1 "POADERED LI ME COVPCSI TI ON, METHOD OF PREPARI NG
SAME AND USE THERECF" The present invention relates to
a powdered hydrated Iinme conposition, to a nmethod of
preparing sanme and to a use of the powdered 5 |line
conposition to reduce the anmpbunt of sul phur-containing
and hal ogen- contai ning conpounds in flue gases.
Powder ed hydrated |ine, also known as slaked line, is
understood to nean a set of solid particles consisting
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theypowRRr€d(dtppe, which is used as an absorbent, is
bromght 20 into direct contact with the gases to be
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many products based on powdered sl aked |ime have been

devel oped i nPergered oSi@ifﬁdalhﬁ“% IHet$est 18 apEhy| ppRligagens, in
tr ABRIDH-AGE & RGNS At her Sy BRifRAgs (HCI, SO, HF,

S0;...) contained in flue gases. In this “dry” method, which is simple and

inexpensive, the powdered lime, which is used as an absorbent, is brought
20  into direct contact with the gases to be purified. However, the neutralization
reaction between gas and solid is not easy, and a large excess of
calcareous reagent with respect to the quantity of acid to be neutralized is
often necessary in order to meet increasingly strict emission standards.
This excess of reagent poses the problem in particular of additionally
25  generating by-products or residues which have to be freated downstream.
To reduce the excess of reagent or absorbent that has to be
used, many products based on powdered slaked lime have been
developed in order to obtain a better capability for trapping acid gases
using the “dry method”.
30 In particular, it is known to promote the ability of conventional
slaked limes to trap gaseous HCI by combining said conventional slaked

limes with an additive, such as alkali metal hydroxides or carbonates or




30 In particular, it is known to pronote the ability

of conventional slaked lines to trap gaseous HCl by
conmbi ni ng sai d conventional slaked I|ines with an

addi tive, such as alkali netal hydroxides or

carbonates or 2 alkali nmetal chlorides [CHEN, D. et
coil., International Academ c_ Publishers, 1999, pp.
337-342]. In said docunent, the additive in guestion

is added to the slaking water for the ﬁuickline duri ng
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20 liquid film at the solid/gas interface and improves the trapping of SOa.

The document WO 88/09203 again takes up this concept of
adding an alkali metal compound, such as NaOH or chlotides such as
CaCly, to the slaking water for the quicklime. The guantities and the effect
of these additives are not really discussed. The first is said to have the aim

25  of increasing the basicity of the absorbent, and the second is said to have
the aim of retaining the water, as in the case of patent US 4 604 269
mentioned above.

The document [Method for producing reactive Coolside
sorbent -Production of reactive sorbent for cool-size process - by hydrating

30 quicklime with water containing sodium chloride aqueous solution,
Research Disclosure, 1988, 295(898), No. 29564, ISSN: 03744353],

confirms the positive effect on sulphur removal under conditions close to




menti oned above. The docunent [ Method for producing
reacti ve Cool side sorbent -Production of reactive
sorbent for cool-size process - by hydrating 30

qui cklime wth water containing sodiumchloride

aqueous sol ution, Research D sclosure, 1988, 295(898),
No. 29564, |SSN. 03744353], confirns the positive

ef fect on sul phur removal undér conditions close to 3
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posisawbatioﬁ (@iefietahipdesss titdn 26° Na0®R, tHdadelv Bad) 2ofaadditives

SoNnb Cor Neb 253 ot e b 5 Aty

S' K iide tMRY &%, B’)!OW%\@% oftthé %@Kl@@ht' ibeadditith T@@hé is@fking

has a BET specifi'c surface area that is | ess than
t haateof Homvemﬁm@awkeﬁylm@tm mod@edmem anBET ppedikéc surface

absenc f additive er th ons udi

5 ¢ rdcasbars Bigaiet el ceoud iRl pS el GRS ofdiied th e
S U h BN fSad FHARS Lﬂﬁier!tﬁ@&%té&:drf@i%oﬂé' fhdied, RO BYorganic
properties of slaked lines. In the present text,

" f additivase rechtasosrigars |ancheurfpidants oddesn ook impoveHee sulphur-

absorbents of the i.or mhich are based on sl aked
I |'f?én0\f”ﬁ%p5\%qni'€f%0fp%%‘?%% in respect of trapping

aci d gases hastraegseAPIY etirdtngerkeai@l I Wilrberibéd 20 denote
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absorbents then results from a modification of the physical properties, in
this case the texture, namely a greater BET specific surface area and/or
20 a greater BJH pore volume. These absorbents will be called "second
generation” absorbents, resulting from a “physical” modification, see
[OATES, J.A.H., Lime and limestone, Weinheim: Wiley-VCH, 1998, 455,
pp.219-221].
There is known, for example from the document
25  W097/14650, a powdered lime composition comprising calcium hydroxide
particles having a BET specific surface area that is greater than 25 m2/g
and a BJH total pore volume obtained from nitrogen desorption that is at
least 0.1 cm3/g.
Said document describes in particular a product based on
30 hydrated lime, the BJH pore volume and the BET specific surface area of
which are markedly more developed than those of a standard calcium

hydroxide. The ability of such a hydrated lime to trap acid gases is much
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There is known, for exanple fromthe docunent 25

W97/ 14650, a powdered |inme conposition conprising

cal ci um hydroxi de particles having a BET specific
surface area that is greater than 25 n2/g and a BJH
total pore volune obtained fromnitrogen desorption

that is at least 0.1 cnB/g. Said docunent descri bes

in particul ar a product based*on 30 hydrated |ine,

the BJH pore vol une and the BET specific surface area
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obpaivdetkd rlone ncompgsitiode sonptrisorg  calcium -hydroxide particles
having a BET specific surface area that is equal to or greater than
25 m“lg and a BJH total pore volume obtained from nitrogen desorption
that is equal to or greater than 0.1 cmslg, this composition furthermore
having an alkali metal content that is equal o or less than 3.5% based on
the total weight of the composition.

Preferably, a powdered composition will be provided which
has an alkali metal content that is equal to or greater than 0.2% based on
the total weight of the composition.

Due to the presence of an alkali metal in the powdered
composition based on slaked lime, said composition exhibits a better
SO,-trapping performance than the known second-generation
absorbents. Furthermore, this powdered composition retains its excellent
properties such as a BET specific surface area and a BJH pore volume

which are both high, in particular both being higher than these same




that is equal to or greater than 0.1 cn8/g, this
conposition furthernore having an al kali netal

content that is equal to or less than 3.5% based on

the total weight of the conposition. Preferably, a
powder ed conposition will be provided which 25 has an

al kali netal content that is equal to or greater than

0. 2% based on the total weight of the conposition.

Due to the presence of an alkali netal in the powdered
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nmet al conpound selected fromthe group consisting of
al Redtal ydroxides,  carbonates, hydrogencarbonates, hitrates,
phosphates, persulphates and monocarboxylates, such as alkali metal
20  acetates or formiates, and mixtures thereof, in particular those of sodium,
potassium and/or lithium.

These alkali metal compounds make it possible to increase
the performance in terms of reducing the amount of sulphur-containing
compounds, while unexpectedly retaining the increase in performance

25 resulting from the physical improvement in the texture of the product
according to the prior art.

Preferably, the composition may have a CO; content that is
equal to or less than 5% by weight, advantageously 3%.

In some embodiments, the calcium hydroxide particles are

30 in the form of a mixture comprising a first fraction of particles having a

particle size of less than 32 pym and a second fraction of particles having
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nmet al hydroxi des, carbonates, hydrogencarbonates,
nitrates, phosphates, persul phates and

nonocar boxyl at es, such as alkali netal 20 acetates or
form ates, and m xtures thereof, in particular those

of sodium potassium and/or lithium These al kal i

metal conmpounds meke it possible to increase the
performance in terms of redud ng the anount of

sul phur-contai ning conpounds, while unexpectedly
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conposi tion yyay Bave a EQ%IC@@I%]tdigﬂﬁ)tutlbﬁ tﬁ@u%mb@smon
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the BJH total pore volume obtained from nitrogen desorption which fall
within the scope of the invention.

Other embodiments of the composition according to the
invention are indicated in the appended claims.

The powdered composition according to the invention can be
prepared by a method comprising

- slaking CaQO particles having a particle size that is equal to
or less than 10 mm by means of a quantity of slaking water that is
sufficient to obtain a calcium hydroxide with a residual moisture of between
15 and 35% by weight, and

- drying said calcium hydroxide to obtain a powdered lime
composition.

This method also comprises, before, during and/or after the
slaking operation, adding a quantity of an alkali metal compound to the

CaO particles, to the slaking water and/or respectively to the calcium
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val ues, including 0.1 cnB/g, for exanple, values

greater than 0.15 cnB/g, than 0.17 cnB/g, 0.19 cnB/g
and even above 0.20 cnB/g are values for the BJH

total pore volune obtained fromnitrogen desorption
which fall wthin the scope of the invention. 20

O her enbodi nents of the conposition according to the

i nvention are indicated in the appended clains. The
powder ed conposition according to the invention can be
prigprsdde bihis qmahfntgdbeingmuiffﬁ:iimg to sibtaki, rig s@a"Dpowdered lime
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the total weight of the conposition. This method makes
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whisthugefématraspiag HBrkald HRet al . The powdered |ine
according to the |nvent| on has an i nproved traBpi ngg
per f or mance AAvaHageRYsHf theyuping {@igrt AraRengsn as at a

CORRMEIRIre Wt Hefween 100 and 550°C, with a reduction in the residual
moisture to a value that is equal to or less than 3% by weight.

The alkali metal additive may advantageously be added to
the slaking water. This addition to the slaking water may take place prior
to the slaking or simultaneously with the latter.

It is also possible to imagine mixing, in the dry state, the
alkali metal additive with the calcium oxide particles, before slaking. it is
also possible in particular to mix it with the calcium hydroxide obtained
after slaking. The additive may also be added at several different times
during the process.

in one advantageous embodiment, the alkali metal is
preferably sodium, potassium and/or lithium.

With particular preference, the alkali metal compound is
selected from the group consisting of alkali metal hydroxides, carbonates,

hydrogencarbonates, nitrates, phosphates, persulphates or even
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remarkably retaining its performance in respect of

acid conpounds of the HC type. Unexpectedly, it was
found that this lime also had a good 15 aptitude for
trappi ng HBr and HF. Advant ageously, the drying takes

pl ace using a gas at a tenperature of between 100 and
550C, with a reduction in the residual npisture to a
value that is equal to or | ek than 3% by wei ght. The

al kali metal additive may advantageously be added to
20mehecabakylicgacidt ealts Fhich asldiasitatest or tfanigleskiaigmixtures

er y take place prior to the slaking or
\Aﬂhﬁf g‘ﬁeously with the latter. It is also possible to
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tijgeer. during the process. |In one advantageous
enbodi nent, the alkali netal is preferably sodium

pot assi um and?®COMRFAA ARCOHIRG P @ Hivehiap fah@so be
th [ [s 30 selected fromthe
gr(gkﬂtglnlcégnéxf gﬂ%‘dogmﬁ?d met al hydr oxi des,

car bonat es, - iiligpGadrantondi=OH )ninithad gsantiihod pledtrethat is

per sul phat es, or even 8 _nonocarboxylic acid sal such
oS HEPRL s OBIRIR Gr Mtk siMB PV 2t H1ES o4 a0 Yo Bt by
Aqxgﬁkpgeously, t he nmet hod according to the invention
fur

er conprises, after the slaking, a grinding of at
| east sone ofsegairdtindbwatdrdramsdaydmokiaddmet, he gri ndi ng

The. compos (1 Qs SSdp Rp F TR 1 dREs bhoBLAl & Sovdereo
B R e £y of veter that s 10
suffici ent t-oadbirai rbeford, | durifg lor nefted the anixiolgi @geration, a
Coc?uttaen%y %(‘ a%oatkgii ?nog{%lbgompound to the CaO and/or Ca(OH),, to the
mixing water and/or respectively to the milk of lime, this guantity being
- sufficient to obtain, in said powdered lime composition, an alkali metal
content that is equal to or less than 3.5% by weight based on the total
weight of the composition.
in some embodiments, the method may advantageously
comprise a step of grinding, crushing or deagglomerating the mixture or
the lime composition.
The step of separating water may comprise any deshydrating
process such as filtration or evaporation for example.
Other embodiments of the method according to the invention
are indicated in the appended claims.
The invention also relates to the use of a powdered lime
composition according to the invention for purifying flue gases, in
particular for reducing the amount of sulphur-containing and halogen-

containing compounds in these flue gases. The sulphur-containing and
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Conprl se a gpr datdred)didgis thlsahﬂv@ltayes of the invention will
deaggl orreratl ng the mxture or the line conp03|t| on.
ThHamgigspirem %‘@p‘é@%ﬂipﬁlgnvﬁfﬂ@h isrgjeEobRiPIVsiRy @@y of non-limiting

5 oo ier o R o R 3PP AR e

met hod accormymneg ﬂOShdSWSia‘I\B‘BhbﬁmIBC dingrardifcat pitbti plant for
t he appended clains. The invention also relates to the

us‘éfe@ﬁr'%g Eﬁﬁﬁﬂé@@&squﬁﬁso@(?ﬁﬁ%m tion according to the
i nvention fqg I}Erleéri EMbRY ao%dl‘}%ﬁgé’l% r'aﬂq oﬁgleo@é\ﬁlééiiﬂr%stmg

for redu0|ng anount sul phu ontalnlng and
hathegdisodmitai ni ng conpounds in these flue gases. The

10 51" P’ 1 on 5Be SR a2 RPSAuEE J5hSul QTR EHSE S
artﬁe's‘én@@féz‘é‘r‘u'c?é S22, S and HA, HF and HBr. O her

features, details and advant ages of the invention wl|
energe fromlhheordesctd ptriaba whi ghlid scginperisdel bﬁk\!ﬁf&eﬂ the

e S A o SRS SR b bR RIS £ ot
di QeERes O tRedd Idmerehtaabsér%ntsom@rﬂr@@arbasam higé Gadse pilot
of absorbents. Figure 2 shows a schenmatic di agram of
15 t hiosigdeliare Ustng sieslar pgerating conditions and starting materials (water
and quicklime). This pilot plant for preparing hydrated lime is shown
schematically in Figure 1.

The device shown in Figure 1 comprises a single-stage

slaking unit, aiso called hydrator 1. This single-stage hydrator 1 is fed with

20  ground quicklime via a feed line 2, at a rate of 100 kg/h, and with water via
a feed line 3. if an additive is used in the preparation of the absorbent, said
additive is fed in via a feed line 4 and it is placed in solution in a reservoir
5, from which it is pumped by means of a pump 12 and added to the
slaking water feed line 3 before entering the hydrator 1.

25 Alternatively, if necessary, the additive can also be added
directly to the hydrator 1 by means of a feed line 6.

At the outlet of the hydrator, the moisture content (free water)
of the product is continuously measured by an infrared device 7. If this
moisture is greater than 20 g/kg, the product is passed into a grinder/dryer

30 8 which is supplied with hot air via the feed line 9, which makes it possible

to deagglomerate and dry the product so as to have a residual moisture




t he absorbents. 10 In the figures, identical or
simlar elenents are provided with the sane
references. In order to nake a valid conparison
between the conpositions according to the invention
and the absorbents of the prior art, batches of these
di fferent absorbents were prepared on the sane pil ot
15 installation, using SIﬁ]|éB operating conditions
and starting materi al s (water and quickline). This

p| thet dpkamot feme@‘ ap o d Neyenchpeiuct isethes sepetred from the
1 B8 o5 Yrif agrdiBade. NER R CaER S BRI 11

hydr ator 1. Thisomba enstegpetingr @bﬁbrrﬂaah@‘e fedtiwd tdifferent
20 ground quicklinme via a feed line 2, at a rate

10ebxyPRNtsamieRaed Watlbe weregendeged i piota plant, ahoappeared
5 adﬁ%éésasgas( Yo %e%ldp?et Hl%aplrse@fafe%#:hggth?if %égbjbgﬁtgo{ntbgin%mtabie

sal ive' 1's dan|aa

pl aeether Nviholddard o Ir@dmmgsm wohdunt of doldgarbs.chor thid,sn a
punped by neans _of a;{; 12 and added to the sl aking
wafleyice eb@wn e Fuseidrae keawer o relkechparaesid phsgubent is
Al C WY I

B Sty B SR oS St e
l'i ges, &heMltlhh@C!@lﬂ:bhﬁiDSﬂbntémj ﬂxywlrratteomf whible amicettroked. This
content (free water) of the product is continuousl

10 SoB6ViPe dOBMSING 14 Abearsals PR ITtes g TH pUssbles the
gr S@ﬁ(ﬁ{t?rﬁj{'épug@gx%ﬁtgﬁrﬁ h€is @rs%‘?ll%ﬁaﬂ @qtéﬁ&ﬂcg I tRis8ifying the

gr i nder I'ch I's supplie t air via

t hdiffeesrd hbmb@ntswmi odlatmek éxmd, gossillciontd their respective
deaggl onerate and dry the product so as to have a

r eBFAUATMS st ure 10 that does not exceed 10 g/ kg.

The end prodpgtcdss behedbrs $RAk E}i@ﬂ’ef,’éomé H@vm@'i@‘t‘vt@étmg the
drying air in a bag filter 10 hen directed towards a

15 st aebsgbesid @rmnnse‘so‘ouogpaf@act hﬁesr‘e%p@cﬂﬁ\mcwﬁ fiberflomcetes

ot o BhiaareaURIeEbY Bramuiow FEiBRRg Wi e i das dggpmveys

t Oadﬁ‘kﬁJr@@)f@GEeeﬁnﬁm@f"/otnﬁ?ﬁttl*dg@nt he ahpatbpBtst 4 miure of HCI
suitable manner with regard to reducing the anount of

acbll gugegeroihet third linent&a mixture of CO; at 15% in nitrogen, and
the last line 16 transports nitrogen. A supply of superheated steam 18 also

20  makes it possible to adjust the moisture of the gas streams. The acid gas
concentrations are fixed on the basis of the respective flow rates of
nitrogen and acid gases. The absorbent is injected at the top of the reactor
by means of a powder meter 19, which is supplied with a fraction of the
nitrogen stream at 24.

25 The tubular reactor 20, which has an approximate length of
3m and an internal diameter of 4 cm, makes it possible to achieve
gas/solid contact times of around a few seconds. It is surmounted by a coil
21 for heating the gases to the reaction temperature. This temperature is
maintained over the entire length of the reactor by means of heating

30 resistances controlled by a temperature control system.
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devi ce shown in Figure 2, a known flow rate of

powder ed absorbent is injected in co-current at a
given tenperature into a stream of synthesis gas, the
initial acid conmposition and flow rate of which are
controlled. This 10 device for testing the absorbents
approxi mates as far as possible the conditions of use
inindustry. It is discrinmindting in respect of
classifying the different absorbents in relative

terns, as aAtutied icnnie@foft tiee rremekpedhe vesacpenf prataste .are

! reTotis s ok QU AP U8 Hodlr Sagnfdaa Poiedhtiaffons of
14?1#8%!%84’@ ard RfealsLfW E@htiiouRly Wé:"? fhifdred GeRlyset bed

Ss flow regulators 17: the first line 13 conveys

a mxture ofatSEe atarfl ofah&odxpefihidrRggit upbgesech or SO,
line 14 a mxture of HO 5% in nitrogen, the third

| jovatars is Aesarmieedibyctie dnfraswh enakiser.ofese Kk Mmeagured

5l LANEEE DR RO ARBL Y pont o

adkyeld Ishmjemestivoetief réétﬂogaﬁ eﬁgrv@aﬁmasﬂf&)va(mté @aswhich
concentratl ons are fixed on the basis of th

r ecsqas@@ppvds fio élW‘Gr a@esoidhe experigen. hhel !ra@wrgfafs@fasorbﬁ@t is
(25;?&?%3 é?%@@o%fggg\%ﬁﬁh%fr é@%cfiﬁ@ecrg&{tlopq}é stable

ovvder meter

f rfct pon o@fthé ha%ym’;lit(btk‘coQSMeswmatreﬁéon(ﬂﬁtoThm enduirae of
reactor 20, which has an approximate |length of 3 m
ariaez%pﬁﬁﬂ@ﬂtral di aneter of 4 cm nmakes it possi ble to
achi eve solid coHt act tinmes of aroun

seconds. rée sur RORREEFBYVIRY coi 120541 forca}{%l"zﬁf\é “Fymoving

r’t?erﬁﬁﬁnea%cteoo? h@er 854dR8 BEMPETRY Wake Qhiafe determined by
tenperature is maintained over the entire |ength of

t heeasainortheyfindaleyebfofheembwy iB@earesitstthakds to say the

CoRGRE i HTEFCE B SETHAGUNRIRHR ahly g e

C bl RehRchtoin@ tBb ase| oir | $©5 cdAcantdatidre dtiGhe &R tamel of the

CQ2 concentrations of the gas stream are neasured
cmnaﬁtmﬁm ip tiejation tpriheaw@oora%@t yeegerdmtiont atitinge gewy ¢f the
){?%?g? eriment, the upstreamHCl or SO2 5 content
hed by the infrared analyser. Once this

measur ed It has been found that, all other things being equal, the same
flow rate of first-generation absorbent makes it possible to achieve Higher
levels of SO, reduction than a conventional slaked lime. Similarly, the
sulphur-removing performance of the second-generation absorbents is
always higher than that of first-generation hydrated limes. However, the
levels of SO, reduction obtained are sometimes still insufficient to meet the
increasingly strict emission standards, except by using prohibitive
quantities of reagent. This is because the use of any excess of absorbent
is not only expensive per se but poses the problem of subsequent
treatment of high quantities of by-products, after reaction of the absorbent
with the acid gas.
In the compositions according to the invention, the alkali
metal additive is added in proportions such that the content of the alkali

metal which forms the additive is between 2 and 35 g/kg of the final




concentration is stable at 3% of the setpoint val ue,
the absorbent to be tested is injected into the
reactor at a given mass flow rate Q which
corresponds to tinme zero of the experinment. The

i njection of absorbent is stopped as soon as the
downstream HCl or SO2 concentration is stable 10 at
2% of the asynptotic value, V&ich corresponds to the
end tinme of the experinent. The sul phur-renoving
andsopositibor degerdingvinntne fypef o metat earafl thehtypeeaigadditve in
at a flow rate Q are determ ned by neasuring the

fi AaPStioBvel of removal in percent, that is to say the

15 differ encqe "ﬁﬁ)%etn?@ d&hp &éltl(ﬁ%z a%@c’i‘r%ﬁf@t Ih!?‘tth@nln%éntlon

time zero of exper 1 ment and
cott@mafbreamm |aposshﬁeleemtomhum tife m‘rp@rate»qswtmmgard tana high

5 of BETe SPEYHEr TFARE. 2147 Ras2BOEiPT dlinct b B Ponapiume
t hEJ‘QSS s0&hag), SRl beﬁéfﬁnéQ@n a%olnﬁffé%\\é!erlﬁtp%rféfrmance in terms

firtst-generation absorbent nakes it possible to

achf e9¥@; hreghstion| dhisl dedfg SEhferedicby oifvet vaided alkali metal
conventional slaked linme. Simlarly, the

suFPRBEPYPerovi ng performance of the second-generation

absorbents i $he aldays cBhleRltiohBasbcoiibg @b the invention in the
first-generation hydrated |ines. However, the |I|evels

10 of dedeer etiudgiien Dlahwvwsedhalr dhelemis | m@ssigmﬁcaant decrease in

PRSI il BREL I 2P SR b0 lNn S rffease therein,

quasiiphF&stooh sé@cﬂrq}egénerﬁh@sslas(ebamse the use of any
excess of absorbent is not only expensive fper se but

poses the prdbedmtisr %@bi‘é‘émé'ﬁ’ﬂ perf@gtansat ofothenpgyRpositions

SBT3 PP apptcaton
15 aceprish dey hethd® winiglens ISQﬁlpIeteh‘Ei mickpbnsivaretbathe gadifichiien of

is added in proportions such that the content of the
aI 91 9asest BPTWAIRERS FRRWIENG e I ali SUPTY FhQiabaviich was

g%‘ip‘%’% '{%SS‘ Kt é@fﬂ%vé% 88 Qsiiban, depending on

nmet a addltlveln
questl on. The mventlon will now be described in greater detail by

means of non-limiting examples.
20 EXAMPLES
Example 1
An industrially produced slaked lime is selected as the
reference powdered compound (conventional or standard lime). Its BET
specific surface area is 18 m%g and its BJH total pore volume is
25 0.08 cm¥g.
As in all the cases mentioned in the present document, the
BET specific surface area is determined by nitrogen desorption at 77 K,
using the well-known multipoint BET method, starting with a sample that
has previously been degassed under vacuum using an apparatus of the
30  Micromeritics ASAP 2010 type. The total pore volume is determined

using the same apparatus, by nitrogen desorption at 77 K, and is
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These powdered conpositions according to the invention
therefore make it possible to conbine the inperatives
with regard to a high 5 BET specific surface area (>
25 n2/g) and a high BJH pore volunme (> 0.15 cnB/g),
whi |l e benefiting froman increase in performance in
ternms of SO2 reduction, thls bei ng conferred by the
added al kal i et al conpound The use of conpositions
according to the invention in the 10 device of Figure
2 isteowetdchat atbedencs with shgidJH cmthoddessasing a cylindrical
per f or manc th regard to HCl reduction, or even an
|ﬁ%¥%3§8”¥ﬁ@$@ conpared to a second-generation

sl aked |ine Fuﬁ%%nlﬁsrré etwoé‘f@@t ?&%E;b@%la‘k@ﬂflﬁﬁéﬁiﬁl@p@fduced
t he COﬁ'pOSItI ons accor o the invention nake it

pméh@lmlot @Iamd‘.érf’!gh@ i euadtlmg withpa iqséaklione anglogpus He the
nmet hod mhl inple a d |nex nS|ve
o Pat ton PRl g BT P s RIS ik e ano
| %\é%brcﬁﬁ? $a§'|tﬁ§“§anﬁ@mﬁbd\ﬂbuﬂh WRS praeare Afdry additive. The
ossi bl e to achi eve by such a nethod. The invention

vmaddltW@WSUéa@ébfﬂﬂ thedirshagd ddaA10dtrahe wgongelingagh case

e e G BaeER ePRu e Et e E s Aropmately
r efoeg @ GRIGRAMOSEERg e NgIeRsk{tc Thvarhée angl added NEOIrhs a
[inme Its BET specific surface area is 18 nR!g and

i tBE Banecticasurfice aven wiel Q@ 179080 8 khivtg! Dﬂée ivRlugng of
3&2%5?%%?%“5 B0 B8 LT3 R, shitce B o

daserit arha dord TokKime v50103 ¢rh€igW€I | - knovvn rrul t| poi nt
BET net hod, startlng with a %elég t hat

previously Heerpt @@Qaé’ée‘tﬁl‘euﬁé‘gﬁ QoA ugﬂﬁgs%fh [Method for
?gj?gﬁf?&Hg e(Of ol}é}:ﬁrNe%Mﬁ et éé&ﬁtlﬁ%?t@%é@dft%@@ jedd¥to a

i's det 'm ned using the sane
apsauaionsm e spdaifagsmrfales arqe obthealirs¥-gereradiod siakekBlimes
compared to the reference. The present example shows that there is also
a reduction in the pore volume.

The sulphur-removing performance of the three slaked limes
of this example are compared using the device for testing the absorbents
which is shown in Figure 2, under the following operating conditions:

composition of the gas to be purified:

SO, 1500 mg/Nm?

moisture: 10% by vol.

COs: 9% by vol.

flow of absorbent: Q

stoichiometric ratio (SR): 6.5

The flow of absorbent Q corresponds to the flow of lime that
is necessary in order to neutralize the flow of SO, if the yield of the
reaction was 100% (stoichiometric balance), multiplied by a
“stoichiometric” ratio (SR), taking account of the fact that some of the

injected absorbent does not actually participate in the reaction.
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interpreted in

(assum ng a cylindrical
two first-generation slaked |ines are produced

pil ot plant of

anal ogous to the

af orenent i oned

accordance with the BJH net hod

pore geonetry). Furthernore,
in the
Figure 1, starting with a quickline

5 one used to produce the

reference slaked line and according to

the same nethod, but in the plesence of an additive.
The additive is NaOH for the first and Na2CO3 for the

second,

the end rod
P PEN IS e ILEEO T

in ebieh dasels adtledOn areduaitimdt)otﬁaimladt haith the

Ial ns rox

IR Ut it e Smmreigy in

haﬁa@ehobég% %@%Mdcﬁoﬁ%ﬁt?&%rﬁﬁ@@uﬂfe &Qhé‘%@c’[@ﬂd a

H'total pore

added Na2CO3 has a specifi c surface area of

and a pore

f
aforenentlongﬁéﬁﬁrlge"%%d? tr‘ﬁ O

linme with
9 nk/g

As stated in the

producing (...)

vol une of 5 cnB/g; the

| SSNT03744353
to aempsratetiic
first- gedaeratl
referencé. The

, the aaditron of the additives [eads

i Beferanche Jpgeei T NeWur ildwe aNe2Leb t he
bn sl aked |ines conpared to the

present exanple shows that there is

alfF§6™a reduct
sul phurtofenovi
of this exanpl
testi ng0bhe ab
under the fol

of the2gas to
by vol. CO2:

st oi chizgpetric
corresponds o

on in the pore volune. The

g pefor mance oB1¥he three si33ked 1ines
b are conpared using the device for

s0r b@Rfs 20 whi 88% s shown 4% gure 2,
OWi ng operating conditions: conposition
be p@OCsi ed: SOB6%mg/ NnB nmoidture: 10%
D% by vol. 25 flow of absorbent: Q
ratigpof SR): 6. 54Fhe fl ow of shhsor bent Q

the flow.of linme that IS necessary.in

order to neutralize the flow of SO2 if the yieId of

th ti 0% ( hi t
it pred obiEh Showst BiF o PResdicteie) BEFoenis haye @
acEoMet s@bntinrrh@dl dadpatkity 9En e Firence lime, in the device of

Figure 2.

Example 2
A second-generation slaked lime is produced in the pilot

plant of Figure 1, according to a method analogous to that described in

the document WQ97/14650, namely slaking of the quicklime in the

presence of a large excess of water (residual moisture before drying of

200 to 300 g/kg), followed by drying of the excess water from the finished

product.

Furthermore, four slaked limes according to the invention

are produced in the same plant, starting with a quicklime analogous to

the one used to produce the aforementioned second-generation slaked

lime and according to a similar method, but in the presence of an
additive. The additives are respectively NaOH, Na,COj;, NasPO,; and

NaNO;, added

approximately 7

in a quantity such that the end product contains

g of sodium per kg of absorbent.
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i njected absorbent does not actually participate in

the reaction. 14 The levels of SO2 reduction obtained
with the aforenmentioned three Iines in the device of
Figure 2 are summarized in Table 1 below, as a

function of the tenperature of the reactor. 5 Table 1:
Level of SO2 reduction Tenperature Reference Line +
NaOH Li me + Na2CO8 C 150 299831% 33% 200 29% 33% 34%
240 30% 36% 35% 350 42% 49% 54% Table 1 shows that

the fir st - géliter atiipbor-arsovdlepefomzweeacbdte dive slaked limes

f%ﬂ%‘p&{;ﬁ@é%é% p?@ am(}z% t%ga%é%a&e%sekegxampllen? aridunder
S%Q'h%n?&'&%?étln%”c&kﬁm 'éx@SFt ﬁwa‘?ﬁl@é’%@cﬁé’habﬂwéﬂ“@ rétid 2.5

| ant Figure 1, according to a method anal ogous to
t heertd thess tamberditine istded ad RANTENthindompeadsos beingetgnsidered

sl aki klinme in the presence of a |large
ext@gfsg%‘? o{,\ﬁteem%@f @'&Fﬂm&ra‘m sture before drying of 15
200 to 300 ofpeaBE Tl fidcmmeslitcedsntaRGiref BIHGoRX B8RS volumes
water fromthe finished product. Furthernore, four

sl afkibe ﬁ\iaw’e@ea@écﬁmrn@let% ahwel rage faioperfaireanmeoutesens of

SO R, T AR Y, WP ORISR

segtiRNerathe@Rnsh ake’k 20 |inme and according to a
simlar method, but in the presence of an additive.

The addi ti vekable & rRis hewecifisl surfeterprada 2t porgyptyme and

in a quantity such that the end
Sﬁﬁil%%hfeaqq%ggnappr oximately 7 g of sodium per kg
of absor bent.

Absorbent BET specific BJH pore Level of SO,
surface area  volume reduction
[mg] [em¥g]
2nd-generation lime 40 0.21 20%

according to W0O97/14650

Lime according to the 36 0.21 27%
invention with added NaOH

Lime according to the 38 0.20 29%

invention with added Na,COs;

Lime according to the 29 0.17 25%

invention with added NazPO,

Lime according to the 30 0.17 25%
invention with added NaNQO;

The results of Table 2 show that the specific surface area
and/or pore volume of the absorbents according to the invention do not in
themselves make it possible to predict the performance in terms of SO;

reduction. This is because, with comparable values for these two




The sul phur-renoval performance of the five sl aked

limes of Exanple 2 are evaluated in the sane way as in
Exanple 1 and under the sanme operating conditions,
except that the stoichionmetric ratiois 2.5 and the
tenperature is set at 220C, this tenperature being
considered 5 to be one of tgg nost di scrimnating.

The BET specific surface are and BJH total pore
volumes of the five |inmes of Exangle 2, as well as

t hparanpetefsoriharasorbentsragsosding Soxhedaventianekimbit maarkedly
devi ce of Fk%urg é unge%.the af orenent i oned

col Ve eVl 8T SHaMRT YA 'OFabl e 2. 10 Table 2: BET
specific Surgaﬁgisﬁg%ﬁ,aiﬁbld%ﬁ%@ prepammoandndltievel arefsimitar
SO2 reduction sorbent BET specific BJH pore Level of

scend duppdicalalrtes spsliumeanigiieaf dhe fowrpaydgreaarogppositions

s o BSORREL P TEA A SRR RCAARS i o svore

| N¥@ihded araw tdndagsiedviiamld Lalves antarish mge trecrehse 38 sulphur-
0.20 29% invention with added Na2CO3 Li ne accordi ng
t ofemevalpanformnapssapprakit PoAifRrent added Na3PO4 Li e

according to . . 25%.. i 0V, i ' .
NaNG3 The r eggp‘?'éé%f Qqétéﬁéég?fgh%ﬁ ?%aétm{ webg%e:g?@ fnce which
subfacematiases adirothgpabsonbehtsrecadrdiniyetcatheombentien always

according to the invention do not in 15 thensel ves _
10 maR¥hiptt pdediep Ry pes @ qafﬁ)égaléf fﬂaﬁ‘rhgha% SECRNEEGRgration

SHITES 1§ UALRD o[y 20 T5RBRe Hok B RELRE ARy s -
acouarcth bgtteo stilpdwirmeeotvabreapabilityi thamathe diopventional or first-
generation limes.
It should be noted that the absorbents of Example 1 only
15  make it possible to achieve levels of sulphur removal of 6% to 8% under
the operating conditions of Example 2 (220"0 - SR=2.5).
Example 3
The performance of the five slaked limes of Example 2 in
terms of HCI reduction is evaluated in the test device of Figure 2, under
20  the operating conditions of Example 2, except that the composition of the
gas to be purified comprises 1200 mg/Nm?® of HCl and no SO..
The BET specific surface areas and BJH total pore volumes
of the five limes of Example 2, as well as their performance in terms of
HCI reduction in the device of Figure 2 under the aforementioned

25  conditions, are shown in Table 3.
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i mproved | evels of SO2 reduction. Surprisingly,

al t hough the preparation conditions are simlar and

in particular the sodiumcontents of the four powdered
conpositions 5 according to the invention are

conpar abl e (approx. 7 g/kg), the specific surface area
and pore volune values but also the increase in

sul phur- renoval perfornance 'appear to be different.
Despite a specific surface area and/or pore vol une

which are sbalei FeBET owacilia perfagss sraserf 4 oo rvginge and

to the d ti | ways 10 exhibit a better
suﬁeﬁﬁEQ#-lgéﬁ&#é“\%ﬂ%ﬁpabi lity than the second-generation

ITme, 1Tn the device of Figure 2. The latter
nevert hel e¥&sosPeidlady has a nHEH bett &f/H pore Level of HCI

sul phur -renoval capability t%ﬂ&-- e congihbonal Qbguction
first- generation linmes. It omd; be noted that theuc,

absorbents of Exanple 1 onl ysurfdcerake iferd@gsi ble to
achi eve |l evel s of sul phur renoval, of 6%to 8% under
t he operating conditions cfarﬁﬁé’i’i‘pllg. 2 (220C - SR=2.5).

of—tir/e—five staked™ i i{ies of

ExZﬁTgeen?r?Wc“ F’ﬁi‘?}?@"’ﬁ’m redicti on i s ®R4Al uated i ©0%

t he testiodewoyel4dsoFi gure (2, under 20 the operating
condi tions of Exanple 2, except that the conposition

of the~~yas to be purified conprises 1200 ng/ NWB™ of
HC  atdneecsoring e t!BET speci f3& surfacd-ateas and B8

t ot al re vol umes he five linmes of Exanple 2, as
wel Imvfgl%?ﬂéﬁ”% %(g%dopj%& efin terns of HCl reduction

in the device aof Figure 2 undg t he afor nti oned 8%5/
condi HBRLCCFENGIRWF i n Tabl €8, 17 T 3. BET °97%

Sp‘%ﬁbéﬂmtﬁjrﬁ}&ﬁﬁéﬁﬁeéﬁ\%c@%ﬂ pore volunme and |evel of
HCl reduction Absorbent BET BJH pore Level of HC

speci filyfRlUMRng feHRd T on | surfgice [cnB/ghy 85%

invention with added NazPO4

Lime according to the 30 0.17 85%
invention with added NaNO;

The results of Table 3 show that the levels of HC! reduction
are not or are not greatly affected by the treatment according to the
invention, compared to the second-generation product used as
reference.

Example 4

A second-generation powdered composition analogous to
that of Example 2 and a powdered composition according to the invention,
obtained with Na,CO; as additive, according to a mode of preparation
similar to that of Example 2, are used in an industrial plant which emits
S0..

The main characteristics of the gas to be purified are as
follows: gas flow rate: 22,000 Nm*h, gas moisture: ~15%, SOy
5000 mg/Nm?* and temperature: 165°C.




area [nR2/g] 2nd-generation |ime according 40 0.21 90%
to W97/ 14650 Linme according to the 36 0.21 88%

i nvention with added NaOH Li me according to the 38

0.20 88% invention with added Na2CQO3 Li nme according

to the 29 0.17 85% invention with added Na3PO4 Li ne
according to the 30 0.17 85% .invention with added

NaNO3 The results of Table 3'8how that the levels of

HCl reduction 5 are not or are not greatly affected )
by the treatTent finecocanerpttatonhedf i$Ventd obe cothieyast is

to e cand: generati on, prod used.as .refer, o
BN CBEB o gkier sheSR FonR el G FaRS0%
anal ogous t orhd Bofpakitieh desarmdetclthandvéntpevwaakeslit possible
conposi tion according to the invention, obtained with

NaRCaB:haeveadiiiet isgé, awecof dan@0fo Edustienofn ppEharkdebnthe

simlar to that of. Exa e used, | :

5 ¢ asarphfolstihe N iTh T peolbrt §hEbidpat consumption of
chasaeken 5% tespafed RReth@asthbe réyapitr thbi sstoat&yereratitn lime.
follows: gas flow rate: 22,000 NnB/h, gas nojsture:

]; 15"?”‘@02% #eoesergf mARYAdianabydmied dmergdoe sege dpgage
. FOGE _ _ B3t ¢
oS T ERS L, ARe Gl o uBe Yy AR KERSLD, BRyp! of SO

mofeRidcham 0P Adtmoréhieas @oposi ti on according to the
i nvention makes it possible to achieve the set aim of

10 a 90% r educt it JRUPDSCPNdRTERC Wt SharspesRinkIvERlken 1S In no
g?ﬂ%&/t W b Hhe® dRHYGHEMs | Be @RRRUPEMOVE OBRH MR AtOany
modifications can be made thereto without departing from the scope of

the appended claims.




approx. 15% conpared to the other reagent, the
second-generation line. Furthernore, the use of a
conventional hydrated Iinme in the sane dosage as the
conposition according to the invention leads to a

| evel of SO2 reduction of no nore than 40% 10 It
must be understood that the present invention is in no
way limted to the enbodi ment'€ described above and
that many nodifications can be nmade thereto w thout
departing fromthe scope ofLAIM& appended clains. 19

CLAIMS 1. Po red |i conposi tion.conprising. calcium
hydr oxi de paﬁjﬁg@l\' @reﬁjg‘\?i!%ea BRPPOBRDY | 50919’%5}"% aag(gum
t hyqrbRid@qtHiciks Hivingdh B PEpblifd stFaf8/geaithtds Bial to or
total pore vol uge obtai ned fromnitrogen 5 desorption

t harteater tbgudl5 md/goangyadhthtfotehpereoaumagygained from nitrogen

h teri in th th it ‘ »
5 ariariaron fEtidr PabAC e’ SRal BORGLLAR g chARRE R et
3. 5% banpdsiapntfhrhéPhdde MES ahtalRili HiRacedmesi tHaens edual to
Conposition according to Claiml, in which the

4 el ’@Qaﬁhamﬁi@b hesed sr @attotad waightiof e 6pmPOsEiothan 3%
the pr ecedt ny CRTEERE O CHAr AL Cr ol i o Ral e osidual

al pldturetaitedr isEHdqial esof leemtiasn abkBay weighat al  conpound
selected fromthe group consisting of alkali netal

10 hydr oxi des, SarBBWRSEION [REEPEHEhCAr BENaPBE, Ohithgapraseding
h t | ph ;
pmc)%?fm? Si?%racpe‘?l;zﬁﬁ @n ﬂfaﬁé&z@ng!klﬂﬁﬂﬂ&%ﬁ qg@(ﬂa@%gsf{%rﬂggg alkali

urés thereor. 1 Mposi tion ac
ongmetdl Ehmipreind teledied dluan abiceragd domstshiagy ohelkali metal

al kali netal is sodium, potassiumand/or lithiu 5.
Coltprsiiciosn SeMmNdeRy (YORRGEREIAtER al WitiEs o PROSPhAteS,
whj i [ greater
¢ hREF TGS Y MO LG HIER! ahd pis order

15 conposi ti on. 4 20o6positicmodctoding épaamngree pbvidieired 1 to 3,

Li)ﬁnlger\ricag{g)g%_seiciti% %Qat tﬁg%?lgaqii nqgtatl (I)S ggcﬁur%f, pgtaasis%sm 1antd?orﬁi’thium_

5. Composition according to any one of Claims 1 to 4, in
which the alkali metal content is equal to or greater than 0.2% based on
the total weight of the composition.

20 6. Method for preparing a powdered lime composition
according to one of Claims 1 to 5, comprising:

- slaking CaO particles having a particle size that is equal to
or less than 10 mm by means of a quantity of slaking water that is
sufficient to obtain a calcium hydroxide with a residual moisture of between

25 15 and 35% by weight, and

- drying said calcium hydroxide to obtain a powdered lime
composition,

characterized in that it also comprises, before, during and/or
after the slaking operation, adding a quantity of an alkali metal compound

30 tothe CaO particles, to the slaking water and/or respectively to the calcium

hydroxide, this quantity being sufficient to obtain, in said powdered lime
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- slaking CaO particles having a particle size that is
equal to or less than 10 mm by neans of a quantity of
slaking water that is sufficient to obtain a cal cium
hydroxide with a residual noisture of between 25 15

and 35% by wei ght, and - drying said cal ci um hydroxi de
to obtain a powdered line conposition, characterized

in that it also conprises, b4 or e, duri ng and/ or

after the slaking operation, adding a quantity of an
alckaipiositenalancakpbordal @htent thak isCa@igdetardess tharn3 e by

sl aki wat.er and/ or respectively to.the cal cium

yire A BeaBh g R Sprfiddn. “To obtai n,

in said powgengsthbli RcaRiing eMERsiht 60m, whithahk aldditiet @l the
content that is equal to or less than 3.5% by weight

bataadndwatareftsaichfiuawtity bf alkgli rhetatenmppaind tkesplace prior to
I\/Etlpooq gccordi ng to Aaim6, in which the addition to
t Y81 P lfZ'fghg wat er of said quantity of alkali netal

conmpound t alge/gthag &cpoidiig toCldmsaliid veietk saig. adiition to the
Met hod according to Claim®6, in which said addition to
t Iéaking axaley laseld erasiydotwdmli ryetak cameaundmiakes place

CQF t - e i qul taneously with said
slsﬁﬁ%}%cﬁgﬁwﬁggﬁﬁ%@b%ng to any one of Clainms 6 to
i n whi ch g gethdd aakkaling tead) oceopClaithsitstosk lirethadh the

f;rom_theéagroup consisting of alkali metal . hydroxjdes,
c alkinact CoRippusgn salasichirad tha arpdR 68Nsiy Bﬁ@%@%,meta‘

?ﬁ{é/?igéo &@élesc%gﬁrﬁéfggpcﬂggﬁéﬁh%%na%‘? MRiek4d espngs%hates,

0. acc g to any o6ne o a
t pefsulphatebiathl mbhecatbypkylgtesalied npktacses therewd. a gas at

2 et g, SRS e 901 che s g, i whin
bl P B Sy R08Y S, e U b 100 and
c difiir Cs iwit), a adduetion hie tise adsidigal racighirade mgvalfie thatligggual to
S’oor esosl.cth%%iﬁuq/o%?/lv%igm. hydroxi de.

11. Method according to any one of Claims 6 to 10, further
comprising, after the slaking, a grinding of at least some of said calcium
hydroxide.

12. Method according to Claim 11, in which the grinding
takes place after drying and/or during the latter.

13. Method for preparing a powdered lime composition
according to one of Claims 1 to 5, comprising:

- mixing CaO and/or Ca(OH), with a quantity of water that is
sufficient to obtain a milk of lime with a solids content of 10 to 50% by
weight,

- separating water from said milk of lime,

- drying said evaporated milk of lime to obtain a powdered
lime composition, and

- adding, before, during or after the mixing operation, a
quantity of an alkali metal compound to the CaO and/or Ca(OH},, to the

mixing water and/or respectively to the milk of lime, this quantity being




20 12. Method according to Caim1l, in which the
grinding takes place after drying and/or during the
|atter. 13. Method for preparing a powdered |ine
conposition according to one of Clainms 1 to 5,
conprising: - mxing CaO and/or Ca(OH)2 with a

guantity of water that is 25 sufficient to obtain a
milk of lime with a solids coéhtent of 10 to 50% by

wei ght, - separating water fromsaid mlk of linme, -
drsuffigentatad obteapoirasaid pdwidersd lingecarppoptien.nam alkali metal

wad d i. i i . i £
oML LTS SR Y7 i, ML g g o
anyaigkedi theRloMpdaampound to the CaO and/or Ca(CH)2, to

the "m xing water and/or respectively to the mlk of
lime, this quatise 9f Bepaydered Bmerf seneesition agspiling to pny

sai d N [ 410 n al kali netal
co?ﬁeeﬁf&%ﬁégqitg ﬁﬂ@ﬁ”ﬁ%ﬁo’ﬁdﬁ @%Sse%t‘ han 3. 5% by wei ght
based on theis el acy@ipit tooTldive 1¢ doposdtidiog thd amdiset of
of a powdered |ine conposition according to any,K 5 og%me

of sulphEptainomAchhalpaenCeNiANIfg GeMpasBds piesentie sal
ac§ %ggng to Caim14 for reducing the anmount of

su % Uf - cont ai ni ng and hal ogen- cont ai ni ng conpounds
present in said flue gases.




