1 PROCESS FOR THE PURI FI CATI ON OF COVBUSTI ON FUMES The present
invention relates to a process for the treatnment of flue gas produced
by conbustion processes, or of synthetic gas produced by gasification
processes, for the substantially conplete renoval of heavy netals
and/ or their conpounds as defined by the European provisions EC

2000/ 76 for the refuse incineration. The relevant limt as defined in
EC 2000/ 76 is of 500 pg/Nm for the total amount of heavy netals,
excluding Hyg, Cd and TI. For the latters, the limt for Hg is 50

ng/ Nmi and for the sum Cd+T1 the |imt i's 50 g/Nm . Said regul ation
is taken as a reference since it is the nost strict until now anong
the heavy netals em ssion regul ati ons. According to the above
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jMore specifically the present invention relates to a



3 particle size distribution can be al so bi nodal or pol ynodal. For
such distributions the fraction having diameter |less than 1

m cronmeter (subm cron particles) nay be quantitatively dom nant. This
occurs for exanple for heavy nmetals such as cadm um copper and

chrom um It is also known that regulations in force in various
countries, for exanple in Europe, require that in the flue gas

rel eased into the environnent, heavy netals and/or their conpounds,

no matter their particle size, be prese in very reduced anounts. As
sai d, the European regulation EC 2000/7 sets the nDre stringent
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fossil fuels and wastes contain in general alkaline netals such as
for exanple Na, K and al kaline-earth such as Ca, My. These netals are
al ways present in the relevant flue gases in variable, however never
negli gi bl e, anbunt and they negatively influence the cationic and
chelant resin efficiency or even they can pernmanently deactivate
them Said ion exchange process has the further drawback to require
therefore a frequent regeneration, and spent resin disposal. It is

al so known in the prior art the problem associated to the renoval
fromflue gas orlglnated by hi gh tenperature conbustion processes. In
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850C- 1, 100C or hlgher and that therefore has been
dlso known that regulations in force in various

countries, for example in Europe, require that in the flue gas
released into the environment, heavy metals and/or their
compounds, no matter their particle size, be present in very
reduced amounts. As said, the European regulation EC 2000/76
sets the more stringent limits. Furthermore, it is prudent to
view these limits in a dynamic scenario. Concerns come from
recently published data pointing out the pathogenic effect of
submicron particulate of heavy metals. As a matter of fact said
issue has been the object of scientific studies from years.
Said studies indicate that, the smaller are the particles, the
more marked the potentially carcinogenic effect. This may be
due to the capability of submicron £fly ashes to enter the
pulmonary alveoli and to remain therein in permanent contact
with the internal cellular membranes.

For this reason the environmental agencies, as the
American EPA, are committed to define new safety standards
introducing new more strict regulations which take into account
not only the overall weight concentration per cubic meter, but
also the particle size.

It is known in the prior art that particles of heavy metal
compounds having diameter larger than 10 micrometers can be
removed from flue gas by physical means, for example by
filtration. Generally in the filtration processes £fabric
filters (impact filtration) are used. Often they are operated
with a precoat of milled active carbon having a granule size
of 20 micrometers. Impact filtration of £flue gas can be
followed also by electrostatic filtration. In any event, with
thesé combined techniques the separation efficiency is not



subj ected to the sintering process, it becones poorly soluble in an
acid or basic aqueous phase. Therefore in this case, if the sintered
Lead oxide particulate is snmaller than 10 mcroneter, it is
practically inpossible to renove said oxide fromflue gas. O her
sintered oxides, such as for exanple tin, nolybdenum nanganese,

ni ckel and chrom um cannot be renoved by treating the flue gases
with acid pH aqueous solutions too. Furthernore it is also to be
consi dered the physical state in which the heavy netals and/or their
derivatives, in particular their oxides,” may be present in the flue
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a concentration .of 10 mg/Nm’. Moreover, it is necessary to
remark that these techniques leave unaltered the entire
particulate population with diameter smaller than 5 micrometer,
in particular lower than 2.5 micrometer. By the way we remark
also the portion of heavy metal entrapped onto fabric filter
is just ‘"transferred" from gaseous emissions to adsorbent
carbon. Therefore the issue of heavy metal disposal is shifted
to the so produced solid effluent. As a matter of fact it is
well known that carbons containing heavy metals and/or their
compounds are permanent leachant and therefore their safe
landfill disposal 1is questionable. Strict regulation has
recently come into force in Europe to landfill of permanent
leachant, both organic and inorganic mats.

Another technique used to separate the particles of heavy
metals and/or their compounds from flue gases is the scrubbing
of flue gas with acid pH water solutions. In this way heavy
metals compounds soluble at acid pH are removed. However, the
efficiency of this separation process is poor too, specifically
for the removal of the submicron particulate. As a matter of
fact as the size of the particles decreases, the scrubbing
process capability to transfer them to the aqueous phase, no
matter if they are soluble or insoluble heavy metal species,
it is drastically reduced. Therefore this technique obtains a
partition only of heavy metais between flue gases and the
acidic washing solution. In addition, the amount of heavy
metals transferred to the acid solution can turn to be still
a problem, since heavy metal-containing washing solution
requires specific treatments before disposal.

It is also known in the prior art that heavy metals can
be removed from water solutions by adsorbing resins, for
example those proposed by the resin producers for removing
water soluble heavy metal compounds, for instance cationic

'resins and chelant resins. However, it is® well known that



tenperature in flue gas. Wien flue gas is cool ed, heavy netal oxides
or their salts show different behaviours. For exanple cadm um oxi de
solidifies nucleating on itself only, in 6 particles of size smaller
than 10 micron, generally lower than 1 mcron. As said, it is very
difficult to renove particles of so a small size fromthe flue gas by
usi ng known techni ques. O her heavy netal species, for exanple
copper species, give binodal distribution of particle size, ranging
from subm cron val ues to 10 microneter gpd even larger. O course the
submicron fraction of said particles undergoes the sane drawbacks
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aqueous phase. However lead oxide contained in flue gases
coming from combustion processes performed at temperature in
the range 850°C-1,100°C or higher, and that therefore has been
subjected to the sintering process, it becomes poorly soluble
in an acid or basic aqueous phase. Therefore in this case, if
the sintered Lead oxide particulate i1is smaller than 10
micrometer, it is practically impossible to remove said oxide
from flue gas. Other sintered oxides, such as for example tin,
molybdenum, manganese, nickel and chromium, cannot be removed
by treating the flue gases with acid pH aqueous solutions too.

Furthermore it is also to be considered the physical state
in which the heavy metals and/or their derivatives, in
particular their oxides, may be present in the flue gas. For
example in fly ash a heavy metal oxide salt can be contained
as a solid or as a liquid or as a vapour at the combustion
temperature in flue gas. When flue gas is cooled, heavy metal
oxides or their salts show different behaviours. For example

cadmium ‘oxide solidifies nucleating on itself only, in



wi th heavy netals renoval take place. The exanples of this patent
application relate to the nercury renoval from conbustion gases. The
renmoval of the netals present in the formof solid particles, in
particul ar subm cron particulate, is not described. It was
desirable to have avail able an industrial process which reduces in a
substantially quantitative way, given the European regul ation EC
2000/ 76 as a reference, in flue gas com ng from conbusti on processes
or in synthetic gases heavy netals and/or their derivatives, in
particular it was desirable a process to reduce heavy netal s and

t heir conpounds,.,al so.in.the fallow cases: . in flue_gas,comng fr
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the temperature is lower than 700°C. Vanadium oxide partially
remains stuck onto equipment walls, thereby causing serious
damages. In part vanadium oxide escapes from fumes treatment
systems under the form of thin (submicron) f£ly ashes.
, It is also known the patent application JP 9220437 which
describes a process for the disposal of exhaust gas of an
incinerator wherein the gas is cooled, filtered and let in
contact-absorb in slaked lime in the presence of a fixative for
heavy metals. In this way both the gas acidity (HCl) and the
cadmium and lead content are reduced. The example of said
patent application illustrates that the lead removal is only
partial. |

Patent application US 2006/0099902 describes a process for
treating combustion gas wherein most of the heavy metals are
removed. Heavy metals are present in said gas in the vapour
state. The flue gas is formerly mixed with an air stream and
subjected to the treatment for the removal of nitrogen oxides
NO,. Then it is cooled through heat exchangers to a temperature
between 75°C-110°C, allowed to pass through a dust collector,
and at the end it is contacted with an acid pH liquid
adso?bent. In the latter step fumes desulphurization all in one



8 than 10 m cron; b) flue gas washing with an aqueous phase wherein
the heavy netals or their conpounds, soluble in said aqueous phase,
are converted into anionic conpounds, and sinultaneously the
particles of heavy nmetals or their conmpounds which are insoluble in
sai d aqueous phase are wetted, to allow the transfer of theminto
sai d aqueous phase; c) cooling and partial condensation of the water
vapour contained in the flue gas, separation of a condensed agueous
phase, optionally recycling the condens phase to the conbustion
chanber (conbustor); d) di scharge into the environment of flue gas
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a process to reduce heavy metals and their compounds also in
the following cases:

- in flue gas coming from combustion processes at high
temperature, for example from 850 to 1,100°C or higher;
- in flue gas containing particles of heavy metals or their

compounds having an average diameter smaller than 10

micrometer, for example preferably between about 10

nanometer and about 2.5 micrometer;
and moreover being such as to prevent dispersion of heavy
metals, recovered from flue gas, into the environment and at
the same time such as to convert heavy metals into compounds
reusable in industrial processes.

It has sufprisingly beenAfound by the Applicant a process
allowing to solve the above mentioned technical problem.

An object of the present invention is a process for the
substantially complete removal, according to the European
regulation EC 2000/76, of heavy metals or their compounds,
generally heavy metal oxides and salts, in a gaseous, or liquid
or solid state,  from fumes or flue gases deriving from
combustion processes or from synthetic production gases
comprising the following steps:

a) optionally, removal, by filtration of flue gases, of solid
particles and heavy metal particulate or heavy metal

Acombound particulate having an average diameter greater



In step b) in order to verify that the netals or their conpounds
present in flue gas in the vapour, liquid or solid form are
transforned into anionic conpounds soluble in the 9 aqueous phase,
or that the heavy nmetals or their conpounds which are insoluble in
wat er have been wetted, the skilled in the art determ nes the sum of
the total heavy netals in the flue gas and the sumof the total
netals present in the agueous solution in the formof anions or of
wat er insol uble heavy netals or their cogppounds. The two suns nust
substantially coincide. The characterization of the netals in both

cases is carri Q19PHJp¥Ufﬂ§H¥ pl asma technique. In order to

qualitatively eternlne wetting of the water insoluble heavy
met al s or BWhei £lagmgamashing WS h euhmauecys ageasei ghersiat tbei hgavy

i s applicable tRdhe %w%%axs%%lo%dsm s@qh%rl@ &% Tsa@zdrrag@g%u'sn hAse,
form of anions, the known nethods-of the analytical qualitative aﬁ

quantitative clé® SOy ektedisefo aniongy %Qmﬁ@%ﬂ@ﬁalF?dcﬁhﬁPéFQHGOUS1Y

removal from fliwe pasescakst Be paati chesadé ckueaénéﬂer@n@caﬂﬂié)wlw Bre
conpounds accordlgg_iﬁ t he pres nt 1nvention it is nmeant

resi dual netal 5 rﬁﬂﬁe?YFt?ﬁ@??u@rﬁaﬂeﬁFﬁdrntﬁna&ﬁﬁﬂthe
| ower than 5 p@h@ﬁﬁﬂhﬂﬂdﬁﬂuhﬁmnxnwg s&d angudouexphaded. Said |imt

is of two rder%ﬁgf r@gghg % z%i%e reSI tr&ean{ 'éﬂt%f"ftﬁ@eﬁnfagt%‘ﬂ a%égour

EC 2000/ 76. For ues mist ‘eac
than 0.1 pg/ Necombermisd edl. thEI-vaféus;peQ:a?u ceeppriatddieaey et abndanged

those conprisedqudife SHAAUDS ?ﬁ)ti@ﬁaﬁ?@ff' QQb?rctl@;lﬂlge éﬁ@r@éﬁa@négdv*;hgse

i ncl uded, of the VIII group, a: In and
the group | Va: %€ they ComPsEiQs Ghnm ?uﬁf%%buﬁéoréb Bi. Mre
speci fi cald)y tﬂasfc@]lalx@wf rigmaﬂaﬂqe:aarmbafmxwrkeﬂ piué h@agr Sups¥hntially

vanadi um of the ar roup VI Ih: ; of the

group VIII: t% % %ur%mofhet%véy grol\égdlﬁ b7 Cﬁhgb? $<ﬁ!gpa}18f}ﬁ lib: zZn, Cd,
Hg; of the gro@bellaqueﬁms obhilse sgr olypalivi@d Sin theofprbeegsoupfvathe
As, SD.  inyenkd th ‘éﬁa%eté‘ﬁeéﬁgav%r OEerﬁﬁ? 5 PRI L SRS m*é%%‘i% Gf‘rtéhélr

or their conpoun ving sizes |larger 0 m cron,
t akes pIa@@mﬁﬁupﬁﬁaCFhﬁrﬁ#Pa1¢%mt%wn%@rn@ﬂfbﬁ €ranpbe f%ﬁﬁf%ﬁ@lk*%ksfor

and/ or by eghagl o km@‘@djﬂaulﬂglstéggSﬁjd processes are well known
in the art, heavy. netal_s their 15 npounds which

are sol ubfe |n°Eﬁl§Eﬁ§hﬂp d%%%%r%¥é080ﬁ¢bﬂi FREG LRGN IR o bt . of
It has been suhpamy mglty land amestpeiot etnypdudg, t fradmatlse® dfeecus phase

wat er - i nsol ubl al hei r conpounds are nmade wettabl e by
t he aqueous so%ut?%%éggg é%'ggk% 'step, so that they are transferred

fromthe Blue §asatoertecigbbeusdphase. phase olWwaineddplicwishofnigeic

invention the abtabned flugigas %er%ﬂeﬁi@n&hal | Nedi6e ddamdedyy their
nmetals, or their conpaounds, as above defined, and therefore can be

rel eased to t hECRPRESGFeS®luble in the aquedus phase;
e’) optionally, separation of the insoluble particulate of

heavy metals, or their compounds, from the aqueous phase
obtained in step e);

£) discharge of the aqueous phase obtained in e’)
substantially free from heavy metals or their compounds
into the environment;

g) optionally, recovery by regeneration of the anionic
exchange resins with an aqueous solution.
In step b) in order to verify that the metals or their

compounds present in flue gas in the vapour, liquid or solid

form, are transformed into anionic compounds soluble in the



By anioni c conpound of a heavy nmetal or its conpounds, soluble in the
aqueous phase of step b) it is meant a conpound of an heavy netal

havi ng at | east one negative charge, for exanple two negative

charges, or nore. In a preferred enbodinent, in step b) the
aqueous phase used to wash the flue gases conprises, for exanple, one
or nore oxidizing agents and one or nore acids for the conversion of
the heavy netals or their conpounds, which are soluble in the aqueous
phase into anionic conpounds. Wth reference to this preferred

enbodi nent, step b) is described in detafl. By acid, a

substance capabl e to dissociat.e hydrogen ions into aqueous sol ution

i s meant. SO RNRBhade Sﬂ“ﬁ‘/‘él géeu h @?Eﬁgﬁ) gﬁrs Fret afFpippounds
bet ween abduitcl).akeanichsabloabtlS8. 3h water Héeei bheeganetted) dihiengkdgeerids in

general ly v i i p ntjal, in id: i LQ t_ Wi a.pH

conprisedtggiﬁﬁgg géggg%%8§§3?%%ig‘%¢ ?%aﬁﬁg_g°§%1 6¥%£§$£E¥%éﬂ?gﬁgrthe
than 1 evflad igasmepd phefevabey thghmtaharethls @resent inAitde aqueous
or gani ¢ oxdcfhaligh ag@nkﬁec%xb@faﬁtegmgwsc o eiuf?ﬁ,%t%%r %Qéfuéfg%gavy

under the reaction conditions of step e concentration o

t he i nor @Gt ki eantiedd) LPBPP I he diiC pEHBE Wigfpt Substantially

parti cul aldoi ridiidd .Cathe ganefadderitat Sobedbieene Om@Pd13nenlbhth cases is
pref erably between 0.008. and %ﬁl Ng @ﬁ 11 preferred organic oxidizing
agents, peroEFEs, POF eXdnplBiper &cBLAS e TP bR ar bdfat ¥rdet ¢, tO
can be usenhalAsgiriefedryr edetaomgari ccloxi dahtsinghyddt ogbe pertoedt dénsoluble
hypochl or I r sul S HCL04, . ti

Opti onal | ?/llé%llvylgl%rt £ ?%q?grw%%%a%%‘%&g?sga%@e &%%gﬁtcgl?ﬂlq%%ogg‘e%rset%giqght
ease t hei Bcadit@nia®)i Aswapelicshlratpapne arueatied laddordi A9 tletermine

known t echmequgst£fs t DR RHONESH¥H - o FOL@GHD! erhdexsdihagiarHiahbENthe
can be used are,th non-ioni c surfactants, for exa

. : l e,
pol yet hox Qﬁtﬁﬁ?nﬁQ¢mﬂ?%ﬂﬁk¥?FéYepgﬁﬁ?lﬁFrVié%etﬁ§ed-
surfactants whiBgh stbsiteintficrimy aaompl et Predmsvel fhonr detet gade¥si 8f the

foam ng p | int flue s washi equi pnent ., for_exanmple_i.n
scrubbersl.i)%%?%{%ess gafjggletaﬁ’ g%ra]tcae%ﬁ raal?c%%r g‘f%%)Jnlé %?%%%?%Saxgggﬁfglt?gnto
be for ex&ms ewfsemvutinyegtioty e tat isoomatrdnpehat uresidtads@etals (or
step b). i pr deb par i is , h S
acid or i??eggfkgﬁﬂ%ﬁﬁk%¥a§gﬁgﬁégdfﬁgghgggcﬁfbrf?g?kﬁ d?%ggg #B?QP_than
per oxi de, Set:d/Nmyy el izgdke HasiTY aa‘ﬁai'lllaEP‘élélﬁe&e Seek dimgt &s of
¥|ery | ow I@K«be@frdersl ofﬁﬁa@iﬂud%hﬁo@gﬁe&@@nh RJ}%SQ:‘LFI&?,% b@Bw@éhréQ@lation
ue gases, pr r y_has_a pH.l ower or equal .to 3.3, nore

preferabl%cfa§8§/?%anF8F Hdua dt8%§.TilggepFﬁﬁbaB?ltﬁﬁiuS? BHg5 epgh be
0. 7 can béowsed thaowevdr udyiNen®i Snpetmaddzedt)i.al in the process of the

present | NVERLOG,e 02168051 DAL hDabPGALLEESE Ol dIe, LINENIAL QLS Phe
pH of the order of 3. can'gé_use represent’s d renarkabl e radvant age
fromthe BAGUPSr PAl theipPerbPdifevable fom, ITHY tacVd Ihankg lodgahi of the

and i nor ggiirg, oG/INNE dSadhe F%f-‘é@ﬁ aPryaSt RONGa2GdSidd BOUESESthe group
environnent. aré used. Prefera |y an acid selected fromnitric,

sul phuri cI¥Ad h§8r ocHt oS aBPd iR uddif $kOUPat Y&F RS nord pr 8fer r¥are
since it gpeednieaylgasiney fd1E RO SRME dih ard ikt LOMPAUSEStRE group
heavy met glhs 9hnbiEhh, CRIPeHIIg ol 667 BrSOkUD! Se' Put S 800 0. n,
of the group VIII: Co and Ni; of the group Ib: Cu; of the group
IIb: Zn, Cd, Hg; of the group IIIa: Tl; of the group IVa: Sn,

Pb; of the group Va: As, Sb.
In step a) the removal of the particles of heavy metals
or their compounds, having sizes larger than 10 micron,
preferably takes place by impact filtration by using for

example fabric filters, and/or by electrostatic filtration.



When the acids different fromhydrochloric acid are used 12 in the
aqueous phase, al kaline halide conpounds are added to the aqueous
phase. The halide can be fluoride, chloride, bromde, iodide.
Preferably conpounds containing chloride ions, for exanple NaCl
and/ or CaCl2, are used. It has been indeed surprisingly and
unexpectedly found by the Applicant that the sinultaneous presence in
sai d acid aqueous phase of halides together w th oxidants nakes nore
easily wettable the heavy netals or their compounds, for exanple
oxi des which are waEr insoluble, also thBse which are in a partially
sintered for.g1 In this way. t ho eavy netals, or their conpounds
that are PR8I BBPESER St & aq B APy, which with the
process of theIprisyemrb)arlecaligchatged tart bhedrvicampeahds hmolgh are
the flue r uegus i S Lon Wi h Loce of _the .
i nventi ong?§§§’1§r e%gorr% ete ygé’ggov%rl%%ean To cthéc])?\t’?%bg%selnﬁég haeéljr?’ﬁlc
ri sk or aceimpkuhds.the kayibegmemrpditsing webndknognpea teddly fhandtfieat
heavy net ghg,ep d&%%fi¥ﬁ§diﬁﬁ{kE%E%@femégg§ssggl% %Qjﬁ%ﬁééﬁﬁas are

e rela

. 3y _
regul ati aons for what concerns t ive anounts that can ‘be

di schar ge®2ffit @elthebdfyiRBnkRfAt 2aBeS e SOMHEPT Hegedr énj Fadfe Fkmm so
of subm cenatpaiHehC U B eaverageed aﬁ&sr@rthew&mtehag?hsl FbC Y | adiieyus
are suspec%ed car ci nogeni ¢ agents. In step b) Tlue gas washing
can be pePf8Pfred at tenperatures ranging from anbient or room
tenperature (20i2HCrhep droddes |ofn thef ihhenbobhi nhet elperiatad efDie gas
t he aqueo S | r re.. T pr.ef e

t enper at u‘!rigei g{lgétl:t %@gﬁ&&ég g%%g%gowﬁgaﬁlmye%%l}e ’pr(gelfey'fllr;éel compounds,
t enper at ugeé | 8beet ecdeltiinedt headsitheyfeidre oxdadanteantdedpbaskd atpd the
used. ThezpxbdgRkrand the acid nust be both present in the reaction
aqueous environnent at the indicated tenperature range. Wth

the process of BYh@pieift i RMPesNdaPl, ehRAV hetaFal gF tif& rcompounds,
g:orrploulr)lldsmmabﬁet lﬂﬁSEhéOiiqbéeuisnphﬁgeaGEEQgépp]B}iSﬂ_c ?Iléi hEP5€ a compound
i nsol ubl e _in_t agueous ase, .are rempved, even if they ar

present, a/ho[alnyeklﬁa ar‘ﬁa%,gtﬂi ﬁ‘asvilrﬂger%tarT?S?ﬁt RS RHeft ?’XSf %gﬁ’t for
is well kesamplbatwheaegametval shaggeshei roxcompmunds, 13 present in
flue gases deriving ];g%[g) i On. eSses ried t

t enper at ures h:’[}g{hgr p%%gn@ OC,LQ%?%%?% vy |gﬁgrg£t %Zn t%télo%%}e?%seyphase
are at | edSedph? tHash \hen fd U saEesd crapRl sesne £l §xXBRPleenpBraplreore

at whi ch bﬁ@dﬁ@ﬂhgshgén%r khd e Sof rABrd0961 88 2040RBe RifwIaDioh of
from 850C to %\,565 C. has been surpri s:cwrﬁglé and unexpectedly

| t
found by FRE RPRVY cBRFALRaPTWELR 1th & PPORIEES o iHRMS Bl gyin the
conbi ni ngagtiepasaphasd bntd tanisopossebhgotindsubwtiaht ralflerarerve atlhis
t he heavy o] L np S, a | SPQs. st i hsol ubl e
particl espg&%@%i‘} %%‘Fgﬁg%ggﬁt’h%%%%co’br%poq%ngise,soﬁ lg’%%i o]?n s‘glu%rﬁj’lg]r?bn si ze
I ncl uded, downBYoacdficent rabistancencrpalilzedo ofisgodigdst hydregelerions
of magni { yleol MYEECLAAUL1DE; bh ML SRS dohk okl pARGLCDIPRL 1 884tk ed

Eur opean regul at'i on. a matter of fac

unexpect etPySHRB Blr pFi SPRGIF HLyuhe tHEam eyt itaht2nhAPAHRE M3 the
process of theThaveibiinié d:6idbi BheGdites Feakira llranalerahoti®ation
aqueous phase of Earti cl es . of heav‘g netals,. or their cong)o%‘r}ges whi ch
are whol [ §PbFRbaRET y* P ndot AT RY+ROTRERECY HEE ot & S PSS T et e 7
b) . ardcdhrilj nyidleen tiem W .aievy plredeyabfllyt hegBppl thant 1 eV, still
coul d be ﬁgyésggﬁgegégg& by H%kng;h%% qcisd eq?nd an oxi dant, according

to a preferred enbo |meXt oP the présént” invention, peroxy conpounds
and/ or of ani oAlgoconphaesoridikzdngedgsntsheagutfeassasi, twisich release
| SOl UDI 6oL PG0L AL CsPBEL LE! EnclBCRAIN (R IIRIHlcJia A ESAN Lo Als i b) .
hi ghest oxidation state, said two nechanisns | eading to the )
wettability andlecremeerrspetenat itheo lﬂ%’?fé(ﬁﬁéb@%(l%ﬁ@é:é §Pdbde thehe

aqueous phase is not particularly critical, generally it is
between 0.001 and 1 M, preferably between 0.008 and 0.1 M. As



The process of the invention therefore renoves, with high efficiency
and for a broad spectrum of heavy netals, or their 14 conpounds,

al so inorganic fly ash having subm cron size. In step ¢c) the
flue gas treatnment is carried out for exanple in a scrubber,
preferably a Ventury scrubber wherein, as scrubbing refrigerating
fluid, the condensed phase itself, previously cooled, is used. The
cooling/partial steam condensation of step c) increases the renoval
efficiency of the particul ate having subm cron size fromthe flue

gases. _ Furtheinore step e) of the ér ocess of the i nvention
shows bot h hi é%r oductivity and no. clo and/ or g altter ation.
This was R tﬁﬁﬁ@nlﬁueo’fjodﬁﬂen%o%%ﬁ Sty B?r?ﬁé figt a %rpeé?‘ég‘p e

present | perwreddite gases, and Clperarrioratesy detspecicamm e anised.C As
SpPect s ”f:zle r%%%%?x&baa}%gcaog}fféae&tsb) hsé g%e ?C n b?g falgﬁggpl']!orous

both in a*¢on |nuous e 1n col
(way) . Th@m,om&rmmmedﬂllﬂﬁt &i15°16), , agtcnotaaf bectr@dltbprtehia

presence @f, ald%ﬁirr;ﬁ %d &'&%hﬂ%xe%té gst@% fgaa

%rgrder
i nstead del eteriou he cationic an reS|ns use
t he proce§§bseéﬁeth§h§ﬂF0r38ﬂPtﬂ@m-néPaIWaﬁﬁéke SurfaCtﬁﬁésanﬁéﬁlcadded

exchange RR&J¥RUEAREKhBwE! €BcBhiglesl 8F @9@ ot Rase, desclkhBaghiieNthe
"Kirk-Q hner réflo edi a of Cgénlcal Techn qéﬁi vol , 14, g

737- 783, FURRAS Ey’* -CHge3™ RpHGSEhE TS5 afRhC e Bh ﬁggants
resins, tHexr @aaﬁ@]@rﬁ@hyﬁmwlﬁédaslyrﬁacqmtgr nary ammoni um group
can be ne Al pref. iLa i th r

can be ot g St MBS PUES B0 COTPLRLAL L £8D8n LNShe ol o ot
(Dow) can fpraf ol pise anafidioredl. in ordefheo | aisel dbfeanibei problems in
particul atgd rangd %‘é@%éé’hiﬂ? é&ﬂ?ﬁhﬁ%m@ha%‘%r‘ réx?én%lé))ln' SctSbbers. In

separated therefrom by ste . I'n step e) al'so the condensed
aqueous phadeé 8?S§téﬁecfo€§ﬁWHQ@§MQﬂaQGetPFeQFgéanno§ﬂéﬁn§S)Cﬁﬁebe for
separat i Oléxfaﬁr@ﬂ]et hef agbeaus 1phpsial tfe the rosal wehmpeparturall ag@-25°C) in
speci fical | gt havi ng subm cron size, it can be carried out by

known tecﬁ for exanple filtration, preferably in two stages,
wherei n i Ast pertncsﬂarhy peefected itawgfglm@:aghmﬁanhu@Dcm@rou:ﬁsacid

0.2 mcrop, argegq seggig%l occé‘}:t eégg{n*%%l Yeb g pg{,ﬁ&ﬁ@ogigebe gydrﬁgen

carried out by add ants and/or ¢
heavy rmet BeFopiideh €&S -hearéentved. mﬁ@ﬁcghéasﬁéyeggaéﬂabﬁ@ @rle§éﬁt market

inventionaare herwexapla-ide foll owing ones: nercury, cadm um

copper, nickel, tall Iélmtl'?gt !aggg%’us p eansleC uscehé Ot%uvnv]as%()b%lé 'flue gases

manganese van
preferably has a pH lower than or equal to 3.3, more preferably
lower than or equal to 2. Also pH lower than or equal to 0.7
can be used, however this is not essential in the process of
the present invention. The fact that in the process of the
invention also pH of the order of 3.3 can be used represents
a remarkable advantage from the industrial point of view. As
acid, any acid, both organic and inorganic, can be used,
preferably strong acids in aqueous environment are used.
Preferably an acid selected from nitric, sulphuric and
hydrochloric acid is used. The latter is more preferred since
it gives very easily the corresponding anionic compounds of
heavy metals or their compounds, which are soluble in the
aqueous phase of step b).

jWheh the acids different from hydrochloric acid are used



In step g) the anion exchange resin used in step e) is regenerated
general |y using strong acids. Resin regeneration can be carried out
with any known process. For exanple commercial muriatic acid can al so
be used. The heavy netals, or their compounds, solubilized in
t he agueous phase comng fromthe regeneration of the anionic
exchange resins can be recovered and transfornmed into the
correspondi ng i nsoluble non toxic salts, for exanple as sul phides or
carbonat es, according to known technlques For exanpl e heavy net al

sul phi des can be precipitated fromthe &dueous phase by addition of

H2S, after. adjusting the pHto ac al ue Q precipitate those t al
sulphldeslﬁrgﬁﬁmﬁQﬁ% ég hage ﬁhﬁa¥ﬁﬁesgﬁgﬂ@8nqqgﬁQﬂﬂ?%|?¥%r%%ged to
the pH i staéj ustredotis Plkade ne Tl URaltdepreon pideat €1ltibesdcheaylloride,
metal sul whi; re in in these condltlons

possi bl e o Rﬁ\?&’t &fsﬁ G re%lr%? 5 ]!Df s?mé)oun%ézos%:ao gne(%‘l l%‘lf +ons,
met al sul fhirdexaansle eﬁ@@ére@ddm dZﬁlezor agearnpsed beIuséxzhs rbeette indeed
metal | urg f I i a
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coal, oil ol bt%@rnwrﬁcbkﬁaﬁntﬁuha&:'e%o W UTBS 8851y MRt 1 STUWE | RaAvy
and |ndustr|a maste The process of the present, nve tj on can

al so be aPptied Fﬁ‘f 9aSCHRYTHY fig FPENFER™PLEL 12 Rrare watr
wi t hout fLHaseliibdet,. aS% froto sex avtpil ¢ téhee rieacd QrsritdesTIv be:dnt@r@at eotm.

appl i cat | Qas twgqgkogﬁoggélh% @B/?/\I%ee 0 08 8 lzleerhe é)rmoﬁleds tg'flatg hgre

present invention S0 be a to flrue gas ¢ gfroma
power plaAnsedubdemam thei rqug@is phase The shapadileri whirbn veridh the

det er m napi-gRe@t he@vynpetalis naf@eagrleu%ﬁsekﬁuéf?@cﬁ edoWdHE t88vi ronment

process of _the present _invention has been carrie€d out by using

specific §5HﬁPBEgt§ﬁd fdng wases QQxﬂﬂH?ﬂkﬁsW%%P¥Eﬁt$?iﬁ%&°$$y Wikh the

Zg&pl ing wrbbeéadgrfs%mle! ﬁ]&?ﬁz@rﬂfl Lom&lﬁéwlﬁhﬁSE:M&MphriﬁﬁéW Ix Zétbedr¥fit And do
m croscopy _and chem_c ySi§ wit ip

o or oscond Otk PR SRR o tie st skt Bok s ih e gV ironment . It

m cr oanal ¥si eyl enmogy dinspercdi obhapecheorietawy, hytatsngnier the food

aut omati ¢ ﬁxghe@naa etﬁ@s %ng Lical by @g&%tt %%Lﬁ%fi r%in%f Fig

predeterm ned thresho IS excee or each
partlclesCPﬁéeﬁBﬁpﬁ@ﬁoéﬁlﬁ&ﬁaﬁbﬁﬁﬂqpnﬁﬁdtééﬁbd%iﬂlhﬁ]4$§Véh%ﬁﬁﬁwi into the

det er m nednby roBasuiti. NBdNRANt et Y0y t HeeChAr dGlcericn Cof | é\@ﬁmgéron
the X ray ectrgn1and converted into the corre ondlnq a

to
concentraPFgﬁécu ate" (ayerans (AR 4BCIOVRE ER Bp&aﬁ‘ ot i hey ave
require tbabpéheeﬁluar@mmmgdhmmnagyﬁnﬁtlon processes contain very

| ow amount s of t hel conpounds has been op

further reducelgﬁeglk:% Rits accf:)rc? nggato salsdune%ul St onlgésﬁ%?g% Te?h
fumes coukdmperdshirsedrasgiagnbsomfamstent om heanytampakstuse (h@f25°C)
conpoundsypl B SUEHe 2R jifist a5ge, th@‘%éﬁfﬁﬁ@e‘mﬁéﬂaﬁ‘c‘%ﬂ% QYES £ Hd k§%15$8us

ones above descri bed, nore sophisticated he one prescri
current ré@&P&ﬁPBnats&mﬁ¥P?ﬁP¢%%@eﬁﬁﬁ?éﬂre The Rmﬁﬁﬁﬁr?ﬁeﬁ%WP%%ﬁture

enmbodi rrens_sobethLeénl ayeit lam ig®) olcel @é&fétrallqwaﬂﬁé“pﬂ"éﬁéﬂ'ﬂ&i PSmpétdture
Lol S ka0, LGE e vanal U o de, Present, Ll d ¢ oneent oLt 010,
onto the ThEl sxdxﬁanheanddmbter laali e quisimiyd dattepfameritheimeste reaction
recovery g&ngﬁgigng§§bnment at the indicated temperature range.

With the process of the invention, as said, heavy metals,
or their compounds, both those soluble in the agqueous phase and
those insoluble in the agqueous phase, are removed, even if they
are present, wholly or partly, in sintered form. As a matter
of féct it is well known that heavy metals, or their compounds,



In this case the process of the present invention is preferably
carried out by injecting in the flue gases, at the conmbustor outlet,
a stream of air.containing nanoparticles of an al kaline-earth netal
oxi de or salt, having generally an 17 average di aneter |ower than
500 nm preferably lower than 250 nm nore preferably | ower than 100
nm still .nore preferably |ower than 60 nm Anong oxides, Mo or CaO
anong the corresponding salts, carbonates and al kali ne-earth netal
chlorides can for exanple be nentioned. The anobunt by wei ght of
nanoparticles that is used is very redudéd, generally in the order of
sonme hundr eds of /an of flue gas, Said nanoparticles are

conpl et el Frﬁﬁ%‘rtbggni tve s JaFasei g sft‘-’pé’ﬂ‘ b oMRuGhe P anBYRFESSes

for exanpkertfiedo d0tg/dY eteoperaltsadie HigHerdegiend BGoOT,t hpreferably

vanadi um nt be.c yred. It . has_been_found.by.the _.
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vanadiumor 'its co nds are deposited onto the surface of
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Ther ef or ePFESREL PSS Y SiFd BPIE MGHH 2B HEL Y RAFD| BYFLARLHPBbI ens
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however ineffective for the nanopart,cles of vanadi um oxi de renai ni ng,
'n the flue gabESORARCH, R RnBRR. DITEIHTEL FRTTEY aBFe O RN LICRRt of 1t
t he Appl i eanlldorbd hencastyady tioes, nbl expase efuiguieht ando drheoxidant,
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from conbustion plants, obtainable wth the process of the invention.
The exhaudf BhESEST8eFvetfrbhIbefbuskientpPENES2ESI ngaideF¥o mechanisms
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and are ohetanbabl erwthe itrheompacesss of iridwel ulbenin orhe Tdgugass phase of
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total anopArtédfulesey aretlheit owempohiadsO,Havigidngiz&hsmedigusttprs 100
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The process of the invention therefore removes, with high

effibienéy and for a broad spectrum of heavy metals, or their



For the standard characterization of heavy netals the nethods
i ndi cated in the European provision EN 14385, Feb. 2004 are used. For
Hg, the European provision EN 13211, Feb. 2003 is used. 19 EXAMPLES

Anal ytical nmethods Particulate characterization The
particul ate contained in the conbustion gases is collected by an
i npactor of the Andersen Mark |11 type equipped with a pre-separator

(cyclon) capable to renove particles having aerodynam c di aneter
greater than 10 m Andersen inpactor scrgens PM 10 particul ate, by
using a sanmpling flow of 14 litres/mn nd filters capable to

isolate fr W t er, nam c_ particl.e dianeter between
9-5.8 Am éﬁ‘gog‘q’%l A £ ’%’%fgﬁrﬁl% &y als%n?a‘élﬁgls‘igﬁﬁ%ﬁfr‘fn 562? pm
0.7-0.4 pm In E’d:@par)tlm& atféulaa\gamg paeatmbatmmscatmb.ledr dgbanfor

0.4 Am t@§5m lee%?fﬁﬁ%éf1zéyéé Ortég é@ggﬁégg Hhereln,

i mpactor, it ter S1'S
atoni c foﬁ@esﬁﬁiréllb@@@pée@flmmg af]ph‘éimatth% g@m@@%@dtm@se itself,

col l ects, phevtikRisTRPhoF&di&qef f Q%t l%e%yf fighent C@Bilﬂg"}’tﬁﬁ‘df@i | Ysteam
si gni fi cant nunber "of §p?zrt| cl es aseous stream esca t he

i mpact or FETERETAEINE dSFﬁPOCL &% i O R be fH§lenCY of the
conbust i opaxta;i@unrl,at\merammgt heau kg i osti par ol ehe f$uéo§heétsed

together with ti r ul_at haV|n art |l e. dla er
smal | er than 1% %%1&% rﬁ%rgeual%t% tfgcf))%p i seHngF ﬁfl Snaniﬁ 9“ shows
wei ght of boké bighi praddunabbretgrand ze0 gdpdgdrigoand/or re$he sanprahgon.

step makeggualable,day S14 aghions WRChAfA dhen, subj f?ﬁéeﬂetal

Ilté&i%@%
to chem cal - physi cal anal ysis é scanni ng el ectronrc m scrosco
( SEM andSPSCXelsayP%ﬁ\%‘Fl%l in TH ecrfelna}%asaéﬁallyswlsl%m cRa sSHh'gﬁea wide

particles sp&c@achfnl et QiHimid @p&iﬁé?hhhl Eﬁexba_(@le@u%r PIERE o LAY HPEH) |
with a thi p W (;ow EDX system f(ﬁr t he gr Qanal ysi Ste’ﬁ%/ energ %

di sper si oR “EBe&r &8t RF " UsThgPRh BAFBmEf @ SRAEMUHRnl £°F oexample
aut ormat i cahl yodiatnact ahﬂelpabatcheSamheéana(pa?det thal artlohheesbplidsi ased

exceeded. 1RO égﬁﬁEOfa{QenbgegE' é%%&xg§ Eﬁgspgggeggrpwy(%Hégﬂlngoand
alkaline-earth metals which, as known, are instead deleterious
for the cationic and the chelaing resins used in the processes
of the prior art for metal uptake.

The anionic exchange resins usable in step e) are for
example those described in "Kirk-Othmer - Encyclopedia of
Chemical Technology", vol. 14, pages 737-783, J. Wiley & Sons,
1995. Among the preferred anion exchange resins, the resins
containing a tertiary or quaternary ammonium group can be
mentioned. Among the preferred commercial resins, there are the
strong anion ones. Amberjet®4400 OH (Rohm&Haas) and Dowex’MSA
1-C (Dow) can preferably be mentioned.

The insoluble submicron particulate transferred to the
aqueous phase in step b), it is separated therefrom by step e°)
or e'). In step e) also the condensed aqueous phase of step c)
can likewise be treated. In step e’) the separation from the
aqueous phase of the insoluble particulate, specifically that
having submicron size, it can be carried out by known
téchniques, for example filtration, preferably in two stages,
wheréin in the first the particles having average diameter over



paranmeters and the conposition are determ ned by neasuring the
intensities of the characteristic lines of the X-ray spectrum and

converted into the correspondi ng atom c concentrations. The
nmetal analysis is carried out by plasna-induced spectroscopy by using
the | CP- OES apparatus by Therno El ectron Corporation. The

chem cal potential (eV) of the solutions is determ ned by a

potenti onmeter. EXAMPLE 1 Conparative A5 MNVthernmal,

i sot hermal flanel ess conbustor, working at a tenperature of 1900K and
at a pressure of 3 Bar, it is fed with &> fuel wast e conposed by n1xed

spent sol contalnln 1% b£ ﬁg g?% g. rseg solids, at b
flomfrate f %§5°Rg/ﬁ5ﬁr RALALE FrBRGd 5 §OSQBPHBGF°8fcan e
f unes mhlchnmme&kiﬁﬁ&@da@dﬁngnﬁlbdadlants and/oﬂh@h@ﬁ&ﬁtsulate
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concentrat i ons” of verage ol 3°ruffing da
every 8 h@ap§§sﬁopﬁathzeﬁreaﬁu@s}nvygtmmﬁ €r¢66¢8 @ka@ple vhé7f81llowing

Cu38. 2 Pb%ﬁegz mercury, cadmium, copper, nickel, tallium, antimony,
arsenic, chromium, cobalt, manganese, vanadium.

In step g) the anion exchange resin used in step e) is
regenerated generally using strong acids. Resin regeneration
can be carried out with any known process. For example
commercial muriatic acid can also be used.

The heavy metals, or their compounds, solubilized in the
aqueous phase coming from the regeneration of the anionic
exchange resins can be recovered and transformed into the
corresponding insoluble non toxic salts, for example as
sulphides or carbonates, according to known techniques. For
example heavy metal sulphides can be precipitated from the
aqueous phase by addition of H,S, after adjusting the pH to
acid values to precipitate those metal sulphides precipitating
at acid pH. The solution is then filtered, the pH is adjusted
to alkaline values to precipitate those heavy metal sulphides
which are insoluble in these conditions. It is also possible
to invert the precipitation steps. The so obtained heavy metal
sulphides are recovered and can for example be used in the
metallurgy (industry) of special steels.

The flue gas which can be treated with the process of the
present invention are obtainable from combustion processes
performed on a variety of combustibles: coal, o0il, bituminous
schists, but also biomasses, methane, municipal and industrial
wastes.

The process of the present invention can also be applied to
flue gas deriving from an isothermal reactor without £flame
front. See for example the reactors described in patent
applications WO 2004/094,904 and WO 2005/108,867.

jThe process of the present invention can also be applied



V2.9 Til1l.8 Se0.18 Co0.62 Hgll.0 Cd8.6 EXAMPLE 2 One operates
with the conbustor of the Exanple 1 with the sane. set of operational
paraneters and using as fuel the sane industrial waste. Downstream of
the fabric filter and before 21 the sanpling, a Venturi-Scrubber
with external cooling circuit is inserted. The Venturi-Scrubber
operates with a pH 2 aqueous sol ution having oxidizing power of 1.6
eV, said aqueous sol utions obtained by feedi ng conmerci al
hydrochloric acid (title 33% by weight) and conmercial H202 at 30% by
wei ght. The Venturi-Scrubber has a fi rsitéconpartment wherein the flue

gas is cont act ed with the aqueous solution, the flue gas bejng, cool ed
from 180CtPof?5€ EREr 589‘16’&15?1%15“ & pi%ﬂ"‘tqralplf%}fdéﬁ”saﬁlf% ¥ tRelnaraFor -

vapour contai netiel Bha2hdtga3e%t i i agdS danakms hstdewnstr aavof mthgls in

Venturl_S%BUb?Eué 8XS treated with the process of the present invention
has been carried out by using specific sampling and analytical
techniques, in parﬁicular fly ash sampling with Andersen
impactor, particulate characterization with SEM microscopy and
chemical analysis with SEM Philips XL30 microscopy, equipped
with a thin window EDX system for the microanalysis by energy
dispersion spectrometry, by using an automatic system capable
to automatically detect the particles when a predetermined
threshold is exceeded.

For each of the identified particles the morphology
parameters and composition have been determined by measuring
the intensity of the characteristic lines of the X ray spectrum
and converted into the corresponding atomic concentrations.

As a matter of fact the European regulations require that
the flue gases from combustion processes contain very low
amounts of metals or their compounds. It has been proposed to
further reduce the limits according to said regulations such
that the fumes could be defined as "almost free" from heavy
metals, or their compounds. In such an instance,
characterization techniques, like the ones above described,
more sophisticated than the one prescribed by current
regulation, should be implemented.

Another preferred embodiment of this invention is relevant
to vanadium oxide. As said, it is known that the vanadium oxide
present in high concentrations in the combustion gas, for
example from oil fractions, tends to solidify onto the walls
of the industrial equipments used for the heat recovery from
said gas.

In this case the process of the present invention is
preferably carried out by injecting in the flue gases, at the
combustor outlet, a stream of air containing nanoparticles of
an élkaline—earth metal oxide or salt, having generally an



effecting the sanpling and the analysis as reported in the exanple 1,
has shown the follow ng nornalized concentrations of heavy netals:
mg/Nre Cr 2.1 N 1.1 Mn 0.2 Cu <0.1 Pb <0.1

17

average diameter lower than 500 nm, preferably lower than 250
nm, more preferably lower than 100 nm, still more preferably
lower than 60 nm. Among oxides, Mgo or CaO, among the
corresponding salts, carbonates and alkaline-earth metal
chlorides can for example be mentioned. The amount by weight
of nanoparticles that is used is very reduced, generally in the
order of some hundreds of mg/Nm® of flue gas. Said
nanoparticles are completely absorbed in the aqueous phase of
step b). Higher amounts, for example up to 10 g/Nm?, can also
be used, depending.on thé vanadium amount to be captured.

It has been found by the Applicant that under these
conditions the vanadium compound selectively condenses on the
nanoparticles of the alkaline-earth metal oxide or salt, and
not on the equipment walls. As said, the nanoparticles of heavy
metals or their derivatives are not retained by traditional
fabric filter since, as said, have very small sizes, much
smaller than 10 micron. With the process of the invention the
vanadium or its compounds are deposited onto the surface of the
nanoparticles of alkaline-earth metals, and it is recovered

-along' other heavy metals according to the process of the
invention, by converting the vanadium or its compounds into the
corresponding anion compound.

Therefore it has been surprisingly and unexpectedly found
that, unlike the processes of the prior ért, with the process
of the present invention it is possible to substantially remove
from the exhaust gas also the nanoparticles of vanadium or its
compounds. Therefore it has been found a solution to the
technological problems caused by the chemical aggressiveness
of vanadium (vanadates), which as said above would otherwise
condense on the walls of the equipments of heat recovery
sections. In the prior art this problem is instead kept under
control by injections in the combustion gas of large amounts
of MgO (average particle sizes about 20 um)) milled and
dispérsed in the hot gases. The drawback of this technique is



V <0.1 Ti

<0.1 Se <0.1 Co <0.1 Hg <0.01 Cd <0.01
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that by-product filtrates containing vanadium difficult to

dispose of (known as vanadium muds) are obtained. Said prior

art processes were however ineffective for the nanoparticles

of vanadium oxide remaining in the flue gases which, as known,

are not filterable. The process of the Applicant on the
contrary does not expose equipments to the vanadium corrosion
and at the same time allows to recover vanadium as raw material
for industry, and therefore it is suitable also for fumes
generated by high vanadium content combustibles.

A further object of the present invention is represented

by exhaust gas from combustion plants, obtainable with the
process of the invention. The exhaust gases derive from
combustion plants using fuels containing heavy metals.
The exhaust gas, from combustion plants using fuels containing
heavy metals, contain a total amount of heavy metals lower than
about 5 ug/Nm’ and higher than about 0,01 upg/Nm®* and are
obtainable with the process of the invention. The gas
obtainable with the process of the present invention from
combustion plants, using fuels containing heavy metals,
preferably contain a total amount of heavy metals lower than
0,1 pug/Nm’. The exhaust gas is obtainable with the process of
the present invention from combustion plants using fossil
fuels, preferably coal, oil, natural gas, fuel oils, heavies
derived from crude refining, bituminous scists, as well as non
fossil fuels, preferably biomasses, municipal or industrial
wastes. |

It is a further object of the present invention the
discharged aqueous phase deriving from the post-treatment of
gas, from combustion plants, according to the present
invention.

For the standard characterization of heavy metals the
methods indicated in the European provision EN 14385, Feb. 2004
are used. For Hg, the European provision EN 13211, Feb. 2003

is used.



The characterization of heavy netals have been perfornmed using al so,
for conparison purposes, the filtration methodol ogy fol |l owed by

wat er / danpi ng condensation (Standard UNI 14385). The results thus
obtai ned are substantially aligned with those reported above.

These data show that the total anobunt of the heavy netals, Mercury
and Cadm um excluded, is lower than the limt of the regulation EC
2000/ 76 of two orders of nmagnitude. Al so Mercury and Cadm um are
present in an amount far lower than the limt 22 prescribed by the
above nenti oned European regul ati on. Th&fefore fumes containing
netals at this concentration | evel can be rel eased to the atnosphere
with a veE}AMBEEEed environmental inpact. It is observed that

the envirpgngeptakbainpaehoels funes rel eased as per exanple 1

conparative is definitely higher, though concentrations are within
limts pr8$$€é@giéﬁ—b§5@%@£$%§3¥§$¥éﬁL-EXANPLE 3 The wor ki ng

sol ution obt ai TRd abdeticohiaet cwirttihin&tEs iaf ﬂx@rrrdoalbmstrﬁirevgatsetso is
each runnin e i d, of _24. hours fi tered op_a,fi havi n

bor os1 1y 5P LyBEEEA] e oy 191 the ArbREREr aRior i o tikpped
MBA 1- C awiibh acpmg@erp@martsnandcyhéoal uatapaiuby edtcedrenoXepl paneicles

I IS SR S A R (9 O andersen

results were
impactor screens PM 10 partlculate by using a sampllng flow

of 14 litres/min, and filters capable to isolate fractions with
aerodynamic particle diameter between 10-9 um; 9-5.8 um;
5.8-4.7 pum; 4.7-3.3 pm; 3.3-2.1 pm; 2.1-1.1 um; 1.1-0.7 pm;
0.7-0.4 pum. |

The particulate having particle sizes smaller than 0.4 um,
that 1is not retained in the 1last stage of the Anderson
impactor, it is filtered on a mica filter for the analysis by
the atomic force microscope by means of a pneumatic actuator
that collects, by thermophoretic effect, a sufficient and
statistically significanﬁ number of particles. The gaseous
stream escaping the impactor 1is then conveyed into a
condensation system of the combustion vapour, wherein the
submicron particulate is collected, together with a portion of
particulate having a particle diameter smaller than 10 nm in
a quantity comprised between 1% and 10% by weight of the
original nanometer size population.

The sampling step makes available particulate fractions
which are then subjected to chemical-physical analysis by
scanning electronic miscroscopy (SEM) and to X-ray analysis.
The chemical analysis of the single particles is carried out
with a SEM Philips XL30 microscope, equipped with a thin window
EDX system for the microanalysis by energy dispersion
spectrometry, by using an automatic system capable to
automatically detect the particles when a predetermined
threshold is exceeded. '

For :each of the identified particles the morpheclogical



O her elenents ¢ 0.1 pg/lt. Therefore the eluate can be

di scharged into the sewer network since the amobunts of the netals are
wthin limts provided for by the regulations for this type of

ef fl uents. The used PTFE filter Cartridge is then treated with
the nitric-hydrochloric mxture, and then with soda to solubilize the
filtrate. The obtained solution is anal yzed by X-plasma by | CP-CES
Therno El ectron Corporation. Overall it contains an anobunt of Cr, Ni
and Mh equal to 70-80% of the respective anmounts renoved from the
incoming fumes. 23 CLAIMS 1. A process B8r the renopval of gaseous,

li quid and SO|I heavg hals or their congognds from funes der|V|ng
from conbBEFPES S5ESc888e5hGr CPPBRFL L OB BHECEE bRTLIREAPY cMgaguring the
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| ubl
sol uble | Bo8a lt%@%ggugygpgﬁﬁgf Bhe_SepYeEketoblto.a0! Y fﬂgp&g%;%?ggon

si mul t ane y the eavy netals elr oun

are insol GBFEOrAtdQNd aqueous phase are wetted, to aIIOM/the transfer
of theminto sahd agEAHS]1PHEEEnLEX1COON) N e Ba&ht%nféomge@é@émyned
of water yapour contagined in the flue gas, separation of a condensed
aqueous pﬁgsé PR5EPSARMSSfecycl i ng the condensed phase to the
conbust i oBXaN@NEen Coampbusitdn)e d) di scharge into the environnent of

flue gas SUbStﬂp%iﬂd3@ﬁé§*§froggggﬁ¥¥mggt%aame %ge%oﬁﬁng¥nmdsworklng

at a temperature of 1900°K and at a pressure of 3 Bar, it is

fed with a .fuel waste composed by mixed spent solvents,
containing 7% by weight of dispersed solids, at a flow-rate. of
750 Kg/hour. The combustor produces 3050 kg/hour of fumes which
are filtered on fabric filter.

The particulate analysis perfbrmed downstream the filters
gives the following concentrations of heavy metals (average of

3 running days, sampling every 8 hours, normalized values):

pg/Nm?
Cr 166, 8
Ni 131.6
Mn 67.5
Cu 38.2
Pb 34.7
\Y .9
Ti .8
Se 0.18
Co 0.62
Hg 11.0
cd 8.6
EXAMPLE 2

One operates with the combustor of the Example 1 with the
same set of operational parameters and using as fuel the same
industrial waste. Downstream of the fabric filter and before



2. A process according to claim1, wherein the tenperature in the
conbustion chanber is higher than 700C. 3. A process according to
claim1, wherein in step a) the renoval of the particles of the heavy
nmetals or their conpounds having sizes larger than 10 mcron is
carried out by inpact filtration. 4. A process according to claim1,
wherein in step b) the aqueous phase used for funmes washi ng conprises
one or nore oxidizing agents and optionally one or nore acid
conpounds. 5. A process according to claim4, wherein the oxidizing
agents are inorganic or organic oxidizi a4 conpounds. 24 6. A
process according to claim5, wherein_ the inorganic oxidizing agents
have an o¥P@afPBR1pBCenti XEREPK 1§ CasbReEnVi EBNAERE T RRLNCEOPHNT circuit

conpri sediketweert@d! @hd Sedtuliigherubhar Bpera¥es with BI pEESSaqueous
accordingstqugk%gﬁlﬁavwgereggiéggi H of the aqye%ﬂasph%§e i s .het ween
0.7 and 355 g g power O eV, said aqueous
solutions obtained by feeding commercial hydrochloric acid
(title 33% by weight) and commercial H,0, at 30% by weight. The
Venturi-Scrubber has a first compartment wherein the flue gas
is contacted with the aqueous solution, the flue gas being
cooled from 180°C to 75°C thereby causing a partial
condensation of the water vapour contained in said gases.
The gas analysis downstream of the Venturi-Scrubber, by
effecting the sampling and the analysis as reported in the
example 1, has shown the following normalized concentrations

of heavy metals:

pg/Nm?
Cr 2.1
Ni 1.1
Mn 0.2
Cu <0.1
Pb <0.1
v <0.1
Ti <0.1
Se <0.1
Co <0.1
Hg <0.01
Cd <0.01

The characterization of heavy metals have been performed
using also, for comparison purposes, the filtration methodology
followed by water/damping condensation (Standard UNI 14385).
The results thus obtained are substantially aligned with those
reported above.

These data show that the total amount of the heavy metals,
Mercury and Cadmium excluded, is lower than the limit of the
regulation EC 2000/76 of two orders of magnitude. Also Mercury

and Cadmium are present in.an amount far lower than the limit



8. A process according to claim4, wherein the acid used is a strong
acid in aqueous environnent. 9. A process according to claimS8,
wherein hydrochloric acid is used. 10. A process according to claim
4, wherein if acids different from hydrochloric acid are used, halide
conpounds are added to the aqueous phase, the halide being fluoride,
chloride, -bromde, iodide. 11. A process according to claim 10,
wherein the halide is chloride. 12. A process according to claim1,
wherein step b) is carried out at a tengerature fromroomtenperature
up to the limt of boiling tenperature t he aqueous solution. 13.

A process_according t m 12, wherein the tenperature is int
range 40CP§8§crl¥3% A ro?ﬁ% a2ReY i nfer&iors WIPUQHRﬁ%ﬂr1¥?S%r%Bl°n
c) the fuWBErEEeaEWﬁnmesscoatanedngumetala sat ubihes . coﬂéén@watmcﬁSSevel

accor dinglg chal Medy Mhene pot henLol Lo gnsteps, aLe Tur LDEE, Crhsdeq

out: e) op ona Y, separatlon 0 nso € par at & heav
nmet al s, oenvhepnme@ﬁpdummPaCkron1the aqueous phase obtained in step

b); 25 e) tregftrrefg 8hskbgeanusnls pPhase RALARRL I D) nBhckn & fumes
wi th ani on exchange resins;
released as per example 1 comparative is definitely higher,

though concentrations are within limits provided for by the
regulation.
EXAMPLE 3

The working solution obtained after contact with fumes of
example 2, relevant to each running period of 24 hours, it is
filtered on a filter having porosity of 0.2 um in PTFE. The
filtrate is then percolated on Dowex MSA 1-C anion exchange
resins and the eluate subjected to X-plasma analysis by ICP-OES
Thermo Electron Corporation.

The following results were obtained:

Cr 0.3 ug/lt
Ni 0.4 ug/lt
Other elements < 0.1 ug/lt.

Therefore the eluate can be discharged into the sewer
network since the amounts of the metals are within limits
provided for by the regulations for this type of effluents.

The used PTFE filter Cartridge is then treated with the
nitric-hydrochloric mixture, and then with soda to solubilize
the filtrate. The obtained solution is analyzed by X-plasma by
ICP-OES Thermo Electron Corporation. Overall it contains an
amount of Cr, Ni and Mn equal to 70-80% of the respective

amounts removed from the incoming fumes.



e') optionally, separation of the insoluble particulate of heavy
nmetals, or their conmpounds, fromthe &@jueous phase obtained in step
e); f) discharge of the aqueous phase obtained in e') substantially
free fromheavy netals or their conpounds into the environnment; g)
optionally, recovery by regenerati of€LAIMSie ani on exchange resins.
16. A process according to claim1l, wherein in step e) strong anion
exchange resin is used. 17. A process according to claim1, wherein

in step f)1.the K'??é’dés@ﬁ‘bﬁﬂ?e RIrdwef Jf REELDE IIRULBRE 3018 hedlvy trhdtals or
resins of step c) are precipitated under the formof salts,
pr ef er abl ytheinicprippedsr frear fuores derivind Bomacembusiien amsesgeagr froncthe m

i th an: aitrORURET A ARt i, oot AP R PGV k5% Kl ne-ear th

netal oxide or Habptidiedlyneernavdlits fitratide of flovgastdask péiciiate oflBeavy

process according to claim18, wherein the weight anount of
nanoparticles of Het@lpi plethelirqampritngs, BRYIAE a5y aIpge diamater harger than
of hundreds of ngll rorg0- Fumes from conbusti on pl ants obtai nabl e
with the process o PR 1. 21 Fumes, from conbustion plants using

fuel s containing fleayasedsting withtan ngbéeusvphiisé Whepsinahs healvy thatals
1. 22. Funes, fromconbustion plants using fuels containing heav

metal's, which conPhlPiaCeBPRHNARIIEDIESIN R FaHEPHS PNPEGeRTe RRMVETRSUL
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fuel s containi ng hedalg oretlais compounds which are insoluble in said aqueous
phase are wetted, to allow the transfer of them into said aqueous
phase;

c) cooling and partial condensation of water vapour contained in the
flue gas, separation of a condensed aqueous phase, optionally
recycling the condensed phase to the combustion chamber
(combustor);

d) discharge into the environment of flue gas substantially free from

heavy metals or their compounds.

2. A process according to claim 1, wherein the temperature in the

combustion chamber is higher than 700°C.

3. A process according to claim 1, wherein in step a) the removal of the
particles of the heavy metals or their compounds having sizes larger than 10

micron is carried out by impact filtration.

4, A process according to claim 1, wherein in step b) the aqueous phase
used for fumes washing comprises one or more oxidizing agents and

optionally one or more acid compounds.

5. A process according to claim 4, wherein the oxidizing agents are

inorganic or organic oxidizing compounds.



26 which contain a total anmount of heavy netals |ower than 0.1 pg/ NnB
whi ch are obtai nable by the process of24laiml. 24. Fumes, from
conbustion plants according to claim20, wherein as fuel fossil fuels
and non-fossil fuels are used. 25. Waste aqueous phase, deriving
fromthe treatment of funmes of conbustion plants which are obtainable
with the process of claiml. 26. Funes, from copbustion p|lants,

obt ai nabl &-wi t f* PREGSSRE951IRE te clai &, WhpiSHTa 116 MOTGRIIE ObiaNg AoeBls
and non-f el i ial Al o] r Vi ;
amount 1 ovget Ran U380 S PRl Lo Bl R AR GRS T XofPries
Tl excl udemstwEignifel agdIoderigherathas®.@gMn8 and t he sum Cd+Tl bei ng

| ower that 50 ,ug/NnB, gaseous, liquid and solid heavy netals or

t heir conpounds, from funes deriving from conbustion processes or
from the producg 'p%be%\é“éét%ﬁ'diiﬁggésolaiﬁpﬂ})\ﬁvhéfé?ﬂ th&@H 6f b GG siLpRase?)
optionally, renoval by filtration of flue gases, of particul ate of
heavy net dé between Al anddrpounds, havi ng an average di aneter |arger
than 10 micron; b) flue gas washing with an aqueous phase wherein the
heavy metals or their conpounds, soluble in said agueous phase, are

converted g.nt o AprEdbssoAROMdIAg tarIbis MUvharaousd dcidhgsdepistd etreAg @lkid
heavy netals or their conpounds which are insoluble in said aqueous

phase are iR@AUeaUs €pVEPNBRNthe transfer of theminto sai d aqueous
phase; c¢) cooling and partial condensation of water vapour contained
in the flue gas, separation of a condensed aqueous phase, optionally
recycling 9.he opesiesschgebating toclkhe 8 arHausihi ryaredtaoteacidds used! or ) ;
d) discharge into the environment of flue gas substantially free from
heavy netals or their compounds. 77

10. A process according to claim 4, wherein if acids different from
hydrochloric acid are used, halide compounds are added to the aqueous

phase, the halide being fluoride, chloride, bromide, iodide.
11. A process according to claim 10, wherein the halide is chloride.

12. A process according to claim 1, wherein step b) is carried out at a
temperature from room temperature up to the limit of boiling temperature of

the aqueous solution.

13. A process according to claim 12, wherein the temperature is in the
range 40°C-80°C.

14. A process according to claim 1, wherein in step c¢) the fumes treatment

is carried out in a scrubber.

15. A process according to claim 1, wherein the following steps are further
carried out:
e°) optionally, separation of the insoluble particulate of heavy metals,

or their compounds, from the aqueous phase obtained in step b);



28. A process for renoving at a residual anmount |ower that 5 pg/ NnB
total heavy netal content, Hg, Cd and2Fl excluded, each of Hg, Cd and
Tl being lower than 0.1 pg/Nn8, gaseous, |liquid and solid heavy
nmetals or their conpounds, from fumes deriving from conbustion
processes or frem treatmenidofcthe ayuepns pbakse apdsined dmpi o imge )t with anion
followi ng steps: a) optionally, renoval by filtration of flue gases,
of particul ate of REBNSNGRKEEH'S: or their conpounds, having an average

di anet er | ar gerynt haps: ) it I ; i 1
phase. aher of i (e BBLGoRI. SEPSratiBh, (fHE iBSAIBTG AE By REvAERAE
aqueous phase, areocthaiectredoumds) from the aqueausplsasmobtzinad inatepes| vy

the particles qf heavy neta or their conpounds ich are, insqluble
1 shid aqueoud) phABENaRE gk esaoUeRPens BRERed s FarsubeTiey fiseo
sai d aqueous phasefrof) hEQR) adaldof tRAF EbRboGRdsI RIS 8id RviRdnHeser
vapour contained in the fl'ue gas, separation of a condensed aqueous

phase, optionaldy pptigeallyneadvery by degsrsiaiivrastthecanioe exohbngs resins.
chanber (combustor); d) discharge into the environnment of flue gas
substantially free from heavy netals or their conpounds. 29. Funes

from combugti om Praséss Aecardial!® vidim 1 hevidreress QbpCERisioAd: anion
30. Fumes from conmbustion plants obtainable with the process of claim
28. 31. A SXebeRrge rsipIUSR-to claim 6, wherein the inorganic

oxi di zi ng agents have an oxi dation potential higher than 1 eV. 32. A
process according to claim6, wherein the inorganic oxidizing agents

have an oxi7dat ifoprasgsenaccrdiniggieeclatman Whére@Vin step f) the heavy metals
eluted from the regeneration of the resins of step c) are precipitated under the

form of salts, preferably sulphides or carbonates.

18. A process according to claim 1, wherein combustion fumes at the
combustor outlet are additivated with an air stream containing nanoparticles of

an alkaline-earth metal oxide or salt having particle sizes lower than 500 nm.

19. A process according to claim 18, wherein the weight amount of
nanoparticles of alkaline-earth metal oxide or salt is in the order of hundreds
of mg/Nm?.

20. Fumes from combustion plants obtainable with the process of claim 1.

21.  Fumes, from combustion plants using fuels containing heavy metals,

obtainable with the process of claim 1.

22.  Fumes, from combustion plants using fuels containing heavy metals,
which contain a total amount of heavy metals lower than about 5 yg/Nm?® and
higher than about 0.01 ug/Nm?®, which are obtainable with the process of claim
1.

23. Fumes, from combustion plants using fuels containing heavy metals,



33. A process according to claim 18, wherein the nanoparticles
particle sizes are |lower than 500 nm 74628 34. A process according to
claim 18, wherein the nanoparticles particle sizes are |ower than 250
nm 35. A process according to claim 18, wherein the nanoparticles

particle sities cantih ewetalt Aaouhbof heavy Jetal’ R ERsn k¢ PWENAG Which
claim 18, wherein the nanoparticles particle sizes are |ower than 60
nm 37. PRigebstainaimbydhepsesess ¢fidaitsTaccording to clai m 24, wherein
the fossil fuels are selected fromthe group consisting of coal, oil,
natural gas, fuel oils, heavies derived fromcrude refining, and

bi t um noug4sci Fusnesyrfcbmivendustivhelaais-dogerding foelama2® wheeit ed flielom
the group.consisting, of biomasses, and municipal or industrial

wast es. @SﬂﬁHﬁ@sﬁnq ?W#Qﬁ?ﬁ%ﬁ%‘?iadﬁ Usednts, obtainable with the
process of claim 26, wherein the fossil fuels are selected fromthe
group consisting of coal, oil, natural gas, fuel oils, heavies
derived f26m cMdgter efjuroug, plaask, bdetwngotrenms dhet freatmeniwodr &imes haf

o O Sl RS W0 e D bR 8 Re SRSt O oooses,

26. Fumes, from combustion plants, obtainable with the process of claim 1,

wherein as fuel fossil fuels and non-fossil fuels are used.

27. A process for removing at an amount lower than 500 ug/Nm?® total
heavy metal content, Hg, Cd and Tl excluded, Hg being lower than 50 ug/Nm?
and the sum Cd+Tl being lower that 50 ug/Nm?®, gaseous, liquid and solid
heavy metals or their compounds, from fumes deriving from combustion
processes or from the production synthetic gas, comprising the following
steps:

a) optionally, removal by filtration of flue gases, of particulate of heavy
metals, or their compounds, having an average diameter larger than
10 micron;

b) flue gas washing with an aqueous phase wherein the heavy metals
or their compounds, soluble in said aqueous phase, are converted
into anion compounds and simultaneously the particles of heavy
metals or their compounds which are insoluble in said aqueous
phase are wetted, to allow the transfer of them into said aqueous
phase;

c) cooling and partial condensation of water vapour contained in the
flue gas, separation of a condensed aqueous phase, optionally
recycling the condensed phase to the combustion chamber
(combustor);

d) discharge into the environment of flue gas substantially free from

heavy metals or their compounds.
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28. A process for removing at a residual amount lower that 5 ,ug/Nm3 total
heavy metal content, Hg, Cd and Tl excluded, each of Hg, Cd and Tl being
lower than 0.1 wg/Nm?® gaseous, liquid and solid heavy metals or their
compounds, from fumes deriving from combustion processes or from the
production synthetic gas, comprising the following steps:

a) optionally, removal by filtration of flue gases, of particulate of heavy
metals, or their compounds, having an average diameter larger than
10 micron;

b) flue gas washing with an aqueous phase wherein the heavy metals
or their compounds, soluble in said aqueous phase, are converted
into anion compounds and simultaneously the particles of heavy
metals or their compounds which are insoluble in said aqueous
phase are wetted, to allow the transfer of them into said aqueous
phase;

c) cooling and partial condensation of water vapour contained in the
flue gas, separation of a condensed aqueous phase, optionally
recycling the condensed phase to the combustion chamber
(combustor);

d) discharge into the environment of flue gas substantially free from

heavy metals or their compounds.
29. Fumes from combustion plants obtainable with the process of claim 27.
30. Fumes from combustion plants obtainable with the process of claim 28.

31. A process according to claim 6, wherein the inorganic oxidizing agents

have an oxidation potential higher than 1 eV.

32. A process according to claim 6, wherein the inorganic oxidizing agents

have an oxidation potential higher than 1.5 eV.

33. A process according to claim 18, wherein the nanoparticles particle

sizes are lower than 500 nm.
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34. A process according to claim 18, wherein the nanoparticles particle

sizes are lower than 250 nm.

35. A process according to claim 18, wherein the nanoparticles particle

sizes are lower than 100 nm.

36. A process according to claim 18, wherein the nanoparticles particle

sizes are lower than 60 nm.

37. Fumes, from combustion plants according to claim 24, wherein the
fossil fuels are selected from the group consisting of coal, oil, natural gas, fuel
oils, heavies derived from crude refining, and bituminous scists, and wherein
the non-fossil fuels are selected from the group consisting of biomasses, and

municipal or industrial wastes.

38. Fumes, from combustion plants, obtainable with the process of claim
26, wherein the fossil fuels are selected from the group consisting of coal, oil,
natural gas, fuel oils, heavies derived from crude refining, and bituminous
scists, and wherein the non-fossil fuels are selected from the group consisting

of biomasses, and municipal or industrial wastes.



