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(57) ABSTRACT
Process and device for pneumatically conveying a povvdery
illaterhd colnprislng rite steps of

Pneumatically conveying a powdery material in a pneu-
matic conveyin pipeline (hrst) and into said recipient
by a flow generated by a biovver,

A powdery matcnal dosutg step,
A fluctuation step of prcssure drop tn said pneumatic

collvc)'lllg ptpchllc or up to sdtd rcciplcllt,
wherein a sonic device generates sonic waves inside said
pneumatic conveying pipeline or up to said recipient and
provides a counteraction on the fluctuation step of the
pressure drop in said pneuntatic conveying pipeline or up to
sdld Icctplcllt.

8 Claims, 10 Drawing Sheets
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1

PROCESS FOR PNEIIMATICALLY
CONVEYING A POWDERY IVLATERIAL

'tile present im ention rekstes to a pnlcess for pneumati-
cdllv'ollvcv'ulg B powdcrv Iutitcl1dl, ul pdl11culal a powdcrv
sorbent. comprising the steps of

Pneumatically conveying a powdery material. in particu-
lar a powdery sorbent. in a first pneumatic conveying
pipeline fmm a pov dery material. in particular a pow-

I i 1

dcry sorbmlt, storage tank to a rcclpienl zone. saul lirst
pneumatic conveying pipeline comprisin a pipeline
wall and being coiulectcd to said powdery material. In
particular said powdery sorbent storage tank and to said
rccipicnt zone, smd powdery mdlcrial, in particular said
polvdery sorbent, beino pnemnatically transported
inside said first pneumatic conveying pipeline and into
said recipient zone by a flow genemted by a blower
connected to said first pneumatic conveyin pipeline
and blow ulg conveying fluid uisidc smd lirst pnciuna tie
conveying pipehne in v hich particles of said poivdery
material, In particular said powdery sorbent, are trans-
ported,

A powdery matcnal, in parucular a powdery sorbent,
dosin step by means of a dosing means filr dosmg an
dnloUnt Ol Sall poWdCIV Iud/011dl, 111 piil11CUIBI SBlil

polvdery sorbent, when entering, from said pimdery
material„ in particular said powdery sorbent. storage
tank into said first pneumatic conveying pipeline, said
first pneumatic conveyin pipeline being connected to I ii

said powdery matcnal, ul parucular said powdery sor-
bent, storage tank through said dosing means.

A fluciuation step of prcssure drop in smd Iirst pneumalic
conveyiilg pipeline and/or up to said recipient zone.

During pneumauc conveying of a powdery nuiterial, in
particular a powdery sorbent. between a pov dery matenal,
in particular a pov dery sorbent, storage tank and a recipient
zone. pressure drop tluctuations occur at any time. very
frequently and are difficult to control. The fluctuations in do
pressure drop may bc due to a number of uitrinsic Ibctors of
the pneumatic conveying process or to external event

Such fluctuauous ol'rcssure drop arc disturbing thc
Outlie pncUIluitlc collvcy'ulg of thc powdery nuilcrlBI, ul
particular the powdery sorbent, to be conveyed causing
different kinds of perturbations Aniongst other perturba-
tions. one can find the fact that the fluctuations in pressure
drop are causing a modification of the conveying velocity of
thc pow derv matcnal/sorbent.

Powdery matcnal/sorbent flows have a saltation velocity 0

under w luch Ihc powdery matcnal, ul particular thc powdery
sol'beilt. a/Bits scltllllg ill thc pncilinatic convcv'lilg pipe
while conveying fluid blown by blowers is given a safe
nominal value of velocity, greater than the saltation velocity
to prevent the powdery materiaL in particular the poivdery ss
sorbenn scttlulg ulsidc thc pneumatic conveying pipe

Unfortunately. many fluctuations occur at any time during
d pneumatic conveying ol a powdery malcnal, in particular
a powdery sorbent, causing the pressure drop instability
inside the pneumatic conveying pipeline so

Indeed. blowers are characterized by a curve between
pressure drop and flowrate. The pressure drop. i.e the
difli:rmlcc of thc prcssure inside thc rcclpwnt zone and the
pressure at thc mitrauce ol Ihc lirsl convcyulg pipe. Is lhc oue
imposed by thc plant ulsxle wluch pncumatm conveying Ss

shall be performed and the characterizing curve of the
blower results in a flowrate into the pneumatic conveymg of

,108 B2

thc powdery ma/anal, ul particulur the powdery sorbcnL
depending on the value of the pressure occurring inside the
plant

As soon as there is a smail fluctuation m pressure drop
(caused for example, without being limited thereto. by a
change ln atmospheric conditions, a change in the tempera-
ture of the convcyuig fluld. a reducuou of a pipclinc ace/lou
which cml be duc to d clogging. a partial clogging. an oblcct
disturbing the blolver flolv. discontinuous loading of a

powdery material, notably with a rotary valve, electric
power cut or fluctuation in voltage (or current), soot bloiving
load (capacity) chan e. change of opemting conditions in
the gas scrubber. bag filter puises, electrostatic precipitator
rdppnlg, VarldtlollS 111 fUCI 111ICctloll, Valldtlolls ul fUCI SUBlltV

(c g. Oncrgy, llloistUrc dnd dsh colltcllt), rate cilangcs ol thc
main, forced dnsft or induced draft, fans of the plant but also
non homogeneity 0 f the flov rate of the powdery material, in
particular the polvdery sorbent. dosed and fed to the pneu-
matic conveying pipeline, agglomerates of powder material
in the air floiv by the dosing means. etc.). the pressure drop
starts decreasing or ulcrcasing without It bculg possible to
control quickly enough Ihr the pncumauc convcyuig ol'hc
powdery sorbent,'material to not be disturbed. I'hese fluc-
hiations in pressure at the recipient zone of the process flue
gas can atfect directly the gas tlow mate used in the pneu-
matic conveyin pipeline prior to injection because the
control of the blowers, if any„ is usually not suificiently
rcactivc. There is conscqucntly a change In thc flow regime.
leading to B change ui thc mass ratio of powdery matcnal to
conveying fluid. As a consequence. for example, without
again being linlited thereto, when the piessure drop
increases, the pneumatic velocity or flowrate of the convey-
in fhiid is reduced such that the velocity of the conieyin
fluid possibly reaches a value lower than the safe nominal
valUc vclocltv, cilUsulg thciclilrc thc powdery nlatcrlBI, 111

particular thc powdery sorbent, pncunuitically conveyed, to
scdimcnt ulsidc thc pncumauc conveying pipeline. Sedi-
mentation of the powdery nlaterial. in particular powdery
sorbent, will cause the pressure drop to increase, leadiog to
an even lower gas flow rate. Clearly. for systems where the
gas flicw rate is not actively controlled or for systems where
thc gds flow Iiltc cannilt bc cilntlolkcil sUfliclcntly lust, such
a pneumatic Irdnsport system Is unstable.

Convcrscly, in case ol' dccrcasc of the pressure drop, a
too high tiow can cause the powdery niaterial to stick on the
v afls of the pipes because of the higher inipaction force of
the poivdery material in regions v,here chan es of cross
sections or of direction are present.

Thc powdery matcnal. In parliculur the powdery sorbent,
starts tllcrcforc to Bccilnlillatc ulslilc thc pncUlilallc convcv-
iug pipcluic causing on its turn fluctuutions of thc prcssure
dmp as the passing diameter of the pipeline available tilr
pneumatic conveying is reduced. causing an increase in
pressure drop bavin on its turn consequence on the pneu-
matic corn eying.

As onc can understand. the smallest single fluctuauon in
thc plcssilrc drop, whlcll occurs v 'llatcvcr thc lcvcl ol design
oplunization of thc pneumatic conveying, will have strong
coilsequence in the efliciency of the pileuiliatic conveying of
the powdery nlaterial, in particular the powdery sorbent,
inside the pneumatic conveying pipeline.

Sometimes, the pressure in the flue as duct will vary,
depending on the process operation (cxmnplcs of thc cause
of thcsc prcssure fluctuauons arc provided below). Dcpend-
iug ou thc dosing means, thc tluc gas pressure fluctuations
mill cmise gas flolv fluctuations in the pneuniatic corn eying
system
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llns phenomenon of fluctuations ts occurnng ul any
conveying fluid when blown 'I'he phenomenon is of course
further amplihed when a powdery material. in particular a
powdery sorbent, Is conveyed as the powdery material. in
particuLsr the powdery sorbent. itself cannot recover easily
the right pressure drop as soon as it starts accumulating
hlsnlt: thc pncUuldtlc convc)'ulg plpchnc. Indccil, once lhc
powdery niiltcrlid bcguls lo dcposn ils Ihc glls vclocl!v hils
fallen below the saltation velocity. such powder is not easily
re-entrained. i it

1'he present invention solves at least a part of these
dralvbacks by providing a process allowing the eflicient
improvenlent of pneumatic conveying of a powdery sorbent
in a pneumatic conveying pipeline bctwecn a powdery
matcndl, in particular a powdery sorbenn stora e tank and a
recipient zone.

Accordin to the present invention, by the terms recipient
zone. it is meant one or nlore of the fbi)owing a furnace or
an after burning chamber or a post-combustion zone or
another stora e recipient for collecting the powdery sorbent, Io
a chatulcl whcrc thc powdery matcndl, in parucular the
powdery soi'bt:nt, shall bc ulfcctcd thlilUgh pncunlBllc con-
veying, such as a flue gas duct (i e in a furnace or coiulected
to a furnace. in a heat exclmnger or connected to a heat
exchmlger. in a combustion zone or connected to a combus-
tion zone„ in an after burnin chamber or connected to a

burning clmmber„ in a post-combustion zone or connected to
combustion zone und thc hke), a ptpclmc insula a plant,

Iillcrs devices, such as clectmslattc. prccipnalors, bag filters,
gas scnibbers, such as dry, semi-wet (spray dry absorbers) or so

wet scnibbers ..: for the tilter devices or the gas scrubbers,
the injectinn point can notably be in the duct betbre or at the
clttrancc of theat.

By the terms pneumatic conveying of powdery matenal,
ll Is nu anl withal thc scope of thc ulvcntlon pncunldfic 31

comeying by ncgaltvc prcssure or by posilivc pressure,
pncUnldtlc convc)'hlg of powdery nuilcl1al ds 11 douse phdsc
or strand phase or dilute phase, in particular dilute phase, in
conveying tluid, or as a discontinuous phase in conveying
fluid. do

By the temls "connected to *. it is meant that one element
is corulectcd to another clcmcnt directly or uldtrcclly. mean-
ing tlui1 Ihe clmncnts arc In conuuulucanon one lo c mh o!her
but other clmncnts can bc Inserted in betwcmn.

'Io solve the aforenlentioned problem, it is provided
accordin to the present invention. a process filr pneumati-
cally conveying a pov dery material, in particular a pov. dery
sorbent. chamscterized in that a sonic device generates sonic
waves ulside said Iirst pneumatic convcyulg pipelule and/or
up lo said reciptmit zone aud provules a counlcraclion to the O

fluciuation step of lhc prcssure drop in saul Iirst pneumalic
conveying pipeline up to said recipient zone

It has been indeed surprisingly realized that. for the
nlrbulent flow s considered here. the sonic waves generate an
increase of pressure drop and that the sonic waves have the 11

capability to counteract on thc prcssure fluctuattons ul smd
Iirst convcyulg ptpelulc and/Or ul said rcciptcnt zone.

Sonic wales arc somctimcs used for de-agglomerating
accunndated particles, such as pov:dery sorbent particles or
filr preventing or cleanulg or removing the accumulated st!

particles in Large equipment employing gas solid tlows. In
these applications the sonic waves generate turbulence in
slabulant zones. I.c. areas where the gas velocity ts nearly
acro resulting ui lamioar flow conditions, or cause thc walls
oi duct work to mimhanically vibrate to prcvcnl particle ss
adhesion. 1 hase tlvo nlechanisms lvill prevent particle sedi-
nlentation and adhesion to the wall of the duct. I iowever,

according to the prcscnt lm ention. Ihc sonic waves arc usod
to Increase the pressure drop of the pneumatic conveying,
tlow and the sonic waves according to the present invention
are used in such a way that they are able to counteract the
fluctuation step of the pressure drop, thereby minimizin
perturbations causing the accumulation of pov dery material
hl saul pncUnlatic convcv'nlg ulstciid 01 clcBnulg 01 0:lro-
dctulg on thc liccUUIUhiutui of pal(a:Ics.

According to the present invention, said conveying fluid
has a flnw coinprisin a boundary layer along said pipeline
mall of which the boundary layer thickness changes in
regions of varying cross section of said pipeline and regions
where the direction changes.

Advmllageously, nccordulg to lhc process oi the ulvcn-
tton, thc blower is connected to sunl first pneumatic con-
veying pipeline and is blowing conveying tluid inside said
first pneumatic cnnveying pipeline but also said conveying,
tluid at least partially thmugh said sonic device

Indeed. the fact that a blotser blov s conveying fluid inside
said pneumatic conveying pipe. but also at least partially
tluuugh raid soruc del lcc Ihrthcr lncrcmcs the prcssure drop
hl saul Inst pncUnlafic convcv'hlg plpchnc, Bnd Is alone
etTicient in counteracting the pressure drop fluctuations

In a particular embodiment. the first pneumatic corn eying
pipeline is a rigid pipeline. in particular in stainless or
carbon steel. Tins particular embodiment is even more
perfomling lvhen combined with the blower blowing con-
vcyuig fluni inside said Iirst pneumatic convcyulg rigid
ptpclinc.

In another particular embodiment. the first pneumatic
conveying pipe is a flexible pipeline, in particular in polyiner
like polyurethane

Indeed. accordin to this preferred embodiment, the tluc-
tuations of pressure drop are surprisingly counteracted by
thc sonic waves gcncliiung dn uteri asc 01 plcssUlc drilp.

Thc adhesion oi'linc parucles oi'powdery material with a
nlcan particle size dio lowcl than 100 pul on fllc wall of a
rigid pneumatic transportation pipeline is occurring in areas
such as bends, elbnlvs. section reductions or enlargement of
said pipeline. Once adhesion of the particles to the wail of
the pipeline occurs. if the powdery material„ in particular the
powdery sorbcnn is hydrated hmc or a mixture oi'orbent
composing hydrated lunc, carbonauon oi'hc hydrated lime
occUrs, Ic'sliltnlg hl Ihc Ionndtlon of B hBrd lavcr thdt Is
ditTicult to reinove

'I'he pmblem of adhesion to solid objects Is increasingly
important for particles of decreasing particle diameter
because of the increased contribution of electrostatic forces
iu companson with fnclion, impulse und grnvtlatton forces.
Powdery sorbent particles with dnunctcr&100 pm arc gen-
erally classtticd as cohcsn c according to the Cicldart clas-
sification (see ('ncco. Rq Beddy-Karri, S. 13: Knov:Iton. I'ntroductionto 11uidization .4/(H/: (:l(l'014, No
November, 21-29; (Jeldart, D. Types of Cias Fluidization.
Poiider Jechnol. 1973. 7 (5)„285-292) (Cieldart Powder
group C) and their flow propertms can bc cvnluatcd in dciatl
using thc flow I'unction cldssliicatton accorduig to Jenickc
(sec CA(IU, A. Sd DEVECL B. Na OKUTAN, C. H.,
8 IRK)I(.'L D A. A; 'I'I X)MAN. E. Y I'low Property Mea-
surement Using the Jenike Shear (:ell for 7 DitTerent 13ulk
Sohds. Proc. Enr. Co»gr. ('.'beta. Eng. 2007, No Septeiuber,
16-20: Jenicke, Y. AV. (Jravity Flow of Bulk Solid~. Bit//.
i/Bi v (I/nh 1961, 52 (29), 1-309: Jenicke, A. W. Storage and
Flow Of Solids. Bull. I.'Biv. (i/ah 1964, 83 (26). 1-198,
Pmidyala, Rd Jayanu. Sd Balaknshnan, A R. Flow and
Pressure Drop I'luctuations in a Vertical 1ube Subject to
I ow Iirequency Oscillations /Vite/. Eng Des 2008, 238 (I),
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178-187). With the Jn»ckc flow function, die inteu&al cohe-
sion of the polvder is measured and this can be regarded as
0 good u&dicator for thc adhcs&on properucs of' powder

I'or the adhesion problem of pneumatic transport of
powdery sorbent &n ug&d p&pes, thc above outlined cleaning
niechanisms cannot explain the prevention of adhesion

In conventional appl&cation of sonic waves. the waves are
used to create turbulence in systems lvhere the gas velocity
is nearly zero inside stagnant zones of the equipment.

Ill
11&e turbuln&cc of 0 flu&d flow in a pipe can bc assessed

with the Reynolds number:

In which p is the conveymg fluid density (kg/ms), v &s the
conveying fiuid velocity (m/s), d is the pipe diameter (m)
and p is the conveying fluid viscosity (Pa s). If they lo
Reynolds number n larger thim 2000 (&.c. Re&2000), the
corn eying fluid &s cons&dered turbulnit.

For normal transportation of powdery sorbent, the con-
veying fluid may be ambient air, the tube diaineter is about
0 10 ni (4 inch) and the conveying air velocity is t)pica)I)
20 m/s. Under these conditions the Reynolds number &s

above one million which implies that the fluid is highly
turbulent.

11110 I&&Ca&IS Illa& 111 fllc CBSC Of p&ICU&1101&C 001&VCV&llg. thC
sonic lvaves do not serve to provide local turbulence to &o

lan&inar flow zones to initiate cleaning or removing the
accunudated particles niechanism and tin&s cannot be
responsible for countemscting the fluctuations in pressure
dlup.

Ill addi&1011, Bll li&C&i Bsc ill plCSSUIC flop bCIUIUSC Of solllC &i

mr flow is not cxpcctcd lbr lughly turbulent flows (sec
Pnxiyala. Rd Jayanu, SL Baiakusiu&an, Lu R. Flow and
Pressure 1)rop liluctuat&ons in a Vertical 'lube Subject to
I ow 1irequency Oscillations. /yiic/. //0 /)e& 2008. 238 (I),
178-187). 40

While fi&r duct work and equipment walls. movement of
Ihe metal parts is poss&blc bccaUBC of lllc IBlgc slue of thc
pilrn ill&0/01 lhlilllcr walls wlllch lllclclolc hiivc lowcl flex-
ural strength m&d hence arc more defi&nnablc, such move-
ment is not possible for 010-020 m (4-8 inch) diameter 4

steel or polymer (plastic) pipes used as first pneuniatic
conveying pipeline The combination of surface area and
wall thickness of the pneumat&c conveying pipeline prevents
any significm&t rdduil movement because 01'o&uc waves.

Ii &s therefore uncxpccled thol lhc apphcal&on Of sonic 0

waves counteract Ihc flucluauom ui pressure drop. Ihcrcby
also avoidin adhesion of the pow der) material, in part&euler
the polvdery sorbent panicles to the rigid pipe walls 'I'lus
non-obvious result is caused by the way the sonic waves are
genemted such as &n a preferred embodiment. via a blow- &0

Iluough system &n contrast to thc convenl&o&uil sys!Ums
where a dead n&d sound gcncrator &s used. The consnNnicc
of the blow-tluough gcncrat&on of sonic waves &s a morc
intense niixing of the gas solid mixture by the start-stop
nature of the flow So

In another preferred embodiment according to the present
invention„ the sonic dev&ce generating sonic waves is an
lllfldsoulld dCV&CC gci&C&dllllg lllhdSO&l&C WBVCS.

In yel another preferred embodiment 01'he process
according lo thc prcscnt &nvenuon, when saul sonic dev&ce si
pmvides a countenoct&on on the fluctuation step of the
pressure drop in said first pneumatic conveying pipeline

dill/Or Up 10 saul ICC&pic&&I LOI&C. Sall Sol&IC ik:V&CU p&OV&dCS

a smootlung action and/or 0 n&aslun action which can be
dlso cdllcd colllpcilsaullg dc&1011. 011 lllc BUc&Ud&1011 slcp 01

the pressure drop in said hrst pneumatic conveyuig pipeline
dill/or up 10 said rcclplclll zollc

In a particular embodinient of the process according to the
present invention, infrasonic waves are generated mside an
infwssound device comprising a first chamber and a second
chamber. both first and second chamber being connected to
each other by a lube, said uflhasonic waves be&ng gcncralcxf
by an exciter inside the first chamber provid&ng mfmssound
pulses to saul conveyuig fluid blown at least pelt&ally ins&dc

said first chainber, said Benerated infmsson&c waves being
transported through thc lube to reach thc second chmnbcr.

More preferably. in the process according to the present
invention, the first chamber is divided into a first compart-
iucflt Bud;I secol&d con&part&Bent. saul first comp;lrtlucilt
be&n &n connection to said second compartment through a
passing hole. saul Iirsl compartment compris&ng an uilemal
channel inside v,inch a moving piston is moved from a first
pos&lion lo a second pos&lion and lrom sa&d second pos&l&on

to said first position by a power source, located externally
with respect to the firrt chamber and forming the exciter,
said internal channel heine concentncally installed inside
said first compartment, said infrasonic waves being gener-
ated by the movin piston and transported by said conveying
fluid from smd first comparuncnt. to smd second cou&piut-
mcnt, tluough the pass&ng hole bcforc bcu&g transportod
d&rough the tube to reach die second chamber 'I'he convey-
ing thiid can be blown thmugh the piston.

In another advants eous embodiment, mtation contmllers
are included for exciter power source (motor) to avoid
inappropriate lvorking frequencies and for increasing efli-
C&C&IC)'ll&0 ulfCtyl

In another prefi:rred nnboduncnt, the sonw. dev&cc crea&ca
d prcssure ll&CIC'BS&'. 111 lhC 01st p&ICU&lid&&C 00&lvc)'lllg plpClll&C
close to the sonic generator of between 20 and 200 mbar, in
particuLsr of at least 30 mbar, in parucular of at most 150
mbar.

In an advanta eous embodiment according to the present
iuvnuion, Ihe process further comprises a step of dcnving 0

port&on of smd conveying flu&d blown by thc blower bcforc
nilcring Ihe Iirsl compartment or coiu&ac&cd to thc firsl
compartment and introducing it inside the second chamber

In a particular embodiment. the po&vdery material. in
particular the powdery sorbent is selected fmm the group
consistin of hydrated lime, hydmsted or semi-hydrated
dolimc. 1&mes&one, dolomite, quick l&mc. qu&ck dolimc,
sod&um carbonate or bicarbonate, sod&um scsqu&carbonaie
d&hydrate (also known ds Trona), halloysuc, scpiohtc, a
carbonaceous organic compound selected fnmi active car-
bon and lignite coke, fly ash or a mixture of any of these
compounds.

In 0 particular embodin&ent. the powdery materiaL in
particular thc powdery sorbn&t, is prcfi:rably a mainly min-
eral powdery sorbent. meanu&g that &t cau be ma&nly nunera1
by nature but can Iyp&cally contain 30 wnght % or less, in
particular 20 &veight% or less, more particularly 15% or less
of carbonaceous 0&ganic compound selected from active
carbon and lignite coke with respect to the weight of the
powdery sorbent.

Thc powdery malar&al. ui particulur the powdery sorbent
is prcli:rably a miunly calcic mu&eral sorbent contmning an
amount Of calcic sorbnil grcalcr thm& 80 we&ght %. in
particuLsr greater than 70% with respect to the weight of the
powdery sorbent, preferably chosen in the group consisting
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of hydrated lime, hydrated or semi-hydrated dolunc, lunc-
stone. dolomite, quick lime. quick doliine, or a mixture of
anY ot these conipounds

In yet another preferred embodiment. said conveying fluid
is air, inert gas, exhaust ases. or mixture thereof.

In a further preferred embodiment. sonic waves. in par-
ucular infrasonic wuvcs, transported ulsldc said first pneu-
matic conveying plpchne dunng smd transport OI'powdery
nlaterial also contacts said dosing means

In another preferred embodiment. sonic ivaves. in par- ia
ticufar infrasonic lvaves. tmsvel inside said first pneunlatic
conveyin pipeline during said transport of powdery mate-
rial and preferably also tmsvel (or are distributed) up to the
Icclplcul zone.

In dnofllcl prclblrcd culbodhncnt ul Ihc process Bccordulg I

to the present Invention. some waves, in particular infrasonic
waves, transported inside said first pnemnatic conveying
pipeline during said transport of powdery material are
prevented from reaching the blower due to a Helmholtz bass
trap connected to said first chamber or preferably on the lo
pipeline between thc blower and Ihe first cllamber.

In a particular nnboduncnt accordulg Io the present
invention, the process further comprised an emergency
nlode and an operating niode. wherein in emergency niode,
the blown conveying fluid is prevented fnlm entering said
first chamber and is diverted and blown directly to said tirst
pneumatic conveying pipeline. downstream of the sonic
dcvicc and wherein ln opcraung mode, Ihe blown corn eying
fluld is prox idcd at least partially io said first chamber.

'lhe present invention also rekstes to a process tilr inlprov- so

ing capture of polluting compounds from flue gases coni-
prising the steps of

Burning a fiiel and/or a material to be burned or heating
a material to be heated or melted, producing tlue gases
ui d lcclpu:ut zone, ls

Pneumatically convcyuig a powdery sorbent provided for
cdpuulng sdal pollUthlg coulpinulds Bccoldhlg to Ihc
present invention, said recipient zone being a flue gas
duct,

Capturing pollutin compolulds by said powdery sorbent do

inside said flue as duct thereby depleting the flue gas
from polluting compounds.

Specllically, the process for improving thc capture of
pofluiing compounds from flue gases comprises Ihe slaps of

lhirnin fuel and/or a niaterial to be burned or heating a
nlaterial to be heated or melted. producing tlue gases in
a recipient zone,

Pneumatically conveyin a powdery sorbenr in a tirst
pneumatic conveying plpchne Iium a powdery sorbent
storage tank to a recipient zone being a ihic gas duct, o

said Iirst pneumatic convcyulg plpclulc compnsulg a
pipeline wall and being connected to said powdery
sorbent storage tank and to said recipient zone. said
powdery sorbent bein pneumatically transported
inside said first pneumatic conveying pipeline and Into ls
said flue gas duct by a flow generated by 9 bluwer
corulcclcd Io saul first pucuuldtlc couvcvhlg plpelhlc
and blow uig conveying fluid ulsidc smd Iirst pnciuna tie
conveying pipeline in which particles of said piowdery
sorbent are transported, io

A polvdery sorbent dosing step by means of a dosing
means for dosing an amount of said powdery sorbent
when cntenng I'rom said powdery sorbent storage tank
inio said lirst pneumatic conveying pipeline, said Iirst
pneumatic conveying pipeline beulg coluleclcd Io said Ss

poivdery sorbent storage tank through said dosiag
OICBILS,

A fluctuation srk p of prcssure drop In said first pneumatic
conveying pipeline and/or up to said fhie gas duct,

A capture of poflutlng compounds by smd powdery sor-
bent inside said fhie gas duct thereby depleting the flue
gds fioui pollUlulg coulpouud9.

According to the present invention, fiiel can mean a oas,
a liquid. a paste or a solid. notably coal and/or oil

According to the present invention, by the terms material
to be burned or material to be heated or melted. it is meant,
without bculg lunitcd thereto. garbage mutenal (domcsuc or
industnal or clinical), silicate material for producing cement
or glass by heating raw material Io bc hcatcd, luncstonc or
dolostone (dolomitei, metal ore, in particular imn ore, brick
or Ilies mid thc like, thc material to be hcatcd or bumnl cml
also be recycled material like scmsps of steel, batteries

Typically. the treatment of gases, in particular flue gases,
requires abatement of acid gases. notably II( I, SOS, SO,
and/or HF. which reduction may be carried out under dry
conditions, by ullccung a substance, of'ten nuncral, dry and
powdery. into a flue gas flow or tluough a filter-bed com-
posing solsl particles ciiher fixed or ul motion. In ilus case,
the powdery compound aeneraily comprises a calcium-
magnesium-based compound. in particular lime. preferably
slaked or hydmsted lime or a sodium compound hke a sodium
carbonate or bicarbonate. Other compounds may also be
used notably those used for reducing dioxins. furans and/or
hcavy metals including mcrniry. for cxamplc cdrbollaccous
substance hkc active cnrbon or ignite coke or nuneral
substance, like those based on phyllosilicates, such as sepi-
ohte or halloysite or the like

Various solutions have been developed to improve the
polluting compounds capture. such as for exmnple the
solution described in WVO2014/206880. XVO2014/206880
describes a device Ibr ullccting a powdery nuneral com-
pound ulto a fluc gas duct composing a source of powdery
compound. a powdery compound inlccuon piping, supphcxf
by the source of poivdery compound and laid out so as to
open mto said gas duct 'I'he device for injecting a powdery
compound further comprises a source of monophasic liquid
aqueous phase and at least one piping for injecting a
monophasic liquid aqueous phase as droplets. Accordul to
this documcnk Ihc piping Ibr uljecting a monophasic liquid
aqueous phase is locatnl ul a penphcral space locahzod
around the external face of the powdery compound injection
PIPlng.

Another soiution is described in document JPS61299747.
Accordut to this docunlent. an absorbent such as slaked
hmc is fcd insulc a sohd-gas contactor whcrcin waste gas ls
also fink Thc solid-gas contactor composes supcnmposcxf
pcrfilrdtcd plates. The waste gas is fixl at Ilm bouom saleof'he

contactor mid lvill escape the contactor fiirther depleted
in captured pollutant at the upper stage of the contactor after
having passed through the perfomsted plates. The absorbent
is fed above the waste gas, but under the perforated plates
inside Ihc contactor. Uhrd-low frcqucncy sound in air is
gcncratcd and uluoducnl ln thc contactor Io form a multi-
stage Icl stmdnl bcd sohd-ga9 conIBctor.

'I'he emission of polimmit in the atniosphere becomes
more and more regulated and the authorized level of pol-
luting compounds released in flue gas Is severely controlled.
For this reason. industries„called herein after "bunting
industnes" using burners such as garbage lnculcrator, but
also industnes using I'unrdccs such as ccmcnt industnes,
hule UUIUsnlcs, gill 9s hidUslrlc9 drc nlorc dud ulolc coun til-
ling polluting compoluids enlission in flue gas treatment to
stick with environmental requirements
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Unfortunately. even ifmmly prccaulions arc lakmi IO react
and pro-act to reduce the level of pollutants in flue gases. afl
ol'hose prtxdutions arc cmisuig thcmsclvcs thictuatlons in
die pneunlatic conveying of the pov:dary snrbent and Chere-

forc dcficmncies in thc pollutants capture.
1'he present invention solves at least a part of these

drawbacks by providing a process that improves the efli-
ciency of pollutants capture from flue gases whereby fluc-
niations and so deficiencies in the pollutant capture are

I il
rcxtuccd as much as possible.

To solve this problem. it is provided according to the
prt:sent nlvcllnoll. B prot:css fol Unplovnlg captini: of pol-
lutina cnmpnunds from flue gases as mentinned previously,
Ch'll'IICICllzCd in thai B SOIIIC tlt VICC gt IICI'BtCS StililC WBVCS

inside said first pneumatic conveying pipeline and/or up to
said recipient zone and provides a counteraction on the
fluctuation step of the pressure dmp in said first pneuniatic
conveying pipeline and/or up to said recipient zone. said
rtxipicnl zone being snid fluc gas duct. io

According to the present invention, the counteraction on
thc flucluation step of thc pressure drop ui said tirst pncu-
ili;ltlC CtinVCy'itl plpelUIC CBIISCS iliC ltlipl'tiVelilelrl tif thC

poflulant compounds capture by reducuig undcsirml fluctua-
tions in pnwdery sorbent. in particular powdery nuneral
sorbent. Ied in thc flue gas duct by some waves traiwportcd
inside said first pneuniatic conveying pipeline during said
pneumatic conveying of powdery sorbent.

Indeed, it has been fiiund surprisingly that sonic waves
transported inside said first pneumatic conveyin pipeline ili

dunng said pneumatic convcyuig ol'owdery sorbent has a

direct impact on fluctuations in pneumatic conveying of
powdery sorbent li:d in the fluc gas duct.

It has been shown according to the present invention that
lhc tipproprldlixl list: of sonic waves. crcallllg Bn nlcl i asc of
the pressure drop inside said first pneumatic conveying
pipeline during said tmsnsporl of powdery sorbent, can solve
the fhictuatinns in the powdery nmterial, in particular the
powdery sorbent. Infected inside the flue gas duct, do

lite sonic waves travelling inside saul Iirsl pneumalic
conveying pipeline during said transport ofpowdery sorbent
lnivc bccn shown to prevent deficiencies in lhe pollutants
capture inside thc tluc gas duct by countemcnng very
quickly on thlctuations in the pressure drop, thereby pre-
venting fluctuating pressure drops fnim causing the velocity
ofthe particles to fall below the saltation velocity where they
would then begin to settle and enabling them to be conveyed
by thc pncumauc transport mid as a conscqumice to sill
ICIIC11 lhi: tlUC gtlS IIUCI c

Indeed, this eflbct ls rcachcd by lhe combuiatlon Of the
pmper use of the sonic waves creating an increase of
pressure drop m the first pneumatic conveying pipeline
together with the collision between the particles of the
powdery sorbent and the sonic waves having, fluctuating s.
frcqucncy ol thc waves thai change the location Of thc
dnlinodes and the vibration nodes of the sountl ui lhc pipe.

Ty'plCtllly', wllCU lht: Cloggnlg SldllS. till: thBIIICICI Of thC
firs pnemnatic conveying pipeline is reduced and this will
also chanae the weight ratio betiveen said cnm eying fluid to
and said poivdery matenal, in particular said powdery sor-
bent for the same reason as aforementioned.

111CICIOIC, Bt:COI'thllg IO lhi: prCSCIII IIIVi:lllloll, thC SOUIC

waves transported insula saul Iirsl pneumatic conveying
pipeline duruig said conveying of powdery sorbent have ss
been shown to iniprove the level of pollutants capture by
counteracting on fluctuations in the pressure drop in the hrst

pncillllallc coilvcynlg pipt:l lilt: dnti lht:rcby'nsUllng
adequate/optimizing flowrate of powdery sorbent to the flue
gas duct.

In a preferred enibodiment of the pmcess according to the
present mvention. a fluctuation step of operating conditions
of said burning step of hlel and/or said material to be burned
Or to bc hcatcd or lo bc melted generates a Iirst signal and/or
the Ihmluation step of the prcssure drop inside said first
cmiveying pipeline, said process filrther comprising an
adlustmg step of said mnount of powdery sorbent in
response tn said first signal andinr to said tluctuation step of
the pressure drop inside said first conveying pipeline.

More and more, burning industries use an analyzer at the
exit of thc fluc gas duct lo mcasurc lcvcl of pollutuig
compounds /example ol'irsl sigoal) and have put ui place
over time a contrni loop in order to control the amount of
powdery sorbent used to capture those pollutants I'or
exaniple, if the let el of SO. starts to increase, the amount of
powdery sorbent ivill be increased to improve the capture of
this poflutant. If the level of SO, starts to decrease, the
amount ol'owdery sorbent will bc dccreastxk

Other "bunung uidusulcs tilt: llol Usnlg connnUoiis
analysis but as a precmitionary measure. they adjust the
amount of pnivdery sorbent based on several criteria and
measurement ifirst signal). such as the level of sulhir in the
fuel wluch wiil be used. pre-analysis or data re arding the
level ofchloride or sulfur present in the garba e to be burned
or thc malcnal to bc hcdlcd /metal orc, recycluig matc-
nal .. ), based On Ihe cxpcctcxt yield of thc combustion or
the heating step, the mtation of penple running the furnace,
the prinmry air level introduced in the filrnace to do the
combustion of the material to be burned. based on tempera-
ture. atmospheric pressure,.... The amount of powdery
sorbent ls then fixed manually for a predetermined period of
time and changtxl when a new condiuon tlirst signal) arises.

More particularly, when a Iirsl signal anses from exhaust
gases from Ihc combusuon of fuel and/or matcnal lo be
burned, such as an increase in pollutants level, a decrease of
pollutants level, the response to be given is to change the
amount of pov:dery sorbent to be introduced inside the flue
gas duct. The change in the amount of powdery sorbent
which is blown inside thc first pm:umauc conveying plpeluic
by thc blower yields to a change ui thc weight ratio bctw ccn
said conveyuig fluid nnd smd powdery sorbent wluch creates
tluctuations in the pressure drop of the pneumatic transport,
thereby causing flucnlatiolis in the powdely niaterial, in
particular the pov:dery sorbent injected inside the flue gas
CIUct.

Indccd, thc change in thc mnounl of powdery sorbent
cmises flucluations ui Ihe operation ol Ihc pneumatic cun-
vcying system causuig itself'luctuauons ol'hc conveyuig
fluid tiotv rate to adapt itself to the counter-pressure as the
blowing flov;rate stays quite stable at the exit of the blower
in the first pneumatic conveying pipeline.

In response to a first signal, changes occur in the weight
ratio bctwcen said powticry sorbent and saul convcyuig
fluid. The particles of the powdery sorbent are convcyod
with fluclualing spcmi ui Ihc Iirst pneumatic convcyuig
pipeline which can increase or decrease

According to another preferred embodiment according to
the process of the invention. said first signal is such as wind
speed of enviroiunent at the outlet of the clumney. atmo-
sphcnc prcssure ol cnvlronmcnl al Ihc outlet Ol the clumney
Or outside saxi fluc gas duct. tcmpcrature of lhe fluc gas,
nature of Ihc Iiicl, sulfur content of lhc lucl, sullur content
of the fhie gas, chloride content of the flue gas, mercury
cmitent of the flue Bas. chloride content of niaterial to be
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bumcd or hcatcd, sull'ur content of material to be burned or
heated, mercury content of material to be burned or heated,
and their combuiatiou

In miother preferred embodiment of the process for
improving capture of pollunng compounds from fluc dscs,
the sonic device creates a pressure increase in the hrst
pneumatic conveying pipeline close to the sonic generator of
betlveen 20 and 200 mbar, in particular of at least 80 mbar,
in particular of at most 150 mbar.

I i 1

Advantageously. Bccordulg lo thc ploccss of thc lllvcil-
tion, the blower is connected to said first pneumatic cou-
l eying pipeline and Is blowulg conveying ihixl insula smd
first pneumatic conveying pipeline but also said conveyiag
fluid dt least partially tluuugh said sonic dcvicc.

Indeed. the fact that a blower bklws conveying tluid inside
said pneumatic conveying pipeline. but also at least partially
through said sonic device further increases the pressure drop
in said first pneumatic conveying pipeline. thereby acting
even morc cflicimltly for counlcracling Ihc pressure drop lo
fluctuations lvhich impact positively capture of polluting
compounds from fluc gases by said powdery sorbent con-
veyed thmugh said first pneumatic conveying pipeline and/
or up Io said fluc gas duct.

In d prcferrcd embodiment. Ihe lira l pneuma lie corn eying
pipeline is a rmid pipeline, in particular in stainless steel.
I his preierred elnbodiinent is even inure pertornliilg when
combined with the blower blowing corn eying fluid inside
said first pneumatic conveyin ri id pipe.

Indeed. according to this preferred embodiment, the fluc- Io

tuations of prcssure drop arc surprisuigly counteracted by
fllc solllc waves gcncranng dn lllclcdsc of plcssillc illop

I'he adhesion of fine particles of powdery material with a
nlean Particle size dsu lower than 1(X) iun on the wall of a
rigid pneumatic transportation pipeline is occurring at areas li
such as bends, elbows. section reductions or enlar ement of
said pipeline. Once adhesion of the particles to the wall of
the pipcluie occurs, if thc powdery sorbent is hydrated lime
or a mixture of sorbml( comprising hydrated lime. carbon-
ation of the hydrated lime occurs, resulting in the fornlation do

of a hard layer that Is ditficult to remove
'lite pmblem of adhesion to solid objects is increasingly

important filr particles of decreasiilg particie diameter
because of the increased contribution of electrostatic forces
in compdnson with lrlction, unpulsc mid gravitalion lorces.
Powdery sorbent particles with dtamctclc100 )un arc gmi-
emlly classified as cohesive according to the (ieldart clas-
sification and their flow properties can be evaluated in detail
using the flow function classification according to .Ienicke.
With the ienicke flow function, the internal cohesion of the so

powder is measured and tlus can be regarded Bs B good
indicator lor Ihc adhesion propcrtlcs of a powder.

For thc adhesion problem of pneumatic transport of
powdery sorbent m rigid pipes, the above outlined nlecha-
nism cleaning nlechanisnis cannot explain the prevention of ls
'liflleSiofl

In conventional application of sonic waves. the waves are
used to create turbulence in systems where the gas velocity
is nearly zero inside saignant zones of Ihe cx)utpmcnt.

lite turbulmlcc of a fluid flow in a pipe can bc assessed ic
with the Reynolds muliber

in wluch p is thc corn eying fluid density (kg/m ), v is thc
conveying fluid velocity (m,'s), d Is the pipe diameter (m)
and p is the conveying fluid viscosity (Pa s). If they
Iteyno)ds inimber is larger than 2(X)0 (i.e lie&2000), the
conveying fluid is considered turbulent.

For normal transportation of powdery sorbent the con-
vcyiug lhnd may be mnbient air, the tube diamctcr is about
0.1 m (4 inch) and thc conveyuig air velocity is (ypically 20
nv's Under these conditions the Iteynolds munber is above
one million which implies that the fluid behaves highly
turbuleflt.

This means that in the case of pneumatic conveying. the
sonic waves do not serve to pmvide local turbulence to
lanunar flow zones Io uliiiate cleaning or rcmovui thc
accumulatixl particles mecluimsm and thus cannoi bc
responsible for counteracting the fluctuations in pressure
dmp

In addition, an increase in pressure drop because of sonic
air flov; is not expected for highly turbulent flows (see
Pendyala. Rz Iayanti, Sz Balakrislulan. A R. Flow and
Prcssure Drop Fluctuauons ui a Vertical Tube Sub)act Io
Low Frcqumlcy Osclllations. /fluc/. Eag. Des. 2008, 238 ( I),
178-187)

While for duct lvork and equipment walls movement of
the metal parts is possible because of the large size of the
parts. such movement is not possible for 0.10-0.20 m (4-8
inch) diameter steel pipes used as first pneumatic conveying
pipclinc. Thc combmdtion of surface arcs aud wall Ihickncss
of Ihc pneumatic convcyulg pipeline prcvcnt mly slgndicanl
nsdial moveinent becmlse of sonic waves

It is therefore unexpected that the apphcation of sonic
v aves counteract the fluctuations in pressure drop. thereby
also avoiding adhesion of the powdery sorbent particles to
the ri id pipe v:alla. This non-obvious result is caused by the
wd)'hc solllc waves ilrc gcllctatcd sucll Bs ln d plcIctrcx!
embodiment, via B blow-tluough system in contrast Io Ihe
convcntioiial systems whcrc a dead end sound generator Is
used. (he consequence of the blow-thmugh genenstion of
sonic v sves is a more intense mixin by the start-stop nature
of the iklw.

In another preferred etnbodiment according to the present
iuvmltion, Ihc some dei ice generating sonic waves is Bn

lnfrdsouiul dcvlcc gcllcliitlng Infrasonic Aiivcs.
In yct another prcfcrrcd cmbodimcnt of Ihc process lor

iniproving capture of polluting compounds fmm flue gases
according to the present invention, when said sonic device
provides a counteraction on the ihictuation step of the
pressure drop in said first pneumatic conveyin pipeline
and/or up to saul fluc gds duct, said sonic device provules d

smootlung action and/or B masking acuou wluch can bc also
called compensating aciion, on Ihc fluctuation step of Ihe
pressure drop in said first pneumatic conveying pipeline
and/or up to said flue gas duct.

In a particular embodiment of the pmcess according to the
present invention. infrasonic waves are generated inside an
infrasound dcvicc composing a lirst chmnbcr and a almond
chiunbcr, both lira( mid second chmnber bmng coiuiccted to
each other by a tube. said infrasonic waves being generated
by an exciter inside the first chamber providmg infrasound
pulses to said conveyin fluid blown at least partially inside
said first chamber. said genemted lnfmsonic waves bein
trmisported tltloupt the tube to reach the second chamber.

More preli:rably, in thc process according Io the present
invention, the lira( chamber Is divided Into a first compalt-
meul mid a second compartment, smd lira( compartment
bcmf m connection to said second compartment thmugh a
passing hole, said first compartnlent comprising an internal
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clrdnnel inside 0tuch a movulg piston is moved from a tirsl
position to a second position and from said second position
to smd lirsl position by a power source, loca/cd cxtemally
with respect to the first chamber and fiinnina the exciter,
said ultcmal chtuulcl being conccnlncafly ulstaflnl inside
said first contpartment, said infmssonic waves being gener-
ated by the moving piston and tmsnsported by said corn eying
fluid from said first compartment. to said second compart-
ment, tttmupvt the passing hole before bein transported

Illtluough thc lube Io reach thc second chamber. The convcy-
in fluid can be blown through the piston.

In mlolher advantageous embodiment, rotalion controllers
are included fiir exciter pow:er source (motor) to avoid
inappropnatc working frequenclcs and lor increasm cfli-
ciency and safety

In an advantageous embodiment according to the present
invention, the process further comprises a step of deriving a
portion of said conveying fluid blown by the blower before
i:ntcrhlg thc first conlpalnucnl ol front Itic 01st clinlpBltnli:nl vu

and introducing it inside the second chamber.
Indeed, thc exisung plant for trcalm lluc gases have been

dimensioned according to specific calibmstion benveen exist-
ing blowers, pneuntatic conveying pipeline and pipe duct,
dimension of powdery sorbent dosing device and the like

When the process according to the present invention is to
be carried out in existing plants. there is very often a need
10 adapt inl scale ill:vlciv ul pdlhcuhll Bn ullrBsoulxl dcvicc
lo exlsung plants and somclimcs, also, lo Ihc lcnglh of thc
fir:t pneumatic conveymg pipeline (especially benveen the ic
dosin device and the flue gas duct) which is very long
/more than l()0 m) depending icn the size of the plant or the
constraint of the plant.

Typically. the powdery sorbent feeding rate can be from
a plmlt to another plant from 30 k /h to 1200 kg/h, the ls
volume liow rate of thc powdery sorbent can vary from 130
m /h Io SOO m'/h aud the prcssure 01 thc conveyulg thnd
blown by the blower can valy from 170 lnbar to ')00 nlbar
depending on the capabilities of the plant

Of course. in some cases. when all the conveyin fluid is do

blolvn by the blower at a tugh pressure due to the capacity
of thc plant. Ilus high prcssure cannot enter the tirst chamber
without cmlsing damages lo Ihc sonic waves, in parncular
IIIC lnfldsonlC WBVCS qilBllly'I 10 IIIC SOBIC ill:VICIS ul
particular the infrasound device in itself.

It has been therefore foreseen according to the present
invention to pmvide a sonic device. in particuksr an infm-
sound device. v,hich is flexible enough to adapt to many
plant capacities thcrcby allow ulg to dcnve 0 poruon ol the
blown conveying tluld directly Io the smd scxond chmnbcr 0

as an opcralulg possiblhly of Ihe sonic. ul particular lnfra-
sound. device

In a particular embodiment. the powdery sorbent ls
selected from the mup consisting of hydrated lime,
hydrated or semi-hydmsted dolime, limestone. dolonute, s.
quwk luna, quick dolunc. sodium carbonate Or bicarbonate,
sodium scsqulcarbonatc dihydratc fatso tulov,n as Trona),
luilloysitc. scpiohtc. a carbonaceous Orgamc compound
selected fmm active carbon and lignite coke, flv ash or a
mixture of any of these compounds ic

In a particular embodiment. the powdery sorbent is pref-
erably a mainly minemst pc~dary sorbent. meanin that it
cml be mainly mineral by nature bul cdn contmn typically 30
weight % or less, ul parucular 20 weight % lir less. Blorc
particularly 15%v or less of carbolraccous orgaluc compound ss
selected front active carbon and lignite coke v ith respect to
the iveight of the powdery sorbent

Thc powdery matcual. ul partmular thc powdery sorbent
is preferably a nlainly calcitic mineral sorbent containing an
amount of calcic sorbent rester than 50 weight %. in
particular greater than 70!v with respect to the weight of the
powdery sorbent, preferably chosen in the mup consistin
of hydrated lime, hydrated or semi-hydmted dolime. lime-
stone, dolonutc, quick tune, quick dolunc. or a mixture of
any Of Ihcsc compounds.

In yet another preferred embodiment, said conveying fluid
is air, inert oas, exhmist gases. Or mixture thereof.

In a further preferred enlbodintent, infrasonic waves
transported inside said first pneumatic conveyin pipeline
dunn said transport of powdery sorbent also contacts said
dosing means. wluch increase the accuracy of thc tmlounl
dchvcrcd reducing polenual cloggln of thc dosulg means
v ithout damaging the dosing device

In another preferred embodiment. infmssonlc waves trav-
els inside said first pneumatic conveying pipehne during,
said tmnsport of powdery sorbent and preferably also travels
tor ls distributed) up to the flue gas duct.

In another prctbrred nuboilimcnt in the process accordulg
to llm present invention, intrasonic waves transported insulc
said first pneumatic conveyin pipehne during said transport
ofpowdery sorbent are prevented to reach the blower due to
an I lelmholtz bass trap connected to said first chamber or
preferably on the pipeline beni een the blower and the tirst
chamber.

In a particular cmbodnnenl according to the prcscnt
iuvnllion, Ihc process further compnscxt an cmcr cncy
mode and an operating mode, wherein in emergency mode,
the blown transport air is prevented front entering said first
chanlber and is diverted and blown directly to said first
pneumatic conveying pipeline, dov,nstream of the sonic
device and ~herein in opemsting mode, the blow n conl eyin
tluid is provided al least partially to said lirsl chmnbcr.

Other embodiments ot'thc process according to thc prcs-
i:nl ulvcntlon lilt: nlcntloncd ln lhi: Bppcnilcd chlhns.

I'he present invention also relates to a device for impmv-
ing capture of polluting compounds fmm flue gases com-
prisal'

a furnace or combustion chamber provided for burning
liicl and,'Or a mdtcnal lo bc burned or hcalcxt or met/est
mid producing lluc gases, said funlacc or combustion
clulmbcr being colulectcil Io a tluc gas duct whcrc lluc
gases generated in said furnace or combustion chamber
are directed,

a powdery sorbent storage tank connected to said flue
gases duct by means of a first pneumatic conleyin
pipeline, Bdnl first pneumatic couvcyulg pipelulc bculg
further cotulccled Io d blower provided lbr pncumdii-
cdlly convcyulg said powdery sorbnll from saul pow-
dery sorbent storage tank in said hrst pneumatic con-
veying pipeline to said flue gas duct. said first
pneumatic conveying pipeline comprisin a pipeline
v all and bein connected to said flue gas duct. said
blower being prox ldcd Io gcncrate a liow 01'convcyulg
tluid utsidc said first pneumatic conveying pipclulc in
which particles of said powdery sorbent are trans-
ported,

a powdery sorbent dosina means provided fiir dosing an
amount of said powdery sorbent when entering from
said powdery sorbent storage tank into said first pneu-
nulnc convi:vnlg plpchnc, wllil frat pni:Untune convcv-
ulg pipchne being coluleclcd to said powdery sorbent
storage tlmk lluough said dosing means,

a contmlling device for adjusting said amount ofpowdery
sorbent in response to a hrst signal,
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11&c dcvicc accorduig to Ihe present uivenlion is charac-
terired in that it fiirther coniprises a sonic device connected
to said first pneumatic conveying pipeline and provided to
generate sonic waves inside said first pneumatic conveying
pipeline and/or up to said flue gas duct, said sonic device
being further provided to cnunteract on a fluctuarion step of
thc prcssure drop 111 said lirsl pilcuulallc coiivcyiilg pipcihlc
and/or up to saul fluc gas duct.

Advantageously. the device according to the present
invention further comprises a mixing device located Io

betiveen said dosing means and said first pneumatic con-
veying pipeline, provided In mix caid powdery sorbent in
said conveying fluld.

In a prcfi:rrcd embodiment, thc device accorduig lo thc
prcscnl uivcnliou further comprises a coiuiecling device I

located between said dosing means and said first pneuntatic
conveying pipeline liurther in some embodiments, the dos-
ing device and the mixing device are integrated in a single
device.

In a preferred embodiment, the device for improving ic
capture ol polluting compounds from flue gases according lo
thc picscill iiivciitioil, liii liter coiupnscs a cooliilg dcvicc
located between said blower and said first pneumatic con-
veying pipeline.

Preferably. the sonic device pnivided tn generate sonic
cvaves is an infmssound device provided to enerare infm-
sonic waves.

Morc preferably. said inlbasound device compnses a lirsl
Bnd a scwond chnmber, both lirst mid second chamber being
connected to each other by a tube, said first chantber ic
comprisiim an exciter located inside said first chamber,
pmvided to generate said infrasonic waves by providing
infrasound pulses to said conveyiitg fluid blown at least
partially inside said first chamber, said enerared infrasonic
waves being lrausportcd tluough Ihe tube acluig as a reso- ic
nance pipclinc to reach the second chamber.

In a parlicularly preferred cmbodimcnl. Ihc first chmnbcr
is divided into a first compartment and a second compart-
nlent, said tirst contpartnient being in connection to said
second compartment tltrough a passing hole, said first corn- sc
partment comprisin an internal channel inside which a
iuoi iilg plsliul ts uiovixl lroiil a first posinou Iii s sccoiid
position mid lrom snid second posiuon to smd iirsl position
by a pow cr source. located cxtemally with rcspiml to lhe lira l

chamber and fornting the exciter. said internal channel being
concentrically installed inside said first compartment. said
infrasonic waves bein generated by the moviitg piston and
transported by said conveying fluid from said first compart-
ment, lo said second compartment, lluou h lhe passuig hule
belore bcuig transported lluough Ihe lube to reach the o

second chamber.
In a specitic embodiment according to the present inven-

tion. said sonic device is connected to said blower and to the
first pneumatic conveying pipeline.

In a variant embodiment. said sonic device is connected 11

lo a second blower and lo thc lirsl pneumatic comeying
pipclinc bctwcmi the powdery sorbent storage Imd: mid thc
flue gss duct.

In another variant enibodunent according to the invention,
said sonic device is connected to a second blov er and to the ic
first pneumatic conveying pipeline between the pov.dery
sorbent storage tank and the blower.

Ii is also prefctrcxi nccording to Ihe prcsenl invention lltal
thc device compnscs au adluslablc flowrslc distnbulor pipe
conncwled at a lirst end cithcr lo thc blower, between the sc
blower and the first chamber or to the first chamber, pref-
embly to the first conipartntent of the first chamber and at a

second cnd to Ihc second clrambcr, said adlustablc flowratc
distributor pipe being provided for deriving a portion of said
conveying tiuid bloivn by the blower and introducing it
inside the second chmnber.

In a particular embodiment. the powdery sorbent stomsge
tank is a pocvdery sorbent stomcge tank of powdery sorbent
sch:ctcd fioiu lhc gioiip coilstsliilg ol hydl"Bled lilac,
hydrated or senu-hydrated dolimc, lunesloue, dolomite,
quick lime, quick dolime, sodiunl carbonate or bicarbonate,
sodium sesquicarbonate dihydrate (also kttown as Tronai,
halloysite, sepiolite, a carlxmaceous organic compound
selected from active carbon and lignite coke. fly ash or a
mixture of any of these compounds.

Particularly, said conveying fluid is mr, utcrt gas, exhaust
gases, or nuxturc thereof.

In a preferred embodiment, the device according to the
present invention comprises an 1lelniholtz bass trap con-
nected to said first chmnber or preferably on the pipeline
between the blov,er and the first chamber, provided to
prevent infrasonic waves transported Inside said first pneu-
malic conveyuig pipeline during said transport of powdery
sorbent to reach the blower.

In a further preferred embodiment. the device according
to the present invention comprises an emergency device
having a first position bein an emergency position and a
second position being an operatmg position. said emergency
device comprising a switch connected to an emergency pipe
conniwtuig directly thc blower lo thc lirst pneumatic con-
vcyuig pipcluie, downstrcmn thc utfrasound dcvicc, said
emergency position being a position wherein the switch
prevents the blown conveying tluid from entenng said first
chaniber and diverting it directly to said hrst pneumatic
conveying pipeline, downstream the infrasound device and
v herein the operating position is a position wherein the
blown conveying fluxl is provtdcxl at least parually to said
first chBiubci;

In thc device according lo thc prcscnt uivmition, said lirsl
sigttal is such as wind speed of environnieilt at the outlet of
thc chiiuilc'j. Blinosphci'ic prcsstirc of cilvimiltucflt Bt thc
outlet of the chimney or outside said flue gas duct. tempera-
ture of the flue gas, nature of the fuel, sulfilr cnntent of the
fuel, sulfur content of thc flue gas, cltiondc content of thc
flue gas, mercury content of the flue gas. chlorxle content of
material to be bumcd or to bc heated or melted. sull'ur
content of material to be bunted or to be heated or melted,
mercury content of material to be burned or to be heated or
melted, and their combination.

In a preferred embodiment of the device according to the
prcscul invention, smd dosing means is selcclcd from a
ilosiiig screw. a rolntiiig valvcwith a vertical shafi or ail
honxontal shafi, an nir slide. B jct li:cdcr, a screw-finder, an
airlock-feeder, a screw pmnp. a pressure vessel, an air lift,
said dosing means being located between scid powdery
sorbent storage tank and said first pneumatic conveying
pipeline being provided to be contacted by sonic wave~. in
particular uifrasomc gases. transported utstdc canl lirsl
pneumatic conveying pipeline during said trmisport of pow-
dery sorbent.

Other embodiments of the device according to the present
invention are mentioned in the appended claims

Other characteristics and advantages of the present inven-
tion will be derived from the non-limitative foflowin
description, and by msl uig rcfi:rance to thc drswuigs and Ihe
exiliuplcg

In the drawings, FIG. IA is a schematic rcprcscntalion of
a heatmg process cvhere pneunlatic conveying of a powdery
material according to the present im ention is performed
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FIG. IB is another schematic representation of a heating
process where pneumatic conveying of a powdery matenal
dCCoullllg 10 thc prcscllt lllVCI111011 IS pCIforlllCd.

11(i 1('s another schematic representation nf a heating
process where pneumatic conveying of a powdery matcnal
accordiim to the present invention is perfbnned at ditferent
possible locations.

11(i 1D is another schematic representatinn nf a heating
process where pneumatic conveying of a powdery matenal

iil
dCCoullllg 10 thc prcscllt lllVCI111011 IS pCIforlllCd.

FIG. 2 is a schematic representation of a pneumatic
colts cvlllg of a povvdcx 9 llldtcrlal, whc'rc 1110 sollic device Is
located in hne with the pneumatic conveying pipeline

FIG. 3 is a schcmntic represcntauon oi' pneumatic
conveying of a powdery material, where the sonic device is
located in parallel with the pneumatic conveyin pipeline.

FI(i 4 is a schematic representation of a pneunlatic
conveying of a powdery material, where the sonic device Is

locatixf in parallel with im own blower with the pneiunatic 10

conveyin pipeline.
FIG. 4A is a schematic reprcscnldtion 01' nndtilincs

pneumatic corn eying of a powdery material
FI(i 5 is a .Ienicke flow diagram fbr pnv dery nlatenal

shoivin the cohesive behavior of the powdery nlatenal
ivhen it is hydmted lime

FI(k 6 is a graph showing the pressure trends in the hrst
pnciundtic conveying pipcluie whcrc thc first curve shows
Ihe prcssure drop over lime in one pneumatic comeying
pipeline 13'ithout an infrasound device and the second ic
curve shows the pressure dmp over time in another pneu-
matic conveying pipeline 13 w:ithout infrasound device.

FIG. 6 A is a graph showing the pressure trends in the first
pneumatic conveying pipeline where the first curve shows
thC plcssUIC drop OVCI tllllC ill 0111'. plleillllilllc COIIVC)'lllg ls
pipeline 13'ITH an infrdsound dcviceand thc sixond
cUI'I 0 sllov:1 thc prcssilrc drop ovcl 11111c ill Bllofllcl pllcll-
nlatic conveying pipeline 13 without infrasound device.

FI(i 7 illustrates schematically the plants ivhere the
example was carried out 10

In the draw in s. the same reference mnnbers have been
dllocak 8 to the same or analog clement.

As it can be scen ui FIG. 1A, a hcatulg process typically
comprises a heaung unit such as a heat exchanger (for
example a boiler), an incinemtor or a furnace 8 which is
folloived by a filtenng unit and/or a scrubber 9 In the
heating unit 8. fhie gases are contained in a flue as duct (not
illustrated) and exit the heating lulit 8 to enter the filtering
unit;md/or a scrubber 9 from wluch lhc flue gas is passing
tluough a blower (fun) 11 imd cvacuatcd to the chimney 10. 0

It is obvious that even If only onc Item Is represented as
equipment 9, there can be consecutive filter and scrubber
units, in ivhatever order, connected by a duct. depending of
the flue gas treatment facility of the plants.

The heating process illustrated in FIG. I can be a burning 11

process w herc a furnace 8 is present such as coal. hgnilc or
blollldSS fllrll'ICC, Cclllcllt IU111BCC, lllllC fUIIIBCC, glaSS 1111-

naca, metal orc, ui pnrtmular iron ore, furnace, rcxycling
iu;ltL'HBI hu'IIBCL 01'VCII,'lll IIICIIICI'Stol' bill'lllllg foi'xamplegarbage sc

The heatin process as ilfustmted here can also be a
process comprising a boiler 8 recovering heat energy from
a former step. Thc boiler 8 can rccovcr thc ener y from a
former burning step ui a I'urnace or in d burner 15 (scc FIG.
1C) or from another burning step. ss

1 he flue ases can coiue fmm the coinbustion or heatiila
or smeltin of the material (garbage, inln ore is a steel plant,

limestone, sihca) to bc bumcxl or lbom the I'ucl (coke, coal.
gas, lignite, petmleum liquid fuels, . )

iinr this reason, industries, called herein after "burning,
industnes" using burneis such as garbage incinemtor, but
also industries using hlrnaces are more and more controllin
polluting compounds emission in file gas treatment to stick
with environmental rcquirmnents.

Thc treatment ol'ases. in particular fluc gases. rcquircs
abatement ofacid gases, notably I I('I, 80, and/or I 8'. which
reduction may be carried oul under dry conditions, by
iniectmg a substance, often mineral, dry and powdery into a
flue gas flov: or tluough a filter-bed comprising solid par-
ticles either fixed or in motion. In tins case, the powdery
Colllpoulld gCIICI'il ii)'olllprlSCS II CBICIU111-llldgllcslillll Colll-

pound, in particular lane, prefbrably slaked or hydrat cxf lime
or a sodium cnmpound like a sodium carbonate or bicar-
bonate. Other compounds nlay also be used notably those
used for reducing dioxins, furans and/or heavy metals
including mercury. for example carbonaceous substance like
active carbon or li nlite coke or mineral substance. like those
based on phyl lo silica tea. suCh as sap io lite or ha liny site or the
like

As fhie gas cnntains polhiting compounds which have to
be removed, very often powdery material. m particular
powdery sorbent is iiflected in the flue gas duct to capture a
certain level of polluting compounds.

To htject a poivdery materiaL for example a powdery
sorbent, the process phmt comprises u blower 1 which is
COIIIICC1Cd 10 B flrS( pllcilllldtlC COIIVC)'lllg plpCIIIIL'. 13 Slid
blov s conveying fluid, such as for example air. Ineit oas,
exhaust gases, or mixture thereof in the first pneumatic
conveying pipeline 13

A powdery material, in particular a powdery sorbent
storage tank 2 is connected to the first pneumatic coni eyin
pipeluic 13 through a dosing means 3. Thc lira( pneumatic
conveying pipcluie 13 compnsulg a pipeline wall is cun-
nixlcd to said powdery material, in particular said powdery
sorbent storage tank 2 and to the flue gas duct of the heating
uilit 8 and pursue doivnstream of the heatiilg unit 8

The conveying fluid bas a flow comprisin boundary layer
along said pipeline wall, but also the particles of said

powdery ma renal hai e d boundary layer around them inside
said conveying flow.

Thc powdery matcual. ui partmular thc powdery sorbent
is therefore pneumatically corn eyed in the first pneumatic
conveying pipeline 13 from the powdery nlaterial, in par-
ticular a powdery sorbent, storage tank 2 to the flue gas duct
of the heatin unit 8 and pursue dov,nstream of the heatin
uiut 8 by a flow ol'convcymg fiuid gcncratcd by tlm blower
1 and blowing conveying fluid insula said lirst pneumatic
conveying pipclinc 13 ui which paruclcs ol'aid powdery
material, in particular said pov dery sorbent are transported

I'he dosing means 3 doses an amount of said powdery
material, in particuLu said powdery sorbent v hen entering
from said powdery materiaL in particuLar said powdery
sorbent storage lank 2 into smd lira( pncumattc convcyulg
pipclinc 13.

Thc dosulg means 3 are prcfcrably sclcctcd from a dosulg
screvi a rotating I alve ivith a vertical shaft or an horixontal
shaft, ml air slide, a jet feeder. a screw-feeder, an airlock-
feeder. a screv: pump. a pressure vessel, an airlift or the like.

The powdery material. in particular the powdery sorbent
contauicd ui thc pov dcry material storage tinik 2 is sclcctcxf
from thc group consisung ol'ydrated lime, hydrated or
smni-hydratwl dolune, lunestonc, dolomite. quick lime,
quick dolime. sodium carbonate or bicarbonate, sodium
sesquicarbonate dihydrate (also known as 'I'mna). halloysite,
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siplohlc. a carbonaceous organic compound selected from
active carbon and lignite coke, fly ash or a mixture of any of
these cnmpounds.

ln the illustrated enlbodiment. a drying device 14 is
provided to dry the conveying fluid before entering in the
blower 1. A cooling device 4 is also provided to cool the
corn eying tluid aflcr being blown by saul blower into the
01st pncnnuna: convc)'ulg plpchnc 13 to furlhcl conic)'l
the first pneumatic conveying pipeline 13 a dried conveying
fluid. A mixulg or connecting device 5 is also present in the In

pmcess plant allowing the mixing of the cnnveving fluid
bloivn by said blower I and the powdery material, in
particular the powdery sorbent dosed by said dosing means
3.

Morc spcciiicslly, a mlxulg device compnscs a iirsl
feeding tube lvhere the corn eying fluid in the first pneunlatic
conveying pipeline is entering a mixing chamber to which
the tirst feeding tube is connected and a second feeding tube
connected to said dosing means 3 and to said mixing
chamber for feeding the pov dery material. Durillg feeding lo
ol'powdery matcnal aud thc conveying fluid. Bn homogc-
nmus mixture of thc powdery material and thc blown
conveying fluid is performed, which leaves the mixing
chamber to pursue its transport through said first pneunlatic
conveying pipeline 13 to said flue oas duct in the funlace or
bloiver 8. In the first pneumatic conveying pipeline. down-
ivards the nlixing chamber, the particles are conveyed and
spread properly ul the conveying fluld. Thc parlicles of thc
powdery malcnal in the convcyulg tluid are ibxI ul thc
bottom of the furnace or boiler 8. especially. in the tlue gas so

duct
A sonic device 12 is located or connected at any location

between the blower and the flue gas duct. preferably, as
shown herein„betv een the blower and the mixing device 5.
Thc sonic device 12 generates sonic waves insula said lirst ls
pneumatic conveying pipclinc anifior up lo saul fluc gas
duck In this illustrated prcfcrrcd cmboduuent, thc blower 1

connected tn said first pneunlatic conveying pipeline 13 is
blowing corn eying fluid inside said first pneumatic convey-
ing pipeline 13 but also blows said conveyin fluid nt least so

partially tlrrough said sonic device 12.
In this Illustrated mnboduncnt, said dosmg memls 3

localixl belwcxu saul powdery sorbent storage lank 2 and
said lirsl pneumauc conveying pipelule 13 is also contacted
by sonic waves transported inside said first pneumatic 13

conveying pipeline during said transport of pnlvdery sor-
bent,

By the terms "connected to*'. it is meant that one element
is colulcctcd to another clement directly or ulihrectly. mean-
hlg liat Ihc clean:nm BI'c ln conunUnlciltlon onc lo igich other
but other clcmcnts can bc lmencd in bctwixn.

By the terms pneunlatic conveying of pov dery matenal,
it is meant witlun the scope of the imention pneunlatic
conveyin by negative pressure or by positive pressure,
pneumatic conveying of pov'der) material as n dense or ss
strand phase or dilute phase, in parncular dilute phase. In
coul cvlng flUUI, or Bs II dlsconnnUUUS phBse hi convcvulg
fluid.

l)uring pneumatic conveyulg of a powdery material,
pressure dnip fluctuations occurs at any time, very fre- io
quently and are difficult to control. The flucnlations in
pressure dmp may be due to a number of intrinsic factors of
thc pncUnliltu: convc)'alg ploccss ol lo cxtcnral cv cut

Such fluctuauous ol'rcssure dmp arc disturbing the
cnlirc pncumauc convcyulg of thc powdery malenal, ln ss
particular the powdery sorbent. to be conveyed. causing
di tferent kind ofperturbations Amongst other perturbations,

ouc can found lhe fact lllai Ihc fluctuauous ul prcssure drop
is causing a mndification of the conveying velocity of the
powdery sorbent.

As explained in the beginnmg. powdery sorbent flows
have a saltation velocity under ivhich the powdery material,
in particular the powdery sorbent, starts settling in the
pneumatic conveyulg pipe while couvcyulg fluid blown by
blowers is given a sall: nonnnal value of velocity, grealer
than the saltation velocity tn prevent the powdery material,
in particular the powdery snrbent, settling inside the pneu-
nlatlc conveying pipe.

Indeed blolvers are characterized by a curve between
pressure drop and flowrate. The pressure dmp is the one
imposed by thc plmll ulsidc which pneumatic convcyulg
shall bc pcrforinixi mid thc charactewzing curve ol'hc
blov er impart a flowmte to the pneumatic conveying of the
powdery Inaterial, in particular the powdery sorbent depend-
ing ml the value of the pressure drop occurring inside the
plant.

As soon as there is a small ihlctuation in pressure drop, the
prcssure drop start decreasing or lncrcasulg without it beulg
possible lo conlml 11 enough quickly lor nou-disturbing Ihe
pneumatic conveying of the pov dery matenal As a conse-
quence, for example, without again being linlited thereto,
when the pressure drop increases, the pneumatic velocity or
flov rate of the conveying fluid is reduced causing possibly
the velocity of the conveying fiuid to reach a value lower
than Ihc safi: nonunal value velocity, causing Iherclore thc
powdery malcnal, in pariicular Ihc powdery sorbent, pneu-
matically conveyed to sediment inside the pneumatic con-
veying pipeline.

'I'he powdery material starts therefilre to accumulate
inside the pneumatic conveying pipeline cmlsing on its turn
fluctuations of the pressure drop as the passing diameter of
the pipeline available I'or pneumatic conveying Is reduced,
clnlsulg Bn ulcrcBsc ul prcssUIc if op havulg on llsiunl
conscqucnce on lhc pneumatic conveying.

As nne can understand. the smallest single fluctuation in
the pressure drop, ivhich occur lvhatever the level of opti-
mization of the pneumatic conveying will have strong
consequence in the efficiency of the pneumatic conveyin of
thc powdery malenal, ul parncular the powdery sorbenk
inside thc pneumatic corn eying pipchnc.

This phcnomcna of flucluauon ls occumng ul any con-
veying fluid when blown. but is of course filnher amplified
v hen a powdery nlaterial, is conveyed as the poivdery
material itseif cmmot recover easily the right regimen of
pressure drop as soon as it statts accunullating inside the
pncuulstlc convcvulg plpchnc.

In thc process accorihng lo Ihc prcscnt Invention, Ihe
sonic device 12 generates sonic waves inside said lirsl
pneumatic conveying pipeline 13 up to said flue oas duct in
the furnace or in the boiler 8 and provides a counteraction on
the fhlctuation step of the pressure drop In said first pneu-
matic corn eying pipeline up to said fhie as duct

Il has bccn inihxd surprlsulgly rcaflzcxt that when soluc
waves gcneratcs an mcrense of pressure, Ihe ulcrcasc of
prcssure has lhc capability lo counteract on Ihc flucluatlon
step nf the pressure drop in said first conveyulg pipeline
and/nr in said tiue gas duct.

The sonic device preferably creates a pressure drop
increase in the first pneumatic conveying pipehne close to
the soruc generator of bctsv can 20 and 200 mbar, in particu-
lar ol'at least 30 mbar, ul parlicular ol't most 150 mbar.

Preferably. when said soluc device provides a counterac-
tion on the fluctuation step of the pressure drop In said first
pneumatic conveying pipeline and/or up to said recipient
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zone. said sonic device provales a smootlung action and/or
a masking action on the thictuation step of the pressure drop
in said first pneuniatic conveying pipeline and/or up to said
flue as duct.

The sonic waves are used to increase the pressure drop,
meaning that the soruc waves accordin. to the present
invention arc used in such a way Ihal they are able lo
counteract Ihc fluctuauou step of Ihe prcssure drop, Ihcrcby
niinimixing perturbations causing the accumulation of pim-
dery material. in particular pov:derv sorbent, in said pneu- ln

niatic conveying instead of curing or retro-acting on the
accumulation of particles.

In the illustrated preferred embodiment. the counteracrion
on Ihc flucluanon step of thc prcssure drop in said Iirsl
pnciunalic convcyuig pipcluie 13 causes lhe uuprovemcnl of I

the pnllutin compounds capture by reducing fluctuations in
powdery sorbent, in particular powdery mineral sorbent, fed
in the flue gas duct by some waves transpnrted inside said
first pneumatic conveying pipeline 13 durin said pneumatic
conveying of pov dery sorbent. lo

Indeed, 11 has bccn lound surpnsingly lhal soiuc waves
tralispol lcd tllsldc saul Iiisl pllciilllalic coiivcyilig pipohuc
during said pneumatic conveying of powdery sorbent lias a
direct inipact nn fluctuations in pneumatic conveying of
poivdery sorbent fed in the flue gas duct

The appropriated use of circulating sonic waves. crearing
an increase of the pressure drop inside said firsr pneumatic
corn eying pipclinc 13 dunug said transpott of powdery
sorbenn can solve thc fluctualions in thc powdery matcnal,
in particular the powdery sorbent injected inside the flue gas so

duct
'lite annie waves tnsnsported inside said first pneuniatic

conveying pipeline during said transport ofpowdery sorbent
have been slxiwn to prevent deficiencies in the pollutants
capture inside the flue gas duct by counteracting very ls
quickly on fluctuauous ui Ihe prcssure drop, thereby prc-
ienting particles uot having cnouJt spccsl lo sclllc and
enabling them to be conveyed by the pneumatic transport
and as a consequence to still reach the tiue gas duct indeed,
sonic waves are colliding with the particles haviiig a ren- so

dency to settle against the wail of the first pneumatic
corn eying pipcluie when they did not lmve miough speed to
bc pneumatically convcycd as a result of lhe existcncc of
boundary layer.

Indeed. the combination of the pmper use of the sonic
waves creating an increase of pressure drop in the hrst
pneumatic conveying pipeline together with the collision
between the patticies of the powdery sorbent and the sonic
w aves havuig fluctuatuig frequency ol Ihc w aves thai change
thc location of the antinodcs and thc vibration nodes of the o

soiilid hl flic pipe.
1herefore. according to the present intention, the sonic

waves transpnrted inside said first pneumatic conveying
pipeline 13 during said conveying of powdery sorbent have
been shown to impmve the level of pollutants capture by ss
counteracting flucluations ui thc pressure drop in lhe Iirsl
pnciunalic conveying pipeline 13 and thereby ensuring
adequate/oplunizuig flowratc of powdery sorbent Io thc fluc
gas duct in the furnace or boiler 8.

In some cases, tluctuations of pressure drop in the hrst io
pneumatic conveying pipeline are due to the operating
conditions or to reguLation loop due to a first sinai given by
thc process in ilsell'r by a measure or a dale.

Morc and morc, bunung industries use aualyzer al the exit
ol Ihc flue gas duct lo mcasurc lcvcl of polluluig compounds ss
(example of first signal) and have put in place over time
regulation lnnp in order to retroact on the anxlunt of pim-

dcry sorbent used Io capture those pollutants For example.
if the lei el of SO, starts to increase. the amount of powdery
sorbent tstll be incrcascd Io unprove thc capture of tlus
pollutant. If the level of SO1 starts to decrease. the amount
of powdery sorbent will be decreased.

Other "burning industries" are not using continuous
analysis but as a precautionary measure. they adjust the
amnunt of pov,dery sorbent based on several criteria and
measurement (first signal). such as the level of sulfur in the
Iiicl wluch will be used. prc-mialysis or data regarding Ihe
level ofchloride or sulfur present in the garbage to be burned
or thc malcnal to bc hcalcd (moral orc, recycluig mate-
rial ), based on the combustion or the heatmg step. the
turrmround ol pcoplc conduct uig Ihc furnace. Ihe pnmary air
level intmduced in the furnace to dn the combustion of the
material to be burned, based on temperature, atmospheric
pressure, The amount of pov dery sorbent is then fixed
manually for a predetermined period of tune and changed
when a new condiuon (lirst signal) anses.

More particularly. when a first signal arises from exhmist
gases from Ihc combusuon of fuel aud/or matcnal Io be
burned, such as an increase in pollutants level, a decrease of
pollutants level, the response to be given is to change the
amount of pov'dery sorbent to be intmduced inside the flue
gas duct. The change in the amount of powdery sorbent
which is blown inside the flrst pneumatic conveying pipeline
by thc blots er yields to a change ui thc ts cight ratio bctw ceo
said conveyuig fluid nnd smd powdery sorbent wluch creates
tluctuations in the pressure drop of the pneumatic transport,
thereby causing flucniatioiis in tile powdeiy niaterial, in
particular the poivdery sorbent injected inside the flue oas
duct.

Indeed. the chan e in the amount of powdery sorbent
cmises flucluations ui Ihe operating ol Ihc pneumatic cun-
vcyiug system causuig itself'luctuauons ol'hc conveyuig
fluid flow rate lo adapt ilscll Io thc counter-prcssure as Ihe
blowing rate stays quite stable at the exit of the blower in the
first pneumatic conveyin pipeline

In response to a first signal, changes occur in the weight
ratio between said powdery sorbent and said conveying
fluid. The particles of the powdery sorbent are conveyed
wilh fluclualing spcml ui Ihc Iirst pneumatic convcyuig
pipclinc which can incrcasc or dccrcasc.

In other cases, said first signal is such as wmd speed of
environment at the outlet of the chimney. atmospheric
pressure of environment at the outlet of the chimney or
outside said lhie as duct, temperature of the fhie gas, nature
of Ihc fiicl, sulfur conicnl oi Ihe fuel. sullur content of Ihe
fluc gas, chloride content of thc fluc as, mercury contcni of
the fluc gas, chlornle content ofmatcnal to bc bumixk sullur
cmitent of material to be burned nr to be heated. mercury
cmitent of material to be burned nr to be heated. and their
Coilibnl'itloll.

FIO 1B illustrates a variant embodiment according to the
present invention. v'herc ihe particles of the powdery matc-
nal ui the convcyuig fluid are fed in a duct entering thc
hcauug unit 8.

lii(i IO, as mentioned earlier. illustrates a process where
the heatmg process comprises a boiler 31 recovering heat
cger y from a furnace or from a burner 15.

Hot flue ases are produced more specifically in the
Iiirnace or burner 15 and are convcycxt to a boiler 31 for
recovering Ihc conlamcd calories, bcforc bmng Inntsfctrcxi
to a liltcring device nnd/or a gas scrubber 9. It is obvious that
even if only one item is represented as equipment 9. there
can be consecutive filter and scrubber units, in whatever
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order, conncctcd by a duct. dcpcnduig of thc fluc gas
treatment facility of the plants

'tile powdery material can be )It)ected as illustrated in
different locations, such as in the funiace 15, including in its
after combustion chamber or post-combustion zone (option
A). in the boiler 31 (option B). or at the enuance of the
li1tcruig dei ice und/or gas scrubber 9 (option C) or m the gas
dum ui bctwccn all those equipment (dashctl lmc) or any
combination thereof. It is obvious that in case of multiple
equipment 9, the powdery nmterial can be injected in in

bettveen the various equipment 9, in the duct between nr at
the entrance of one or more of the units 9.

The first pneumatic conveying pipeline shall be depend-
ing on thc scvcral options connected to the furnace or ils
after combustion chumber or post-combustion zoiw. (option
A), to the boiler (or any other heat exchanger) 31 (option I I),
or to the filterin (or scmbbing) device 9 (option G) or in the
gas duct in benveen all those equipment or any combination
thereof.

In a specific vanant according to the present invention. it zo

Is alstl lolcsccll that lllultlplt: collvc)'lllg plpt:lines Blc plcs-
cnt. each conniinuig their own soluc device or cvcn (liat
dotvnstream of the sonic device a multiway connector is
present and the first multiple conveying pipeline is spread
into a bundle of pneumatic conveying, pipelines, optionally
provided with a closing/opening mechanism to provide more
flexibility to the device according to the present invention.

FIG. IUD rcprcscut the embodiment rk illustrated ui FIG.
IC wllcl'c thc soluc tlt:vlct: gt:lit:IB(lllg solllc wtlvcs bclllg all
infrasound device genemtmg infrasonic waves is detailed It lo
is to be noted that the sonic device can be integrated in both
variants l3 and ('n

the infrasound device. infrasonic waves are genemted
inside an infmsound device 12 comprising a first chamber 16
and B second chamber 17, both lirst and second chmnbcr li
beulg connected to each other by a uibc 18, smd mfrasonic
waves being gcucrutcdi by Bn cxcitcr 19 insula the lirst
chamber 16 providing infrasound pulses to said conveying
fluid blown at least partially inside said tirst chamber 16,
said generated tnfmsonic v aves being transported tluou h so
the nibe to reach the second chamber 17 wherein the tirst
clramber is divided into a first compartment 20 and a second
comparuncnt 21. The first compartment 20 is connected to
the stxond compartment 21 tlumigh a passuig hole 22 and
comprises an mternal channel inside which a moving piston
is moved from a first position to a second position and front
said second position to said first position by a power source
23. located externally v ith respect to the first chamber 16
Blltl iollnlllg tllC CXCI(CI ThC ill(CIlltll ChallllCl IS CIBICI:lltrl-

cally utstallcd uisidc said lirst comparunmll 20. a

Infrasonic w uvcs are gmicmted by thc moving piston and
transported by said conveying fluid from said first compart-
nlent 20 to said second compartment 21. through the passing
hole 22 before being transported throu/I the nibe 18 to reach
the second chamber 17 s.

lhc corn cyiug flutd blown by said blower I reaches thc
lira( compartment ol Ihc lirst chmnbcr lo cnlcr the ulfra sound
dcvicc through fctxl lute 24. The iirst clramber 16 is I'ollowed
by a tapered section 16u to the connection with the tube
acting as a resonance tube 18. The conveying fluid tilllnws tt!

the tube 18 to reach a second expansion tapered section 17a
having a widerun section in the direction of the second
cluunbcr 17 to wluch it is connected.

In a prcft:rrtxl embodimcnn funhcr compnsuig an adjust-
able flowratc dtstnbutor pipe 25 connected at a iirst cnd si
either to the blower I, between the blower I and the hrst
chamber 16 or to the first chamber 16, preferably to the hrst

compartment 20 mid at a second cnd to thc second chmnbcr
17 Said adjustable flowrate distributor pipe 25 is provided
for deriving a portion of said conveying tluid blown by the
blov er I and introducing it inside the second chaniber 17.

In another preferred embodiment, the device according to
the present invention further comprises an Helmhoitz bass
trap (not fllustratcti) connected to said iirst cliamber 16 or
prcfi:rably on thc pipcluie bc(ween Ihc blower Bnd Ihc iirst
chanlber. I'he I lelmholtz bass trap is provided to prevent
infmlsonic waves transported inside said first pneumatic
cmiveying pipeline 13 during said tmnsport of powdery
sorbent to reach the blolver 1.

In another preferred embodiment as shown m FICi. ID,
tile tlcvtcc iicctiltllllg ul thc prcscllt lllvclltion colllpllscs all
mucrgcncy device 26 having a lirst postuon being an emer-
gency position and a second position heing an opemlting,
position, said emer ency device conlprising a switch 27
connected to mi emer ency pipe 28 connecting directly the
blov er I to the tirst pneumatic conveying pipeline 13,
downstream the infrasound device 12. The switch 27 can be
a 3-Way valve installed ul connection poult as drawn mid so
all thc blown conveying fluid go through cmcrgeucy pipe 28
or can be a 2-tvays valve inserted in any position In pipe 28
allowmg the blotvn conveying thiid to be conveyed (totally
or partially depending of the position of the movuig piston
in the intemai chmutel) downstream the tnfmsound device
12.

Thc mncrgency position bculg a position whereui thc
switch 27 prcvcnts Uie blown conveying fluid I'rom entcnng
said first chainber 16 and divertiim it directly to said first
pneunlatic conveying pipeline 13, downstream the infra-
sound device 12 and tvherein the operating position is a
position v:herein the blown conveying fluid is provided at
least partially to said first chamber 16.

Thc inlbasoiuc device operates at low pressure, mcanulg
tlliil 01C pICSSltrC IBSldC thC llllIIISOIIIC tlt:VICI: H OSClllatlllg
around thc atmosphcnc prcssure but stays lower 01st 1.5
absolute bar

I'he genenlted infrasonic tvaves are high power waves
between 150 and 170 dB. The entering conveying fluid ic fed
at a pressure around 1.25 bar. The piston 23 propelc the
convcyuig fluid from thc entry for thc convcyuig fluid 24.
Thc power source drives ihe piston for cusunug Its movc-
mcnt. Thc prclbrred ditunctcr ol'hc piston Is compnsod
betweelt 50 and 150 mnl 'I'he piston nioves from a first
position to a second position inside a jacket connected to the
first compartment 20. The Jacket comprises holes of a first
type aflowin the jacket to be in fluid connection with the
conveying fluid entry 24. In addition, thc piston 23 com-
pnscs a head also prot idcd with holes of n second type.

Thc jacket is located ulsidc a thc lirst compaitmcnt 20 in
fluid connection lvith the conveyin fluid entry 24. During
the displacement of the piston 23 from the first position to
the second position, the holes of the second type moves
gmdually in front of the holes of the first type, allowing
gradually the convcyulg flutd to truvcls from the lirst com-
parnncnt 20 to the stcond compartment 21. When thc pision
23 w ui the first position, thc holes ol'hc lirst type co-
channel with the holes of the second type. fully allow:ing the
passage of the conveying fluid (open position). When the
piston 23 is in the second position. the holes of the first type
does not co-chmutel with the holes of the second type,
preventing therclbrc thc pnssagc of the conveying fluid
(closing position).

Thc gcncrator of uflbasonic pulses generates downstream
the oscillation of the conveying fluid at a sonic frequency,
which is in the case of infrasonic waves. lower than 30 I lz,
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prcfi:rably around 20 Hz Thc gcncrauon of the pulse, i.c. thc
moving of the piston 23 enerates a fluctuation of the
pressure ui lhc convcyuig fluid at a some frcqucncy which
pmpagates through the piping of the device

llic lirsl chamber causes a rcx)notion of lhe power of thc
oscillations, but increases the bandwidth Indeed, because a
resonance tube is provided. the Ibequency may vary fmm
+0.5 to —0.5 I lz which changes the location of the antinodes
and the vibration nodes of the sound in the first pneumatic

I it
corn eying pipcluie.

Preferably the diameter of the basis of the mpered section
16a is comprised bclwcen 350 to 500 nun and thc diameter
of the top of the tapered section 16a is coinprised between
150 and 219 mm. The rcsouancc lube 18 has a diameter
comprised between 150 and 300 mm and a length of X/4
ivhere X is the v avelength of the infrasonic sigtial. The
resonance tube N allow the conveying fluid to start reso-
nance. The basis of the tapered section 17a is comprised
bclwcmi 150 mid 300 mm mid thc top of Ihc tapered section
17a has a diameter compnsed between 400 and 600 nmi.
Thc second clrsmbcr 17 allows lo propagate thc oscillations
for ensuring, the transniission to the powdery material. 'I he
length of the second chamber 17 is about 750 nun and thc
diameter is coniprised between 400 and 600 mm.

FIGS. 2 to 4 illuslralc, without being finutcsl Iherclo
preferred location of the sonic device in a pneumatic con-
veying system

In other enibodiment. the sonic device can also be located
downstream the stora e tattk Ill

In those mubodiment tilustralcx) in FIG. 2 to 4, the first
pneumatic conveying pipelme can be connected to. as in
FIGS. I/1 to ID to a furnace. an uicuicrstor. a boiler, a tilter,
a scrubber or even to a silo This has been mentioned m the
lollowilig il rcciplclll zolic.

According to thc pl'Escltt lllvclltloil, by'hc tellus rccipicllt
zone, it is meant a silo for collecting the poivdery sorbent,
a clmnnel where the powdery material, in particular the
Powdery sorbent shall be injected througdt Pneumatic con- so
i eying, such as a fluc gas duct, a pipclmc uisidc a plmil, gas
scnibbers. filters devices, such as electrostatic precipitator,
bag liltcrs.....

FIG. 2 illustrates schcmaucally a pneumatic comeying
systeni lo convey a powdery material, for example a pov-
dery sorbent.

The pneumatic conveying system comprises a blower I ls
connected to a first pneumatic conveyin. pipeline 13 and
blows convcyin fluid, such as for example mr. uicrt gas,
cxhausi gases, or mixture thereof in Ihe firsl pneumalic o

corn eying pipcluie 13.
A pov dery niaterial, in particular a poivdery sorbent

storage tank 2 is connected to the first pneumatic conveying
pipeline 13 through a dosin means 3. The first pneumatic
conveyin pipeline 13 comprising a pipeline wall is con- 1.

nimlcd lo s;ud powdery malcnak in particular said powdery
sorbent siorage tinik 2 and Ihc rccipienl zone

llic conveying fluid has a flow compn sing boundary layer
along said pipehne wall, but also the particles of said
powdery material have a boundary layer around them inside io
said conveying flow

The powdery material, in particular the powdery sorbent
is ihereiiire pneumatically convcycd ui lhc firsl pneumalic
comeying pipeline 13 from thc powdery matcnal, ui par-
ucular a powdery sorbent storage uuik 2 lo thc fluc gas duct ss
in the recipient mne foot illustrated) by a flow of conveyina
fluid generated by the blower I and blowing conveying fluid
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inside said lirst pncunuiuc convcyuig pipeline 13 in wluch
particles of said powdery niaterial. in particular said pow-
dery sorbent are transponed.

'I'he dosing means 3 doses an aniount of said poivdery
material, in particular said powdery sorbent when entering
from said powdery material, in particular said powdery
sorbent storage tank 2 into said first pncumauc conveyuig
pipcluic 13.

I'he dosing means 3 are preferably selected fmm a dosing
screw, a rotating valve ivith a vertical shaft or an horizontal
shaft, an air slide, a jet feeder. a screiv-feeder, an airlock-
feeder. a screv: pump, a pressure vessel, an air lift.

The powdery material, in particular the powdery sorbent
contained ui thc puss dary nuiterial storage tank 2 is selectof
from thc group consisung of hydrated lime, hydrated or
senti-hydrated dolinie. limestone. dolomite. quick lime,
quick dolime, sodium carbonate or bicarbonate, sodium
sesquicarbonate dihydmle (also known as 'I'mna). halkiysite,
seplollte. a carbonaceous orgaruc compound selected from
active carbon and lignite coke. fly ash or a mixture of any of
these compounds.

In lhc tlluslratcx) embodiment. a dryuig device 4 is also
pmvided to dry the conveyin ihiid after being blov:n by
said blower to in the firs pneumatic conveying pipeline 13

to father convey in the first pneumatic conveying pipeline
13 a dned conveying fluid, /1 mixin or connecting device
5 ls also present in the process plant allov in the mixing of
thc convcyuig ihnd blow n by said blow cr I and thc powikry
material, in particular thc powdery sorbmil dosed by said
dosing means 3

More specifically, the mixing device comprises a first
feeding tube where the conveying ihiid in the first pneumatic
conveying pipeiine is enterin a nuxing chamber to which
the first feeding tube is connected and a second feeding tube
connimtcd lo saul ikisuig means 3 and lo said mixuig
chamber I'or lhcding thc powdery material. Dunng li:cduig
of powdery malenal and thc conveying fluid, an homoge-
neous mixture of the powdery matenal and the blown
cmiveying tiuid is performed. which leaves the mixing
chamber to pursue its transport through said first pneumatic
conveying pipeline 13 to said recipient zone. In the first
pllcllillalic collvcvllig plpclilic. dowllwards llic lliixillg
chiunbcr, the particles arc conveyed and spread properly in
thc conveying fluid.

A sonic device 12 is located or connected at any location
between the blower and the flue gas duct. preferably, as
shown herein, between the blower and the mixing device 5.
The sonic device 12 genemtes sonic waves inside said first
pucumanc conveying pipclinc and/or up to said recipient
zone In llus illuslralcd prcli:rrcd embodimcnb thc blower I
connimtcd to said lirst pneumatic conveying pipeline 13 is
bkcwing conveying fluid inside said first pneuniatic convey-
ing pipeline 13 but also bloivs said conveying fluid at least
partially through said sonic device 12.

In this iliustrated embodiment„said dosing means 3
located betwcmi said powdery matcnal storage lank 2 and
said iirst pneumatic imnvcying pipeluic 13 is also contactod
by sonic waves uansporled uisidc said iirst pncumauc 13
conveying pipeline durin said transport of powdery mate-
rial

By the terms "connected to*1 it is meant that one element
is connected to another element directly or indirectly. mean-
ing thai Ihc elements are m comnninication oue lo each other
but other elements can be uiscrtcd ui bctwccu.

Bv tile icrlils pliciilllatic coilvcv'llig of powdcrv iiiincilal,
it is meant v,ithin the scope of the invention pneumatic
cmiveying by negative pre~sure or by positive pressure,
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pnciundiic convey&ng of powdery material as a dilulc phase
in conveying fluid, or as a discontinuous phase in conveying
fluid.

l)uring pneumatic conveyulg of a powdery material,
prcssure drop fluctuauom occurs al imy lnue, very fre-
quently and are difficult to control I'he fluctuations in
pressure drop may be due to a number of intrinsic factor of
the pneumatic conveying process or to external event

Such fluctuat&ons of pressure drop are disnirbin the
I i 1

cntirc pncumauc conveying of lhe powdery matcrml to be
convey causing d&fl'erent lund of perturbations. Amongst
other perlurbat&ons, onc can found lhc fact llml the fluclua-
tions in pressure drop is cm&sing a modification of the
co&lit:v&tlg 1 I:loc&lv ol lhc powdery Indtc&1BI.

As explained in the beginning. powdery inaterial tlows
have a saltation velocity under which the powdery matenal,
in particular the powdery sorbent start settling in the pneu-
matic conveying p&pe while conveying fluid biov'n by
blowers are given a safe nominal value of vclocily, grmiter
than the saltation velocity to prevent the powdery matenal,
in pnrucular the powdery sorbent scuhng ulsiclc the pncu-
nlatic conveying pipe

Indeed blowers are characterized by a curve between
pressure drop and flowrate. The pressure drop is the one
imposed by the plant inside wlfich pneumatic conveying
shall be performed and the characterizing curve of the
blower impar& a flowratc lo thc pneumatic conveyulg of thc
powdery matcnal, u& parucular the powdery sorbcnl depend-
ing of the value of the pressure drop occurring inside the io
plant.

As soon as there is a sniall fluctuation in pressure drop, the
pressure drop start decreasing and increasing, without it
being possible to control it enough quickly for non-dian&rb-
ing lhc pneumatic conveyu&g ol lhc powdery ma&coal. As a ls
conscqumlcc, for example, w&thout agdul bcul lnn&tcd
thcrclo. when thc prcssure drop incrcascs. &hc pneumalic
velocity or flowrate of the conveying lh&id is reduced
causin possibly the velocity of the conveying fluid to reach
a value lower than the safe nominal value velocity. causing do

therefilre the powdery material, in particular the poivdery
sorbenl pneumat&cafly convcyixi lo scduncnt uls&dc thc
pnciundlic convey&ng p&pclinc.

lhc pow'iIC&y Illa&CI&al SlallS lhClcfo&0 10 BCC&&lull&&tC

inside the pneumatic conveying pipeline causing on its turn
fluctuations of the pressure drop as the passing diameter of
the pipeline available for pneumatic conveyin is reduced,
causing an increase in pressure drop bavin on its nlrn
conscqumlce on the pneumat&c conveyulg.

As one can understand, the smallcsl sulglc fluctuat&on &n c

thc prcssure drop, wluch occur whatcvcr flle level of opt&-

nlization ot the pneunlatic conveying, will have st&0&lg

consequence in the efliciency of the pneuinatic corn eying of
the poivdery matenal, &n particular the poivdery sorbent
inside the pneumatic conveying pipeline. s.

lhts phcl&OIBC&&B Ol IIUC&ud&1011 &S OCCO&rillg 111 ally'oll-
1 cying flu&d wlmn blown, bul is of course I'urfller mnplified
when a powdery malcnal, &s convcycxl as lhe powdery
material itself cannot recover easily the right regimen of
pressure drop as soon as it starts accumulating inside the co

pneumatic conveying pipeline.
In the process according to the present invention. the

sonic dc&ice 12 gm&crates soiuc waves ms&dc said Iirst
pneumatic convey&ng p&pelinc 13 up to said rcuip&cnt zone
and pro&ides a coun&cree&ion on thc I'Iuclual&on s&03& of the ss
pressure drop m said first pneumatic conveying pipehne up
to said recipient mne

Il has bccn inixed surpr&sulgly rcafizcxf that when soiuc
v aves generates an increase of pressure, the increase of
pressure lms the capability to countemsct on the fluctuation
step of the pressure drop in sa&d first conveyulg pipeline
and/or in said recipient zone.

The sonic device prefemsbly creates a pressure increase in
the first pneumat&c convcyulg pipcl&nc close to the soiuc
generator of bclwccn 20 mid 200 mbar, in part&cular of al
least 30 mbar preferably of at most 150 mbar

Preferably, when said sonic device provides a counterac-
tion on the fluctuation step of the pressure drop &n said first
pneumatic conveyin pipeline and/or up to said recipient
zone. said sonic device provides a smoothing action and/or
a mmking action on lhc flucludlion step of lhc prcssure drop
in saul Iirsl pncumauc corn eying p&pelinc and/or up to said
recipient zone.

'I'he sonic v,aves are used to increase the pressme dmp,
tilcaillflg that thc so&11 c &Caves Bccol'cling to thc pi'csciit
invention are used in such a way that they are able to
counteract the fluctuation step of the pressure drop, thereby
illlllllnlzlilg pC&lulbtllit&1&S Cdllsillg lhC BCCI&lllldallo&1 Of poW-
dcry malcnal in sa&d pneumatic convey&ng instead of cunng
or retro-acting on the accumulation of part&cles

In the illustrated preferred embod&ment, the counteraction
on the fluctuation step of the pressure drop in said first
pneumatic conveyin pipeline 13 causes the improvement of
the pollutant compounds capture by reducin fhlctuations in
poWdC&y Inalcrlal, ill pall&CI&hll pi&WCIC&y lllll&Cldl lna&C&lal,

fcd &n lhc fluc gas duct by sonic waves transported ins&dc
said first pneunlatic conveying pipeline 13 dunng said
pneunlatic conveying, of powdery material

Indeed, it has been thund surprisingly that simic ivaves
trmlsported inside said first pneumatic conveying pipeline
dunng said pneumatic conveyin of powdery material has a
d&rect impact on fluclualions in pneumat&c convcyul of
poWdC&y Ina&C11al fCd ill fllc lcclplcllt Zol&C.

Thc appropnalcd usc of &ravelling son&c waves. crcalulg
an increase of the pressure drop ins&de said first pneumatic
cmlveying pipeline 13 during said tmsnsport of powdery
material, can soive the fluctuations &n the powdery material,
in part&ruler the powdery sorbent infected ins&de the recipi-
Clll Zoilc.

Thc son&c waves lramportcd uls&dc sa&d Iirst pncumal&c
convcyulg p&pclule dunng smd uansport of powdery mate-
rial have been shown to prevent deficiencies m the pollutants
capture inside the flic gas duct by counteractulg very
quickly on fluctuations in the pressure drop, thereby pre-
venting particles not having enough speed to settle and
cnablu&g &hem to be corn cycd by the pncumauc transport
and as a conscqucncc to still ruach thc fluc gas duct. h&dccxf

son&c vvavcs arc coll&dulg w&lh lhc parucles hav&ng a ten-
dency to settle against the wall of the hrst pneumatic
cmlveying pipeline when they did not have enough speed to
be pneumatically conveyed as a result of the existence of
boundary layer.

Indeed, thc comb&nation of lhc proper use of lhc soiuc
waves creat&ng an ulcrcasc of prcssure drop in the firsl
pl&C&I&gal&C Col&SCv'lllg plpcl&1&C logCllliu Wlfll lhc Cullis&011

between the particles of the powdery matenal and the sonic
v aves having tiuctuating frequency of the waves that change
the locution of the antinodes Bnd the vibration nodes of the
sound in the pipe.

FICI 3 illustrates;mother poss&blc locauon of a soiuc
dcvicc in a pncumulic comcying system according lo lhc
prcscnl invention.

As &t can be seen, in this embodiment, the some device is
not located in the first pneumatic conveying pipehne 13 but
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instead is placed ui parallel and is conncc(ed Io Ihe fire(
pneumatic conveyin pipeline 13 throu h an exir duct 29
reaching Ihc lirst pneuma(ic convcyuig prpcline bclbrc the
nuxing dcvwc. Thc sonic dcvicc is a dead-cnd device.

FI(i 4 illustrates another possible location of a sonic
device in a pneumatic conveying system according to the
present invention.

As it can be seen. in tlfis embodiment. the sonic device is
not located in the first pneumatic conveying pipeline 13 but
instead is placed ui parallel and is conncc(ed Io Ihe fire( Iti

pnciund(ic conveyuig pipeluic 13 tluough an exit duct 29
reaching the first pneuniatic corn eying pipeline before the
mixin device The sonic device 12 is a bloiv through device
and is connected by an entry duct 30 to another blower 6.

FIG. 4A is showing a multiline pneiunatic corn eying
system wherein one sonic device 12 is located upstremn of
thc closing means 5 of both illus(rated pneumatic conv cyuig
plpclllicw

FI(i 5 is a .Ienicke flow diagram ftir pov dery niatenal
shoivin the cohesive behavior of the powdery niatenal 20

ivhen it is hydmted lime
As it lans been said previously, the problem of adhesion to

solid objects is increasingly important for particles of
dtxreasuig parucle diameter because of thc uicrwtsed con-
Inbuiion of elec(roe(auc lbrccs ui comparison with frm(ion,
impulse and gravitation forces

I Iydrated hme particles with diaineter (CI00 lun) are
enerafly classified as cohesive according to rhe Cieldart

classification and their flow properties can be evaluated in
detail using the flov function classification according to 30

Jcnickc.
Wilh Ihc Jcnickc flow fuucuon the uitcrnal cohesion of the

poivder is measured and this can be regarded as a good
indicator for the adhesion pmperties of a powder

In I'ICi. 5, the cohesiveness of two hydrated lime powders 34

are shown. Powder A has a particle size of d„=If (lun) while
Powder B lans a par(tele size of du=3 (gm), It is clear that
Power 8 is morc cohcsivc mid its classified by the flow
func(ion by '*very cohcsivc". As 0 rcsul(. Powder B. will bc
much niore sensitive to adhesion to rigid pipe walls than 40

Poivder A. Powder ('s an easy flowing poivder. Powder I)
is a free flov ing powder, while potvder li is a stick3 powder.

EXAMPLE
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4 inche (10.2 cm). The I'ccdrate ol'hydrated lane is periodi-
cally adjusted, based on the quantity of coal burned in the
fllrllitCt: tllltl oil Ille uilxiuil( lif Sulfur Coll(alllCtl IllCrC111.

Both conveying pipelines are supplied by blowers (l. I')
with air (15, 15') as convcyuig fluid

I'hose conveying fluids (15, 15') are first dried by drying
devices (14, 14') before entering the blowers (1. 1') and then
further cooled by cooling devices (4, 4') after bemg blown
by the blowers. The blowers (1,1') present an initial pressure
drop fixed a( about 10 I Pa.

In order to illustrate the present invention. the cont eyin
fluid (15') is fur(hcr uunsfcrred into u sonic dcvicc (12'), as
previously described, beftire bein in contact with hydrated
lime.

The pressures drops in both conveying pipelines (13. 13')
arc continuously mcdsurcd by thc blowers (1, 1').

Conscqumi(ly, wi(h tlus plan(, it is possible Io compare in
real time the fluc(uation ol'pressure drop, notably generated
by the variation overtime of the feedrate of hydrated liine
infection, in a conveying pipeline where no sonic device has
been implemented, compared to a conveying pipeline
according to the present invention comprising a conic
dcvicc. as previously dcscribcd

Thc results arc illus(rated ui FICiS 6 and 6A.
FICi 6 shows the prcssure in the luies measured as 4

function of tinie for a period of hve consecutive days of
opemction. Itl(i 6 represents die refereiice case i.e the sonic
device is not in operation and the conditions for ines 13'nd
13 are sunilar. It is clear front FICI. 6 that lar e fluctuations
occur in (hc pressure rcdtluigs and (hat (hase pressure
fluc(uations arc similar for both lute 13'ud 13 Table I

shows a stafistical arialysis ol'he prcssure rcaduigs of
lti(J. 6

'lests have been performed on an industrial scale, in a
power plant. to evaluate the efl'ects of the present invention
for pneumatically conveying of powdery hydrared lime
sorbcn(. notably ui tenne of Ihe fluc(udtion ol Ihe prcssure
drop insulc the plant. 0

lite power plan( used in thcsc tests, wlucft is illus(rated in
ItICi. 7. comprises a burner (13). a furnace (31) fair burning
coal. said furnace being connected to a flue gas duct v herein
flue gases generated in said furnace are directed to an
electrostatic precipitator (9). foflowed by a ccrubber (32) and a.

further cvacua(txl to a clunmcy (10).
llic hydra(cd lime m uilectcd uito Ihc flue gas duc( of tlus

power plan(. before the clcctros(atic prccipi(ator and bcforc
the chimney, ftir capturing gaseous pollutants, in particular
)Oa Such sorbent is a high specific surface area hydrated (0
lime. as disclosed in WO9714650.

The plant further comprisec a storage tank (2) for said
powdery hydrated lime, said tmd being conncc(cd to the
furnace Ill ough u hopper (3) havuig Iwo oulpula for threc1-
ing said powdery hydra(cd lime ui parallel uiIo lvc 0 pncu- 64

niatic conveying pipelines (13, 13') at an identical feedrate.
'I'he conveyin pipelines (13, 13') both present a dianieter of

We can conclude from 'I able I that both lines 13'nd 13
are operatin at similar average pressure with line 13'peratingat a lower average pressure. The pressure fluctua-
tion of thc Iwo lines is rcprcsented in Tuble I as thc s(andard
deviation (lt7) ol Ihe prcssure siguul. II is clear (hat Ihe
prcssure fluc(ua(ion is virtually identical for Ihe Iwo lures.
1 his meaiis tlmt, ivith the sonic device not in operation, the
pressure ioss and the variation in pressure is similar. I inally
we represent the relative pressure fluctuation in Table I

which is the ratio of standard deviation and avers e pres-
sure Since the avcragc pressure ui hne 13' ~ a liule lower.
thc rclativc cflcc( ol Ihc prcssure fluctuatiom is a 111(lc

higher. The rclativc pressure fluctuauon is 22-30% ui thc
two lines. Such variation of pressure is very significant and
v ill generate variations in the gas flow rate of the pneumatic
conveying system. Note that the reported pressure fluctua-
tion is an average number for the whole five dayc of
opera(ion, Ihc ins(un(ancous pressure fluctuatious are sig-
nilicantly larger.

FICi 6A show s thc prcssure signal of lures 13'nd 13 in
the case the sonic device is in operation in line 13'ver a

period of five days It is evident that the pressure in line 13'



31

US 10,627,108 B2
32

is sigrulicanfly higher than ui lute 13. Apparently operating
line 13'vith the sonic device generates a hi/ter pressure
loss. Note lhBI hi lhc case of opcriinou without sonic dcvlcc
line 13'hoived a (hghtly lower pressure than line 13. see
FIG. 6. A slatisucal analysis of thc prcssure signal of FIG.
6A is given in I able 2

'I'AIII I( 2
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1'he invention claimed is:
I Pmcess for pneumatically conveying a powdery mate-

rial, (vlflch process comprises the steps of
pneumatically conveying said powdery material in a first a.

pneumatic conveying pipeline from a powdery malcnal
siorage tank lo a rccipicnt zone, said lira( pneiunalic
comeying pipcluic being connected lo wdid powdery
niaterial storage tank and to said recipient zone, said
poivdery material being pneumatically tran(ported ro
inside said first pneumatic conveying pipeline and Into
said recipient zone in a flow path by a conveying fluid
flow gcncmtcxi by a blower connected to said lirst
pneumatic convcyuig pipeluic and blowmg conveying
fluid inside said lirst pncunmiic conveying pipeline in s(
which particles of said pov:dery material are trans-
ported,

First, Table 2 shows that the avemge pressure is nearly a
factor of tivo (I 7) higher In the line with the sonic device co
in operation (13') than in the line without sonic device (13).
The pressure Ihictuations, represented in Table 2 as the
standard deviauon (I o) of flm prcssure signals show thai thc
luis with sonic device in operation (13') is much more stable
than ihe line without sonic device (13) The standard devia-
tion of the pressure signal is nearly one and a half (I 451
times higher for the line without sonic device (13) than for
the line with sonic device

For the line with sonic device in operation (13') a conse-
quence of lhc combination of a lughcr average pressure and
a low siandard deviation Is thai Ihe relalive pressure fluc-
tuation (ratio of standard deviation and average pressure) Is
niore than 2.5 times lower i,ine (13). without sonic device,
shows a reLative pressure fluctuation of 18% which is similar
to the 22%o fiiund In the tune frame shown in FIG. 6 and I(
Table 1. For the hne v ith sonic device in operation (13') the
rclativc prcssure fluctuauou is only 7%. Tins lower prcssure
flucluauon, boih absolute and relauves will resul! ui a
significantly improved stability of the pneumatic conveying
systeni 40

It is clear from FIGS. 6,6A and the statistical analysis of
Tables I, 2 that the sonic device results in dampening of the
pressure fluctuations and as a consequence improved smbil-
Ilv'i thc pncliulallc convey'hlg svslc'ul.

Iu Iukhlliui, lhc oper d tron d I Iul highci aver dgc press unu ul
case the sonic device is iu operation, will cause pressure
pemirbation( in the flue gas duct to have smaller etfect on
the pressure In the conveying line and as a consequence a
smaller inipact on the pneumatic air speed. This results in a
more stable pneumatic conveying operation. o

dosing smd powdery mdlcnal in a dosing step al a pouit
in the pneumatic conveying pipehne benveen said
powdery material storage tank and said recipient zone,

wherein said process has a fluctuating pressure drop in
said flow path wlfich exists in said pneumatic convey-
ing pipeline at any point up to said recipient zone,

providuig an infrasound de(ice as B part ol'aid flow pedi
of said process, smd uifrasouud device gcncraluig
infrasonic waves inside said first pneuniatic corn eying
pipeline and/or up io said recipient zone, thereby pn)-
viding a countenactioii n1 said tluctuating pressure drop
v hich exists in said flow path which exists in said first
pneumatic conveying pipeline and/or up to said recipi-
ent zone, and

whcrcin said inlbasound dei ice compnscs a first chmnbcr
and a second chamber, both first and second chambers
bcmf connected to each other by a tube, said infrasonic
waves heing generated by an exciter inside said first
chamber. thereby providing infrasound pulses to said
con( eying fluid blown at least partially inside said fir(t
chiunbcr, saul gcncralcd infrasonic waves beuig trans-
ported lluough said tube lo reach said second chamber,
v ith a first portion of said conveying thiid blown by
said blower being transported through (aid tube from
said first chamber io said second chamber while said
second portion of said conveyin fluld blown by said
blower is diverted and introduced Inside said second
ch'uubcI.

2 Pmccss fiir pncumaucally convcyuig a powdery mate-
rial according to claim I, wherein when said mfra(ound
device provides a counteraction on said fluctuating pressure
dmp in said first pneumatic conveying pipeline and/or up to
said recipient zone by providing a smoothin action and/or
a masking action on said flucniating pressure drop.

3 Process Ibr pneumancally convcyuig n powdery nmie-
rial accordrng to claim 1, whcrcin said powdery material Is
sclectcd fioui lhc group couslsnug ol hydl"Bled lane,
hydrated or senti-hydrated dolime, limestone, dolomite,
quick lime, quick dolime, sodiuni carbonate or bicarbonate,
sodium sesquicarbonate dihydmte, hafloysite, sepiolite. a
carbonaceous organic compound selected from active car-
bon and lignite coke. fly dsh or a mixture of auy ol'hcsc
coulpouuds.

4 Process for pucuuidncdllv'onvcyulg B powdcrv uiau:-
rial according to claim I, wherein said conveying fluid is air,
inert gas, exhaust gases. or mixture thereof

5 Process for pneumaticafly conveyin a pov dery mate-
rial accordin to claim I, wherein said powdery material is
dosed by a dosing dcvicc dnd wherein sonic waves trans-
ported uisidc said first pneumatic conveying pipeline dunng
said trmisport ol'pov:derv malenal also contacts said dosuig
device

6 Pmcess for pneuniatically conveying a powdery mate-
rial according to claim I, wherein said infrasonic waves
travel inside said first pneumatic conveying pipeline during
said transport ol pov:derv material and also travel up lo thc
rccipicnt Bouc.

7 Pmccss fiir pncumaucally convcyuig a powdery mate-
rial which process comprises the steps of:

pneumatically conveyin said powdery inaterial in a first
pneumatic conveying pipeline fmm a powdery material
store e tank to a recipient zone. said hrst pneumatic
conveying pipeluic bmng conncctcd lo saul powdery
material storage tank and to said recipient Borne, said
powdery malenal bmng pneumatically Inmsporlcxi
inside said first pneumatic conveying pipeline and into
said recipient zone in a flow path by a conveyuig fluid
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flow generatixl by a blower cotutcctcxt lo smd first
pneumatic conveyin pipeline and blowing conveying
fluid inside said lirst pncunmiic conveying pipeline in
which articles of said pow:dery inaterial are transported,

dosulg said powder material in a dosulg step with a dosing
ih:vlcc at II politi ul lflc pnculndllc collvcylng plpcltllc
belwimn said powdery malcnal sloragc I ulk and smd
recipient mne,

wherein said process has a fluctuating pressure drop in
said floii path which exists in said pneumatic convey-
ing pipeline at any point up to said recipient zone.

prox iding an lnt'resound device as a part ot'md flow path
ol said process, said uilbasound dcvwc gcneraluig
infrasonic waves imidc said lirst pneumatic conveying
pipeline and/or up to said recipient zone, thereby pro-
viding a counteraction to said fluctuating pressure drop
which exists in said flow path which exists in said tlrst
pneumatic conveying pipeline and/or up to said recipi-
ent zone, and

wherein said lnfrasound dcvicc comprises a first chamber
and a second chamber, both first and second chambers
being connected to each other by a tube„said infrasonic
waves being generated by an exciter inside said hrst
chamber, thereby providin infmssound pulses to said
conveyin fluid blown at least partially in~ide said tlrst -''

clrdmber. said generated infrasoiuc waves being trans-
ported Quough saul lube to reach said second chmnbcr
dnd said uifrasonic waves bculg prevented from reach-
ing said blower by the presence of an Ilelmholtz bass
ll"lp. Ill

g. Process for pneumatically conveying a powdery mate-
rial which process comprises the stem of:

pneumatically conveying said powdery material in a tlrst
pneumatic conveying pipeline from a powdery malcnal
siorage tank lo a rcclpicnt zone, said lirsl pnciunalic
conveying pipeline being comiected to said picwdery
nlaterial storage tank and to said recipient zone, said
powdery material being pneumatically transported
inside said tlrst pneumatic conveying pipeline and into

said recipient zone ui a tlow path by a conveying fluid
flow generalist by a blower connixlcd to said first
pneumatic conveying pipeline and blowing conveying
fluid inside said first pneumatic conveyin pipeline in
v hich particles of said powdery matenal are trans-
ported.

dosing said powdery nlaterial in a dosing step with a
dosing device at a point in the pneumatic conveying
pipelulc bctwccn wiid powdery matcnal storage tank
dnd sall ICClplCIII zollC,

wherein said process has a fluctuating pressure drop in
said flow path which exists in said pneumatic convey-
ing pipeline at any point up to said recipient zone,

providing an infrasound device as a part of said flow path
of said proces~, said infrasound device generating sonic
waves ulsidc said first pneumatic convcyulg plpcluic
and/or up to saul Icclpiclll zone, lhcl'cbv plovldul s
counteraction to said fluctuating pressum dmp which
exists in said fioiv path ivhich exists in said first
pneumatic conveying pipeline and/or up to said recipi-
Cltt 7011C,

wherein said infrasound device comprises a tirst chamber
mid a second ctuimber, both lirsl and second chambers
beuig conncclcd to each other by a tube, saul ulfrasoiuc
waves heing generated by an exciter inside said first
chamber, thereby providing infrasound pulses to said
coni eying fluid blown at least partially inside said first
chamber. said genemsted infrasonic v aves bein trans-
ported through said tube to reach said second chamber,
and

saul process 1'urther comprising an cmcrgmlcy mode and
mi operating mode, wherein in emergency mode. the
blov n conveying tluid is prevented front entering said
first chamber and is diverted and blown directly to said
first pneumatic conveyin pipeline. downstream from
the infrasound device and wherein in said operating
mode, said blown corn eying fluid ls provided al least

partially lo saul lirsl cluunbcr.
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