A PROCESS AND SYSTEM FOR QUENCHI NG HEAT, SCRUBBI NG, CLEANI NG AND

NEUTRALI ZI NG ACI DI C MEDI A PRESENT I N THE FLUE GAS FROM THE FI RI NG OF FOSSI L
FUEL Fi elwloebittdsgrsknvention: This invention relates to @cmanshopiowess and
system for quenching heat, scrubbing, cleaning and neutralizing acidic

medi a present in ACROGAESS 4&D SYSTEM HORIQUESCHINGNREATYSERUBBING,n parti cul ar
provi des the process of neutCIHANINGANDIYEIKRAIIZINGDDI ng of the acidic nedia
present in fossil AfdipIC MEPROIPRESES TN THEFLIEIGASHFRAM JHBIRRINGhe suspended
particulate matters present in theFfFbsgLgaELwi t h hi ghly al kal i ne scrubbi ng
medi a. Background Liquid, neutralization and scrubbing nedia is normally
used for renoval of acidic nmedia (like oxides of Sul phur) present in fossil
fuel figedabris ﬂlqﬁnﬁﬂ:ghl y Al kal i ne substance |ike Caustic Soda, M Ik of
lime etc are usually mxed in water and the dissolved solution is used as a
| i qui d fbist inventzat relatesinol as oovetd bprogessetidasystena foi qeedchimgnheat sswbbibber . |t
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fossil fuel fired gas with seawater in a direct contact venturi

scr ubbepresemskiadossill fuahfited Ruesgascasrwelbds trapping the syspendedspasticiate anatters
particul ate matters presgnt. 4 5]9? | ue .well as to neutralize the
aci di c RESTH "E)?l'ées ur?tgoalsr‘l“&ﬂ;elgfflpue glgés%u?@%gﬁ‘%ﬁg’l'kal ine matter present in
seawat er/ scrubbing liquid. The pressure drop across the venturi scrubber

i ncreases the turbul ence between the scrubbing liquid and the hot and dirty
flue gaBarkereuad to intimte contact between them This ensures _
neutral L{cglti('l HeufthliAtibf afid @%bﬁingrrﬁétﬁﬁnis héinta ﬁ JSH" fordemodal (yﬂckq%@%etdfdapp! ng
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is recycled with a bleed and not passed through the scrubber as once
t hr oughnormally not economical to neutralize the acidic media present in the flue gas by this

method leading to the flue gas being dissipated into the atmosphere without scrubbing and

cleaning.

Scrubbing the hot and dirty fossil fuel fired gas with seawater in a direct contact venturi
scrubber/packed column is also carried out to trap the suspended particulate matters
present in the flue gas as well as to neutralize the acidic media present in the flue gas with
the alkaline matter present in seawater/scrubbing liquid. The pressure drop across the
venturi scrubber increases the turbulence between the scrubbing liquid and the hot and
dirty flue gas leading to intimate contact between them. This ensures neutralization of
acidic media present in the flue gas as well as trapping of suspended particulate matter

present in the flue gas — in the scrubbing liquid.

Waste heat present in fossil fuel fired flue gas which is normally being dissipated into the
atmosphere can be used to evaporate some water from seawater. The concentrated
seawater can then be used to neutralize the acidic gaseous media present in the same flue
gas as long as the seawater is recycled with a bleed and not passed through the scrubber as

once through.



bj ect of the Invention: The object of this invention is to effectively
utilize the waste heat present in the flue gas to concentrate seawater thus
rai si ng twe 2alik@bisae val ue of seawater and generating apbirgRioioadokal i ne
scrubbing nedia. Using the high tenperature and high pressure of the bl ow
down froma fossil fuel fired boiler to atom ze the scrubbing nedi a
(concent{,at ed oL, npr . seawater) and spray the sanme into the flow of hot
and di rtyb]f’%%sogit e?%vg’ﬁhplg? ed flue gas. Summary of the Invention: The present
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val ue and sinmultaneously this leads to efficient neutralization of the
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envi sagdwerely incrzatingthealkdhingh of tepea statere and hi gh pressure present in

boil er bl ow down froma fossil fuel fired boiler, |eading to quenching,
scrubbing and cleaning of the flue gas itself. The contact between the _
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simultaneously this leads to efficient neutralization of the acidic media present in the said

hot and dirty fossil fuel fired flue gas itself.

The invention further provides a process for atomizing and spraying the scrubbing liquid
which can also be seawater to increase the probaibility of direct contact between the acidic
media present in the hot and dirty fossil fuel fired flue gas and the alkaline matter present
in the scrubbing liquid leading to scrubbing, cleaning and quenching of the said hot and

dirty fossil fuel fired flue gas.

The process and system for atomizing and spraying of seawater / scrubbing liquid into hot
and dirty flue gas envisages utilization of high temperature and high pressure present in
boiler blow down from a fossil fuel fired boiler, leading to quenching, scrubbing and
cleaning of the flue gas itself. The contact between the alkaline matter present in seawater
/ scrubbing liquid and the acidic media present in the hot and dirty flue gas is raised due to
the fine atomized spraying of the scrubbing media directly into the flow of fossil fuel fired

flue gas. This leads to neutralization of the acidic media as well as trapping of suspended



particulate matters present in hot and dirty fossil fuel fired flue gas by
the seawater / scrubbing liquid. Further this process is environnent
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around 3.5 parts per mllion. By evaporating and renoving sone water from
seawater the (TDS) Total Dissolved Solids of the said sea water can be
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pressurized |iquid is then rel eased through o )
media in the direct contact scrubber itself, to neutralize the acidic substance present in the

said hot and dirty fossil fuel fired flue gas.

Seawater normally has a Total Dissolved Solids of around 3.5 parts per million. By
evaporating and removing some water from seawater the (TDS) Total Dissolved Solids of

the said sea water can be raised to more than 20 parts per million.

According to another embodiment of the invention instead of maintaining a high pressure
drop across an appropriately designed Direct Contact Evaporator/Venturi Scrubber for
enhancing contact between hot and dirty flue gas from a fossil fuel fired boiler with
sufficient quantity of seawater/scrubbing liquid there by creating high turbulence in the
throat area of the venturi scrubber; it is now advocated that the high temperature and high
pressure present in the boiler blow-down (waste water) to be appropriately used to atomize

and spray the seawater / scrubbing liquid into the flow of hot and dirty flue gas.

Conventionally there are normally two methods for atomising a liquid - 1) pressure
atomisation and 2) auxillary fluid atomisation. In Pressure atomization the liquid is

pressurized with the help of pumps. The pressurized liquid is then released through



WO 2011/ 067784PCT/ 1N2010/ 000776 nozzl es whi ch have tiny pores/hol es where
it expands and atom zes itself. Commonly the the nozzle will get
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t he proce essure across enturi is directly related to
the efficient scrubbing and cleaning of the hot - dirty flue gas. Hi gher
the pressure drop across the venturi scruhbhber there w|l be increase in
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t he hot duct HFG ret , the pressure drop across the venturi
scr ubberstibbingesd nlzaning medig ihi k. direct contact scrubber to neutralize the acidic

substance present in the fossil fuel fired flue gas.



Hot flue gas is let into the duct before the DCS through inlet HFG and warm
saturated flue gas is renoved through outlet SFG The spent brackish water
wi th suspsodet/®oeisids and the neutralized substance is pemNadobéwrmugh
outlet P. Fresh seawater is introduced to the DCS through nozzle S

Conti nuous re-circulation of seawater using punp PMP will raise the
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necessary variaftions in the invention le 1: A process andyﬁgstemfor
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fossil b y
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seavvatelbml@oncentrat ed seawater can al so be generat ed i n | agoons using

' SOLAR energy as the heating nedia and this concentrated seawater can be

i ntroduced to the scrubber for further concentration and hot flue gas
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salt Is off%h r?laoq /du%r' ¥I§1% %lals Iﬁ%ﬁer - ‘pressure drop across the venturi scrubber there will

be increase in electric power consumption by the blower BLOW to convey the flue gas.

Due to atomized spraying of seawater / scrubbing liquid through nozzle BD in the hot duct

HFG before the DCS, the pressure drop across the venturi scrubber/DCS need not be very
high.

Hot flue gas is let into the duct before the DCS through inlet HFG and warm saturated flue
gas is removed through outlet SFG. The spent brackish water with suspended solids and
the neutralized substance is removed through 6ut1et P. Fresh seawater is introduced to the
DCS through nozzle S. Continuous re-circulation of seawater using pump PMP will raise
the concentration level of the seawater making it more conducive to neutralize the acidic

media present in the hot and dirty flue gas.

A blower BLOW shall assist in flow of flue gas through complete system before it is
dissipated back into the atmosphere through STX. The Saturated Flue Gas may also be

sent for further cooling and processing before it is liberated into the atmosphere.



Naturally, the quantity of concentrated seawater required to be circul ated
t hrough the scrubber to neutralize the acidic nedia in the flue gas is far
| ess, in wonparjss®d to the quantity of nornal seawater pegunNz@dodo7de sent
t hrough the scrubber as ' ONCE THROUGH scrubber liquid. There is saving on
scr ubbeNetéssary din§tseneniatéon) like tgiperatuos and Tnessureeganiges shall bal frowided dor

efficiency iIncreased due fo cent rated seawater . at om_.zi ng_and
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we wer esih & grovided.se the contact tinme between the acidic nedia and the

al kaline matter and al so create / generate nore turbul ence to ensure
contact between them Advantages of the Invention: The present invention
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effectively utjlizing the waste heat present in the hot and dirty flue gas
| i ber at BerseRskilledindthe agt Gan make Berepsqry ¥ariations in the yaventioy provi des” ef f ect i ve
utilization of the high tenperature and hi gh pressure present in boiler

bl ow-down fromfossil fuel fired boiler - through atom zation and spraying
of scrulblsamplé 1:quid into the streamof hot and dirty fossil fuel fired flue
gas. The invention enabl es easy, nveni.ent ;and al terpnat.ive nethod.for

o eani nd REPES AN D aeppe o aRerasared Seanster ° (8tic Bodtin mflia, ' ne

at mosphgfe8ent iNFossi1af bl fired flltegddr QBERSschibbed Al GlRLRaliZ2@ aVith AfphWbBikRline
cleaning and neutralizing the hot and dirty fossil fuel fired flue gas

| i ber at 8efubling nfedias which hals been prgpared be coreshpating segwater.

Concentrated seawater can also be generated in lagoons using ‘SOLAR’ energy as the
heating media and this concentrated seawater can be introduced to the scrubber for further

concentration and hot flue gas scrubbing.

Part of the hot and dirty flue gas at 140 degree C from a coal fired boiler was diverted to
the quencher cum scrubber. Concentrated seawater (at 10 Bohme) from nearby salt pans
was continuously re-circulated through the scrubber. The flue gas temperature dropped to
60 degree C and the seawater concentration kept rising to near 20 Bohme. The acidic
media i.e. the oxides of Sulphur present in the flue gas get completely neutralized by the
alkaline matter present in the concentrated seawater. Normal seawater has 4 Bohme salt

concentrations and above 24 Bohme rock salt is formed / crystallizes out.

Naturally, the quantity of concentrated seawater required to be circulated through the
scrubber to neutralize the acidic media in the flue gas is far less, in comparison to the
quantity of normal seawater required to be sent through the scrubber as ‘ONCE
THROUGH?” scrubber liquid. There is saving on scrubber liquid (seawater) pumping cost.

The overall neutralization efficiency increased due to concentrated seawater.

By atomizing and spraying the concentrated seawater directly into the flow of hot flue gas
we were able to raise the contact time between the acidic media and the alkaline matter

and also create / generate more turbulence to ensure contact between them.



guenching the fossil fuel fired flue gas by evaporating sufficient quantity
of water fromsea water / scrubbing liquid and m xi ng vapours thus

gener at edweoizbtvdsotssand dirty flue gas; using the high temetabvserand hi gh
pressure present in fossil fuel fired boiler bl owdown (waste water) for
atom zi ng/ spraying high alkalinity sea water/scrubbing liquid on said flue
gas to neuytralize }hhgl acidi ¢ substances in said flue gas. 2. The process
for que R gﬁ%ﬁt, ¢ BV%%?%Q, cl eaning and neutralizing the hot and dirty
fossil fuel fired flue gas |iberated by a fossil fuel fired boiler as
clainmed in claim1, wherein the bl owdown tenperature and pressure varies,
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hi ghl y al kal ia']ﬁssﬂ%éitfﬁ.b@goﬁ’é}q neutralizing nedia by effectively utilizing
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e The invention enables easy, convenient and alternative method for cleaning and

scrubbing of flue gas before disposal / dissipation into the atmosphere.



WO 2011/ 067784PCT/ 1N2010/ 000776 5. The system for quenchi ng heat,
scrubbi ng, cleaning and neutralizing the hot and dirty fossil fuel fired
flue gas woamizeimgsi| fuel fired boiler conprising: inPcodvziingoo7resh sea
wat er / scrubbing liquid to the DCS Direct Contact Scrubber/Ventur

Scr ubbeWe plaimgh nozzle S; continuous circulation of said sea water /
scrubbing liquid through punp PMP for increasing its alkalinity;

i ntroducing hot and dirty flue gas to the DCS Direct Contact Scrubber

t hrough the duetprédess fornjuenchig hgaths@ibbisgndéaing endnehtitligingthe dsvaml f ossi |
fuel fired boiler bl ow down through nozzl e BD; atqQm ze_and spray sone of
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in contact withwhtet fiohr searwater f/ocesutibirgiBfuifli anddmixing vgpeurs nhishgenbratedt t
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fuel fired fl uew_ﬁlé ?’tm%ﬂﬂiﬁtg?%t SFG renoving spent alkaline sea
wat er/ scrubber hdighind Mt Renipesiterded Kok presre PraiehttindbistiefieBfiRatRNEES

t hrough outlet P
blow-down (waste water) for atomizing/spraying high alkalinity sea

water/scrubbing liquid on said flue gas to neutralize the acidic substances in

said flue gas.

2. The process for quenching heat, scrubbing, cleaning and neutralizing the hot and
dirty fossil fuel fired flue gas liberated by a fossil fuel fired boiler as claimed in
claim 1, wherein the blow-down temperature and pressure varies, according to the
quantity of steam generated, quality of boiler feed water, final usage of the steam

generated.

3. The process for quenching heat, scrubbing, cleaning and neutralizing the hot and
dirty fossil fuel fired flue gas liberated by a fossil fuel fired boiler as claimed in
claim 1, wherein auxiliary fluid atomization process is used for atomization of high

alkalinity sea water/scrubbing liquid.

4. The process of generating a highly alkaline scrubbing and neutralizing media by
effectively utilizing the waste heat present in fossil fuel fired flue gas comprising:
- mixing hot and dirty flue gas liberated by a fossil fuel fired boiler into
sufficient quantity of sea water / scrubbing liquid;
- evaporating water from the sea water / scrubbing liquid thereby increasing the
alkalinity of the said sea water / scrubbing liquid,
- repeating the cycles/ re-circulating the scrubbing liquid several time to increase
the alkalinity of sea water/scrubbing liquid and to be simultaneously used as a

scrubbing and neutralizing media.



using the bl ower BLONto assist the flow of said flue gas thorough the
conpl ete system before dissipating said flue gas into the atnosphere

t hr ough S¥¥.20f1/06713@¢ system as clained in claimb5, whereipaTiiR®1hv@h76

al kalinity sea water/scrubbing liquid is brought in contact with hot stream

of fossil % u&hesysted for quenghingdlyeantssribbingy Clopniagi and. neptratiziag dhes hetrangds
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Scrubber is di rsectll)by R,r o] o.rSt incl)];\baelrﬂirguéhhgozgieesc.t ri c power consunption by the
bl ower BLOW crubber/ven ¢ ;
- continuous circulation of said sea water / scrubbing liquid through pump PMP
for increasing its alkalinity;
- introducing hot and dirty flue gas to the DCS Direct Contact Scrubber through
the duct HFG;
- introducing high temperature and high pressure fossil fuel fired boiler blow-
down through nozzle BD;
- atomize and spray some of the scrubbing liquid through nozzle BD into the hot
stream of fossil fuel fired flue gas passing through the duct HFG before DCS -
Direct Contact Scrubber/Venturi Scrubber;
- bring high alkalinity sea water/scrubbing liquid in contact with hot stream of
fossil fuel fired flue gas in the Direct Contact Scrubber/Venturi Scrubber;
- removing saturated / unsaturated fossil fuel fired flue gas through outlet SFG;
- removing spent alkaline sea water/scrubber liquid with suspended solids and
neutralized substances through outlet P;
- using the blower BLOW to assist the flow of said flue gas thorough the
complete system before dissipating said flue gas into the atmosphere through

STX.

6. The system as claimed in claim 5, wherein the high alkalinity sea water/scrubbing
liquid is brought in contact with hot stream of fossil fuel fired flue gas by

atomizing/spraying.

7. The system as claimed in claim 5, wherein the pressure drop occurs across Direct

Contact Scrubber/Venturi Scrubber.

8. The system as claimed in claim 5, wherein the variation of pressure drop across the
Direct Contact Scrubber/Venturi Scrubber is directly proportional to the electric
power consumption by the blower BLOW.



