SCRUBBI NG EXHAUST GAS This invention relates to scrubbing of exhaust gas in
exhaust streams fromwet process cement kilns. The reactions between water
and the oxides of sulphur and nitogren produced during conbust.i on have-5

been wel | established in standard chemstry texts. Simlarly, tha4use ¢fn4
alkali materials or alkali solutions for kcrubbing of exhaust ga®dhes fide

known for years. In general, the reactions between water, air, and the

oxi des of sul phur and nitrogen pé@ﬂﬁﬁﬁIﬁe Ex;ﬂ@gﬁf d¢A! udi ng sul phurous,

sul phuric, nitrous, and nitric. erial or an alkal
solution can result in neutralization of the acids to forma salt plus

water. Problems with scauierimyeiersni pehudes o Haudbing 68Skbxfhulsie
system the cost of alé%;# terial, and the enerqy uirement to RrOVIde

sufficient contact9B8t Sk ISl FEQMs WS eﬁre S8 oPEPPBs kdd®Stehe

exhaust gas. An additional problemw th spraying water or |inmestone

slurries into the exhau S t _proces t _kikns is the
associ ate cooling of t h?gx%&%%ﬁegggﬁgﬁesu fTeIi naﬁhcgﬁt:}g%s%%*éﬁsof’%t he
hi gh percent age of swdpbur anchaidsdgrer. prhdugeds dring ererlbus bidsebafreom
our work seeking tQeRROVAE4d 2<AHABPPLINGasSYat §@a§@%r’?t&f@nfé‘fr% geketlvely
| ow in cost, haV|ng a | ow _energy requlrenent an ow nateri a ost, which
causes mini mal coofimglarlyhe Ase ofinalkpildhmatarinls/iere alkailii cant

renoval of exhaustggaatRehnlsuifd¥ sciilsb£Aghag exPbAuid GYhs has been known
for years. In general, the reactions between water,
S air, and the oxides of sulphur and nitrogen produce
10 acids including sulphurous, sulphuric, nitrous, and
nitric. Use of an alkali material or an alkali
solution can result in neutralization of the acids to

form a salt plus water.

Problems with scrubber systems include the high

15 cost of the system, the cost of alkali material, and
the energy requirement to provide sufficient contact
between the alkali materials or alkali solutions and
the exhaust gas. An additional problem with spraying
water or limestone slurries into the exhaust stream of

20 wet process cement kilns is the associate cooling of
the exhaust which can result in condensation of the
high percentage of water in the exhaust.

The present invention arises from our work
seeking to prbVide a scrubbing system and method
25 relatively low in cost, having a low energy requirement
and low material cost, which causes minimal cooling of
the exhaust, and which will provide significant removal
of exhaust gas pollutants, the emphasis being on



2 renmoval of sul phur dioxide [err] and nitrogen oxides from exhaust gas.
Remqyal of sul phur trioxide [err] ts efficiently acconplished by the raw
feed in a cenent .kiln as a natural functiomof the cement 5 maki ng
process. In accordance with a first aspect of this invention, we provide a
met hod of scrubbing an exhaust gas stream contai ni ng sul phur oxi des and
nitrogen oxides froma wet prgcess cenment kiln which conprises introducing

into the stream as i ¥eBAYRL PF FRIPRUK; fHoxhdec(f@pd andonAtEPeam ausdes
collector a finely dfvomeexiasst hgasng aRdmo@hEtosiZsulﬁhhbetkiaﬂed@f(35390

100 m crons of solub Lin terial itn only, sufficrent .quantity in
relation to the conc%%t$%f$%%e§$f§x?ﬁﬁgmgilgﬁ?ﬁhB¥ g&a ﬁ?Yrsgg R %he
streaminstantly to cementlkibntae achnadtufalnfunbyioheofetbei ormehtt he .

water content of the i phqt DELENLEN while conpletely evaporating said
solution to producee%ry S%|Pg pﬁ%tfcurate salts capable of collection with
the dust in said collector, and while causing m ninmal cooling of the

exhaust stream The-!nventhoacegragﬁ@énaiggran@ggsgagg?gghabkytgggcr|bed in
relation to a coal f%red ﬁet process cegent producing tfacility. Because of
the very high water tBREBRICB! YRePERKLBSt gas streamfroma wet process
cenent kiln, and therefore, the limts ' -

a method of scrubbing an exhaust gas stream containing

sulphur oxides and nitrogen oxides from a wet process
cement Xkiln which comprises introducing into the stream

, as it exits from the kiln and enters a downstream dust
collector a finely divided mist having a droplet size in
the range of 35 to 100 microns of soluble alkaline
material in only sufficient quantity in relation to the
concentration of oxides of sulphur and nitrogen in the
stream instantly to neutralise the acids formed by the
reaction of the water content of the mist therewith while
completely evaporating said solution to produce dry solid
particulate salts capable of collection with the dust in
said collector, and while causing minimal cooling of the
exhaust stream.

The invention is hereinafter more particularly
\,f | described in relation to a coal fired wet process
cement producing facility. Because of the very high
water pdntent of the exhaust gas stream from a wet
process cement kiln, and therefore, the limits



-3- inposed on the abilirty to add water to the exhaust stream such a -~ -.
facility presents probably the worst case in whjch to pravide significame
scrubbi ng. The process should scrub efficiently while keeping cooling of -
t he exhaust to an 5 absolute m ni mum_ The process, however, -is not limted
to coal fired plants and nmay be apﬁ1f%d'to cenent kilns fired by coal, oil,
or other fuels. 10 The principal requirenent is that scrubbing take place
prior to the exhaust gas reaching the dust collection facilities while not
cooling the exhaust tQq t t hat occur in or

he .nai i on 15
bef ore t hé‘“ﬁ’l??te%;&"l eets ﬁ’frﬁlc‘ﬁ it ad %ﬁ%@%?&é‘ga‘?’ﬁ?%ﬂf p®EE&A» aqueous

sol ution suciolaiflas idlikat ipresentes iptokahl y Shppkyret caseréssediahr are
del i ver ed dep sHAiNd Qe U AD SELubBERY 80 ¥ ok bes %'h%gﬁg st

stream ductjng., The alkKall 20 water, prinpcipally a solution otassi um
hydr oxi de ffdCdandiay il le tkepping i cooktng, of gﬁ?oe¥héuﬂﬁcﬁ°mﬁére it

raﬁi dl % r@hﬁd_?.u/tiét hnirf’liﬂmﬁ%i d?&?fpﬁ?&éw ,bamh@fvéf]?gteﬁ ROE- %Sﬁm?:eg_nlt_b[]e f
exhaust gas. of al, anpun water,  because, 0 e high.so ili.ty o
the al kal ieoﬁlsrﬁﬁﬁ&- %lba‘?ﬁ‘sze?f'.‘é)'l'h%y S ¢ heéval:%rcﬁ'g?ﬂg ghlf‘ﬁegﬂif*ﬁ\ of
very snal Ibpragalet ilandothantmer stwels vol une and | arge surface area to '
wat er volume ratio, rapidly evaporates while caus- ing mniml cooling of
the exhaust. The water, therefore, does not condense to a |iquid and does
not cause a problem30 of wetting and cl oggi ng of the ducting. The ‘oxides

of suljfgur and.nitrogen are converted to dry solid particu- lates which are

renoved by normal dust coll ection systens
y At . y . The principal

requirement is that scrubbing take place prior to the \\J
exhaust gas reaching the dust collection facilities while
not cooling the exhaust to the ﬁoint that condensation can
15 occur in or before the dust collection facilities.
' To'accomplish the purpose an aqueous solution of
soluble alkaline'material and a supply of compressed
air are delivered to spray nozzles which are located
within the existing exhaust stream ducting. The alkali
20 water, principally a solution of potassium hydroxide, is
sprayed as a finely divided mist into the duct where it
rapidly reacts with the oxides of sulfur and nitrogen pre-
sent in the exhaust gas. The total amount of water,
because of the high solubility of the alkali, is mini- Lo
25 mized. The uhreacted water being in the form of very
small droplets, and having'small'volume and large surface
area to water volﬁme_ratio, rapidly evaporates while caus-
ing minimal cooling of the exhaust. The water, therefore,
does not condense to a liquid and does not cause a problem
30 of wetting and clogging of the ducting. The oxides of
sulfur and nitrogen are converted to dry solid particu-
lates which are removed by normal dust collection systows
downstream of the scrubber.



downstream of the scrubber. 4 Preferably, the aqueous solution is
derthved fromleaching of alkali material, principally potassium hydroxide,
from wast e dust produced by the cenent making process and the sol ution has
apHin5 the range of 12.0 to 12.3. 4 The system does not introduce
dry solid materials such as |linmestone for reaction wth sul phur trioxide.
It al so does not introduce water for cooling. In a second and alternative
aspect of this 10 i nvRreferable, pthei deuappar ablistion ser dbkirgdan

exhaust gas strean1ggaﬁalgﬁéﬁﬁ§gl@@uglgg%geﬁa@gglg? ggggagéFggs froma wet

process cenent kiln of a genent $ ant ore 8l ector,
conprising: a reserRRF3sghpmhyd ﬂﬁléﬂ'a§H@6U§a§bPu@P§h produrall byakkal i ne

material; ‘an array cémewezhasih@cpiedessTRAEALREYsUREEISAMMAL aabd qyst

col I ect or beyond t X d pf,saLd, Ki and neans for punping sad
sol ution fron?galdh@%ge#%% ?g %%T ﬁ%zi?éé *for Hﬁ%cﬁ&?ﬁémtﬁgﬁéfﬂeﬁ1lnto

said streamin the inkroduce divesglidvmatdriats siith asdiopketofkz&oin the

range of 35 to 100 ﬂ&é@f@n'ﬁi&ﬁ"¥uf%£i-%§£‘6x988m'tyIl: 2l€h2lb0 L3, Ne
concentration of oxjdes of sul phur frogen rn the stfedm IR aHPIy to

neutralise the aC|d%n?EP$%ﬂeH?a¥%§ f@ﬁc?@@hlbﬁ the water content of the

m st therewith while conpheied¢con@pandt igesshdie! HEb@Ett 8rPeAgyce dry
solid parti cui@te ‘%\Féntfonco' | ection.with the dust

: We prov1d

apparatus for scrubbing an exhaust gas stream containing
L7 sulphur oxides and nitrogen oxides from a wet process
cement kiln of a cement plant before it enters a dust
collector, comprising: a reservoir for storing an aqueous
solution of soluble alkaline material; an array of
nozzles “1ocated immediately upstream of said dust
collector beyond the exit end of said kiln; and means for
pumping said solution from said reservoir to said nozzles
for discharge therefrom into said stream in the form of
a finely divided mist with a droplet size in the range of
35 to 100 microns in only sufficient quantity in relation
to the concentration of oxides of sulphur and nitrogen in
the stream instantly to neutralise the acids formed by
the reaction of the water content of the mist therewith
(% ) while completely evaporating said solution to produce dry
| solid particulate salts for collection with the dust in
said collector, while causing minimal cooling of the

exhaust stream. |

In preferred embodiments, the solution is the
product derived from leaching alkali material,
principally potassium hydroxide, from waste dust
produced in the cement maklng process; and means are

included for selectively activating one or more of the
nozzles.



said collector, while causing mninmal cooling of the exhaust stream In .
preferred enbodi nents, the solution is the product derived from | eachi ngiw-
al kali material, principally potassium hydroxide, from waste-dust produced *
in the cenment meking process and neans are included for-selectively
activating one or nore of the nozzles. 5 Fig. 1 is a schematic side

el evation of a portion of a coal fired wet proecess cenent plant

illustrating the air and liquid supply system feeding the spray nozzles 5

| ocated in the exhaust streamat the kiln exit. Fig. 2 is a cross-section
taken on line 2-2 of Fig. 1. Fig. 1 shows the alkali solution reservoir 10,

10 the conpressed aLr _supply 30, -and the |ocation of {he array of spray
nozzles 26 in the Stt?rng %é Fnﬁggﬁﬁﬁﬁﬁffﬁﬁéé elpvatioRiofna RPFELZB. " The
al kali watef suppal flred westoprocesshadmunta pamwt iPlOstpatng @Rd i s

derived from | eaghy ' terial. fr ' ust _derived from
t he cenentaofr?ak% jpggggésghbaggt ﬁg»g n?’ ?ﬂﬁ%’ﬂéﬁg\ﬁ%‘%}fﬁgnéoﬁﬁiaﬁs of

pot assitimlegafedn tmdtbel exbanafy sftream edctthen kilm emitr produce

pot assi um sodi um cabci h I : g%%g | degs aLe,| gaglhed from
t he waste dust andagg%reg gghzgépgﬁegﬁﬁgglgg a éfﬁbgc?t i%ggfﬁgid. The

al kal i suﬂﬂkgiwinmy be derived from other sources and may be used at ot her
pH val ues providing that the concentration of alkali is

Fig. 1 shows the alkali solution reservoir 10,

10 the compressed air supply 30, and the location of the
array of spray nozzles 26 in the ducting 50 immediately
after the end of the kiln 48. .

The alkali water supply 10 is a solution having a
pH of 12.0 to 12.3 and is derived from leaching of alkali

15 material from waste dust derived from the cemént'making
process. Waste cement kiln dust contains oxides of
potassium, sodium and calcium which on reaction with water
produce potassium, sodium and calcium hydroxides. The
hydroxides are leached from the waste dust and stored for

20 later use as alkali scrubbing fluid. The alkali solution
may be derived from other sources and may be used at other
PH values providing that the concentration of alkali is
‘great enough to provide adequate removal of SO; and NOy, v
while minimizing cooling of the exhaust stream and atten-

25 Jdant condensation of water from the exhaust stream.

The alkali solution is pumped to a storage tank
12, The storage tank 12 may also be supplied from a non-
alkaline back-up source 14 for temporary or emergency use.
Solution is pumped from the tank 12 by either of two high

30 pressure pumps 16,18, (one pfoviding a back-up for the
other) through a filter 20 or 22 to the spray nozzles 26.
Valves 24 control the relative proportion of flow to the
nozzles 26 or recirculation to the tank 12, Valves 28
isolate one or the other of pumps 16,18 and filter 20,22

35 systems so that only one flow train is in use at a time '
and a back-up system is provided.



great enough to provide adequate renoval of [err] and [err] while

m ni_m zi ng cooling of the exhaust ‘stream and atten- 25 dant condensation of
wat er fromthe exhaust stream The alkali solution is punped to a storage
tank 12. The storage tank 12 may al so be supplied froma non- al kaline
back-up source 14 for tenporary or energency use. Solution is punped from
the tank 12 by either of two high 30 pressur@ punps 16, 18, (one providing a
back-up for the other) through a filter 20 or 22 to the spray nozzl es 26.
Val'ves 24 control the rel tev@is sosomiessast 0 ewavddase qanpressab ajr to

recircul ation tor.hbenb&rzhe& 26V«'f|o\te%t%%ulz%%%ne dhary A&t herud RPSan
16,18 and filter 2.35 s stens s%hthat O%§%¢hg§ flowtrain |s |n use at

atime and a bacR é?é:tye Ziis Brif Awilat
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- the required air pressure and/or volume may be larger or
‘ y smaller.
~ ' Referrlng now to Fig. 2 there is shown the exit
end of the kiln 48, the twelve nozzles 26 used in this
15 application, the air delivery line 32, the high pressure
water line 34, and the distribution piping 36,38 for the
air and water systems respectively. Also shown is the
-exhaust gas ducting 40 to which the nozzle supply pipes 42
are attached. Each air and water supply line to the noz-
20 zles is fitted with a pressure gauge 44 to indicate fluid
pressure and with valves 46 for adjusting the air and
water pressures.
The spray nozzles used in this application are
commercially available from the Delavan Corporation, West
_ - 25 Des Moines, Iowa. The specific nozzle is "Swirl-air"®
#P/N 32163-2.. This nozzle utilizes air to aid in atomiza-
tion of the liquid. Other nozzle types, including those
that do not use air, may be used in accordance with the
liquid woluie and precise droplet size required for a specific

30 application.

Thoe basic working principle of this systewm i
to supply sufficiently small liquid droplets directly to
the exhaust gas stream within the exhaust gas duct where

35 (a) droplet size is small enough to be rapidly evaporated
to avoid wetting entrained dust or downstream ductwork,



Referring nowto Fig. 2'there is shown the exit end of the kiln 48, the |
twel ve nozzles 26 used in this 15 application, the air delivery |ine 32w~
the high pressure water line 34, and the distrjbution piping 36,38 for the-
air and water systens respectively. Al so shown is the exhaust gas ducting
40 to which the nozzle supply pipes 42 are attached. Each air and water
supply line to the noz- 20 zles is fitv?ed with a pressure gauge 44 to
indicate fluid pressure and with valves 46 for adjusting the air and water

pressures. The spray nozzles used in this application are comercially
avai | abl e (blofkotiad Bdianish sworfaseatdrma desuifbicimt Npilvigh towa. The
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I
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10 upstreamufrdm_the dust collection system.

The liquid droplet size should be in the range \uﬂ
of 35 to 100 microns. The precise droplet size depends
on the scrubbing required and on the nature, water
content, and temperature of the exhaust gas.

The spray nozzles can be selectively activated as
desired or as is dictated by the exhaust gas handling
system. In the present case} three to five nozzles are
used at one time because of the strongly temperature _
stratified nature of the exhaust gas and its high water
content. If exhaust gas volume or temperature increases
or decreases more or fewer nozzles can be put in service.

The scrubbing efficiency of the . system is var- ‘
iable depending on the exhaust gas temperature, volume and o/
water content, and on the initial concentration of the
chemical species to be removed.

For constant temperature and exhaust gas volume,
the limit on the maximum scrubbing is the stoichiometric
relationship between the weight of scrubbing fluid and the
exhaust gas constituents to be removed.

In coal fired wet process cement plants the prin-
~cipal oxide to be removed is sulfur dioxide (503). A six-
-month test was run in one cement plant. The amount of S50j

in the exhaust stream is variable and ranges from about 30



5 -duced by evaporation of the scrubbing fluid are sufficiently dry to be
col'’hected or renoved fromthe.exhaust stream.by standard dust renoval
facilities. 'In the preferred enbodi nents shown, the nozzles 26 are |ocated

at the exit or feed end 48 of the kiln, 1 upstream from the dust

collection system The liquid droplet sizé should be in the range of 35 to
100 mcrons. = The precise droplet size depends on the scrubbing

required and on_t ' t C n t raad ur fre dan

exhaust gas. The ?éhgif%g{zizqgﬁs Kc n %erslgﬁ{égt %Seﬁgegc?%glpgdwgﬁgg)r gjcfrorhour

as is dictated by fior shartunexiedsandl Thg ayerage observeddaydme ddhwee,

three to five nozgaAibdis bl et ABebReALACLAEL! BRrIUPORMSY 206 pounds
tenperature stratified nature of the exhaust gas and [tS high water

content. If exhaus®3yd RN RRF FO%Enper TRGr BVERAPEaORSCT VG SUTINE Tht e
or fewer nozzl &s csa::rdna:qwtpd@ftm Vo £ ethd heamer §bhbngheikisa @moﬂl wde
system is var- i e _depen the exhaust gas nper at ur e, nme_ an
wat er content, an 0|P°t'ﬂ@e n‘#’a?%%ﬂc%ﬁfr PYEn of #ﬁg ENEMCR S\sbori&at:#ee"%mf%l
be renoved. For ceffiaitenaynpyastfowundntock@ab8t 7dapevcents, the limt on
t he maxi mum scrubbing is the stoichionetric relationship between the weight
of scrubbing fluid and the exhaust gas constituents to be renoved. In coal
fired wet process cenent plants the prin- cipal oxide to be renoved is
sul fur dioxide [err]. A six- nonth test was run in one cenent plant. The
anount of S02 in the exhaust streamis variable and ranges from about 30

;
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8 pounds (13.6 Kg) per hour-to 1000 pounds (454 Kg) per hour for short S -

peri ods. The average observed during the unscrubbed portion of a 6- monr

test period was 206 pounds (93.4 Kg) per hour.. The average* observed
during the 5 scrubbed portion of the same 6-nonth test period was 85 pounds
(38.6 Kg) per hour. The average [err] renoval efficiency was found to be
58. 74 percent. -9- CLAIMS: 1. - o9 ~A nethod of scrubbing an exhaust
gas stream cont ai ni ng sul phur oxi des and nitrogen oxides froma wet process
cenent kiln which conprises introducing into the streamas it exits from
the kil n coxiIMSi ers a downstream dust collector a finely divided m st _
having a droplet size in the range of 35 to 100 mi crons of soluble al kaline
material in only sufficient quantity in relation to the concentration of

oxi des oflsul phur ahdmathasheffi rsemibkingamn nexhausl tIpshegtraRMmse t he

aci ds f org@skLynihg E62BhULN offi dela® ARl Hii BN oR{abderpbat at hetew th
. while conpletely evaporati,ng said_solution to §$oduce dry solid particul ate

S
salts capiPees# cemeBt: kdin,which,CoRRyises SIntredneipgointandhehi| e
causi ng retremh asolitnexdifts FromhRistksin camd énterd actbetisteeamdi ng to

Caim 5 bt LI LA G SRaind U abbploio 122
size in the range of 35 to 100 microns of soluble
alkaline material in only sufficient quantity in relation
to the concentration of oxides of sulphur and nitrogen in _
the stream instantly to neutralise the acids formed by \~d
the reaction of the water content of the mist therewith
while completely evaporating said solution to produce dry
solid particulate salts capable of collection with the
dust in said collector, and while causing minimal cooling
of the exhaust stream. '

2, A method according to Claim 1, where said
solution has a pH in the range of about 12.0 to 12.3.

3. A method according to Claims 1 or 2, wherein
said solution is derived from leaching of
principally potassium containing alkali material from .
waste dust produced by cement making. -/

ey Sy " Y *



said solution is derived fromleaching of 'principally potassium containing
al kali material fromwaste dust produced by cement naking. - 10 - 4.
Appar atus for scrubbing an exhaust gas stream containing sul phur oxi des and
nitrogen oxides froma wet process cenent kiln of a cement plant before it
enters a dust collector, conprising: a reservoir for storing an agueous
solution of soluble alkaline material; an féray of nozzles |ocated

i mredi ately upstream of said dust collectot” beyond the exit end of said
kiln; and means for punping said solution fromsaid reservoir to said

nozzl es for digcharge th?éﬁggggdénfbﬁaggrﬁgggggy5%Eégﬁéﬁggjggsagﬂfgaﬁ/

divided mst wth a drop Size I n the range mcrons in only

sufficient quasentainingeswliphun exides ARENDLELPEANPXAZRFGeLTOM &uMsiur

and nitrogen i prok@ss IRMBNtI KA | ¥£tQ Beréndl pia&nthbefoirds iftorembrzy 4 he
reaction of the water fgntent of the.m.st therewith while cong%egﬁl§ an
evapor ating saP¥s¥o| GeILRCERr pr GAMPE 1§1NIS | F dEEEPEV OdF at PR aPFR 1S

col l ection wi t agueoudiséolut son dofoldcdathdre altkakimausahgriahi man cootaing
of the exhaust SiTgagh 8y 1oARPERA! HindFEAEI PO el Be  Lachudivig
means for seleftiv gkécﬁlva?lng one or nore sdal d nozzl es. _ 6. :
Appar at us accoiligaterCheyend the Bxity endeof &adkd Hid mands BeANT &R ng
a principally pRERSH¢ BAA SRIULIGARIN S5 WdrddivnvpS£idlusdzz1es
produced for discharge therefrom into said stream in the form of
a finely divided mist with a droplet size in the range of
t/j 35 to 100 microns in only sufficient gquantity in relation
to the concentration of oxides of sulphur and nitrogen in
the stream instantly to neutralise the acids formed by
the reaction of the water content of the mist therewith
while completely evaporating said solution to produce dry
solid particulate salts for collection with the dust in
said collector, while causing minimal cooling of the
exhaust stream.

S. Apparatus according to Claim 3, including
means for selectively activating one or more of said

nozzles.

AN 6. Aébaratus according to Claims 4 or 5, further
comprising.means for leaching a principally potassium
containing aqueous solution from waste dust produced
in cement making, and means for supplying said
solution to said reservoir.

[
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: “ . i
i n cement naking, and nmeans for ‘supplying said solution to said reservoir._

a,

7. For scrubbing an exhaust gas stream contai ni ng sul phur oxides and '\t
nitrogen oxides froma wet process cenent kiln of a cenent plant before it
enters a dust collector, apparatus substantially as herein before described

with reference to and as shown in thg acconpanying draw ngs. 8. A cenent

pl ant conprising a wet process cenent kiln and a dust collector, provided

wi t h apparatus accordin any of Clains 4 to 7. 9. Substantially as
hereinbefor%‘desCFPEeﬁc%PbﬁiP€¥€Peﬁ§94H?qPﬁ?%uﬁﬁﬁﬁ%My?ﬂﬁtﬂiﬁﬁpﬁgs, a

net hod of seuubhupJoRideshandt ndaroyfere IRITEY af o da weRhprossksdes and

nitrogen oxides IrRMA Y8 PLAGENE ST ddidke it enters a dust
collector, apparatus substantially as herein before
described with reference to and as shown in the
accompanying drawings.

8. A cement plant compriSing a wet process cement
kiln and a dust collector, provided with apparatus
according to any of Claims 4 to 7.

9. Substantially as hereinbefore described with : \_J
reference to the accompanying drawings,; a method of

scrubbing an exhaust gas stream containing sulphur.

oxides and nitrogen oxides from a wet process cement

kiln.
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