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PROCESS FOR REDUCI NG HEAVY METALS | N FLUE GASES The
present invention relates to a nethod for reducing
heavy netals, in 5 particular nercury, present in
flue gases, conprising a stage of bringing the flue
gases into contact with a sorbent solid material in
the dry state. The term "heavy netals" refers to the
foll owi ng chem cal conpounds listed here for
illustrative purposes only: francium radi um

| PHdepiater ORRECUERG HEAYYIMETALIN RANAIGASES

chrom um m)l ybdenum tungst en, rranganese techneti um
fum iraqn, rut h u osni obal d| um

| e BiRsert dRusntorameuln Smathin i Fedisitg’ FeaWmetats, in
gﬁaﬁc&ém&er&ﬂg%%nﬁﬁf flles )Q-asgé" EorHPisihG & ét@ge of bringing the
thallium gerhanium tin, [Fead, arsenic, antinony,
biflsmgdsespoioctuniast Withea sothantisokd ﬂiﬂtﬁﬂ@lhﬂ(ﬂh%dmﬂ@‘t@lg
to the invention mainly concerns the nost common heavy
netal s, nanely | ead, chrom um copper, WM, antinony,
anFRMcem GRRAk tmetdl‘é"cf@érs f()afh@dfo%mvtr@aéﬁﬁ@mmai t6aIgolnES listed
and nercury referably lead, thallium ca
mesefgr, il!aﬁua 9éfﬂq8@§l eplynsaeeiby. radiunh 1@%@3!3:36& actinides,

el e Pl oo e el Sy kBl i,

b)thrmﬂmsmfndwdmmat e@n@@t@ﬁp%éﬁg@ﬂﬂﬁ@ tashragiiy,erhenium, iron,
carbon or lignite coke may. be used either as

s (feesiumn ogMiwny 1 Gabalty rhﬁdfalm alrwarmn@'%@bo%l@ﬂ'umn I%latmum
fi e ul f b [ e

SFORP S, GG A Dl OhE b4, e i,
t eppediurdStinpiadeansdric, axdmphy, bismutle, pelphiune Theétreduction

where the action is roI ed., The effic of
ca%taﬁgtaecﬁosﬁjﬁ%%fa% VEPIgH shaipirigprioreis hadngskcpramon heavy

uﬁé%e@?‘f&?ﬁ” Eﬁr%‘?rqurd‘b | 635, %ﬂﬁﬁf&ﬁapjfséﬁi@?’%obalt,
ca onat ed onmpounds in f ases has two imaj or
d méickeh ckemaddom; cadmiunoy tediain randhmeccuripopretenabbnieaidn thallium,

the dust fromfiltrati OH oT t hese
cadmium, mercury, and in particular mercury.

fn the prior art the reduction in heavy metals, in particular mercury, present in
flue gases is generally achieved by means of carbonated compounds such
as active carbon or lignite coke. They may be used either as such or in a
mixture with an alkaline absorbent in a fixed bed in granular form or by
injection into the gas in powder form; the solid particles are then trapped

upstream for example in the textile filter where the action is prolonged.

The efficacy of carbonated compounds for capturing these metals is
unanimously acknowledged. Nonetheless the use of these carbonated
compounds in flue gases has two major drawbacks:

- an increase in the carbon content in the dust from filtration of these

gases, the carbon content being strictly regulated;
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gases, the carbon content being strictly regulated; 2
the risk of flammability, which increases the higher
the tenperature of the gas to be cleaned. An

i mprovenent made by the person skilled in the art to
solve the problenms 5 of conbuystion of carbonated
conpounds has been to use themin a mxture wth

fl ammabi | i tg retarders such as linme. Unfortunately

this i e siekmddiammabitityoudicheincerasasethy hghrrcth ﬁg}emp@rature of
pgﬁglgggw\}(g%)ec g;wes(}lon of carbonated conpounds, has
n |

conpletely. In fact hot points can even
appear at |ow tenperatures (for exanple 150C), in
particular in the presence of lg infiltration

z AMEENRIYER S MRt PE &G BRTOIMelleg B Hiscamhie épg’& th'@rerobfems
Ca %%WLEQEOHWH&%@H %O%C@é\g!;ég‘gc{]’sz gn P UBaY A mixture

t he I mpl ementing su compounds 1S
divkith cf!akrtmalmhiynt‘@gr(mre suchoas hme)nblném:e.mn’telqetkﬁs afprovement,

fl a eat f t od

aPoBORy eEER e ey Giea piAbEET GhSPTBHEI difsgarbonated
el n t
G RBURISTS TOTBONEA IC0RpRALIG. T Ao RLt PBintq i oven appear
c&ﬁdbwt teccnm@mlﬁess(fcgeemraplewﬁ@‘r@)orma:mrad:ular in ghemprgsence of

erature (over 2000 or safe co ibility with
& EGeRa 5t hRones: WO B BBARAEY corTRRBRIEre BB HIgted. The

Ofcatrﬁ)‘(‘?nétlegec iy Band8dadcheiido gﬁﬁ']?)%'ngﬂremé%hgbuhﬁg Bd he stage

alternate S represents of economc ene
anshplementirnéuah20arbbgaiddi campoendsgip Hibtait fa nntegrate info a

T P e e

pQﬁﬁéjtcp)évéh SERIEOAPR WRE S ardeC Wit stterEal S%@iﬂ'ﬂ%%te @aﬁfbgenated
| SABEL; ECHEVERRI A, SAGRARI O 25 MEND

M‘KRﬂfduBtEAZARoth@EfmmogamN B'angbmmemqppggg mtrous ox1des by the
catalytic route is generally performed at a higher gas temperature (over
200°C). For safe compatibility with a process stage using carbonated
compounds, cooling of the flue gases and their heating must often be
alternated. This represents a loss of economic benefit and time, and a
significant energy loss. It is hence difficult to integrate carbonated
compounds in a gas treatment process, given the combustion problems

posed by these compounds.

Documents "ES 8704428" and "GIL M. ISABEL; ECHEVERRIA, SAGRARIO
MENDIOROZ; MARTIN-LAZARO, PEDRO JUAN BERMEJO; ANDRES,
VICENTA MUNOZ, Mercury removal from gaseous streams. Effects of
adsorbent geometry, Revista de la Real Academia de Ciencias Exactas,
Fisicas y Naturales {(Espana) (1996), 90(3), pp 197-204" reveal that it is
possible to avoid carbon in reducing heavy metals, in particular mercury, by
using sulphur as a reagent. The sulphur is deposited on a mineral support

such as natural silicates. Such formations thus remedy the said drawbacks
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VI CENTA MUNQZ, Mercury renoval from gaseous streans.
Effects of adsorbent geonetry, Revista de |a Rea
Academ a de Ciencias Exactas, Fisicas y Naturales
(Espana) (1996), 90(3), pp 197-204" reveal that it is
possi ble to avoid carbon in reducing heavy netals, in
particular nmercury, by 30 using sul phur as a reagent.

The sul phur is deposited on a m neral support sach as .
n&fueatposatedcabages. dicHis sasat thensilieaigsis eprtigeredeas an inert
1 3
 AREPIRRRL? o o SRINGRELS b B ERo! B 52¥8mpod oy
r ekatlicnwitb thé sulpbiuretsaodmpound, geaeraihetd; fotrhe swphide.
is trapped by reaction with the sul phurous conpound,
generally to forma sul phide. 5 Unfortunatel y t he
si
o PSR henl Laesbhatlopy S ARy ore ofen
paimigescms tihmvy asd. céEly texaoghlee, dabmhep@nﬁSeS?t@eﬂzase For

d| scl 985S uUﬁﬁ ur ga%gﬁﬁﬁ%o@S%%aﬁt“ﬁO*&%@ﬁg‘gw & %licate by

deé%lm%d%aﬁftlonpbpmﬂmg&h s\’)’!p‘l']'itiea Wirk Qz %ib%\@@bﬁé‘%ed molar

M
t he el enmentary sul phur "on the salé %O silicate.
hamdpoﬁlg'ﬁoﬁN!ﬂ'Dﬂl &Iem_g/dtb o@iﬁﬁ)r@ﬂgpﬂhﬁdeleﬁﬂﬁ?m §uwhur on the said

nouets; yneoRa g i Aaider” Sulffudt RSP Bt Rnaerous

| SopRfAIRIBhY thé Stridt GhoME probitetioPhecéssiry th avbiavaiyt sWsequent
IS F{@g renedy these dravvbgck by provi dlr¥lg a 15@#& hod

f opxidatipnciengtior igxirmalygesinetivar ti cul ar nercury,

present in flue gases using a sorbent compound, the

use of which is sinplified, safer and cheap. To this

enthd pjoretdiotcaipvantdmds to rehedynihesti dmvibiicks by providing a
characterised in that the 20 sorbent solid material

i smatheghiarureducBisaiiessy MetRs.aln BaRsHIATdMeEt ey egesent in flue

eggﬁii QU bR Pe ﬂsngbﬁa Hé’lﬁ%t(ﬁ ViEh is simplified, safer and

at €S O

cheap.

To this end the method according to the invention is characterised in that the
sorbent solid material is a non-functionalised mineral compound selected
from the group comprising halloysite and phyliosilicates of the sub-group
"palygorskite-sepiolite" according to the Dana classification.

Here use of the sorbent compound requires only the obtaining of a

conventional cheap product which is dry.

Furthermore the process comprises contact in the dry state at a temperature
range between 70°C and 350°C, preferably between 120°C and 250°C. The
possibility of operating at temperatures greater than 200°C for contact allows

a relatively constant temperature to be maintained throughout the flue gas
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"pal ygorskite-sepiolite" according to the Dana
classification. Here use of the sorbent conpound
requires only the obtaining of a 25 conventiona
cheap product which is dry. Furthernore the process
conprises contact in the dry state at a tenperature
range between 70C and 350C, preferably between 120C

and 250C. The possibility of operatin

at ,
t dFAsdMeNt PEACESE Rder VAR D BORSFCOvVR 5APHRY 2ac) hartingostages to
r t | j ;
t R B s Ao et SRS ol KonpUF R P At i
avoi ds the consecutive cooling and heating stages to
_llmnat firstly heavy nmetals.then nitr

us, ¢
e op st nde B8 BRI GP 1 TREIORh G rBagRNBsheavy

a rﬂafa'rmn Qfar{([qﬂé‘FHéGcmaWﬂué gBb&! & bé nRBFAtea Udréferably in a

mercury, in ue gases, be“integrated preferably iIn

a corapipteeflae fdasetrepisnantebit famhtthe Imethadt acdoadingt teodthe invention

accordLn to,the Le enti.on rls

e e iaon ok b ElETiaNR- BERBPRET afieChE) Ry, ae pontact o

Ofsaic afligh fhaRsIanas é/ik&mealdwbtmnﬁn@bwr éﬁét%ll fHe mostly acid
general the nostly acid pollutants in gases

ca:rqﬂutzgés iytive gases cempcisg hyﬁw&ﬁrrmwﬁchﬂb’p uorg ppidupulphur

d { {
o PRSP gt bE2E8, i Birrchi b GRERRL I 305 o oefor
oreRitmeht Bengrdlthé ender of ssveel aéndiarnsedsl HaidNeds mgiNm®,
the nethod said al kaline absorbents, for exanple line

or calcium carbonate, and said non-functionali sed

mReq rﬁgf@ﬁu%gsos IE§I need a{bl':jsgfqe}ﬂ@ dr e%\ﬂ’g?e jime or calcium

conprising | I"OYSi osi’l i cates

S Warige 19atp, an@ls:ﬁgbhsh#ltl@etmait@éd tr&ﬁeratcom*qblougdtselémed from the
Dana cl assification, are used m xe et her.. TL@T S

ald"8HR CUBRIIHEY | mhalloyale metd aRgy S t 1Pfa sub-group

i 0
?b%bﬁé%ﬁ?gﬁre@gﬂ’@ %%ﬂ%ﬁh@fﬁ)ﬁ%ﬁé‘a %?sg,tffk@ﬁéﬂgaar%t &85d mixed
pltagether This allows a saving in investment and space with a not
insignificant economic impact as henceforth two steps can be performed at

the same time and at the same place.
Other embodiments of the method are indicated in the dependent claims.

The present invention also relates to the use of a non-functionalised mineral
compound in the dry state selected from the group comprising halloysite and
phyliosilicates of the "palygorskite-sepiolite” sub-group in the Dana
classification for the reduction of heavy metals, in particular mercury, present
in flue gases and use of a mixture of alkaline absorbent and said non-
functionalised mineral compound from the group comprising halloysite and
phyllosilicates of the sub-group "palygorskite-sepiolite” in the dry state for the

treatment of flue gases.
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20 O her enbodi nents of the nmethod are indicated in

t he dependent clains. The present invention also

relates to the use of a non-functionalised mneral

conpound in the dry state selected fromthe group
conprising halloysite and 25 phyllosilicates of the

"pal ygorskite-sepiolite" sub-group in the Dana
classification for the reduction of heavy net alfs, [ )
paha ebiest ofrdpe wrgserrigyaniion jis, tharglorg £ PEOETS l%éea*ffcﬂon of
a i I i n [ <

F RV B o SEDGy BRI bR BT o i Ekee by means of a
caonpiersi kgnipauhdy seleetaahdromphyhd ogriolpc abewprising Helloysite and

sub-group "pal ygorskite-sepioljte" in.the dry state .
{ vinelasas b amhent BroPhne. pabeerskie SRS BS octicor mineral
tr & lﬁécﬁﬁ%ﬁ#é@"ﬁpb?&@z‘é&é iRGRBTRER oA REBERRS td He invention are

lon o heavy netals, 1n particular nercury,
prieslensité naht uefrgas ébebygroepnofofphyllosiiicedesl of otipousdb-group

f;ﬁ-;?@tggﬁqétg%@@io'?@@'@%ﬁg%gfggg“}gqﬁ bayggrsl?{?tlal g%gicta‘ﬁeg ré‘ijtamuigite.

"pal ygorskite-sepiolite". The mneral 5 conpounds used
for preference in the nethod according to the _
i nkhesel ovnerek compblbgsiare pieposed @ sueh gneufunstionalised by a

p%r{}@ d icsﬁégzaesgifsgfpre QS “8@ 3@59 Y ngsi%&&eaalt@eg (g){g%?r{tei,nvention

al &hceptd ebst baRKé gédkﬁgrouﬁeﬁﬁrmreﬁﬁ@lsepwU@&’;‘or@iﬁg to the
proposed as such (non-functionalised by a 1o conpound

sUeanasclasgifivation. Hallaysiepapd | bsi phybasdicates,copcesas by the

[ 0 - -

TP Ce BRGNS 098 el AR B, petween 0.25 and
cl @gurhi/gahbasuretialyl th B JH neattod hreniplogbh alsisbistimre This porosity
concerned by the invention have a high porosity,

t yiplesydl|appiep & Bakes\ef lirr LENYSRLA a@ﬁﬁ%o Orﬁetsg% n8/ g,
nmeasured by the BJH nethod in nitrogen desorption.

This porosity 15 interval applies to pores of size
batineerededind: A89 beanoshetwreshat the mineral compounds of the group

comprising halloysite and phyllosilicates allows a reduction in heavy metals,

in particular mercury, present in flue gases.

In a preferred embodiment of the method according to the invention, the
mineral compound is placed in contact with the gaseous flow to be
processed either as such or in mixture with an alkaline absorbent such as
lime. Preferably the mineral compound according to the invention is used in
powder form, namely the size of the particles is less than 1 mm. The mineral

compound is then injected pneumatically into the gaseous flow.

The invention will now be described in more detail by means of non-limitative

examples.
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Unexpectedly it has been shown that the m nera
conpounds of the group conprising halloysite and
phyll osilicates allows a reduction in heavy netals,
in particular nercury, present in flue gases. 20 In a
preferred enbodi nent of the nmet hod according to the
invention, the mneral conpound is placed in contact
with the gaseous flow to be processed either as such
oEXgmmexture with an al kali ne absorbent such as

N PO FARLY DRI el TR B860TEHAR il o
okapheitpanth ehgss, ivwhittegenétzass around StheodrNmei/alof flue gas to be

conmpound is then injected pneumatjcally into th ,
gRseensser dlie serivlitg 2 obknaupatlicls,plyihicla wers GEd Sige smaller
£18n, P30 i, B (RRAS VB ReRa o IfHER pRFHEL G 3D fe gas

doiawrsati 150°€f atsteiratd sfer2kgh thén (eskeeddn tayfaBrit filler. ef use,
whi ch generates around 50,000 NnB/h of flue gas to be
processed. The sepiolite, 90% of the particles of

ich j Ll 0 [
S Pord L3RR RS RiOR POR B agFEL i +

f tiealiain) 150ke ajascheaftart mjarfioh2akd e titen [Toekbdain naetals are
fabric filter. The heav% metal s contents were

mERRARUWAd P ralaRYC ARGO[RIINONRMISSIRa SPREIFYMERY t Wh inductive

g i nhdj ection and the filter. The heavy netals
a?é%ii@éhggsu%ed by atom c absorption or em ssion

specdm os@id Yaidlbs i inghsporteel byodipd | gags, ptragped on oa filter then
solid q,arti clgs transported by the gas, trapped on a
f iMipgralisRenan

- on volatile fractions captured by bubbling in a specific absorption solution;

the content of heavy metals being the sum of the values measured for the

particulate and volatile fractions.

The concentrations standardised on dry gas and at 11% oxygen are
respectively 50 yg/Nm?® for mercury and <10 ug/Nm?® for the sum of the other

two heavy metals. These results comply with current legislation.

For comparison, an injection of 7 kg/h active carbon in the same installation
normally allows observation of the limit values of emissions of mercury and

other heavy metals.

Example 2:

The same sepiolite as in example 1 was injected in a similar fashion into the
gases of another domestic waste incinerator at a high temperature of 190°C.
With a capacity of 5 t/h, this incinerator generates a gas flow of 30,000

Nm®/h; the sepiolite was metered as in example 1 at the rate of 5.5 kg/h.




m neralised, and - on volatile fractions captured by

bubbling in a specific absorption solution; 15 the

content of heavy netals being the sumof the val ues

nmeasured for the particulate and volatile fractions.

The concentrations standardi sed on dry gas and at 11%

oxygen are respectively 50 tag/Nn8 for nercury and

<10 pg/ NnB for the sum of the other 20 two

né‘fhﬁil SMerpHBS €OPEEUT AP NEo MFFIBURRE hbefore efﬁtd @@r fmt pgdition of
[

n Pﬁo‘ﬁf@;@fﬂ@%%e hg)llall éa | on]tn ér?%rnq Ifal1y5g{ 'I[ég\%%E %e%/ergg m “and 8
ofug/Nm®| i.&i 4 meabwgsediictom sté¢ oh800E. nmercury and other
heavy netals. 25 Exanple 2: The sane sepiolite as in
exanple 1 was injected in a simlar fashion into the

f ratir hi
et P AR SRR Y REREE IO BB T ({8 to the
i renipediateoits g@mlaeésahogasarnd owaoy/ t?mctifmatieos N@Whbe made

the sepiolite was net r Ie].attherate
oﬁmgKﬁgkﬁﬂﬁj the seape Eﬁ@@aEQ %@ﬁ? M3t i ons neasur ed
before and after the addition of sepiolite in the
met hod shown in exanple 1 are respectively 42 pg/ Nn8
and 8 fag/NnB, i.e. a nercury reduction rate of 80%
s It nust be understood that the present invention is
in noway limted to the enbodinments described above
and many nodi fications my be made wi thout I eaving
the scope of the attached clains. 8 CLAI M
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1. Method for reducing heavy netals, in particular

mercury, present in 5 flue gases conprising a stage

of bringing flue gases into contact with a sorbent

solid material in the dry state, characterised in that

the sorbent solid material i$ a non-functionalised

m neral conpound sel ected fromthe group conprising

hal | oysite and phyllosilicates of the sub-group

"pal ygorskite- sepiolite” according to the Dana

cl {fd cation. 10 2. Method for reducing heavy

négéﬁééiin particular nmercury, present in flue gases

according to claim1, characterised in that said

contacting in the, dry state i erforpged at a .

¢ dmpor WelRad A fhausind g et PopaBtiar gaSigury, present in
0 bRISIP aNs@YE FELRhSiIng! lu®dskSUhR contact with a

k&@gugi%gigeggﬁ%rﬁﬁ §e gaseséagcordﬁﬁg toclaim1l .

orsofhent lsatidchaterisbth the diyattaie; chbsstertagelrindbst the sarhgat solid

of elimnating the.mostly acid pollutants br i.ngi
SaerALE ¢ aeRsunciRRA s, AticTal PN St 1B B group
aRSAHRRMHE -haABydite A Qhyl0iliEREY CoNGnd ey grRIbalBalybBrskite-
particular nmercury, present in flue gases according

t seaivjfitalfaccheding to theDanatessificeéensed in that said

al kal i ne absorbents and said non-functionalised

m neral conpound selected fromthe group conprising

hal | oy siiétBoadr phylLitingi Hé£at @etas, thpasichagmgeury, present in
"pal ygorskite-sepiolite" according to the Dana

clfiesgasesarcanndingrie elaise 1 wharackesadcinuihat ssid aantaeling in the

ol S 3, PR g IOBer b PhE APFLIO 0 505
4, characterised in that said non- functionalised

m neral conpound sel ected fromthe group conprising 30 i
hal.| oy dVietkodrier prgucivgi heaat Betals, inmpadiglagraaisury, present in

) qﬁiley %re%keixctc%'rtﬁﬁa it8 lcilefil%"1 8r 2, characterised in that it also comprises a
stage of eliminating the mostly acid pollutants by bringing said flue gases

into contact with alkaline absorbents.

4, Method for reducing heavy metals, in particular mercury, present in
flue gases according to any of claims 1 to 3, characterised in that said
alkaline absorbents and said non-functionalised mineral compound selected
from the group comprising halioysite and phyllosilicates of the sub-group
"palygorskite-sepiolite" according to the Dana classification, are used in a

mixture.

5. Method for reducing heavy metals, in particular mercury, present in
flue gases according fo any of claims 1 to 4, characterised in that said non-
functionalised mineral compound selected from the group comprising

halloysite and phyllosilicates of the sub-group "palygorskite-sepiolite”
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according to the Dana cl assification, have a porous

vol ume between 0.25 and 0.8 cnB/g neasured by the BJH
nmet hod in nitrogen desorption. 6. Method for reducing
heavy netals, in particular nercury, present in 5
flue gases according to any ob clains 1 to 5,
characterised in that said non- functionalised m nera

conpound sel ected fromthe group conprising
hacreying & Ay A classificativbshae heOrOYS- b‘?'BG}? between 0.25

" : 0
BFRAPRLE FaB0Rl bE oo Bt e RIS 8 o
mercury, present in flue gases according to any of

clains 1 racterised ipn that said non-

h
et T olathpddar fea i ToafS O s adler Setemey. present in
grﬁﬁB %‘é@p&{dcﬁhﬂﬂ Iyocﬁsélétﬁ']samo @Béhb%téhé@i ﬁ?’th%ft said non-
S p I'ygor ski t

group e-sepiolite” is 1nject
prfmamxrtmmrabmd ymirral accga;sodncbmelaﬁee fnosms tfe agroup comprlsmg
npound the dr

f t al,ised..m .
&%gei’%% FRBrRURBSUFREE Goltr Pardg wal PaYGP stagPicTie” is in

+bg%bf§@t@s of the sub- group

ygorskite-sepiolite" according to the Dana

classification for reduction of heavy netals, in

b7 S hpfH6F uciBa ek hBeele i BB iar ae g Fresent in
mflﬂl@@ésescédﬂé@cﬂmﬁ t6 &lrgCéfeslaiispmtd I chibeafleBSFD I HatGaid non-
haIIo site and Ilosilicates of the sub-grou

;ﬁlamgt@@aéwd etrwaqfabmqr@powd t$fdeeled om eﬂ"f%rgrpﬁﬁ comprising
%%{75@ pﬁ']k(hl(?s||9(,aa§§§ of the sub-group "palygorskite-sepiolite" is

injected pneumatically into a gas flow.

8. Use of a non-functionalised mineral compound in the dry state
selected from the group comprising halloysite and phyllosilicates of the sub-
group "palygorskite-sepiolite” according to the Dana classification for

reduction of heavy metals, in particular mercury, present in flue gases.

9. Use of an alkaline absorbent and a non-functionalised mineral
compound selected from the group comprising halloysite and phyllosilicates
of the sub-group "palygorskite-sepiolite” in the dry state for the treatment of

flue gases.




