration to be 10,000-30,000 nagitl the fluoride ion concentration control to
be 500-2,800 mg/L in the circulation liquid.
[0251] During the test, S©in the purified flue gas was 3.4 mg/Rirthe total dust (including
aerosol) was 0.9 mg/Ninand ammonia escape was 0.25 mgiNm

5 [0252] The solution compositions in different zones wearstmlled mainly through forced
oxidation in the oxidation vessel 2, forced oxidatin the absorption circulation tank 16, natural
oxidation in the absorption zone 4, controlling tperation temperature and other means.

Table 4. Device design parameters

Number Process indicator Unit Numerical valule

1 Flue gas flow Nrith 350000

2 Flue gas inlet temperature °C 130-142

3 SQ concentration in flue gas mg/Nm 15000

4 Dust concentration at flue gas inlet mgAm <30

5 SQ concentration in outlet flue gas mg/Rim <5

6 Dust concentration in outlet flue gas  mg/Nn?® <2

- Ammonia escape concentration in mg/NIT? <05

outlet flue gas

8 Recovery rate of ammonia % > 99

4. Implementation Effect
10 [0253] The flue gas in different working conditions wabjsated to ammonia desulfurization
and dust removal using the device and method ofrpl@2. Table 5 shows the test methods and
test instruments. Table 6 shows the operatiompeters and test results.

Table 5. Test methods for each indicator andfishajor instruments

| Monitoring| Standard name and number|of Name and type of Instrument
item analytical method instrument number

D?ﬁé@g}i“ﬁg O];nza,:ﬁgc dusl’act)? Laoying 3012H type 8042448,
1 Dust and aseousp oﬁutants from dust and fume sampley 08244496
9 P Electronic balances | 18360886,

fume exhausted gas of stationar
source GB/T16157-1996 | BS224S, AB204-S | 1119051201

Determination of sulfur dioxid Testo 350 flue ga
10°, and ¥
from exhausted gas of analyzer

Numbe

192}

2 SG
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stationary source Fixed-
potential electrolysis method
HJ/T 57-2000
Determination of nitrogen
oxides from exhausted gas of
NO stationary source Fixed- Testo 35|0 flue gas 10*, and 1
potential electrolysis method analyzer
HJ/T 693-2014
Ambient air and exhausted ¢
- Determination of ammonig . 02085809,
. , Laoying 3072H type
Ammonia Nessler 's reagent 722 spectrophotomete and
spectrophotometry 2c5BP363
HJ 533-2009
Electrochemical method -
Specifications and test
Oxygen propedures_for_ continuous Testo 350 flue gas
content |emission monitoring systems 10*, and 1
) . analyzer
of flue gagflus gas emitted frorstationary
sources (Appendix B) (HJ/T|
76-2007)
Platinum resistance method
Determination of particulates
Flue gas| and sampling methods of TES-1310 /
temperature  gaseous pollutants from
exhausted gas of stationary
source (GB/T 16157-1996)
Specifications and te
procedures for continuous
Flue gas |emission monitoring systems, Laoying 3012H type | 8042448,
humidity |flus gas emitted from stationg dust and fume sampler 08244496
sources (Appendix B)
(HJ/T 76-2007)
Analytical balance, pH
Ammonia| Ammonia sulfate (GB 535- meter and other
sulfate 1995) conventional laboratory
instruments
Table 6. Device operating parameters and teslisesu
Number Item Unit Test Comments
result
Flue gas Sta_ndard state, WEtxlO“ mih | 3144
volume in | basis, and actual(Q
absorption| Standard state, dn 3
tower basis, and 6% O x10" m/h 28.95
System resistance Pa 185( -
SO, concentration Mean value
Original (standard state, dry mg/Nnt | 12285 during test
flue gas basis, and 6% £)
0O, (VIV) % - -
parameters
Temperature °C 128 Mea_m value
during test
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Moisture content
(VIV)

Dust and fume
concentration
(standard state, dry
basis, and 6% £
SO, concentration

% 7.92 -

mg/Nnt® 27.5 -

(standard state, dry mg/Nnt 3.4 '\élﬁﬁ:: v?eI:;a
basis, and 6% £) g
0O, (VIV) % - -
o Mean value
Temperature C 48.2 during test
Purifiedflue| MOISture content | o, 13.75 i
4 gas (VIV) .
Dust and fume Including
parameters . : :
concentration ma/Nm? 09 solid particles|
(standard state, dry 9 ' and soluble
basis, and 6% £) solid particles

Escape free
ammonia (standard
state, dry basis, and

6% O)
Desulfurization efficiency o

mg/Nn? 0.25 -

5 : % 99.97
absorption tower
6 Dust remova_ll efficiency of % 96.7 i
absorption tower
Ammonia consumption (on the
basis of 99.6% liquid ammonia th 1.907
8 Ammonia utilization % 99.75 -
Nitrogen % 212
Ammonium co_ntent
9 Moisture % 0.3 -
sulfate by-produc Free acid
% 0.05 -
content

[0254] Thus, apparatus and methods for controlling aenqmsmluction during absorption of

sulfur dioxide from a flue gas have been provideetsons skilled in the art will appreciate that
the present invention can be practiced by othar tha described examples, which are presented
for purposes of illustration rather than of limitei. The present invention is limited only by the

claims that follow.
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WHAT IS CLAIMED IS:

1. A method for controlling aerosol production dgriabsorption of sulfur
dioxide from a flue gas, the method comprising gipgl an ammonium salt gradient to the flue

gas.

2. The method of claim 1 further comprising applyia reaction condition

gradient to the flue gas.

3. The method of claim 1 wherein the applying ameamium salt gradient
comprises applying:

a first ammonium salt concentration at a first staand

a second ammonium salt concentration at a secagé;st

wherein the first stage is upstream, relative &fthe gas, from the second stage.

4, The method of claim 3 wherein the salt includgegsmonium sulfite,

ammonium bisulfite, or ammonium sulfate.

5. The method of claim 3 wherein the first concatitn is greater than the

second concentration.

6. The method of claim 5 wherein the applying atfiammonium salt
concentration at a first stage comprises sprayiospmotion circulation liquid on the flue gas in a

sulfur dioxide absorption process; and/or

wherein the applying a second ammonium salt conggorh at a second stage
comprises spraying absorption circulation liquidtba flue gas in the sulfur dioxide absorption

process; and/or
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wherein the applying a first ammonium salt concemin at a first stage
comprises spraying fine particle washing circulatimuid on the flue gas in a fine particle

washing process; and/or

wherein the applying a second ammonium salt conggorh at a second stage
comprises spraying fine particle washing circulatlmuid on the flue gas in the fine particle

washing process.

7. The method of claim 2 wherein the applying atiea condition gradient
comprises providing:

a first temperature at a first stage; and

a second temperature at a second stage;

wherein the first stage is upstream, relative &fthe gas, from the second stage.

8. The method of claim 7 wherein the first tempematis greater than the

second temperature.

9. The method of claim 8 wherein the providingratftemperature at a first

stage comprises setting a first temperature iffarsdioxide absorption process; and/or

wherein the providing a second temperature at angkestage comprises setting a

second temperature in a fine particle washing @®ce

10. The method of claim 2 wherein the applying @at®n condition gradient
comprises providing:

a first pH at a first stage; and

a second pH at a second stage;

wherein the first stage is upstream, relative &ofthe gas, from the second stage.

11. The method of claim 10 wherein the first pigrieater than the second pH.
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12. The method of claim 11 wherein the providingrst pH at a first stage
comprises spraying absorption circulation liquid tbe flue gas in a sulfur dioxide absorption
process; and/or wherein the providing a first pH dirst stage comprises spraying fine particle

washing circulation liquid on the flue gas in aefiparticle washing process.

13. The method of claim 12 wherein the providingegond pH at a second
stage comprises spraying absorption circulatiomidicon the flue gas in the sulfur dioxide
absorption process; and/or wherein the providingeeond pH at a second stage comprises

spraying fine particle washing circulation liquish ahe flue gas in the fine particle washing

process.

14. The method of claim 2 further comprising:

cooling and purifying the flue gas;

after the cooling and purifying, absorbing sulfizxide; and,

after the absorbing, removing the flue gas witina particle washing circulation
liquid;
wherein:

the applying an ammonium salt gradient is performaéidr the purifying and
cooling; and

the absorbing and the removing both include:
spraying ammonium sulfite; and

spraying ammonium sulfate.

15. The method of claim 14 wherein:
the absorbing includes spraying absorption cirgutdiquid on the flue gas; and
the fine particle washing circulation liquid has:

a pH that is lower than a pH of the absorptionutation liquid; and
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an ammonium sulfite concentration less than an amumo sulfite

concentration of the absorption circulation liquid.

16. The method of claim 2 wherein:

the reaction condition is a temperature gradienfindd by an absorption
5 temperature and a washing temperature; and

the applying a reaction condition gradient includes

controlling the absorption temperature and the washemperature to

reduce an energy consumption;
maintaining an absorption efficiency;
10 maintaining a limit on ammonia escape; and

maintaining a limit on aerosol escape.

17. The method of claim 16 wherein the absorptongerature is in the range

30°C to 70°C, or 35°C to 60°C, or 45°C to 55°C.

18. The method of claim 16 wherein the washing &majure is in the range

15 28°Cto 68°C, or 30°C to 55°C, or 40°C to 50°C.

19. The method of claim 14 wherein:
the absorbing includes:
spraying an absorption circulation liquid at a lowtage;
spraying an absorption circulation liquid at an emppstage that is
20 downstream, relative to the flue gas, from the lostage; and
the absorption circulation liquid at one or bothte lower and upper stages:
comprises:
0.15%-4.95% ammonium sulfite; and
5%-38% ammonium sulfate; and

25 has a pH value in the range 4-6.6;
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wherein the ammonium sulfite concentration of tippear stage absorption circulation liquid is
lower than the ammonium sulfite concentration @& kbwer stage of the absorption circulation

liquid.

20. The method of claim 19 wherein the pH of thearpstage absorption

5 circulation liquid is lower than the pH of the lom&age absorption circulation liquid.

21.  The method of claim 14 wherein:
the absorbing includes:
spraying an absorption circulation liquid at a lowtage;
spraying an absorption circulation liquid at an emppstage that is
10 downstream, relative to the flue gas, from the lostage; and
the absorption circulation liquid at one or botrtté lower and upper stages:
includes:
0.15%-4.95% ammonium sulfite; and
5%-38% ammonium sulfate; and
15 has a pH value in the range 4-6.6;
wherein the pH of the upper stage absorption atout liquid is lower than the pH of the lower

stage absorption circulation liquid.

22. The method of claim 14 wherein the absorbinglushes spraying

absorption circulation liquid at a single staged/an

20 wherein the absorbing includes spraying absorpticoulation liquid at only two

stages.

23. The method of claim 14 wherein, at a stagehef removing, the fine

particle washing circulation liquid:

comprises:
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0.003%-1% ammonium sulfite; and
0.3%-38% ammonium sulfate; and

has a pH in the range 3-5.4.

24, The method of claim 23 wherein:
the removing comprises spraying fine particle waghgirculation liquid at two
stages; and,
at a stage of the stages, the fine particle wastineglation liquid includes:
0.1%-1% ammonium sulfite; and

5%-38% ammonium sulfate.

25.  Apparatus for controlling aerosol productionaimmonia desulfurization,
the apparatus comprising:

a gas purification and removal system that is guméd to apply an ammonium
salt gradient to flue gas;

an oxidation system; and

an auxiliary system.

26. The apparatus of claim 25 wherein the oxidatsystem includes an
oxidation vessel that is configured to:

force oxidation of input ammonium solution to yieddplurality of outputs of
different degrees of oxidation of the ammonium 8ohy and

provide the outputs to the gas purification and aeah system to define the

gradient; and/or

wherein the auxiliary system comprises:

an ammonium sulfate post-processing system;
an ammonia supply system; and

a process water system.
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27. The apparatus of claim 25 further comprising:
a tower that:
houses the gas purification and removal system; and
includes:
5 a pre-washing zone;
an absorption zone; and
a fine particle control zone;
a component disposed between the absorption zahthampre-washing zone that
allows only gas to pass; and
10 a plurality of spraying layers, each of the pre-wag zone, the absorption zone,
and the fine particle control zone including a gpr@ layer of the plurality;
wherein the tower is configured to provide divisabrontrol of solution compositions to the

spraying layers.

28. The apparatus of claim 27 wherein the oxidasigstem:
15 includes the spraying layers; and
is configured to control interaction between ligsrayed at different ones of the
spraying layers and the flue gas at the differemsoof the spraying layers to naturally oxidize
the liquid to yield a plurality of outputs of difient degrees of oxidation of ammonium solution

to define the gradient; and/or

20 wherein the oxidation system is configured to calrdin operation temperature of

the pre-washing zone to control the gradient; and/o

wherein the oxidation system is configured to calrdin operation temperature of

the absorption zone to control the gradient; and/or

wherein the oxidation system is configured to calrdin operation temperature of

25 the fine particle control zone to control the geadj and/or
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wherein the oxidation system is configured to calrdin operation temperature of
the pre-washing zone and to control an operatiopégature of the fine particle zone, to control

the gradient; and/or

wherein the oxidation system is configured to calrdin operation temperature of

the absorption zone to control the gradient; and/or

wherein the oxidation system is configured to calrdin operation temperature of

the fine particle zone to control the gradient;/and

wherein the oxidation system is configured to calrdin operation temperature of

the fine particle zone to control the gradient;/and

wherein the oxidation system does not include esfdroxidation vessel; and/or

wherein the oxidation system is configured to ropite-washing liquid into the

absorption zone.

29. The apparatus of claim 27 wherein each zonleides a single spraying

layer; and/or

wherein a zone of the zones includes a pluralitypoéying layers; and/or

further comprising a component disposed betweenatisorption zone and the

fine particle control zone that allows only gap&ss; and/or

further comprising a component disposed within absorption zone that allows

only gas to pass; and/or
further comprising a component disposed withinfthe particle control zone that

allows only gas to pass.
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30. The apparatus of claim 27 further comprisinglarality of demister
layers;
wherein:
a demister layer of the plurality is disposed ia time particle control zone; and
5 a demister layer of the plurality is disposed icheapraying layer of the pre-

washing zone and the absorption zone.

31. The apparatus of claim 30 wherein a demisteéhefplurality of demister

layers includes a baffle; and/or
wherein a demister of the plurality of demisterdesyincludes a ridge; and/or
10 wherein a demister of the plurality of demisterdesyincludes filler; and/or
wherein a demister of the plurality of demisterdesyincludes a wire mesh and/or

wherein a demister of the plurality of demisterelesyincludes a structure selected
from the group consisting of:
a baffle;
15 a ridge;
filler;
wire mesh; and

a combination of one or more of a baffle; a ridgksr; and wire mesh.

32. The apparatus of claim 27 wherein:
20 in each spraying layer of the absorption zone:
a liquid-to-gas ratio is not less than 0.2 L/fj=nd
spray coverage is not less than 110%; and,
in each spraying layer of the fine particle contahe:

a liquid-to-gas ratio is not less than 0.1 L/Aj=nd
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spray coverage is not less than 105%.

33. The apparatus of claim 25 wherein the oxidasigstem:
includes a plurality of sections, each section egponding to an ammonium
solution of a different composition;
5 is configured, to form the ammonium salt gradiémiprovide:
to a fine particle washing circulation liquid a goosition of the different
compositions; and
to an absorption circulation liquid a compositiod the different

compositions to form the ammonium salt gradient.

10 34. The apparatus of claim 33 wherein each sedidefined by a layer of the

oxidation system; and/or

wherein each section is defined by a componertebkidation system; and/or

wherein each section occupies a different positiche oxidation system; and/or

wherein the oxidation system includes 1-5 layers gaf-liquid dispersion

15 enhancers; and/or

wherein the oxidation system:
includes a liquid stage having a height greatem than; and

is configured to provide not less than 20% excegadion air.

35. The apparatus of claim 27 wherein the towebidigured to:
20 cool and wash the flue gas using circulation wagHhiguid in the pre-washing
zone, and simultaneously increase a concentratitreairculation washing liquid;
pass the flue gas through the absorption zonehiohathe flue gas is washed and

desulfurized by absorption circulation liquid;
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pass the flue gas through the fine particle corgoole, in which fine particles are
removed by a fine particle circulation washing ldju

discharge the flue gas;

replenish the circulation washing liquid in the pvashing zone from the fine
particle circulation washing liquid;

rinse fouling on a tower wall;

replenish the absorption circulation liquid;

oxidize the absorption circulation liquid in theidation system, and

draw circulation liquids with different compositierirom different sections of an

oxidation system for distribution to the differeanes.

36. The apparatus of claim 35 wherein the fineiglartirculation washing

liquid is a majority constituent of circulation wasg liquid replenishment fluids; and/or

wherein the tower is configured to rinse fouling Bpraying fine particle

circulation washing liquid; and/or

wherein the tower is configured to rinse foulingdpraying process water; and/or

wherein the absorption circulation liquid is reptred by liquid from a fine

particle control zone; and/or

wherein the absorption circulation liquid is repsted by process water; and/or

wherein the process water is replenished fromdidom the fine particle control

zone.

37. The apparatus of claim 35 wherein the toweroisfigured to provide a

superficial flue gas velocity in the range 1-5 m/s.
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38. The apparatus of claim 37 wherein the toweoisfigured to provide in

the pre-washing zone a temperature in the rangé #)80°C; and/or

wherein the tower is configured to receive flue lgaging an S@concentration as

high as 30,000 mg/Nin

39. The apparatus of claim 38 wherein the towéurihier configured to:
exhaust purified flue gas that conforms to:

all emission requirements of GB13223-2011; and

Environment and Development, 2015, No. 164 in @hand,
relative to ammonia-based desulfurization and edetdtic-demisting set forth in

PCT/US2002/039095, have:
a cost of construction that is 10-20% less;
an operation cost that is 5-10% less; and

a performance-price ratio that is 15-30% less.

40. The apparatus of claim 39 wherein flue gashdisged from the tower has
an SQ concentration not greater than 200 mgANor the concentration is not greater than 100
mg/Nn, or the concentration is not greater than 35 mg/Not the concentration is not greater

than 5 mg/Nm

41. The apparatus of claim 39 wherein the fluedjissharged from the tower
has total dust concentration, including aerosais gneater than 20 mg/Niyor the concentration
is not greater than 10 mg/Nmor the concentration is not greater than 5 mg/Non the

concentration is not greater than 2 mgANm

42. The apparatus of claim 39 wherein the fluedjssharged from the tower

has an ammonia concentration not greater than Bimy/or the concentration is not greater than
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2 mg/NnT, or the concentration is not greater than 1 mg/Nmthe concentration is not greater

than 0.5 mg/Nrh

43. The apparatus of claim 38 wherein flue gashdisged from the tower has
an SQ concentration not greater than 200 mgANor the concentration is not greater than 100
mg/NnT, or the concentration is not greater than 35 mg/Nmthe concentration is not greater

than 5 mg/Nm

44, The apparatus of claim 38 wherein the fluedjssharged from the tower
has total dust concentration, including aerosais gneater than 20 mg/Niyor the concentration
is not greater than 10 mg/Nmor the concentration is not greater than 5 mgiNon the

concentration is not greater than 2 mgfANm

45. The apparatus of claim 38 wherein the fluedjssharged from the tower
has an ammonia concentration not greater than Blmig/or the concentration is not greater than
2 mg/Nnf, or the concentration is not greater than 1 mg/Nmthe concentration is not greater

than 0.5 mg/Nrh

46. The apparatus of claim 35 further comprisinglrging device that is
configured to:
receive absorption liquid; and

produce a solid product that includes an ion frooreulation liquid.
47. The apparatus of claim 46 wherein the ion israde or fluoride.

48. The apparatus of claim 46 wherein the dryingiageis configured to
reduce:
the circulation liquid chloride ion concentratianléss than 50,000 mg/L; and

the circulation liquid fluoride ion concentratiomless than 20,000 mg/L.
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reduce:

reduce:

reduce:

49. The apparatus of claim 46 wherein the dryingiadeis configured to

the circulation liquid chloride ion concentratianléss than 50,000 mg/L; and

the circulation liquid fluoride ion concentratiom 300-3000 mg/L.

50. The apparatus of claim 46 wherein the dryingiadeis configured to

the circulation liquid chloride ion concentratian10,000-31,000 mg/L; and

the circulation liquid fluoride ion concentratiomless than 20,000 mg/L.

51. The apparatus of claim 46 wherein the dryingiageis configured to

the circulation liquid chloride ion concentratian10,000-31,000 mg/L; and

the circulation liquid fluoride ion concentratiom 300-3000 mg/L.

52. The apparatus of claim 35 wherein the toweranfigured to spray, in a

spraying layer in the absorption zone, absorptiarutation liquid having a mass fraction ratio of

ammonium sulfate to ammonium sulfite that is inttiege 1.5-199 to 1.

53. The apparatus of claim 35 wherein the toweranfigured to spray, in a

spraying layer in the fine particle absorption zdiree particle circulation washing liquid having

a mass fraction ratio of ammonium sulfate to ammensulfite that is in the range 3-1999 to 1.
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