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SCRUBBI NG CEMENT KI LN EXHAUST GAS AND PRODUCI NG USEFUL BY—PRCDUCTS%}{ CTC7ESIZ%
THEREFROM This invention relates to the treatment of kiln dust‘and exhaust
fumes froma cenent facility to cenvert the former into a useful product ¢

whi | e renovi ng. poIIutantsﬁ%iﬁdgngﬁﬁ A 6@§L&|t|es

operating at cement or |iTEdAR EENET EaRprter from
the kil n -exhaust. This papR3BHCEM D ReNat e,
cal ci um oxi de, and the oxfOgs—and carponatres or._10 ot ner netars,’ dependi ng

on the conposition of the feed stock to the kiln. Two el ement s frequently
present in the kiln dust 3Péspéﬂ¥9ﬂﬁkﬁQuﬁﬁ%%HF§nF°TN&%3Qﬁﬁﬂﬁmﬁ%tlPﬁ\klép
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Wi e propert,j.es e f.inal us erefore _
di scar ded. 'ﬂu%ﬁ?ﬁug? @8FIéBﬁ ##*I §°éﬁcﬁ hﬁgﬁb %l@ﬁ 18%8nes
gaseous poHlﬁzﬂiﬁbmrhhetmatenhaust stream and separate scrubbers nust be
provided if they are to b e h ere

The use of alkali or aIka?P%& él¥#% {er|a$éfiggggélgg@ygﬁiﬁg a§|ﬁ§p§n8ror
in a solution, fbimecpuodnadngr kidnsFenoverpanticuiatgematteresfron the
exhaust gas hasﬂ%iﬂ &ﬁﬁﬂﬁs%or E%WES éﬁf&ﬂéshﬁﬂtb% MNHl &1 1335

supra, hereby incorporated ference mann
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| i nest one atlQ ergpehat umeeamﬁ t defpen dxng)romftbéreﬁmﬂbbliltgdu tGE hmafedd '

exhauss gas 11 o SotBaFPb O, 50 SESREbREs ISR AT B8 e
char g& of fIU|mk&khb@dstuanacpsﬂaaSﬁumeGQQESQGmese Thesgermkamenhs limit
oxi des of CarbmbrE%EéVént the reuse of the k11n dust as kiln feed stock,
since they interfere with the properties of the final pro-
15 duct, and the dust is therefore discarded. These Qdust
collection facilities do not remove sufficient gaseous
pollutants from the exhaust stream and separate scrubbers
must be provided if they are to be preéented from entering
the atmosphere. -
20 The use of alkali or alkaline earth materials, as
solids or in a slurry or in a solution, for scrubbing
(removing sulfur and nitrogen oxides) of exhaust gas has
been known for years (see discussion in Morrison, G.,

g; supra, hereby incorporated by reference). For example,

' 25 Mehlmann (1985, Zement-Kalk-Gips Edition B) describes the
use of hydrated or pulverized limestone at temperatures up
to 1100°C, or of spray drying with hydrated lime; and Ayer
(1979, EPA-600/7-79-167b) describes the use of lime to
scrub exhaust gas from a heating plant. Limestone may be

30 included in the charge of fluidized bed furnaces for the
same purpose. In general the oxides of carbon, sulfur,
and nitrogen, present in exhaust gas, when reacted with
water, produce acids, including sulfuric, sulfurous,
‘nitric, and carbonic. The presence and amounts of each

35 depend on the oxides present, the availability of oxygen,
-and the reaction conditions. ~When these acids are reacted
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. .
and nitrogen, present in exhaust gas, when reacted with water, produce
acids, including sulfuric, sulfurous, nitric, and carbonic. The presence
and armounts of each 35 depend on the oxides present, the availability of
oxygen, and the reaction conditions. Wen these acids are reacted - 2-
wi t It he oxi des, hydr oxi des, or. carbonates of alkali or alkaline earth
netals, salts of the conponents are forned. For exanple, sulphuric acid
will react with the cal cium carbonate present in linmestone to yield cal cium
sul phate. As will becone clear fromthe deta?Ted description which foll ows,
t he applicants have found a neans to. elimnate the dust disposal problem

present in cement,,plants and .si nul.taneous to_reduc aseous_ang .
particul ate em §’§1t§hs&3n8x@8-s'behy%b?’é14%s"d8r ggr%gglsat 5 f%@t _F\}gﬁ},l Fr

i ncl udi ng ‘'t he calkaldsinen edrii eetelss, \eslts phdie camponeardss @r e rivmiumed.
(i.e. products l.ch u | :he ng, s pha I a bl &)y
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met@l, salts wi telifitig!Dlife Skbh¢et8Son 2beNbEALEHi18B0wRERR TRHERRUIGIES into
useful products (i.e. prodﬁcts which can be used in the
cement plant or are saleable). We describe below the
production of marketable alkali salts, useful, for example,
in fertilisers. o _

According to a first aspect of the present invention,
there is a provided a method simultaneously . for scrubbing
an exhaust gas stream having acidic oxides and for treating
dust having alkali and alkaline earth metal compounds as
‘'solids, comprising the steps of : (a) mixing the dust with
‘water to form an alkaline (pH greater than 7) solution and
(b) passing the gas stream into the said alkaline solution,
whereby the said solution and gas react to form an alkali
and alkaline earth metal salt solution and a precipitate of
alkali and alkaline earth metal salts with insoluble
silicates, aluminates and iron compounds.

In a second and alternative aspect of the invention,
there is provided a method of utilizing particulate matter

' containing as solids alkali and/or alkaline earth metal
salts which, when reacted with water, produce a basic (pH
. greater than 7) solution, to scrub an exhaust gas stream
containing pollutants comprising one or more of the acidic
oxides of sulphur, nitrogen and carbon and compounds of
halogens and their acidic oxides while producing useful or



In a second and alternative aspect of the invention, there is provided a '

met hod of utilizing particulate matter containing as solids al kali and/or B
al kaline earth netal salts which, when reacted with water, produce a basic. ?
(pH greater than 7) solution, to scrub an exhaust gas streamcontaining  , -
pol lutants conprising one or nore of the acidic oxides of sulphur, nitrogbﬁf
and carbon and conpounds of hal ogens an% their acidic oxides while .

. produci ng useful or- - 3- benlgn products fromsaid particulate matter,

whi ch net hod conpri ses: n1X|ng said particulate matter with water to forn1a
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sol ubl e cenpou sol ution sai conpounds can |l ater be
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ani oni c conponénts carbona and rrte, and conpounds
of the hal c3ehutien OFeiFlusyYiesw arehzzj ﬁ?tlﬁ Plariantst eontaingdl iimnd

al kal i ne eaééf'd”@f?éea‘i@' cmw theay WREA! Wi sgmeaentrﬁ;ﬁoif@ewra&iacul ate
matter; and whereb

sai exha st tream aft taCtI n sai d sol ut.i on
or slurry GAEPIBAtes O ADRRIL A kA NS aptdved Eren 1t b
raM/naterlaéaiceﬂaramduuheecmﬁmmaﬁ(ﬁb(ylemnnaagmiﬁttmn,ofoalkaa&phmd

sul phur di ox{ g, ;300 YESEE ahdeldl Csoé{wgn%dmpljlo 'eg?(a%):li%cipally the W

cationic compounds calcium, magne51um, .potassium and

sodium, and anionic components carbonate, sulphite, nitrate
and’ nitrite, and compounds of the halogens and their
oxides, along with a precipitate of alkali and alkaline
earth metal salts with any inscluble components of the
particulate matter; and whereby said exhaust gas streanm,
after contacting said solution or slurry,  emerges as
'scrubbed exhaust. '

The conversion of waste dust into raw material feed;
and the  conversion of waste acid gas, for example
sulphur'dioxide, and waste alkali compounds, for example
potassium oxide or hydroxide, into marketable alkali salts;
are considered to be the production of useful products from
what would otherwise be waste products. The resultant
scrubbed exhaust gas stream may be considered a benign
'produCt."It may be released into the environment without
signifibant ' deleterious effect, . or at: 1least with
substantially less effect on the environment than would be
the case 'if unscrubbed exhaust gas were released.

The invention provides in a third alternative aspect
thereof a method of simultaneously converting dust from a
cement kiln containing alkali and alkaline earth metal
compounds as solids into a product suitable for adding to
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pot assi um oxi de or hydroxi de, into marketable alkali salts; are considered
to=be the production of useful products from what woul d otherMAse be waste
product s. The resultant scrubbed exhaust gas stream may be considered a
beni-gn, product. It .may be rel'eased into the environnent w thout significant
delet€§|<3us effect, or at Jleast wth substantially |less effect on the
envi ronnent than mnuld be the case 'if unscrijabed exhaust gas were

rel eased. The invention provides in a third alternative aspect thereof a
met hod of sinmultaneously converting dust froma cement 'kiln containing

al kali and al kaltm\e Wetdw ﬁﬁthﬁk Cf@prthkaansols&smm atﬁéocmaiamtgblse
flor adding.to feed k. .for_the k| crubgg ? gg # qas
J?treamfrom't'h'e ﬂzf:ﬁaﬂn rrf?'bd a‘ﬁrka?f’ a q%e PEfh ARGl BsEP4Ne

sui table for useeasthermetaiersaith|sungabhe sfeps<m5460aﬂ|s§ertﬁmgzehe

dust in wat.er togf @ﬁﬁgﬁzgg gﬁ Q'é‘f |y éﬁfyissé B)dug;g%w&u@@g%%ﬂa to

fromsaid kiln |nt fﬁ¥ | utton and gas re
to scrub the | atf@¥mzagy %JEKQ%hn%aﬁ%hﬁ#@tf AN i) aPREISIE Ngh @XRRMSTH HéSeSFPh‘

metal salt :sol-utg9fgapgha ﬁﬁ@é‘ltﬁhé A PfsAtAldn 2 GH ey bﬁ&deabb.htfmhaland
salts with insoluble S|ILc€tes Ebna& ﬁ and |rontcg€§ounds U|ta?

addi ng to the fe¥ TR 6P §§FB kFPR, 1afker and) 9t pBPaei émﬁa BmePBm
the al kali and aakledlhe amdt halieahineale¢arsth umetal oqarldﬂuselatamneahﬂat ad

solution or.a p;@{é@;{:?ﬁﬁté“&a'&'ﬁ ahq! A€ Akd18d déaé;et{h ﬁé%élfé’#i{:g with

alternative, asp nvention, there I's provi
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the pot exhaust gdr eaaa&hamt% GeNeNtekd | BtaBR ¢oir! isdily 1a0ifls &kdi VQQstly,
evaporatlng water from the alkali and alkallne earth metal
salt solution  to produce . a concentrated solution or a
prec1p1tate suitable for use as fertilizer.
‘In a fourth alternative aspect of the lnventlon, there
-is provided a method of simultaneously scrubbing acidic
oxides of sulphur, nitrogen and carbon from the hot exhaust
stream from ‘a cement kiln and utilizing acids derived
tthereforeto produce useful products from the carbonates
- and oxides of alkali and alkaline earth metals contained as
solids in cement kiln dust comprising said carbonates and
~oxides and insoluble silicates, aluminates and iron
‘compounds, which method comprises (a) mixing said dust with
water to form a élurry-comprising undissolved solids and a
solution of the soluble compounds in said dust, and (b)
passing said gas stream into said slurry, whereby said
acidic oxides contained therein will react with water to
produce'acids, the latter will react with said carbonates
" and oxides of alkali and alkaline earth metals to yield a
solution of alkali and alkaline earth metal salts
comprising prinicipally the cationic components, calcium,
potassium, magnesium and sodium, and anionic components,
carbonate, sulphate and nitrate, and a precipitate of
alkali and alkaline.earth metal salts with insoluble



tthereforeto produce useful products fromthe carbonates * and oxi des of *
al kali and al kaline earth nmetals contained as solids in cenent kiln dust
conprising said carbonates and oxides and insoluble silicates, aluninates Vi
and iron conpounds, which method conprises (a) mxing said dust W th wat er,

{to forma slurry conpri sing undi ssol ved solids-and a sol uti on of the \p
sol ubl e conpounds in said dust, and (b) passing said gas streaminto said
slurry, whereby said acidic oxides cont al ned therein will react with water

to produce acids, the latter wll react®Wwi th said carbonates and oxi-des of

al kal i ands £l ked t &€, caluhinatelss dra yiebs 8ofipbihsh @fncﬁlmél gald ol kal ine
earth rretal Its co risin r|n|C| aIIythe ationic irrgonents cal ci um
pot assi um® cgn%?:?uﬁt g™ &, t STUEEY hEHEFIeS

sul phat e @= scxuebbed exhdu_atpr eci pi tat e of aI kali and al kaline earth netal

salts wth inquHbéfovidéiEEF%F%%fﬁﬂl#?d“gﬁﬁhfﬂg é{ggrﬁggﬁggnggpe%ﬂq the
gas of said gas, stfeam aftér passi ng throu arry” ener
scrubbed dhatRis {Rvepbienea; scrup PicaﬁHréﬁbagFyaaFtéﬁﬁaﬁhvetegbect of

this inveniedms arser wﬁﬂﬁm@orw&é@ aAqdt aeaty@t t@@knawpssmhb‘i@pl ying
wat er and _at Ieas% rtlaII | ubl.e reactan to id treatnent tank
| n% &‘\W&y

to form ZaGF3P 80n‘5P|1 dlts%0| sofi dBLXTYTEN
agueous scﬂQmpm:snlflgr eatstlamry rmﬁnundmssp&vedngoarid@(hm&tagaaqateba&m into

t he m xtur pt t a a for _renmoving
t he scrubb%o @EJﬁaust ??g?nﬁgél Z‘Q Ar@ea of tp%%sg?ﬂcé QL gg%ﬂgs'fagl

tank; medr e#‘&r’-’é‘é‘hv‘é‘}? r@l&h@reeﬁeregcguhmyq f bﬁm:eatdcn wathe salﬂank to
sai d precigddatdne; tﬂexng\hfaﬁlﬁeﬁbelﬁtg%ﬁ& kerupsBa’ akRdukRt asOkirdh and,

I quid, the 'fé) ' qzereacgn?é)#tlz nq:anq(vvarda_t pre%%.%eltatlon tank; - means for
conveying the reacted slurry from said treatment tank to
said precipitation tank- wherein the slurry is separated
into solids and liquid, the former dropping toward the base
of said precipitation tank beneath the latter which remains

~ in the upper part- thereof; means for removing the solids
from the base of said precipitation tank; .means for
removing the 1liquid fom the  upper part of said
precipitation tank; a heat. exchanger; means for passing the
‘exhaust gas stream through said heat exchanger prior to
being-péséed into the mixture in said treatment tank; and
- means for passing liquid removed from said precipitation. -
tank through said heat exchanger, ‘Wwhereby the exhaust gas g
'stream is cooled prior to its passage into said mixture and
the 1liquid is heated by heat from said gas stream to
evaporate water therefrom. : _ _ _.

' The invention also extends to a cement plant
comprising a cement kiln operatively producing a hot
exhaust gas stream' including acidic oxides of sulphur,
nitrogen ‘and carboh and also producing cement kiln dust

' containing carbonates and oxides of alkali and -alkaline
 earth'metals together with insoluble silicates, aluminates,
"and -iron compounds; and a scrubber as defined above, the
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of said precipitation tank beneath the latter which remains in the upper
par4 thereof; nmeans for renoving the solids from the. base of said
preti pitation tank; means for renoving the liquid fomthe upper part of
sai d¥greci pitation.tank; a heat exchanger; neans for passing the exhaust
gas stream through said heat exchanger prior to being passed into the
mxture in said treatment tank; and nmeans for passing |liquid renoved from
said precipitation tank through sai d heat exchanger, whereby the exhaust
gas streamis cooled prior to its passage im@-said m xture and the liquid

is heated by heaga&aowu%&a%éiﬂgeaéaﬁﬂ@da@@r@ﬁé “ehentt nﬂﬁf rt%mreﬂaqve
i nvention al so extends to a cenen ant conpri sl ng a cenent kil

operatively pr od&8enfok ﬁﬁpaéﬁﬁaﬁgﬁ §E§9§Fr%ﬁﬁn?}ﬁ9tﬁﬂ?uf%ﬂﬁQﬂ(¥%$ﬂ(ﬂ¥§§ﬂas
sul phur, ni trogenhandsadar tpzrrtamhbdw nwwhumngtcepwau&el usdfal oenhainiigiy

carbonates and o gg(aﬁ ﬁ‘l%?efr% Isk pr}_er%g%é&b aI S together with

i nsol uble silica i OR aHd a scrubber as
defi ned above, the Ixsapas'amularutﬁtm:ramm@mmbd tgas hetreamntmay | rhe

to receive the hahy Té'&a;éﬁdﬂé’é &%ﬁﬁﬁﬂii‘fgdab?ioggﬁ:l ?%Edﬁ'&guékmgs it

said particulate mater| t'o produce use ts therefrom

as expl ai ned abo¥Be Pﬁk&dflﬂ%lﬂ‘%rutdﬂfbnéé?erﬂlé‘a]ﬂhé"&aé% @Ry the metal

cool ed and/ or debut[tdlésmlumbﬁr ey IOBESIMHEédSaEBrI rﬁmet bﬁr@bls@ |6 such
solution; the alkali

t t tilised
For 'the pur pose 6RO BB8Y ProBERAROHLEERDRF (ERG PREC IRATAh e doR ety vith
together with |ninboﬂubhastiﬂaa;esulnﬂumﬁmatamdamdonronnpompdandaymhg be

lﬂ'|\§ed by add'Bglﬁqgeﬁ@%@téhéiﬁbféﬁgl§%ﬁ@kt8ftﬁe0§g§atstock of a cement
plant to produce cement; the heat of the gas may be
utilised to remove water from the alkali and alkaline earth
metal salt.solution; the dissolved solid contents of the
alkali salt solution may be used as a fertilizer and the
exhaust gas stream and dust may be obtained from the kiln
of a cement plant. ,

The apparatus may comprlse a heaf exchanger means for
passing the said gas through the heat exchanger prior to
being fed into the treatment tank and means for passing
liquid removed from the precipitation tank through the heat
exchanger, whereby the incoﬁing gas stream is cooled and
the said liquid simultaneously heated to remove the water
.therefrom._ |



pl ant to produce cenment; the heat of the gas nmay be utilised to renove
water fromthe alkali and alkaline earth netal salt solution; the dissolved
solid contents of the alkali salt solution may be used as a fertilizer and y
t he exhaust gas stream and dust may be obtained fromthe kiln of a cenquf'
: plant. The apparatus may conprise a heat exchanger, neans for passing. thé

"~ said gas through the heat exchanger prior to being fed into the treatnent
tank and neans for passing liquid renoved fromthe precipitation tank

t hrough the heat exchanger, whereby the incom ng gas streamis cool ed and
the said liquid sinultaneously heated to renove the water therefrom 6
The invention is hereinafter nore particularly described by way of exanple
only with reference to the acconpanying drawi ngs. I'n the draw ngs 5

Fig. | is a schematic representation of one enbodi-nent of apparatus for
practicing the invention; Fig. 2 is a graph illustrating the effectiveness
of renoval of potassium and sul phur oxides fromkiln dust during reacti.on

wi t h exhaust ‘gas oxi des according to the 10 invention. The described system

i ncludes neans for supplying alkali and_al kaline earth netal. conpounds as
solids. the ki iEhaivengied fanhessinachesanor s BarbaS at Y or 111 st
conbi ni ng Gt ridsed iy wae sfinexampléhenl $Swieparefierenicee troete | ng

conmponent s. i oo h rubber illustrated in Fig.l, the acidic gas
and al kal is"rfe s"{cﬁealfrld%ma? e&n%‘ig'aag\ith water in a

" In the drawings;
5 Fig. 1 is a schematic representation of one _
" embodiment of apparatus for practicing the invention; N/
" Fig. 2 is a graph-illustrating the effectiveness of
removal of potassium and sulphur oxides from kiln dust
during reaction with exhaust gas oxides according to the
10 invention. o o |

The described system includes means for supplying
alkali and alkaline earth metal ‘compounds as solids, the
kiln dust, water, and exhaust gas, and apparatus for
first éombinihg and reacting'the'same and then

15 separating the resulting components.

Briefly, in the scrubber illustrated in Fig.1l, the ;J

acidic gas and alkaline solids are mixed with water in a

treatment tank and react to form a slurry. A settling tank

~is provided for the separation of precipitated and

20 undissolved solids from the solution of water and dissolved

solids in the slurry. A heat exchanger-crystaIlization

unit is also provided and utilizes the heat, including
latent heat, in the exhaust '



tPeatnent tank and react to forma slurry. A settling tank is provided for
the separation of precipitated and 20 undi ssol ved solids fromthe solution

oﬂ,mater and di ssolved solids in the slurry. A heat
rexchanger-crystallization unit is also provided and utilizes the heat,
I nchrdi ng | atent heat, in the exhaust -7=- gtr~eamto evaporate water from

the solution of dissolved salts in the slurry to provide cooling of the
exhaust gas for ‘'use in the above process. Heat for evaporation of water

fromthe solution of dissolved salts is al 5 tain fomtpe_hot e .
dust, the hydratﬁntoﬁe?‘gaﬁgiSﬁaggt%ﬁé&?\wa‘%ﬁl }%@W\&qﬁiseﬂﬁé‘bﬂ‘érag 82?3?&%%5
fromconpres- sisalté imetbehalsrryato Refoaridengdal itig).of, theséxhaust gas
exiting at 8 fr ts P k 10
kel | Cand al kalop G881 ErBEVE Hrdbetl: e MM MvafORRRIGH g |
10 into the tredakex frem the gpdngian: wfaddisswed gakesthBoadmoinl et 14

froma suitaly e S ofed NBEoNENR) hbe Walde Aubtl) |tHe WyA¥dYidh. rEXBRYSh
gas froma ceneg; kiln or boile not sho enters heat’, 15 xchanger 22

:
through inlet 1PFYHREMARHE] a0 FALET o @D GNGF B ined nHEAR AOBRRSESt

gas noisture is idn d£cthd erhahsthgals.exchanger 22 and conveyed to the
20"t hr ough pi pe 23 and | SRAERFOSPEATE Aigpd 2R AL TN oh1 BLRT A EoE, 22O,
in the bottom ofa tdwstraad nwateranixing tank dnott shown) hgcomposedsoki ds
to the bottgp Ofablfﬁff{ NERG %i‘ﬂkllﬂet Q‘ir%'h“‘h{e\ﬁﬂ?yﬁéﬁ 4é1188 gf}drﬁ_ﬁjté'r, is
cul ated by suitable neans, tor exanple by recirculation punp 27. .

: pumped via pipe 10 into the treatment tank 12, along with
additional water through inlet 14 from a suitable source
(not shown) to produce a dilute slurry 1l6. Exhaust gas
from a cement kiln or boiler (not shown) enters heat

15 exchanger 22 through inlet 18 from which it emerges as
cooled exhaust. Condensed exhaust gas moisture is col-
lected in the heat exchanger 22 and bonveyed~tq the treat-
ment tank 12 through pipe 44. The exhaust then travels to
compressor 20 through pipe 23 and is delivered via pipe 24

20 to distribution pipes 26 in the bottom of the treatment
tank 12. To prevent settling of the solids to the bottom
of treatment tank 12 the slurry may be stirred or recir-
culated by suitable means, for example by recirculation

U/ pump 27. _

25 The exhaust gas bubbles through slurry 16 of
alkaline solids and water to emerge from the tank top as
scrubbed exhaust 28. Slurry 16, as a mixture of treated
solid, water, and dissolved materials, is pumped by pump
32 via pipe 30 to the settling tank 34 where the settled

30 solids 36 are pumped out by pump 38 and the water 37 laden

"with dissolved salts is pumped to heat exchanger 22 to
provide cooling for the input exhaust gas. The water from
salt solution 37 is evaporated to a vapor and released via
pipe 40 to the atmosphere'of the water is evaporated and

35 then condensed to a liquid'tg regapturé the latent heat
for reuse. The salts from the salt solution 37 are con-

lkj“
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25 The exhaust gas bubbl es through slurry 16 of al kaline solids
and water to energe fromthe tank top as scrubbed exhaust 28. Slurry 16,
as a mxture of treated solid, water, and dissolved materials, is punped by¥
punp 32 via pipe 30 to the settllng ta k 34 where' the settled 30 solids 36
- are punped out by punp 38 and the waTef 37 |aden with dissolved salts IS’J
“punped to heat exchanger 22 to provide cooling for the input exhaust gas.

The water fromsalt solution 37 is evaporated to a vapor and rel eased via
pi pe 40 to the atnosphere or the water is evaporated and 35 then condensed
toaliquid to recapture the l'atent heat for reuse. The salts fromthe salt
sol uti on Fertrated-and/ef- prevtipdtatedndnd quldeqiddtfrbmnthechéztt ed
fromthe n pi,pe 4 [ (o) t Se O, he

col ect od SarPERdeE IER KBRS Jinel R eIUQl o HIRANAE gt Bind 10,

sodium Telbectedcsadhgonsat principaldsl alaiam, gotass b} ymm¢ate

car bonat e éf@hn'éﬁétéodlﬁﬂe a@%%aEHEBH%E“édﬂBbﬁgnEimbﬁaéﬁé #41¢sdgpend on

t he |n|§| conpo- _sition _of the kiln dust to be treated and on th

conposi? tPBh“S%P?ﬁéyeﬁH&Gé@ega§afﬁﬂ§Qﬁﬁﬂaqguﬂﬁﬁﬁﬁﬁe22 TRe gL pur pose
heat 10 exehpogeeionysifalthier alalas will ceperddicom thy@einbht LAL Webhpoxt I act
heat from t hg.exhays a d t.hat | udi ng | n derived
from condeﬁég%?on gf rt‘flgeielf%' l?“t%%ga‘% n%él1§aélﬁae‘l‘% %%p%? a?%gm%?‘ngggﬁ'he whol e
systemis tieatefi themewblausitn@as parts conbi ned by standard net hods. For

exanpl e, typi Cal ly ‘rh‘é hegd! Ehdite Y f@vae SudP! piFplhe ORERI I 110N
gallonfq(3 79, x[ err] "and be prOV|ded with s distribution and stirring E

means; 19 heeXehapery-rENR thdy Izard op Wit Shra Jepown type which will

gxtract:heat from the exhaust gas and use that heat,,
including latent heat derived from condensation of the
exhaust gas moisture to evaporate water. .

‘The whole system is created from well known parts

15 combined by standard methods. For eXample; typically the
treatment tank may have a volume of one million gallons
(3.79 .x% 1062 ) and be provided with gas dlstrlbutlon and
stirring means; the settling tank may have a volume of 100

20-_thousand gallons (3.79 x 10°%); both being constructed from

stainless steel, or other suitable materials, such as
rubber, which can tolerate highly alkaline or acidic
solutions. o

The basic working principle in this invention'is
25 ‘recombination and reaction of two waste streams produced
' ddrihg burning'to,p;ovide mutual neutralization of the
waste streams, production of a valuable and useful by-
product, and utilization of low grade heat energy. The
two_wéste streams are the gaseous'oxides which produce
30 acidic solutions in water and the waste particulate matter
from cement kilns, which produce basic solutions in water.
‘After partial dissolution in water, the two
wastes react to neutralize each other.  1In the case of
_ cemgnt:k;ln dust, which contains excess potassium and/or
35 sodium and sulfate, the procéss provides for dissolution
. of a significant proportion of the remaining undissolved



t hbusand gal lons (3.79 xerr), both being constructed from 20 stainless
steeh3 or other suitable materials, such as rubber, which can tolerate
highly alkaline or -.acidic sol utions. The basi.c working principle in this
i nvention is 25 reconbi nati on and reaction of two waste. streans produced
durlng burning to provide nutual neutralization of the waste strears,
production of a val uable and useful by- product9 and utilization of Iow
grade heat energy. The two waste streans are thé gaseous oxi des which
produce 30 acidic solutions in water and the waste particulate matter from
cement kilns, which produce basic solutions in water. After partial
di ssolution in water, the t sjes . react to neutralize each other. In
the case of cement IHAMRNNIGH; ERCLYde FRLCIRE. 80, BANESHIM, R 1S 85
sodi um and sul fate, THe uvmmsisn@rwm“ ape dheselfutrleoreuaftamse o d iu:@élt

Bnd mmgnesi um sal t s Sorihr SRl T SET HFPEK - or BRRH BPEAGRA OB M€ AR e as
process feed stock. obepaakss unenevedaf eomntihet heatsalts renoved fromthe
heat S ex@anger eﬁracﬁ%egl#%#%ﬁ ﬁH&E ? & %%u:%r 1'4 'azser Or as

a source of naterlal
exhaust gas passingﬁﬂﬂﬁikﬂZQEKPEIiﬁr@ sourae Qfeaﬁﬁeﬂﬂaﬂaﬁpr’§Xﬁ&§9ﬁ%ﬁhof

a significant porti ¢ Ghdnicsd desAeftﬂQ sameSHLRBYS tﬁ@de&'htaru%erbaejy

form ng sul phates and nitrates. n@ e The di sCUSSion that | ovs 1s, an
exanpl e of use passing through he slurry in the treatment tank is
cleansed of a significant portion of the oxides of
/ 10 Sulphur and nitrogen, by forming sulphates and
nitrates. | ”
Examgle '

The d1scuss10n that follows is an example of use
of the process in a moderate size wet process cement
15 ‘producing facility. |
Exhaust gas from the kiln baghodse, fed through
duct 18, is'introduoed to heat exchanger 22 at a rate
of 200,000 actual cubic feet per minute (5663 cubic
meters per minute) by'compressor 20. The exhaust gas
20 is variable in composition, but contains roughly 29%
water, 25% cabon dioxide, 36% nitrogen, 10% oxygen
and 400 to 600 ppm nitrogen oxides and 200 ppm
. sulphur dioxide. 1In heat exchanger 22 the exhaust
:gas is cooled and water is condensed, resultlng in a
25 35% to 40% decrease in flow volume. The exhaust



of the process in a noderate size wet process cenent 15 pr oduci ng
facility. Exhaust gas fromthe kiln baghouse, fed through duct 18, is
“introduced to heat exchanger 22 at a rate of 200,000 actual cubic feet per y
m nute (5663 cubic meters per minute) by conpressor 20. The exhaust- gas :2Q
is variable in conposition, but contains roughly 29% water, 25% cabon ?v

~ di oxi de, 36% ni trogen, 10% oxygen and 400 to 600 ppnlnltrogen oxi des and
200 ppm sul phur dioxide. In heat exchand® 22 the exhaust gas is cool ed and
water is condensed, resulting in a 25 35% to 40% decrease in flow

vol une. The exhaust 10 gas is then drawn by conpressor 20 through pipe
23 for delivery through pipe 24 to distribution pipes 26 and allowed to

react Wlthgalsurirsy tHe phpr S iosy eg?besgasrdqa hrodd\ip@d2 8i gspgen are

renoved. In_l.ab scale 5 trials 9 é was renmoved from t he exhaust
2 stream RELIVEEH §Q¥qqﬁncﬁﬁﬁ%d to, éﬁﬁﬁﬁpuﬁmﬂPiﬁéﬁﬁs & &2R9 of ei ght
to twel ve adlowed toweddORitlh 4100DyKys whErhodeuﬁqfVﬁheﬂﬁxldﬂﬁter S

neror LonrRR 4G gkl AHd Bt sogkhVagk, PanbRelels R FarrUlafd,  The STy
sodi um i thdakss99Wef thel 90 twasdeenouddc Smoentthe iexhdust he materi al

to be retu% Redate the kiln feedzsystenl Af ter reaction with the exhaust 15
ur

gas, the s ry of treated dust is nped at a.rate of approximztely 200
U. S. gallons p&ilf gnst (lﬁs?”PH‘P@Bcﬁér thi hueaFmeptsdank n? tahk@34.  In

this tank EEQe ‘of eight to twelve tons per hour (7000 to 11000 Kg.
per hour) dry weight. Water is added to produce a
10 dilute slurry of up to 95% water content. The ‘slurry
water content is determined by the initial concentration
of potassium and sodium in the waste dust and on the
desired concentrat1on in the mater1a1 to be returned to
the k11n feed system. After reaction thh the exhaust
15 gas, the slurry of treated dust 1s pumped at a rate of
approximaztely 200 u. S. gallons per m1nute (757 litres
per minute) to settling tank 34. 1In ‘this tank the
sblids settle to form a slurry of approximately 35%
water ‘and 65% solids, beneath a solutlon of water and
20 soluble salts dxssolved during treatment. The slurry
' is pumped by pump 38 from tank 34 and combined with _
process feed for a cement plant ‘at a rate of o
approxlmately 7.8 tons per hour (7076 Kg. per hour) of
solids. The water solutlon is pumped through outlet 37
25 to heat exchanger 22 at approximately 200 U.S. gallons
per minute (757 litres per minute) to provide cool;ng
for the exhaust gas and to evaporate the water therefrom
to produce the by-product salts. The by-product salts,
removed via pipe 42, are produced at a rate of
30 approximately eight to twelve tons per day (7000 to
11000 Kg per day). The by-product salts include
potassium sulphate, calcium carbonate, and other salts



sdlids settle to forma slurry of approximately 35% water and 65% sol i ds,
beneath a solution of water and 20 soluble salts dissolved during,
trearnent The slurry is punped by punp 38 fromtank 34 and conbi ned with
proce3§ feed for a cement plant at a rate of approximately 7.8 tons per
houﬁ;(?O?G Kg. per hour) of solids. The water solution is punped through
outlet 37 25 to heat exchanger 22 at approximgely 200 U. S. gal l ons per
mnute (757 litres per mnute) to provide cooling for the exhaust gas and
to evaporate the water therefromto produce the by-product salts. The
by-product salts, renpved via pipe 42, are produced at a rate of 30
approxi mately eight to twelve tons per day (7000 to 11000 Kg per day).

The by-product- salts include potassium sul phate, cal ci um carbonate, and
other salts - wmutrcaqamrcmommmneetsncngdndgnsom@@aﬁnurtalQ;almum.

magnesi um and Sﬁmgwasamn arBr?@'Qo&PHHOEEHt §n1bﬂq.|c“@'dﬂﬁ>o%€ﬂwatf‘nclud1n?0

sul phate, and nitr portion of e nitrate oxidizes the sulphlte

sul phate. 5 - caranats nSylPrage, 2angnhpifgaters off B B heRe

(KD-18 and KD- 20) jaratd ot By s SERE Qalbh@teew %@ulpmtef the alkali and
al kal i ne earth netal salts fron1the dust Eglts in SFr at ed .dust, bEng
zth a

acceptabl e a kil n fedtf 9 9 figs, PebESY QU RF L neR
falls fron1approanHkﬂ3aﬁHéKm»2e5satéadx&plé?@ﬁ,al&dMﬁndeﬂhﬂt<ﬁxﬁmﬂ¢hn¢e

falls from appr ox eI y q%/gg) (V O%IPE ?Wgh g Fx%&aq. %%1 c# d&pa{hén

t he exanpl es’ |II3 St "was
initially into tmasnwnﬁsuitstrnmtbﬂdtrheheﬂhduﬁs beiimg ehaaptablg agis

conpenced. - Thi s 1 3q¢0u e fodibe StRRESiL] the 9edrl GF igutdaysud 441oxgh
é _10 falls from approximately 3% to less than 1- l/2%, and the
level of sulphate falls from approximately 6% to 3% or
below. It should be noted that in the examples
illustrated in Fig. 2 a full charge of dust.was loaded
- initially into the treatment tank and then the
15" introduction of gas commenced. This accounts'fOt the
o slopes of the graph during days A through M. This
reduction in potassium, sodium, and sulphate
concentration in the dust, from initial untreated to
} final treated material is greater than 50%. Samples
20  A-M refer to successive days during which samples were
_ taken from a contxnuous treatment process.
N - The impact of addition of treated dust on raw feed
' composition is shown in the following table showzng the
percentage of each oxide in normal kiln feed for both
25 Type I and Type 1II cement production. The figures
contained in the columns labelled "100 TPD Dust Added to
Feed®” and "200 TPD Dust added to Feed" show dramatically
the slight impact on composition of the feed resulting
from the addition of 100 tons per day and 200 tons per
30 day (91000 and 181000 Kg per day) respect1ve1y, of
treated dust to the normal feed.



reduction in potassium sodium and sul phate concentration in the dust,
frominitial untreated to final treated naterial is greater than 50%
Sampl es 20 A-Mrefer to successive days d i ng whi ch sanpl es were taken
- froma continuous treatnent process. The i t~ of addition of treated dust
ion raw feed conposition is shown in the following table show ng the S~
percent age of each oxide in normal kiln feed for both 25 Type | and Type
Il cenment production. The flgures cont ai BABLEn t he col ums | abel | ed " 100
TPD Dust Added to Feed" and "200 TPD Dust added to Feed" show dramatically
the slight inpact oHRR&GE0SE MQFME&QJM iBepd reompbs idddin i on of
100 tons per day and 200 tons per .30 ﬁi 891000 and 181000 Kg per day)
respectively, of treated dusNOE®ahe nor kP01 TBY, Dust 12 TABLEOONTRE Dnist
Tr eat ed ‘Dust M Feed Con88%ion Norhdded to Fegd TPD DiAdded to Exaal

. .

v

R Tl U e I
3.59 - ALO3 7,5 ¢ Fe20§ 1.453+39 1 53 3.61
1.61 ca0 52293 43 49 43,62 . 1.53 43.75 MyoL.61
5 83 Cago 81 43, 49 2 78 50343 62 ’ 0. 18 43.75
.83 . Mg0* 2.83 2,81 2.78
0. 23 S0y » 0.28 K20 9713 0.933°53 0.94 2.
0.96 LOSS * = Ko _ 35.83 . 53 35.45  gse 35.07 si Bagfo
2.58 ,LOS% 54 35 2.49 A/ .__45 L 2 46 35.07
2.35 S5 Ratid 24 Typealba 2,54 | 2.49 -
- Al/Fe - 2,46 2,35 - . 3.24 3
. S : . = W
Type II
§iop ‘13.24 ' 13.23 13.22
‘Aly03 . 3.33 - 3.35 ~3.38
Fe203 - 1.77 - 2.03 2.09
cad 43.09 43,23 _ - 43,38
Mgo 2.66 - . 2.64 . - 2.62
X 0lé8 0.3 0,72
20 | : o |
Loss - 35.20 - 34.85 34.49
. 8i Ratio 2.49 | 2.46 | 2.42
" Al/Pe 1,69 1,65 1.62

:_;§ulfete expressed as SO3

__These results demonstrate that the major change in kiln
~ dust composition is the removal of SO3 and xzo and that

the unremoved K20 and SO3 do not significantly alter the QJ

composition of the raw feed.



. . ' \
g. ‘gg -13.24 13. 23 13. 22 A?ZOi

.33 . 3.35 3.38 Fe2® 1.

203" 2:09 CaO 43.09 43! M 'l m'” ,

43. 38 MyO , 2.66 - 2.64 2.62°sCB "'”"'m”"l

0. 19 0.24 0.29 K2013 0.68

0. 70 0.72 Loss - 35. 20 34. 85

34.49 Si Ratio 2. 49 2. 46 2.42 A/ Fe

1.69 CLAENS. o 1.62 *Sul fate expressed as S03 These

results denonstrate that -the major change in kiln dust conposition is the
removal of SO03 and K20 and that the unremoved K20 and SO03 do not
significantly alter the BomsdErd &1 muil temeoust Y FQF SCTUPPIRg i exhaust
A _mcait hod 3! ][rul tgaeougahsxéaanhasﬁmblaicrml-iEﬂ oXilduss targh F ot ramra thing ripsaci di ¢
oxi des an or freatin ust. havi nqg.al.kali and.,al kgl i,ne _earth t
conpounds as soﬁ?&%?gcgﬁgPﬁ§iﬁ@dtﬁgkggéﬂf §ﬁ£%§nm%%§arﬁfﬂﬁﬁ?nlnng%wth
water to form amcalilal,i eempplisgngattive tst@ps7)ofsol Utalon mind ndh)tipashisty the
gas streaminto,ibf aakfralbalichh S8 WikaNinth Pl ddift i chaplay i on and
gas react to form-an alkali "and al kaline earth netal salt solution and a
precipitate of &pkutioanand KR)i passing, the g2 Atxean (iptg e pizid

e et oo o St pdny e enlg MBIt Shdigds Sou
particulate TRl LoT ont 2l 20 S AP AR, FHLIELS
solution, to scanl anpeekdpditages oft sAxmli and alkaline earth metal salts
o/ with insoluble silicates, aluminates and iron compounds.
2. A method of utilizing particulate matter
containing as solids alkali and/or alkaline earth metal
salts which, when reacted with water, produce a basic (pH
greater than 7) solution, to scrub an exhaust gas stream
containing pollutants comprising one or more of the acidic
oxides of sulphur, nitrogen and carbon and compounds of
halogens and their acidic oxides while producing useful or
Egnign'products from said particulate matter, whiéh method
comprises: mixing said particulate matter with water to
form a solution or a slurry comprising undissolved solids
and a solution of soluble compounds from which solution
said soluble compounds can later be recovered for
alternate use; and contacting said exhaust gas stream with
said solution or slurry, whereby said pollutants contained
in said stream will react with any oxides, hydroxides and
carbonates of alkali and alkaline earth metals derived
from said particulate matter to yield a solution of alkali
and alkaline earth metal salts comprising principally the
cationic compounds calcium, magnesium, potassium and
sodium, and anionic components carbonate, sulphite,



mu{-ants conprising one or nore of the acidic oxides of ¢
tro en and carbon and conpounds of hal ogens and their acidic
”"ﬂn IEE' 'mm* oduci ng useful or benign ]gl{ oducts from saird particul ate -
] net hod conprises: mxing sald particulate matter with water
,to forma sol ution or a slurry conprising undissolved solids and a sol ut ﬁe‘n
Yof sol ubl e conpounds from whi ch sol ution said sol uble conpounds can | ater

be recovered for alternate use; and contacting said exhaust gas streamwth
sai d sol ut nomrérteslamdryllwhé?ﬁbbwfsial@’m\mﬂ%rﬁé thethahegens 3afld stream

will react ¢yelik afaed d%&orggfdimcke Spré¢i 9¢ Hosab £SaPkatl kghh and

al kaline earth netals derived fromsaid particulate natter to gl eld a

sol ution oflkpdime faFth matale 24T Wt ary tesebpBlesFARPEREREPpal | y

the cationig ch@p@aﬁds&ﬂlaﬁdlnﬁaﬁwsanﬂnwm@twﬁlslsiandxlsadsurrgaand

ani oni ¢ conponents r honat S,u e, 5. i rate Ltrite nd. :
conpounds SFIER&hA é:nscod%‘f“r?éﬁ %?(%%e%?ﬂéébﬂﬁ %lgrﬁ?'éc?tﬁe?g?g of

al kal i andaslhdnuhbe@aﬁxhauatu salts with any i nsol ubl e conponents of the
particul atg matter; japd . %%@c&dﬂm{% g,@sz st‘(,ﬁ@.pglgf Egggcontacting

said solutidn or sI uarry, emerges as ex alist . A net hod
accor di hg exhaugitmaas waedam hiepnsarted ‘gh%h s%?b‘énﬁ?é“ébﬁf‘a@f‘ed Wi th

s?l d sol zt sQRr@y ZJw&{@ﬁdqmgoeta% r&hr&émtlsﬁcﬁiﬁgﬁ hﬁ@i@hs§ﬁhﬁ|15ﬁ| ui—: Eguﬁfyt.h
slurr e ccordi ncl udin e

st ep )c/)f seffarating §a|“lft§tﬂa‘:ht‘=}“cﬁf’ 'b‘?kta?aég%\hma k%fl#lg] a8 n netal gsal ts
fromsaid phedivding ahendteyy ofii skparsot iig eszddpsokut gon5of alkalAd et hod
aocording hhaCpdidEidnY A mhed UL D% R 2058 BPeEEB'E%L@UaHH sai dv

solution o
any said insoluble components..

5. A method according to Claim 2 or Claim 3,
including the step of transferring said sblution-of alkali
and alkaline earth metal salts and said precipitate and
any said insoluble components to a separation system
wherein said salt solution is separated from said

- precipitate and any said insoluble components.
6. * A method according to Claim %=, including the step
of passing the separated salt solution through a heat
exchanger wherein it extracts heat from said exhaust gas
stream before the latter is tontacted with said solution

. or slurry. S S _
7. A method according to any of C1a1ms 2 to 6,
wherein said exhaust gas stream is dehumidified by cooling
prior to said contacting step. - . . _
8. A method according to.Claim 7, wherein said salt
solution is used to cool and dehumidify said exhaust gas
stream,

| 9, A method according to Claim. 8, wherein heat'from

said exhaust gas stream is used to remove water from said



from sai d precipitate-and any said insol ubl e conponents.

accordl ng to Caimb5 including the step of pd®$sing the separated salt" s
sol uT on t hrough a heat exchanger wherein it extracts heat from said
exhaust gas stream before the latter is contacted with said solution or

ard al kaline earth metal salts and said precipitate and any I nsol ubI e
conponent s to a separ ation systemwherein said salt soluti onﬁiﬂ I"I

slurry. 7. A method according to any of Claims 2 to 6, wherein said
e;<haust8 gas. strgami Eogahuahdi fied by cool [ ng prior to said contacti ng
step. 8. met ho cco g_.to erein sai.d salt saolytion is
used to cool anﬁodehum' d f§'e§§f’ Bfﬁé?ﬁéillngaéz &M % wherelir, sa& cﬁH at

according to C g#smi8riwedr ¢énnpheat firommone . (cbrexrim:ustofgetétesthmaraxhauﬁ;techat&
renmove water froms |
¥] % ne?ﬁoag écor . latent theé% oé‘vlpJWr1za€§q? ofﬁ%ﬁy

sol ution. ing to Ca n sal eat
derived in partmbnsthRecontmnsdoflnt ﬁ@lﬁotexé»almtstgaga§tc¥fea§al dhream the

atent theat of hyapausbadkeaBeabnaBtiRicH ?fa%t(i@tﬂ%t@%dt&eia'%@m &as
stream the hydration reaction between parficulate matter and water_ or from

conpressi ng sai §¥§8s CPRPELSEA NgaiSa 1o MRdc ATiPTs it sapfl contacking

according to anyj;Qf C ai gBméthedl@ccuiaifign t%aladxyewlmta:gas Btﬁcealm .and

said particulate matter are obtained f t he kil t.
A net hod of si n’dPF5ﬁé8u§F’§Sc8ﬁv‘€r“ﬁ%n§a&8gt ‘ﬁ%&h:aet'%ceﬁ?el?ﬂ conékgl ni ng

al kali and al kahaBeegeaark obtalinednfowmdthaes kidin dst |antc3enaerpr queott sui t abl e
forladding to 12, A method of simultaneously converting dust from a
~ cement kiln containing alkali and alkaline earth metal

compounds as solids.into a product suitable for adding to

- the feed stock for the kiln, scrubbing the exhaust gas

" stream from the kiln and producing alkali and alkaline
earth metal salts suitable for use as fertilizer,
comprising the steps of (a) dissolving the dust in water
to form an alkaline solution, and (b) passing exhaust gas
from said kiln into the said solution, whereby said
solution and gas react to scrub the lattef and at the same
time form an alkali and alkaline earth metal salt solution
and a precipitate of alkali and alkaline earth metal salts
‘with insoluble silicates,raiuminates and iron compounds

l suitable for adding to the feed stock for said kiln, and,

" lastly, evaporating water from the alkali and alkaline
earth metal salt solution'to produce a concentrated
solution or a precipitate suitable for use as fertilizer.
13. - A method of simultaneously scrubbing acidic
oxides of sulphur, nitrogen and carbon from the hot
exhaust stream from a cement kiln and utilizing acids

" derived therefrom to produce useful products from the



the feed stock for the kiln, scrubbing the exhaust gas streamfromthe kil nt

alm m and al kaline earth netal salts suitable for use as

f [I” !“" HHMFSI ng the steps of (a) dissolving the dust in water to -
f or mfantal kal $ ne* sol uti on, d (b) passing exhaust gas fromsaid kiln |nto

:the said solution, mhereby sald sol utiony;gnd gas react to scrub the | at t &F*

and at the sane tine forman alkali and alkallne earth netal salt solution

and a precipitate of alkali and alkaline earth netal salts wth insoluble
silicates, HrH8maias A éiﬂb@oﬁQO&DHSI5Uhhabhtkﬁmﬁn§ddhﬁrght meltha sf eed

stock for said kiln, and, ]a eva r from.the aIkaI| and
al kal i ne e&ﬂﬂFQﬁﬂ%ﬂ %ﬁﬂ%oiiﬁ ¥%n gﬁ;a%hgg gaégnggﬁpféfé&gsgﬁﬁtlon or a
preci pi t at @abdreties fand useides fandi ingelubl8. silicatesst hdamdhates

si mul t aneo b I C e u gt rogen and carbon from
t he hot ex%’}tﬁs/t #r?egén%%%% c"gr?rié%ﬁ T nognéaﬂphl z%n aci ds derived

t her ef r om tl@ prwiduiorg usaid dpsbowith W?bﬁfth@ formgacgAMEMAt es and oxi des

of alkali angh ok ddieusd]ddo1la! SotPaLakARIaaS030kIEBH bF eB@ENt kiln dust
conprising said carbonates and oxides _and insoluble silicates, aluninates

and iron cERIIRIRE coppetnd hdasRApArEEs 8BS nixing said dust with water

to forma ipy pagHimg isaiy 4asli seobardinedbi daiandlaregl, uwheredly tdada
sol ubl e co ounds in

dd d d d
slurry, T B ST R TR R il L v
to pr _oduce modisce tawids) tehewlatterawilhi rhacti mcar sendt carhomadesdes of
al kal i and aq'uwcizlﬂfegaéf ha{ei 2l Sah8 ¥irheiAeSaLPEHOReRh13! k) yididh &l kaline

earth netal )
solution of alkal1 and alkaline earth metal salts

compr151ng-pr1nq1pally the cationic c0mponents,-ca1cium.'
potassium, magnesium and sodium, and anionic components,
carbonate, sulphate and nitrate, and a precipitate of
alkali and alkaline earth metal salts with insoluble
silicates, aluminates and iron compounds, and the gas of
said gas stream after passing through said slurry emerges
as scrubbed exhaust.

- 14, ~ A’ scrubber comprising: a treatment tank; means
for supplying water and at least partially soluble
reactant to said treatment tank to form a mixture
comprising a slurry of undissolved solids and an aqueous
solution of reactant; means for passing an exhaust gas ¥;j
stream into the mixture for scrubbing by contact with said
reactant; means for removing.the.scrubbed exhaust gas from

' said treatment tank; a precipitation tank; means for
conveying the reacted slurry from said treatment tank to
said precipitation tank wherein the slurry is separated
into solids and liquid, the former dropping toward the
‘base of said precipitation tank beneath the latter which
remains in the upper part thereof; means for removing the



coJrrpri sing principally the cationic conponents, calcium pot assium T _
magnesi um and sodi um and ani oni c conponents, carbonate, sulp

nitrate, and a precipitate of al kali and al kal i ne earth net aI l M/’w !I”"I
insol uble silicates, alum nates and iron conmpounds, and the ga% o

stream after passing through said slurry energes as scrubbed exhaust.

A scrubber conprising: a treatnent tank; neans for supplying water and at

| east partially soluble reactant to said treatment tank to forma m xture
conprising a slurry of undi'ssolved solids and an aqueous sol ution of

reactant; anssépfdé’aﬁﬁétﬁ‘gtﬁé‘ BxH8USE 99§65%E$?5'¥>iEBleﬁet%ﬁtuh%aanr £

scrubblng by contact wth said reactant renovi ng the scrubbe
exhaust gas' fr JifRQY T rehie nkk@uidnkron phechpPesrt PaRtt afikSaddans for

conveying the. r;ﬁaetéqsh@éu{dsu 49K} sai ﬂe&ﬁeékeﬂahgéﬁnkm&QnEalfdrpbaﬁblihbat i on
tank wherein the sl ur is separated into so the forne
ool e s he S andes € SE8 GBS | Thiandh SR 18 Agnk odxAhahacr nBEAPE

whi ch remains |ﬁotﬁmnngupns$sdt1mherené nitusef bn sabdvingathent taeki;ds
fromthe base OJ é%‘u )3 eg%ppé%%{)g?a?p%ul?e §'§°{’8§e ?gﬁvgﬁg the Iiquid

fromthe upper part ol sal exchanger; neans for
passi ng the extrusriphtatiorapanhrthypughi aaﬁ@aheekcﬁaqgengpn owhesebyi ng

passed into theyd @Mé‘ué@ é@é ds{ ¥ &4 ”Fé'tcééi'léd ﬁP@oFEE‘BSﬁQrpEQ%ﬁb@g into
l'iquid renoved from sai %{) eci ?I tation tank rougFFsal heat ~ exchanger,

wher eby the exiBid %h%obt‘éﬂll‘ﬁrtﬁrh?ﬁ sPyaBeae frAMoS8AAY
m xture and theydsd cau:deam; maéﬁbdwah@a&aféﬁn‘tﬁérdfgaﬁ streamto evaporate

water, therefromg 15. 5 L SGENOPCL 855818500 81558 Thl%eub¥hbper
comprising means for supplementing the heat of the gas
stream for evaporating water from the liquid.
16. A scrubber according to Claim 15, wherein said
supplementing means comprise: means for compressing the
gas prior to passing it into the mixture.
17. A scrubber according to Claims 14, 15 or 16,
further including means for collecting water condensed
from the exhaust gas stream in said heat exchanger and
means for conveying the condensed water to said treatment
tank. . : .
18. " A scrubber according to any of Claims 14 to 17,
‘further comprising means for agitating the slurry in said
treatment tank to prevent settling of the solids.
19, Simultaneously for scrubbing an exhaust gas
" stream having acidic oxides and for treating dust having
"alkali and alkaline earth metal compounds as solids, a
method substantially as hereinbefore described with
reference to the accompanying drawings. .
20. A method of ut11121ng particulate matter
containing as solids alkali and/or alkaline earth metal



corfprl sing neans for supplenenting the heat of the gas stream for

| er.fromthe liquid. 16. A scrubber according to Claim .
”I J d suppl enenting neans conprise: nmeans for-conpressing the £
» ssing it into the mxture. 17. * A scrubber according tg

;Clains 14, 15 or 16, further including rans for collecting water condenseéd
‘fromthe exhaust gas streamin said heat exchanger and nmeans for conveyi ng
t he condensed water to said treatnent tank. 18. A scrubber according
to any of 6haitsswhdche Wherf meEntred orih siaketeaprodese ogi basiag(pHe

slurry in g?iegt%Ee%%“tnt AP SURD s SAlB | dNTe Phabde §851 Seredfl.
Si mul t aneodsly for scrubbing an exhaust gas strean1haV|ngac di c oégges and
o}

for treati AgnEadningyPedlntants SAPRAIGANTLBh Hetal Sufgl
solids, a prifed S¥LsLAPHWR | hidg ddrei skl carboie sand besmpbthdsebérence to

t he acconpanying drawi_ngs. ,20. ... A hod ,of , utilizi '
V\nfhaft t ﬁr \(/:\zngéi)'(lﬁﬁ é‘;ié"é;%l%i(fsl ralal&ﬁqlcdrﬁﬁn%#esgl‘fggjr*%ueﬁ'%%%%ﬁngﬂé?é%égﬂhgé?t s

i ch, ebehdan paodividt siafirem garict ymer ti duaka e (it gerat thet hehhdd
solution, to.scrub.a h : I ol t I Si
one ‘or 'ror E44P% ﬁgb&.ﬁﬁf&?&%?ﬁéﬁ&%ﬁﬁ i e
conpounds okeflexleagendcande eiqonpEny N IRWINGF + e produci ng usefu
beni gn progycts fr omaiaied iaddsfddud By e @i CaBEANO0OREREE of

substantia as hereinbefore described wth reference o the acconpanyi ng

drawi ngs. EP?{P]‘“r-' Pt TOgAR BNk SRTRPR HIRMi R e exBRPAESsSEF 8/ phur,
nitrogen aggomabeenen®mKingm fuia axdilisd i g re&eids raar ivee@neherktkromand
utilising %%”%%A%ﬂ@é”%lééﬁ?‘%ééﬁﬂcts from the'carbonateé and oxides ot
of alkali and alkaline earth metals contained as solids in
cement kiln dust comprising said carbonates and oxides and
insoluble silicates, aluminates and iron compounds, a
method substantially as hereinbefore described with
reference to the accompanying drawings.
22, Useful products produced by a method in
accordance with.any of claims 1 to 13, 20 or 21.
23. A scrubber substantially as hereinbefore
described with reference to and as shown in the
accompanying drawings. '
24, ‘A cement plant comprising a cement kiln
- operatively producing a hot exhaust gas stream including
acidic oxides of sulphur, nitrogen and carbon and .also
producing cement kiln dust containing carbonates and
oxides of alkali and alkaline earth metals together with
insoluble silicates, aluminates and iron compounds; and a
‘scrubber according to any of claims 14 to 18 or 24, the

said@ scrubber being coupled to said_cement kiln to receive
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to produce useful products fromthe carbonates and oxides of arkati—anmd————
al kaline earth netals contained as solids in cenent kiln dust si n

’SaLd car bonat es and oxi des and i nsoluble silicates, alum nates Hmﬂ m””",

coqpounds "a nethod substantially as herei nbefore descrlbed Wi

tolt he acconpanyi ng draw ngs. 22. Useful products produced by a met hod
i n accordance with any of clains 1 to 13, 20 or 21. 23. A scrubber
substantially as herei nbefore described with reference to and as shown in

t he acconpanyi ng draw ngs. 24. A cenent plant conprising a cenent kiln

operatively producing a hot exhaust gas st{gamincluding acidic oxides of
sul phur, nitrogen and carbon and al so producCi ng cenent kiln dust containing
carbonat es and oxides of alkali and alkaline earth nmetals together with
insoluble silicates, alum nates and iron conpounds; and a scrubber
according to any of clains 14 to 18 or 24, the said scrubber being coupl ed
to said cenent kiln to receive 19 said hot exhaust gas stream and al so
said cenment kiln dust as said particulate material to produce useful or

beni gn prOdUCtstiqfréeeéhaust gas stream and also said cement kiln dust
as said particulate material to produce useful or benign

products therefrom,

-/



