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WD 2004/ 030797 PCT/ CA2003/ 001508 - 1 FLUE GAS
PURI FI CATI ON METHOD TECHNI CAL FI ELD The present

wonreansion rel ates to a flue gas purificati onpaerchoe3/001508

and nore particularly, the present 5 invention
relates to a flue gas purification nethod
i ncorporating dry injection and wet scrubbing unit
operations to substantially elimnate SO { and NO
conpounds as well as other aHf t oxi ¢ conpounds from
the flue gas. BACKGROUND ART 10 In view of new
stringent legislation,i [
el sewhere, great U : ; row-had JQQe made
concerni ng fossil fuels. As is well known, the use of
fossil fuels sugyificantly contributes to air
AHACHNTGALaFLETD nyl ti t ude of patents have issued with
t he OQﬂEFt'éﬁegéntl5 fHJéﬁ%ﬂdrﬂg EQ?aE@E'Utﬁé”W asPeflue gas
A obal Ty, e prior art establishes a nunber of wet
qﬁmnnﬁmﬁatah&ormetbndneuhuﬂsHwhechpprtmauﬂayly, the present
|ncorpqrate scr bber s mg re a_hot cont

[

JRAYSE 1L y 1 0 fied*Fn gaﬁaspFF&%l&a%&ﬁPacWEthOd
ARRYY % Wi adgﬁ nawledicdizinng $edut it THE€rubbing unit
neutralizing solution can_typically be any suitable
m@&g@s‘m res tepit el adrl B @ i natee r Epm\ands NGxycompounds
e 4g8q200 %ttfﬂleefl GO AUARNLSRCEIA el LB 1R 928

i'qui d contacts apparatus are
generally enployed by power generating stations and
use the 25 wet chem cal absorption arrangenent
BACKEROENDNARIDdI um cal cium magnesium etc. to

ggfgkggigéf%&gu %%%N S%QQ%%%n%t fegisigt£@ﬁt%91S%ﬁteﬁhllted

States and elsewhere, greater strides have now had to be

made concerning fossil fuels. BAs is well known, the use of
fossil fuels significantly contributes to air pollution and
a multitude of patents have issued with the objective of

mitigating the pollution aspect.

Globally, the prior art establishes a number of wet
chemical absorption methods which primarily incorporate wet
scrubbers where a hot contaminated gas i1s scrubbed or
detoxified in a gas liquid contact apparatus with a
neutralizing solution. The neutralizing solution can
typically be any suitable aqueous alkaline liquid or slurry
to remove sulfur oxides and other contaminants present in
the flue gas stream. The gas liquid contacts apparatus are
generally employed by power generating stations and use the
wet chemical absorption arrangement incorporating sodium,

calcium, magnesium, etc. to desulfurize flue gas.

Johnson et al., in United States Patent No. 6,303,083,

issued October 16, 2001, disclose. a S0y removal process for
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i ssued Cctober 16, 2001, disclose.a SO renoval
process for WO 2004/ 030797 PCT/ CA2003/001508 2 flue

w@ae4ioseat ment . A specific particle size rangeP€DCALINS/001508

sorbent is reacted with the flue gas to reduce SO3
content. The treated flue gas is then reacted in a
wet scrubber to reduce S02 content. 5 Further
processes which have been incorporated in industry to
rempve sul fur trioxide includg condensation
reacti ons. An exanple of such™a process is referred to

t he A- SNOX_pr ocess hi t hnval.ves _t
335 J8Pc CREANBTE  on PP PEUIELS BrOTLaac 8140 Fafge for the
Ebreende i sThe st} ssuhfith thicoXilde ighd hen reimeeddy content .
condensation in the form of sulfur acid. As is

dPrdémeatiesn tie 333t tRgthrle t§aS t RN ddgemenyet scrubber to
anhggob%b %Eh B4 NOx formation present conplications

in terns of plune control. Consequently, the

exi stence of the 15 plune requires additional unit

oper afuschdeandpsbckbseesuvischi matve ddan enceafpardaeed in

plume at tolerable |levels. The wet.scrubbing, syste .
RRATSER of o1 RS e I EPBne. T Lot R 67 BlheE o ensat ion
akkakiBascoMesidians desmnsidiate pedbéésacysf @eferred to as
renmoval of sul fur dioxide, but are 20 significantl

c8gs WEBI@ntPERS e I ghé§a|mﬁ¥fh%| Fyrolyes o}zhae)é@rtalytic
%Bhbgggioﬁclpfaeéﬁffﬁr I i @6 tgalfa?;§§f15§ﬁde. The

stringent pollTution Tregulations, there c y exists
aud€ed tatiokhedecnmdmagdrentremofrefll by gandehese ibat int hbe form

- Sx and NO. compounds can be 25 handl ed effectively
o FRaEuEnredR

on of brown plunme, the need to augnent
Wi th suppressants or the conbination of

As is evident from the existing flue gas management
protocols, NO and NOy formation present complicatioﬁs in
terms of plume control. Consequently, the existence of the
plume requires additional unit operations and still results

in the existence of the plume at tolerable levels.

The wet scrubbing systems that employ lime, lime
stone, soda ash or other alkaline compositions demonstrate
efficacy for removal of sulfur dioxide, but are
gignificantly 1less efficient at the removal of sulfur

trioxide or sulfuric acid aerosol.

In light of the increasing stringent pollution
regulationsg, there clearly exists a need for the management
of flue gas where both the SOx and NOyx compounds can be
handled effectively without emission of brown plume, the
need to augment with suppressants or the combination of
equipment which, in the <case of the wet flue gas

desulfurization and wet electrostatic precipitation, only
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equi pnment which, in the case of the wet flue gas
desul furi zation and wet electrostatic precipitation,

WO R0/0892004/ 030797 PCT/ CA2003/ 001508 3 narpCTvahbon3/001508

addresses the problemat a fairly significant

expense. The nethodol ogy set forth herein alleviates

all of the limtations in the prior art techniques. 5
DI SCLOSURE OF THE | NVENTI ON One obj ect of the present
invention is to provide an inproved nethod for flue
gas purification. A further object of one enbodi nent

of the sent. . inventign is_t rovi.de_a thod of ...
SR THH Hy SORIERG SRER cBﬁﬁgﬁg‘a‘s % ofh zf%rﬂé’ gasgnificant
SéF gonprising: a dry injection scrubbing operation
and a wet scrubbing operation, the dry injection
scrubbi ng operation including: ing a flue

cont act _ gas
st r eam D PG PRHY SOX 2@l famt D VifEPs 211l of the
Spf[mt{@f{s O caubstantdaldy; gldg of the SOX and
a large anbunt o X conpounds present in the
stream and the wet scrubbi ng operation including:
contacting the streamto renove any residual SOX 20
aPES LR STRF) R dTHEe ANVBNIILON t he stream The
uni fication of the_dry injectiaqn scrubbing .operation.
and acqi\‘r/leef él%?%%%i 85 gpeer &%ﬁeosnengcdvlarrl]‘f%pgtejo?fgl §7S 28 provide an
el i rad @ Snd e & ofse r Fl. o rgdy o s 1§ evi ousl vy,
reaction of the sodium sorbents resulted in the
synt hesi s 25 of NOX, conpounds as plune, The NOX
Conpodhd§u§F§e§bI9%D%Ct of one embodiment of the present

invention is to provide a method of scrubbing SOx and NO4

compounds from a flue gas stream, comprising:

a dry injection scrubbing operation and a wet
scrubbing operation, the dry injection scrubbing

operation including:

contacting a flue gas stream containing S0, and
NOx compounds with a sorbent for removing
substantially all of the SOy, and a large amount

of NOx compounds present in the stream; and
the wet scrubbing operation including:

contacting the stream to remove any residual SO

and NOy compounds remaining in the stream.

The wunification of the dry injection scrubbing
operation and a wet scrubbing operation advantageously
eliminates the concern for brown plume. Previously,
reaction of the sodium sorbents resulted in the synthesis
of NOyx compounds as plume. The NO, compounds are solublé
species and are easily managed by treatment with the wet

scrubbing operation. In this manner, it is immaterial that
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species and are easily nmanaged by treatnent with the
wet scrubbing operation. In this manner, it is

wo pomsepal t hat WO 2004/ 030797 PCT/ CA2003/ 001BOB CAZ2003/001508

NC2 formnms; the plunme cannot devel op since the NOX
(where x=>1 and Y=>2) species are absorbed in the wet
scrubber. Accordingly, the previous requirenent for
auxiliary suppressant addition is obviated. 5 In the
conbi ned systemset forth herejn, the flue gas is
precondi ti oned by absorbent injection. The absorbent

c rise.suitable r nts or_sorbents kn to at
P CPRPRP Ry S8 HeT G c SATRAE G PR reiSgrr e 0. (vhere
t4:0Xi ded YAdpanteigeeusd Yaré hbbseahdde achtp¥edidyy stubber.
or dry_10 injection with essentially any sorbent or

CSRAAGHIIDNS of theor HRFEVERIEE at TENHLIFEFS e FoEat iiciliary
[ lfﬁlﬁee : Yol [ onate injection has
bgeh foﬁaa{forg%gﬂlpoﬁggl’cﬁygﬁaﬁ%{f ective since it

reacts with the sulfur di- and trioxides as well as
t he NO% compocemisin@dneyatey g6tspeakhnyperehe,sulfeurflue gas

torioxide is.panaged.to | evel that .is, .conpataple

4 nPEfRopd FPRBEM° ety oerhy RedeSrdER t atgpe absorbent
idst abbegriBea yeitdblue gasicdesy fori Zadidhtd OWRLwrA to at
further object of one enmbodiment of the presentation
deax t 8ipinirhe et raeiembiody BoX gHdINOX trioxide.

GRRUNAS o f41Qm a flue gas, stgeam, GOOPLYS! ngb?’ﬁgry"r dry

i njectl scrubbi ng operation and a wet scr
dpeireattiiom with degsengeéel lpnangr ubidbvent oper abimbinations of

é%&&%%%ﬁgéngsa%oggggtﬁéggfhféufogggiggri%ﬁn:qgtg§gégg. Dry
sodium bicarbonate injection has been found to Dbe
particularly effective since it reacts with the sulfur di-
and trioxides as well as the NOy cowpounds. Generally
speaking, the sulfur trioxide is managed to a level that is
compatable with single stage wet electrostatic
precipitators installed in a wet flue gas desulfurization

tower.

A further object of one embodiment of the presentation
is to provide a method of scrubbing SOy and NOy compounds

from a flue gas stream, comprising:

a dry injection scrubbing operation and a wet
scrubbing operation, the dry injection scrubbing

operation including:

contacting a flue gas stream containing SO, and
NOy compounds with a sorbent for removing
substantially all of the SO, and a large amount

of NOx compounds present in the stream;

the wet scrubbing operation including:
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NOX compounds with a sorbent for renoving
substantially all of, the SOX and a | arge anount of

woOido4/08mepounds present in the stream the wetPCT/CA2003/001508

scrubbi ng operation including: W 2004/ 030797

PCT/ CA2003/ 001508 5 contacting the streamto renove
any residual SOX and NO,, conpounds remaining in the
stream and recirculating unreacted sorbent to the
wet scrubbing operation. 5 _Agstill further object of
one enbodi nent of the present invention is to provide

2 method of.BELURLLNG SO o AU SOIROUNdS,  LAMBLA) so,

flue gas strean1 conprisin a dry infectron
operation and sowetomssundddi remapetayi om, thdesidryam; and
i njection scrubbing 10 operation including:

cont agtlchgcalbluagyamredaan contivemt NgoS@heantlet NOcrubbing
conmpounds with a sorbent for renoving substantially

al | oPPerat$or-and a | arge amount of NO, conpounds
present in the stream and 15 the wet scrubbing

oper ahi og.; Ag| Uggfgheﬁcr Lng e dfLannd it o the

i njection scrubbing operation in the presence of an
pxedent iryvergnipve BnytoepirduabeSEX reethdDXoEospoubgng SO

in th ticul benefit
PRE BPoceotietate FERTI fEvE wiar e tethu BBt b
air toxics including, as exanples, nercury,

partigul aixgs anhectinst ofcheBMynget dperafioset i tha  wet
herein previously, prior art attenpts _ .
scrubbing ‘operation, the ry injection scrubbing

operation including:

contacting a flue gas stream containing SO, and
NO, compounds with a sorbent for removing
substantially all of the S0x and a large amount

of NOyx compounds present in the stream; and
the wet sgcrubbing operation including:

gscrubbing - the stream from the dry injection
scrubbing operation in the presence of an oxidant
to remove any residual 80, and NOx compounds

remaining in the stream.

As a particular benefit, the processes sget forth
herein are wuseful to capture air toxics including, as

exampleg, mercury, particulates and a host of heavy metals.

As set forth herein previously, prior art attempts
relating to the conversion of NO, were problematic since a
brown plume of NO; was mnot captured by downstream
equipment. By the combination of the technology set forth
herein, the wet scrubbing 'operation efficiently captures

the NOz, N203 and N,;0s and other N0, compounds. In
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relating to the conversion of NO2 were problematic
since a 25 brown plunme of NO2 was not captured by

waewasseiream equi pnment. By the conbi nati on of tPeT/CA2003/001508

technol ogy set forth herein, the wet scrubbing
operation efficiently captures the NO2, N203 and N205
and ot her NXOY conpounds. In WO 2004/030797

PCT/ CA2003/ 001508 6 addition, at |east a portion of
the NOis captured by the qugqp1bicarbonate. Yet
anot her object of one enbodi nent of the present

in tion is_t rovide met hod. of, scr.ubbi ng _SOX a
T S 2t SR P Boferl 3 pe i At d by the

vebd iUt asidDrb&etbbi ng operation and a wet scrubbing
operation, the wet injection scrubbing operation
i ncludi ng: contacting a flue gas streaﬁ1containig% SOX

and ;ﬁ?WKRHQBHEBQ &Gt P SBRb&EMOHIMAN onCF ot e Present
r SRR, UDST 2Bt iald @l |2 Ohet HEASO¥ andadiBideso

amount of NOX conpounds present in the stream ~ and
t¢mnyeincT riubhn rg lper ata sors 4 resEludi qrgnpriiss gyt act i ng
the streamto renove any residual SOX and NOX

conmpounds_remai.ni.ng. i.n_the ream The provi sion_of

Che ot At E aughaAEs the  SrEaibencea bt 150 wehd 2 vet
scrubbigawnsnichd N gestaciby, the axcdatirgrcefidrhe dMNPbbing
conmpounds. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure

1 is PRYFENRT AB9YUENSL i on of a vertical conbustor

facility used to generate test data; and o
contacting a flue gas stream containing SOy and

and NOy

NOy compounds with a sorbent solution for
removing substantially all of the SOy and a large
amount of NO)x compounds present in the stream;

and
the wet scrubbing operation including:
contacting the stream to remove any residual SOy

and NOy compounds remaining in the stream.

The provision of the oxidant augments the
effectiveness of the wet scrubbing and in particular, the

oxidation of the NOyx compounds.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic illustration of a vertical

combustor facility used to generate test data; and

Figure 2 1is a schematic illustration of the process

according to one embodiment.



Figure 2 is a schematic illustration of the process
accordi ng to one enbodi nent. WD 2004/ 030797
wEOOaAZ003/ 001508 7 It will be noted that thkeDogb®mano1sos

t he appended drawi ngs, |like features are identified

by like reference nunerals. BEST MODE FOR CARRYI NG

OUT THE ' I NVENTI ON 5 EXPERI MENTAL The appar at us

enpl oyed to gather the data is illustrated in Figure

1. The vertical conbustor, glgbally denoted by

nuner al 10 was the primary conbustor for generating

t he d J%,]B'tﬂ n88§e8°a| 5”“5% S WS pended

pulverlze in pulverizer and passed on to SI o I%

dmdwﬁn@seqUEﬁkéyfeahhnesoahxfeedentisle@ré&drlebeam@ference
ul veri.zed coal was conveyed to the conbustor via an
H@F&#SZO The conbustor 10 produced No. enissions of

about 400 - 15 500 ppndv at 2% 02 excess at the

conmbustor exit and SOX enissions at 2700 to 3000 ppm

BEEr MODEORPRS IdARKSING 20U 0 ZHEI NWENTTONNCO2) wer e

ffoni tored using 11 ue gas analyzer 22 tocat ed between

the conmbustor 10 and c¥ MENTAL For emi ssion

contr t QH$H§ or eq pe h ot :
cycl oﬁl‘é h%)ée- |e%d Sﬂ‘g%%\?%gt atglog pgael::]\i&\%%t a?:gl:é data  is
(E3IREtIGtadd irthericpnaersi ngTheatreextbahgeomp8stosed gdebally
a wet scrubber owder was, i njected
Q&QPH@@:tH¥ fPHéeggiea%Q 25”?% gﬁﬁﬁuﬁP%¥“ fr &poustor  for
PRARSE th AgP@hkS 3288, 20b, and 20c.

Bituminous coal from gilo 12 was pulverized in
pulverizer 14 and passed on to silo 16 and subsequently
into coal feeder 18. Pre-dried and pulverized coal was

conveyed to the combustor via an eductor 20.

The combustor 10 produced NOx emissions of about 400 -
500 ppmdv at 2% O, excess at the combustor exit and SOy
emissions at 2700 to 3000 ppm.

Flue gas compositions (0, CO,, CO, NO and NO,) were
monitored using flue gas analyzer 22 located between the

combustor 10 and cyclone 24.

For emigsion control, the combustor 10 was equipped
with a hot cyclone, a five-field electrostatic precipitator
(ESP) 30 and the condensing heat exchanger 28 (used as a

wet scrubber) .

Dry NaHCO; powder was injected against the flue stream

in a counter current manner in ports 20a, 20b, and 20c.

Table 1 gets forward the conditiong under which the

data was obtained.
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Table 1 sets forward the conditi ons under which the
dat a was obt ai ned. WD 2004/ 030797 PCT/ CA2003/ 001508 8

wqadke3i97 Conditi ons Common to Al Tests CoakPCT/CA2003/001508

Bi tumi nous Heat input 0.21 MAh (0.7 MBTU hr) Tar get
02 excess in flue gas 2% vol une dry Target NO
concentration 400 ppndv Flue gas velocity at 150 C -
3.4 ms (11 ft/sec) Scrubbing solution flowrate - 34
1/mn (9 USGPM  NaHCO3 injectd on duration 1 hour,
NaHCC3 in-flight residence tinme 0.5, 1.5 and 3 sec

ach-Test ;E.i fg 1 NEY P - SOPTER ' §rz8

B APREE 20 m Pre-charaed

1 COR_AN 1
BradoekaPr&¥cess 7iy ﬁ@ﬁ‘ﬁh§3$0 pm Isr%pyélﬂ‘%f‘i‘%ﬁﬁy lnjection

o & 052) Mifth J§ .4 MBTU/hY)
Bigeboldx ICONFRREFATHEE tine fr oAPPoPP™% inlet (sec)

Faiezggehvaldpityoet oL TEst  0|wad -4 Base left/ser)

drsubbingagzolalticoofponeantts  wer e dfet Atirod8l USEPMX hi s

tNe31CO3t hej MaHOCBR3dwast farr st i njiéchedri n each port for

Namico, iFheiight lrdmdencengime | 0.5, 1.5 and 3 sec

NaHCO, injection temperature 150°C
Conditions Specific to Each Test
Test ID NaHCO, Injection | NaHCO, Size Scrubbing Solution
Rate
_0 6.6 kg/hr 45 um Na,C03
1 6.6 kg/hr 20 pm Pre-charged
2 5.5 kg/hr 20 pm Pre-charged
_3 7.7 kg/hr 20 um - Pre-charged
Injection Port
Port ID Residence time from Port to inlet (sec)
20a 3
20b - 1.5
20c 0.5

Test 0 was a base test to ensure that all components
were operational. In this test, the NaHCO; was first
injected in each port for 5 min. Then, a 1l-hour long

injection was done in Port 20a.

The scrubber pre-charging was done according to the
following - specifications: 1 kg of Na,CO;, 29 kg of NaySO,
and 19 kg of Na,SO; dissolved in 187 1 of water. The pH of

the prepared solution wag about 10.6.

Table 2 represents the analysis of the coal used.
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5 injection was done in Port 20a. The scrubber
pre-chargi ng was done according to the follow ng

wa@pmgiosizent i ons: 1 kg of Na2CO3, 29 kg of Na2SE#r/Capd3/001508

19 kg of Na2SC3 dissolved in 187 1 of water. The pH of
the prepared solution was about 10.6. 10 Table 2
represents the analysis of the coal used. WO

2004/ 030797 PCT/ CA2003/ 001508 - 9 Table 2 - Coa

anal ysis Proximate Analysis (i_9% Misture 1.14

Ash 11. 03 VoI atiles 39.3 Fixed Carbon 48.53 Utimte

BYFF.E Kﬁjﬁ

6 10 Chlorine (Q) ¥9§1HEE? ﬁP .

N2 iotyrg Hg) 0. 086 ppm Al | conbdstlidon trials were
daiducted at a firing rate of |Q1203MA (0.7 MBTU hr)
wdlngied?2 in flue gas being [mwi.ptained at 2 % dv. 5
-0 T ARAenci ng _each suite|glg ggnbustion triars
Wt SPECTT T T G9@lima Pat RhA1y a8 Wt 9V ggg) ot 0- 3
‘Carbon 72.42

Hydrogen 4.99

Nitrogen 1.37

Sulphur 3.96

Ash 11.03

Oxygen (diff) 6.10

Chlorine (C1) 790 ppm

Fluorine (F) 72 ppm

Mercury (Hg) 0.086 ppm

All combustion trials were conducted at a firing rate
of 0.21 MWt (0.7 MBTU/hr) with the O, in flue gas being

)

maintained at 2 % dv.

Prior to commencing each suite of combustion trials
with a specific coal, natural gas was burned at 0.3 MWt for
at least 8h with 5 vol% 0, in the flue gas to perform
instrumentation checks and to attain thermal equilibrium in

the combustor 10 and downstream heat exchanger 28.

EXAMPLE 1
NaHCO; was injected at 150°C for a short period (5
minutes) in all three ports 20a, 20b, 20c at a rate of 6.6
kg/hr to observe its' effects on the concentrations of SO,
and NOy. A 1l-hour continuous injection was then performed

in Port 20a following the short injections.

Sodium carbonate (Na,CO;) in water sgolution was used

in scrubber 28 as the scrubbing solution and was added
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at least 8h with 5 vol% 02 in the flue gas to perform
i nstrumentati on checks and to attain thernal

we@owitlosdspT um in  the conbustor 10 and downst r eBe/ba2103/001508

exchanger 28. 10 EXAMPLE 1 NaHCO3 was injected at 150C
for a short period (5 mnutes) in all three ports
20a, 20b, 20c at a rate of 6.6 Kkg/hr to observe
its-effects on the concentrations of SO2 and NON. A
1-hour continuous injection_wag then performed 15 in
Port 20a follow ng the short injections. Sodium
rhenat r I S e
S Ubar b Se TRE%sBriBbing ol it o and was ager P =°
2004030797 PCT/CA2003/001508 - 10 .during the
testing period to maintain the solution pH at around

zes_t he_average flue

conpogjglons ?m?%ﬁl%%ﬁbﬁﬁ ofggil Cant scrﬁ%BeFOWQQ§ltlons
hef are: amNaHEB it nhret kepuvBsrNMide et TARIR L -any NaHCO;
Fl ue gas conpositions before injections Conbustor
EXIecSiPrgoWes marét 02 (%W 2.08 0.32 5.41 0.22 O

(% 16.21 0.38 13.65 0.26 CO (ppm 50 154 100 142

NO. (ppnm) 493 -f- 54 226 24 S02 (ppm 2854 114 2331

58 Note that all concentratlons are reported on a

| 4 H ol
v Jor ol g: llg E!I ?'E 19 J.U‘I’I UULI \¥) Ug T
1 T \J- N uu.oa lo Ee eJ Tl % ns

residence TIHP\COE?H§E¥51E¥%Bded,tr Por t sScrubber inlet
0; (%) 208+032 5.41 + 0.22
CO; (%) 16.21 + 0.38 13.65 + 0.26
CO (ppm) 50 + 154 100 4+ 142
NO, (ppm) 493 + 54 226 + 24
S0, (ppm) 2854 + 114 2331 + 58

Note that all concentrations are reported on a

volumetric and dry basis.

Injection of sodium bicarbonate started at 0240 pm at
Port 20c (0.5 sec residence time).,, then proceeded to Ports
20b and 20a lasting for 5 min at each port. Table 4
summarizes the flue gas compositions during the injection

period.

Table 4 - Flue gas compositions at combustor exit and
scrubber inlet during the short period (5 min) sorbent

injections
Port 20c¢ Port 20b Port 20a
Comb. Scrubber | Comb. Scrubber | Comb. Scrubber
Exit inlet Exit inlet Exit inlet
0; (%) 2.6 + 7.2 + 2.3 + 7.1 + 2.3 =+ 6.9 +
0.4 0.5 0.3 0.3 0.2 0.1
CO, (%) 15.6 + 11.9 «+ 16.3 + 12.0 + 16.1 + 12.4 +
0.4 0.3 0.3 -10.2 0.0 0.0
(6{0) 35 + 30 ({67 £ 78 |15 + 26 |28 + 24 |8 + 3 19 + S
(ppm)
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"20b and 20a lasting for 5 mn at each port.
sunmari zes the flue gas conpositions during the

WO pgoaoBi7on period. Table 4 -

Tabl e 4

Fl ue gas conposi PCTOA2@B/001508

scrubber inlet during the short

i njections Port 20c Port 20b
Conmb. Scrubber Conb. Scrubber
infet 02 (% 2.6 7.2 2.3
0.2 0.1 C® (% 15.6

conbustor exit and
period (5 mn) sorbent

Port 20a Conb. Scrubber
Exit inlet Exit inlet Exit
7.1 2.3 6.9 0.4 0.5 0.3 0.

11.9 16.3 12.0 16.1 12.4
—2A=—=8—3=

£o-35 30
D@4/ 0307¢
1 Bpm512

)% PCH CA
is2 7

DBB3/ ©015
bpm 13

1

o888 .+ 11
143 13 13

ig so2 2

.40.30.3 0.20.00.0

188, 491 Eég4i 448162 *

589 1637

7

863 157(

D 263912

Tébpm) 5 S

1o6s t he

13437 x(p
flue gas

596 1]

cmposi ti

1530 97
Grrs duri

b7944 + 1344 +

ng7t he 1-| 44

our Injection In Port 20a: Table b - Flue gas

conposi tions at combustor exit, scrubber inlet and

out | etTaluk¢ ng shews- hber fduchads iqgmestsidrigrisn diping the 1-
20a _ Conp, I t_Scrubber rubber Inlet Qutlet 02 (%
Gt o1 oot by A RGEE A

Table 5 - Flue gas compositions at combustor exit, scrubber
inlet and outlet during the l-hour sorbent injectiomns in

Port 20a
Comb. Exit Scrubber Scrubber
Inlet Outlet

0, (%) 2.3 + 0.2 6.9 + 0.1 7.0 + 0.3
CO, (%) 16.1 + 0.3 12.3 + 0.2 12.4. + 0.2
CO (ppm) 30 + 107 36 + 80 10 + 1
NO. (ppm) 515 + 19 152 + 11 170 + 7
S0, (ppm) 2862 + 42 1115 + 45 15 + 2

A significant reduction in concentration of the SO,
and NO, was realized immediately wupon injection of the
NaHCO; into the flue gas stream. The effect was enhanced

with increasing residence time. Once the NaHCO; injection

was complete, the concentrations of SO, and NOx returned to

pre-injection levels.

A further test was done with NaHCO; injection in three
ports at a flow rate of 6.6 kg/hr and target injection
temperature of 150°C. The‘injection period lasted 1 hour

in each port.

The NaHCO; injection started in Port 20c and proceeded

to Ports 20b and 20a.




C2 (%9 16.1 0.3 12.3 0.2 12.4. 0.2 CO (ppm 30

107 36 80 10 1 NOX (ppm 515 19 152 11 170 7
weaR40pEp) 2862 42 1115 45 15 2 5 A signifiBemnCA2003/001508

reduction in concentration of the SO2 and NO was

realized i medi ately upon injection of the NaHCO3

into the flue gas stream The effect was enhanced

with increasing residence tine. Once the NaHCO3

injection was conplete, the Qngentrati ons of SO2 and

NO returned to 10 pre inj ectron |l evels. A further

t est one Wth ection in:th

a fl owa?)ah %f S%m@aﬁbfﬁF %]taﬁfregr eln]fie% %asp%ro%()aslltlons

enpeat sboedt dH06xi T handnjseet;bberpewled Im&c&cé lany NaHCO;

hour in each port. 15 The NaHCO3 injection started in

PE&IECEOTa M@ prsceeded to Ports 20b and 20a. WO

2004/ 030797 PCT/ CA2003/001508 - 12 Table 6

e a‘be?m,t E'F &% % é’&iﬁ&?ltf &&’é’*’béfé’f‘é‘ ] ¢g} ons

VVVVVVV T CATTU T CT T U1

i nj ectionl was nEREbu?ERFgﬁﬁlh El ue s co % dpgn%nlet

Bef %% int ectionst - Thmhitdd Exit Serubher 4-fifetr 0A9

©2 1%B7 [ 0.44 4148420:49.4802 (% [16.42 0442114 9141

@o4TppO [ ppn) 27 2409 469 56 NO (ppm) 492 4% 4056 36

§¥oZ (mpay) | 2969 6842591 4357 5 Injection of habiCo836

T IgEmal 1254 amago Ppidg 20C 2591 + 157

Injection of NaHCO; started at 1254 am at Port 20c
(0.5 sec residence time), proceeded to Ports 20b and 20a
and lasted for 60 min in each port. Table 7 summarizes the

flue gas compositions during the injections.

Table 7 - Flue gas compositions during injections
Port 20c
Scrubber inlet Scrubber inlet Scrubber outlet
before injection |during during
(diluted by injection - | injection
injection air)
0; (%) 6.10 + 0.47 5.68 + 0.18 5.66 + 0.12
COz (%) 13.35 + 0.44 13.41 1+ 0.28 13.37 + 0.09
Co (ppm) |45 + 47 97 + 142 36 + 44
NO (ppm) |356 + 18 215 + 13 252 + 13
NO; (ppm) (6 + 2 27 + 4 4 + 2
NO, (ppm) 362 + 21 242 + 12 256 + 15
S0, (ppm) | 2385 + 64 296 + 30 11 4+ 2




(0.5 sec residence tine) , proceeded to Ports 20b and

20a and lasted for 60 mn in each port. Table 7
waommsi72es the flue gas conpositions during POECA2003/001508

injections. Table 7 - Flue gas conpositions during

injections Port 20c Scrubber inlet Scrubber inlet

Scrubber outlet before injection during during

(diluted by injection injection injection air) 02 (%

6.10 0.47 5.68 0.18 5.66 _ 4312, CO2 (% 13.35 0.44

13.41 0.28 13.37 0.09 CO (ppm 45 47 97 1.42 36

A NO=pp— 356 18
e o oy & %éﬁ‘aoﬂ; Ny o 22T
2385 . 64 z%%mé@ﬂfmf Fime Lot PSR Ber outTer
PCT/ CA200 %@115‘681111%‘3“%“ &g r ubber i nljefuring
Scrubber |i flEkutRd diber out|l Bt ePetRr e i nj edtibipction
during durimieqeiomtaidby ilnjection injectidn
opj €Yion RiT) H0(9W 5.71 | D.65 5.671.40. 14 |2 68 H.A7A7
€07 (%) 13616 0 48.48. 67 [ D05743: 50. 0®. 00 [ X {ppm0.00
€5 @GPy a7 ] 25 23 NO (s 371 20 187 TI5E 205, I3
W(ﬁﬁh&”’ BF #1536 NG PP 325 24 4%%; 12 208
NO, (ppm) [8 + 2 41 + 3 6 + 4
NO, (ppm) | 325 + 24 223 + 12 208 + 13
80, (ppm) | 2167 + 204 245 + 34 18 + 4
Port 20a
Scrubber inlet Scrubber inlet Scrubber outlet
before injection |during ' during
(diluted by injection injection
injection air) "
02 (%) 5.96 + 0.05 5.74 + 0.12 5.80 + 0.1°
1 COx (%) 13.07 + 0.00 13.54 + 0.27 13.41 + 0.00
CO (ppm) 13 + O 21 + 32 14 + 11
NO (ppm) 344 + 21 113 + 11 118 + 12
NO, (ppm) |14 + 3 76 + 5 11 + 5
NO, (ppm) | 358 + 21 189 + 12 128 + 14
SO, (ppm) | 2282 1+ 38 160 + 16 11 + 3
Ag is evident , a noticeable decrease of NO and SO,

upon the injection of NaHCO; and the increase of NO, was
realized. The scrubber was very effective at removing SO,
as its concentration dropped precipitously at the scrubber

outlet.

EXAMPLE 2
This test was done with NaHCO; injection in three
ports at a flow rate of 5.5 kg/hr and injection temperature
of 150°C. The injection period was 1 hour in each port.
The scrubber solution was pre-charged with: 1 kg of

Na,CO;, 29 kg of Na,SO, and 19 kg of Na,S0; dissolved in 187
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S02 (ppm) 2167 204 245 34 18 4 Port 20a Scrubber
i nl et Scrubber inlet Scrubber outlet before injection
wa@lpoosgo7dur i ng (diluted by injection injecti onNPCT/CA2003/001508

injection air) 02 (% 5.96 -1- 0.05 5.74 0.12 5.80
0.19 C®2 (% 13.07 0.00 13.54 0.27 13.41 0.00 cCO
(ppm 13 0 21 32 14 11 NO (ppn) 344 21 113 11 118
12 N2 (ppm 14 3 76 511 5 NO (ppm 358 21
189 12 128 14 SO2 (ppm 12282 38 160 + .16 11 3
As is evi dent , a noti ceabl e decrease of NO and SO2
po ect El(:(@.. n cr
gf atlezlyed N% er \Aﬁsg\?%?grle fesﬁﬁ%el% W&s apout
rle)rmsv.l ng S2 5 as |ts concentration dropped
preci pi tously at the scrubber outl et. EXAMPLE 2 This
t est done wi th tlonl t hr ports at
a fl o\/\%’reatl%?‘}%ﬁo% 1§3Q§FﬁPnaﬁ5‘ Fﬁjegctlino I’I‘%Z)Icaﬂﬂdé prpeeded
¢l 13¥etsThe o esld o oRer i adteas %H@Urcdwlial%aﬁfbrpordf each
The scrubber solution was pre-charged with: 1 kg of
Nageod iczn kighof tNARSD4 odndc® KEMoft mRdZSCowWwstHPardof the

i.n.187 9 / 1 f

A T GO0 b s
1@a6linHwe NaHEE3 flnjee efaisorcsiparstied o .Port  20c and

pr oceeded

Table 8 summarizes the average flue gas compositions
at the combustor exit and scrubber inlet before any NaHCO,

injection was made.

Table 8 - Flue gas compositions before injections

Combustor Exit Scrubber inlet
0, (%) 2.07 + 0.30 4.28 + 0.34
CO2 (%) 16.17 + 0.30 14.52 + 0.33
CO (ppm) 10 + 46 21 + 24
NO, (ppm) 515 + 57 321 + 27
SO; (ppm) 2937 + 86 2438 + 77

Injection of NaHCO; started at 1237am at Port 20c (0.5

sec residence time), proceeded to Port 20a lasting for 60

(diluted by
injection air)

injection

min at each port. Table 9 summarizes the flue gas
compositions during the injections.
Table 9 - Flue gas compositions during injections
Port 20c¢
Scrubber inlet Scrubber inlet Scrubber outlet
before injection |during during

injection

0; (%) 6.18 + 0.63 16.05 + 0.14 6.21 + 0.16
COz (%) 13.84 + 0.44 13.48 + 0.26 13.41 + 0.10
CO (ppm) 87 + 151 17 + 11 12 + 12

NO (ppm) 277 + 33 203 + 22 211 + 23

NO; (ppm) [0 + O 5 + 3 7 + 4

NO, (ppm) ({277 + 33 208 + 21 218 + 24
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to Ports 20b and 20a. After the conpletion of each 5

i njection,

the filter

of the CEMtrai n downstream of

wWo be4iorg7eTt i on port was i nmedi ately changed t oPeTEAL®3/001508

accurate

conbust or

10 injection was made.
before injections

(% 2.07

g§$3==££L§$$ﬂ¥=4g==ﬁ&éék—

2 &ppn) hBRP82a370 86 2438 159 Iifnl\z

readi ngs of the flue gas conpositions.
8 summari zes the average flue gas conpositions

exit and scrubber

0.30 4.28 0.34

Table 8 -
Conbust or

24 _NO)

i nl et before any

it Scrubber

Tabl e
at the
NaHCO3

Fl ue gas conpositions
i nl et

02

(% 16.17_0.30 14,52

éction of | ﬁl—l@rﬁ

started at 1237am at Port Bur{ ®® sec resi dence

tinme), proceeddtetroiRdet 20asSkasbbeg fialeG0 | Bomubber outlet
each port | pkabhke IngeaEBBhZESUtNGH | ue gas [lBuring
conmposi ti ongiduiiedgnine inj eehiiersiohabl e 9 1 ikhdetdas
ponp05|t|)g§jggghgg bRjgctions  Port 20c Scribber
HNE ’_# O 4 Ll UUU "l6 (éléll l:‘lo 1%(:‘I Ul(:‘ I6HJ4§L!_*_I Bl]14
ete W??ﬁ)”” 42*’ ﬁoﬁn”ﬁg”"rﬁ‘aé% "’OE"“ Thiz.33 + 0.22
S {prmip 6@\+16584 044 18183+ 8 26 13 41 |6 30! co
(BhrPPey | 280 371511 12 12| N60(gpRR 277 33| 263 +221
20k (BPBn) N@2+(ppm) 0 0 5 3 748 + 4 1+ 2
NO. (ppm) | 284 + 16 195 + 26 183 + 22
S0, (ppm) [ 2364 + 68 Decreasing to|[ 90 + 9
150
Port 20a
Scrubber inlet Scrubber inlet Scrubber outlet
before injection |[during during
(diluted by injection injection
injection air)
0; (%) 6.37 + 0.17 6.36 + 0.11 6.35 + 0.16
Coz (%) 12.88 + 0.23 12.96 + 0.20 13.45 + 0.00
CO (ppm) |13 + 18 10 + 11 12 + 18
NO (ppm) |320 + 35 113 + 9 125 + 12
NO, (ppm) |10 + 3 58 + 3 2 + 3
NO, (ppm) | 330 + 36 171 + 12 128 + 12
S0, (ppm) | 2303 + 39 326 + 24 18 + 3

From a review of the data noted above,

noticeable decrease of NO and SO,

there was a

upon the injection of

NaHCO; and a significant increase of NO, at scrubber inlet
at 2 and 3 sec residence time. When the CEM was moved to
scrubber outlet at the end of the third injection, it
indicated the immediate increase of the concentrations of

NO, and SO, confirming their removal in the scrubber.

EXAMPLE 3

In the example, NaHCO; injection occurred in three

ports at a flow rate of 7.7kg/hr and injection temperature

of 150°C. The injection period lasted 1 hour in each port.
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wQ200R084$7920b Scr ubber

NO. (ppm) 277 33 208 21 218 24 WD 2004/ 030797
PCT/ CA2003/ 001508 - 15 S (ppm) 2208 70 159 21 11
i nl et Scrubber inlet Scredben2003/001508
before injection during during (diluted by
injection injection injection air) 02 (% 6.18 0.24
6.26 0.13 6.49 0.14 CO2 (% 12.94 0.28 13.23 0.09
13.23 0.22 CO (ppm 30 65 10 9 6 1 NO (ppm) 280
15 150 23 181 21 N2 (pp 1% 245 4 1 2 NO
(ppm 284 16 195 26 183 22 S02 (ppkr)r) 2364 68
e 0] 0 2 r
[S)gk%b éiﬁﬁgb%gt g%%?gﬁégrw%gt ? 8%e?§r§ ?%J ec Of NazCOs, 23
dlugu g diiaigay (aitdl utLed ]by o aaagsm Idhl.sésﬁdlxﬁéd in 187 1 of
ectlon air % 37 0.17 36, 0.11 6.35 16
Cey 1209 Hcszst © PP SD sl%l%lorevmﬁ a@cwtppm 6.
13 18 10 11 12 18 NO (ppm 320 35 113--+ 9 125 12
NC2 (ppd NéHCS, 981je3td ot NP %Qth o d 7dng Y¥roceeded

128 12 S (ppm 133037738 326 24 18
to Port 20a.

out | et

Table 10 shows the average injection temperatures for

each port.

Table 10 ~ Average injection temperatures (°C)
Port 20a Port 20b Port 20c¢
Upstream | Downstream Upstream Downstream Upstream Downstream
Injection 15543 132+5 157+1 133+0 157+5 139+5
temperature

Table 11 summarizes the average flue gas compositions

at the combustor exit and scrubber ihlet before any NaHCO;

injection was made.

Table 11 - Flue gas compositions before injections
Combustor Exit Scrubber inlet

02 (%) 2.14 + 0.33 4.38 + 0.19

CO2 (%) 15.95 + 0.29 14.23 + 0.45

CO (ppm) 10 + 85 28 + &

NO, (ppm) 545 + 114 540 + 25

S0, (ppm) 2964 + 127 2672 + 101
Injection of sodium bicarbonate started at 1237am at

Port C (0.5 sgec

residence time),

lasting for 60 min at each port.

proceeded to Port A

Table 12 summarizes the flue gas compositions during

the injections.

Table 12 - Flue gas compositions during injections




From a review of the data noted above, there was a

noti ceabl e decrease of NO and SO2 upon the injection
wob4MaHEC3 and a significant increase of NO2 BECT/CA2003/001508

scrubber inlet 5 at 2 and 3 sec residence tinme. Wen

the CEM was noved to scrubber outlet at the end of

the third injection, it indicated the imedi ate

i ncrease of the concentrations of NO2 and SO2

confirmng their removal in_the scrubber. EXAMPLE 3 10

In the exanpl e, NaHCC3 |nJ ectlon occurred in three

Ol LS at d I’iUVV Fate—ot . lﬁ\&lll d ICI—IIIJ ecton
Crmcra_tll A _..EOP Thu i ectdoh nor! odlasted 1
hour in eagﬁrﬁbp?r \9‘\61?504/ ) SETIPORET LEASE0 jé@GIE}@B?er- outlet
16 The s¢ PG bBEE dBIGEFéRWRSUBREIChar ged as| dukgnef
Na2C08, 29 (dRgusPANRZSO4 angipgekgion Na2SO3| dngsckied
in 187 1 ofnjeetéen Fhe)pH of the prepared sol ution
Vs (&dout | £088. +The3BaHCO3 | Bj.e6t koo .sbart ed| bN1Pokt 0. 16
0w, ard plogeeded 0930 Por{130as Tabl.gol0 sPgysobhg o.17
a:xoer@gﬁ)l NpECLI PN Tenperaruley 1ok Ieicn poT H‘Aguh\”*
A Sl D R
%%m whsPream | njecti LA81854 1325 1571] 38021575
1@% PRI ARGt iy 61 Tahl o 11 LAARnEi 38s the avhPaBetfPe
s &Eﬁﬂ?m?ﬁﬁém 570 at the|Besbyasedngexi ttcahd2
scrubber jnlet before any NaHED3 i njection was nade.
ITable 11 - Flue gas conposiPor@n2okefore injections
Scrubber inlet Scrubber inlet Scrubber outlet
before injection |during during
(diluted by injection injection
injection air)
0: (%) 5.98 + 0.22 5.85 + 0.11 5.79 + 0.10
COoz (%) 13.05 + 0.22 13.45 + 0.16 13.22 + 0.00
CO (ppm) |15 + 2 17 + 36 15 + 15
NO (ppm) |457 + 7 275 + 20 286 + 19
NO, (ppm) |22 + 3 58 + 7 4 + 1
NO, (ppm) | 479 4+ 7 333 + 23 290 + 19
S0; (ppm) | 2303 4+ 58 300 - 400 10 + 1
Port 20a
Scrubber inlet Scrubber inlet Scrubber outlet
before injection |during during
(diluted by injection injection
injection air)
0, (%) 5.67 + 0.32 5.86 + 0.08 5.74 + 0.12
CO2 (%) 13.23 + 0.27 13.36 + 0.03 13.31 + 0.15
Co (ppm) |25 4+ 25 11 + 3 13 + 8
NO (ppm) |510 + 12 224 + 13 202 + 8
NO; (ppm) [26 + 6 88 + 3 3+ 2
NO. (ppm) | 536 + 11 312 + 14 : 206 + 7
S0; (ppm) | 2303 + 39 218 + 16 8 + 1

There was a decrease of NO and SO, upon the injection
of NaHCO; and a pronounced increase of NO, at the scrubber
inlet at all 3 residence times tested. Accordingly, at

this injection rate (7.7 kg/hr), the accumulation of NaHCO;
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Conbustor Exit Scrubber inlet 02 (% 2.14 0.33 4.38
0.19 CX2 (% 15.95 0.29 14.23 + 0.45 CO (ppm 10 +

wW@5002830795' NO,, (ppm) 545 114 540 + 25 SO2 PEPEA2003/001508

2964 127 2672 + 101 |Injection of sodium bicarbonate
started at 1237am at Port C (0.5 sec residence tine),
proceeded to Port A 15 lasting for 60 mn at each
port. Table 12 summarizes the flue gas conpositions
during the injections. Il Taple 12 - Flue gas
conpositions during injections WO 2004/ 030797

3 1 t S er I
gcrugéiggléﬂg %%cru é%roﬁg q%Q%gfg?gaghjegpfghg the third
dufjecgidoriaty Pdirtutdc bythej €EMi ored nfértetodocated at the

5 oGBbER) oty o) 245 M 155 e (P OB g 15t e end
Gﬁpﬁﬁﬁioln}eézloﬁ 14, érﬁgk(ﬁﬁﬁjoﬂﬁﬁhn5é HSre 28e34dble SO,

7538 462 NO (ppn) 486 61 342 34
346d4ing0 S02 (ppm 2464 57 Decreasing to 12 130

M Port- 20b Scrubber inlet Scrubber inlet Scrubber outl et

The last 3 tests all showed that, upon injection of
NaHCO; in the flue stream, concentrations of S0, and NO
decreased immediately, while NO; concentration increased.
Once the injection was stopped, the concentrations of SO,
and NO rapidly returned to the pre-injection levels. The
NaHCO; injection did not have any effect on the
concentrations of the other monitored species (0, CO, and

co) .

For all three tests, the scrubber solution was pre-
charged according to 1 kg of Na,CO;, 29 kg of Na,SO, and 19
kg of NapS0; dissolved in 187 1 of water. The pH of the
prepared solution was about 10.6. When the scrubbing
started, the pH wvalue decreased slowly as sulfur was
dissolved 1in the solution. However, when the NaHCOj3
injection started, the pH value of the scrubbing solution

stayed steady at about 7.5.

From Table 13, it can be seen that the scrubber was
very effective in removing NO; produced in the flue stream
after the injection of NaHCO;. The scrubber was also very

effective at removing SO,.

Having described the test facility and the data
collected, in connection with establishing the
effectiveness of the injection and scrubbing operations,

reference will now be made to Figure 2 which schematically
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30

before injection during during (diluted by injection
injection injection air) 02 (% 5.98 0.22 5.85 0.11

W6 2009/030910 CO2 (9% 13.05 0.22 13.45 0.16 1BCR2A2003/001508

0.00 CO (ppm) 15 2 17 3.6 15 + 15 NO (ppm) 457 7
275 20 286 19 N2 (ppm) 2 2 358 7 4 1 NOX (ppm
479 7 333 23 290 19 S02 (ppn) 2303 58 300 = 400
10 + 1 Port 20a Scrubber inlet Scrubber inlet
Scrubber outlet before injection during during
(diluted by i nject-ion inject' n~ injection air) 02

5.67 32 5.86 0.12 29 13.23
( S_L"éf%%es B3 §8° ‘gl‘ﬁle%t 18 609%8&?)%(1%‘5 1112“% overall
é&laﬂt 8 &@siﬁﬂm 1210 refadfbedld BP2 nBmed6R (pPM wi&h the
88 + 3 3 536 11 312 14 206.+ 7 SO

(pPRuLBoZN %@smrg §r% gfox eHamplRas @a Rﬂ%ﬂ(ﬁrea%t@foifon being

gggnou&?g%i %gge%gihfgjat tﬁ% 23%%§%Er |nlgroguCts are

§ﬁirétfﬁ£é£ﬁﬂﬂe1hlHESeﬂeSt&dstAtder@nqupluﬁtditdrsbaghouse
) Soiheniste (1L T kghin). Lhe erouri allon of NoHCRe.. e
CEM £l tare Mase aubt eyanidd: EH&&@Qséh%Hé“éﬂflclency of the
overall system, oxidant material may be injected into the
flue gas duct at any number of locations such as at or
approximate the inlet 48 or approximate the outlet 50. At
this oxidation step, is useful to convert uncaptured NO and
NO, to be converted to NO;, N,0s, ibos and NXOy inter alia.
The oxidation steps 48 and 50 are augmented by the
injection step with sodium bicarbonate, the injection being
broadly denoted by numeral 52. Although the sodium
bicarbonate injection step is preferentially a dry
injection step, it will be clearly understood by those
skilled in the art that the injection step can also be wet
with essentially any alkali compound and at any of several
locations from the flue gas duct to the wet scrubber to be

discussed hereinafter.

Suitable oxidants will beé appreciated by those
skilled, however, examples  include hydrogen peroxide,
ozone, sodium chlorate or compounds (NaClOx where x is 1
through 4) or any combination of these materials. Once
having been treated with a dry injection step, the flue gas
gstream now partially devoid of NQ; compounds is treated in
a wet to dry transition device 54 and then subsequently on
to the wet sgcrubbing operation in wet scrubber 56. Any
suitable scrubber 56 may be incorporated and will be

essentially the choice of the designer based on the
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injection at Port 20a, the CEMwas first |ocated at
the scrubber outlet and noved to the scrubber inlet

wa@tootloso7end of the injection in order to obtaPoT/aAr@®B@01508

reliable SO2 5 reading. The last 3 tests all showed

that, upon injection of NaHCO3 in the flue stream
concentrations of S02 and NO decreased i medi ately,

whil e NO2 concentration increased. Once the injection

was stopped, the concentrations of SO2 10 and NO

rapidly returned to the pre-injection |evels. The

NaHCOB injectio id not havye any effect_on.t

e TR Ene S5 Thfe Seral s et s phir ket | pamppctures

apfl web) .sdbiidts t hhetubiestThe tHbSsckbhas s8l1Wd:0NCompany,
was pre- 15 charged according _to 1 kg of Na2CO3, 29 kg,
HNergpken, anffevgskiy dfeawpsoBrdisssieed i Miteniy of Chiyoda,
m%ﬁ%és%%h@E£F19£tépe lPé?paﬁ&EEE LtEony S6€b8gﬁote further
10.6. en t he scrubglng started, the pH value

decsehiskel sbawdpnas siulfaatiwess wossod vedhemet heehe aqueous

Lutjon, . _when .t he NaHOOB 20 inj.ecti
PPt rh o PHS PPt (he SEFUBANGCeD: driton the scrubber
st@yed si eaglyi @dbBOOUbunfp 5. 61T amFabhe 18ncitd&d@n $ech  each

seen that the scrubber was very effective in renoving
NePr grbrliiced 1oop hef fiie etidams . af Teese het¢p$ ear¢ opptional,

. . b I f i
LA R 08, SR 8o e , TSR e e
thei diatta canl bectathréducahnect bay wWdihtestabhi shenFlue gas

the effectiveness of the injection and scrubbi ng ,
SBiitat Foncie REFePEREBDREI PrHoR e IrddBTio. 08 diff caehieve the

wheh sehepsdi cahd ya WP Q&%M%ré’éérﬁwoﬁ% 0036081 on from

scrubber 56, broadly denoted by numeral 64 may be removed

from time to time for processing.

As a further optional step, a wet electrostatic
precipitator may be introduced into the circuit, the former
being represented by numeral 66 .where the gas stream is
passed through the electrostatic precipitator to polish the
flue gas of any further particulate, 'fine particulates,
water droplets or aerosols from the stream. This is an
optional step and is not essential to the process. Once
through the ESP 66, the flue gas can then be discharged
through the stack 68. The wet esb 66 may or may not be an
extension to the wet scrubber 56. An alternative, shown in

dashed lines is illustrated in Figure 2.

In terms of the overall reactions that occur in the
process, the reactions that occur in the dry injection
phase are simply those that involve the sodium bicarbonate

contacting the SOx and NO, compounds. Exemplary of the
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- 19 illustrates one enbodi mrent of a plant design.
The overall plant design is referenced by nuneral 40

wWowa/0s81e7 conmbusti on system from for exanpl ePCEHCAOMWB/001508

station being referenced by nuneral 42. The
conmbustion products are 5 first treated in an

el ectrostatic precipitator or baghouse 44 and
subsequent |y di scharged through a flue gas duct 46.
In an attenpt to further increpse the efficiency of
the overall system oxidant material may be injected

a@EQoEEetoflHﬁﬁgﬁﬁ)d%ﬁknﬁ%t%@y @Hg@eﬁcgﬁrlqgﬁttﬁéslnjectlon

such as at or 10 approxinate“the 1nlet
appeceitgt 6 ndieideutthet £8501otingt:hi s oxi dat| on step, is
useful to convert uncaptured NO and NO2 to be

The. otf dafrs et Epatarsoana 80 Bre BUGWAed by t e

|nject|on step with sodlun1b|carbonate t he i njection
bei ng215 B 3dén§9e69)oy U803 52, 2*@Q2H6&ghﬂ FeO (9)

sodi um bicarbonate injection step is preferentially a
dry Bnj eetNediCOtep, SOt (i | | “hdVaiSOart \2 1tigdt oad HhY (9)
those skilled in the art that the injection step can

al so B¢ welk,Coi th 8ssent i abl Waaky; al kakigronmpound and

at any of several 20 locations fromthe flue gas duct

to t hg)vveiNa§@®ybbego{ @)be odivecyssad cagrg) nafter.
Sui tabl e oxidants will be appreciated by those

skille Songgﬁgr Lexanphes qu*auzggs ydg*%qgsg@er oxi de,

ozone, i um chl orate or conpoun where X is
1 25 throug of gsg material s.
Once t7I)1av#n<§[‘—’1 eén* t%@g 24 wi t%?aégg)f‘y I2:1] ec{sq)on st ep,
the fluye gas _streamn partially voi d_of
corrpoﬁxds i*¥apPeatedC F&\JAS a tet2 dr% Neares t*Ng*NOZ (9)
devi ce 54 and then subsequently on

9) S0,(g) + H,0O ¢ HSO; + H

In addition to the SO, reactions there are
additionally NOy reactions occurring in the injection phase
which include the following:

l) Nay803; + 2% NO, (9') + Oy (g) & 2*NaNO; + 803 (g)

2) NazS803; + 2* NO(g) + 2*0,(g) < 2*NaNO; + S0s3(g)

3) NayS0; + 2* NO(g) + Oz(g) < 2%NaNO; + SO;(g)

4) Na,COs + 2*NO3(g) + 03(9) & 2*NaNO; + NO(g) +
CO, (9)

5) 2*NO(g) + 02(g) & 2*NO,(g)
6) NO(g) + NO,(g) ¢ N;0s(g)
7) 2% NOz(g) @ Ny04(9)

8) N.03(g) + H,0 < 2*%HNO,

9) Ny03(g) + 2*NaOH <% 2*NaNO, + H,0O
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to the wet scrubbing operation in wet scrubber 56. Any
30 suitable scrubber 56 may be incorporated and wl |

wbeoo4eswenti al |y the choice of the designer baBemcam03/001508

t he WO 2004/ 030797 PCT/ CA2003/ 001508 - 20

requi renments of the overall circuit. Typica

manuf actures of wet scrubbers include The Babcock and
W cox Conpany, Marsul ex, Kawaski Heavy I ndustri es,

M tsui, Chiyoda, Thyssen K_EA2b inter alias Nunerals 58
and 60 denote further 5 possi %e oxi dant injection

poi nts ere the, 6 agueous ol.ytion the oxidant is
recir&@&gtgg Fﬁ?&gﬁhé gg?u béﬂ&xSE.ﬁ&P%uitable punp 62
may- be included with each _ciycul ation I%%p oggéhe
oxi dadt) TREs&¥Os{@hs +ardNgRHi hallaNOzinNaNCe hie“been
i ndi cated herein previously that the 10 oxi dant can be
i ntrod@ded 34t N@aygpoirnHa® r oMM | he2§8¥O0: duct to the
wet scrubber and still function to achieve the goa

of oxiidi)zi ng 2y (gbnPounds (pF eseNO (gThe sol ution from
scrubber 56, broadly denoted by nuneral 64 nay be
removaed) fremd,i meNog (&) me fay (Pr oseNsiog. 15 As a
further optional step, a wet electrostatic

preci pityat be i reduged | nheothe circuit, the
forneﬁS)begﬁggg%brese%ted by Auneral’ 66 where the gas

streamis _:passed thrg he electrpstatic
precigkpatgr Zpé%iéhﬂgggs ?I%%g gas 6f, any further
particul ate, fine particul at 20 water droplets or
aer osdi’3 leéﬁ’ng{be gtI'Fzé)afﬁg $ﬁ§§of’s an optional step
and is not essential to the process. Once through the
ESP 66,8)t héMNQsue Np@H can Neh¥h belafl scharged t hrough

the stack 68. The wet esp 66 may or may not be an

extension,to the wet iscruybher 56,5 ARnakt eppatirvein the wet

shown i n
scrubber, many of the NOy reactions indicated above occur

in the wet scrubbing phase as well as the following acid
gas reactions:

1) 2%HCl + NayC0; @2*NaCl + CO; + HxO

2) 2%*HF + Na,C0; &@2*NaF + CO; + Hy0

3)  H,S + 2%0, ¢ H,S0, ¢ OH + HSO;

4) NayS + 2% 0, & 2*NayS0,

5) 8*NO (g) + Na,S & NaSOC; {(NO), + 3*N30

6) NaSO;(NO), + 3*N,0 <& NaSO; + 4*N30

7)  H,SO, + Na;COs <€ NasS0; + COp + Hz0

As discussed herein previously, the oxidant loops
where oxidant is injected into the wet scrubber by points
58 and 60. Typical of the reactions that will occur from

an oxidation point of view include the following:
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25 dashed lines is illustrated in Figure 2. In terns
of the overall reactions that occur in the process,

WO b@408Eet i ons that occur in the dry injectionPCploas®s3/001508

are sinply those that involve the sodi um bi carbonate
contacting the SOX and NO,, conpounds. Exenplary of

t he WD 2004/ 030797 PCT/ CA2003/ 001508 - 21 actions of
the SO, chem stry that occur in the injection
apparatus include the follow,pg: 1) NaHCG3 b Na2CG3 +
02 (g) + H2O (g) 2) 2*NaI—K¥% + S02(g) b Na2sG3 +
2*C02 (g) + H20 ( 3).. 2% I—’CCB + S03(g) b Na2sO4 +
2 * 0oL g)° b H20( 33;2 (93) r\?az%'t\lg% S02(g) Na2SB8 + C02
(g) 5) Na2CO3 + S03(g) Na2soa + C02(g) )6) 2* NaNG3 +
S02( g)2 Na28Dio i 2*NAZ) (§Y V93 (D) +ReNOP '+ s02(g) Na2SO4
+ 2 *NO (g) 10 8) 2*NaNO2 + S02(g) + 02(g) C* Na2sS(»4 +
2*NO2 1)) 290 82 | s (B)HID Hz@!S?H? + HIn addition to
the SO, reactions there are additionally NO,

reacti ns perorg) ng ONPHhe> i nfEeL iPn phase which
include the follow ng: 15 1) Na2SG3 + 2* N02(g) +

02 ¥ Na 0 B 2 AN 92 (g)
02) 45\ PN 0 o) Negsce 2wy o)

02 2 * + NO2 "
02533 glNa}\@lgngNo g%l?g ) %EN%S)ZQ%Q%Z)(%B*I\D 583 +

02 2* NO2 6 & NG2 ' N203 (9) 7
*(%deg) Hp &%w%%sé\lo&g)ﬁl T\Ta'@. +(ﬁ280"4 (9) 7)

8) H,S + H0, & S + 2*H,0

9) 4*NO(§) + 3*NaClO, + 4*NaOH < 4*NaNOz + 3*NaCl +
2*H,0

10) 4*NO, (g) + NaClO; + A*NaOH ¢ 4*NaNO; + NaCl +
2#*H,0

11) 2*Na,yS0; + NaClO: & 2%Na,S0, + NaCl

12) 3*%H,0, + 2*NO (g) ¢ HNOz + 2*%H0

13) HzOg + HNO, & HNO3 + H.0
As a particular convenience, the dry injection
scrubbing operation as well as the wet scrubbing operation

are particularly useful in reducing other air toxic

compounds present in the flue gas.

Based on the Environmental Protection Agency in the

United States, the listed air toxic compounds include the
following:

Acetaldehyde

Acetamide

Acetonitrile
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8) N203(g) + H20 4*2 *HNO2 9) N203(g) + 2*NaOH q
2*NaNC2 + H20 WD 2004/ 030797 PCT/ CA2003/ 001508 - 22

wa000483079N02 (g) + H20 ~? HNO2 + HNO3 11) 2 * INCRCAQ)03#601508

2 *NaOH g NaNO2 + NaNG3 + H2O 12) 3* NO2 (9) + H2O &
NO(g) + 2*HNG3 13) 3* NO2 (g) a N205 (g) + NO (g) 5
14) NaNCG2 + N02(g) q NO(g) + NaNG3 15) N204 (g) + H20
HNO2 + HNO3 16) 3 * HNO2 g 2 *NO (g) + H20 +HNGB 17)
N205 (g) + H2O g 2 * HNO3 18), HNOB + NaOH C~ NaNGB8 +
H20 10 In terns of the reactions that occur in the wet
scr UbRSEto?ﬁQXo the NO reactions indicated above
occur In € 'Wwet scrubbi ng phase as well as the

fol | oy cid .gas.reactions: 1) 2 *HO + Na2CO3 G 2
* NaCl yigg?)gyiaﬁé%&}%oﬂ%ni* HE + Na2CCB C~ 2*NaF + CO2
+ H203lﬂg|25+ 2*02 q H2SO4 C* OH + HS03 4) Na2S + 2*
02 C-A9¥Ra%8® 5) 8*NO(g) + Na2S NaS03 (NO) 2 + 3*N20
6) NaSO03 (NO) 2 + 3 *N20 C* NaS04 + 4*N20 20 7) H2SO4
+ Na2&EBYERME2SO4 + CO2 + H20 As di scussed herein
previously, the oxidant |oops where oxidant is
i nj ecReyyilhcoached wet scrubber by points 58 and 60.
Typical of the reactions that will occur from an
oxi daBcoplpoihride view i nclude the following: WO
2004/ 030797 PCT/ CA2003/ 001508

Allyl chloride

4-Aminobiphenyl

Aniline

o-Anisidine

Asbestos

Benzene (including benzene from gasoline)

Benzidine

'Benzotrichloride

Benzyl chloride

Biphenyl

Bis (2-ethylhexyl)phthalate (DEHP)

Bis (chloromethyl) ether

Bromoform

1,3-Butadiene

Calcium cyanamide

Captan

Carbaryl

Carbon disulfide
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23 1) O(g) + 02(g) 03 (g) 2) NO(g) + 03 (g) 3 NOZ
(g) + 02 (g) 3) 2*NO (g) + 03 (g) N205 (g) 4) 2*NO

W@ 00463027 (g) 2*NO2 (g) 5 5) 2*NO2(g) + 03(g) RCHRZE2W3/001508

2*HNOB(9) + 02(g) 6) NO (g) + NaClO 4* Nad + NO2 (g)
7) H2S + 4*NaClO a 4*NaCl + H2SO4 8) H2S + H202 4 S +
2*H20 9) 4 *NO (g) + 3 *NaCl Q2 + 4*NaOH 4*NaNO3 +
3*Nadl + 10 2 * H20 10) 4*N02 (g) + NaCl02 + 4* NaOH
N~ 4*NaNOB + NaCl + 2 *H20 _11% 2*Na2SC8 + NaCl02
2*Na2SO4 + Nad  12) 3*H202 +“2*NO (g) C~ HNGB + 2*H20

15 13)C£@an+?%€§%cﬁibf@5§ + H20 As a particular
¥

conveni €nce, y Thyection scrubbing operation as
wel | as t.he wet s Fu bi ng operation are particularly
usef ul CFHP? c?%g bther air toxic conpounds present
in the flue gas. 20 Based on the Environnental
Protec@??ﬁphé%ncy inthe United States, the |isted
air toxic compounds include the follow ng:

Acet al dekyERmbeet ani de 25 Acetonitrile WO

2004/ 030797 PCT/ CA2003/ 001508 - 24 Acet ophenone
Chlordane

Chlorine

Chloroacetic acid
2-Chloroacetophenone
Chlorobenzene
Chlorobenzilate
Chloroform

Chloromethyl methyl ethef
Chloroprene
Cresol/Cresylic acid (mixed isomers)
o-Cresol

m-Cresol

p-Cresol

Cumene

2,4-D, salts and esters (2,4-Dichlorophenoxyacetic

Acid)

DDE (1,l-dichloro-2,2-bis(p-chlorophenyl) ethylene)
Diazomethane

Dibenzofuran

1,2-Dibromo-3-chloropropane

Dibutyl phthalate
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2- Acetyl am nofl uorene Acrolein Acrylamde 5 Acrylic
acid Acrylonitrile Allyl chloride 4-Am nobi phenyl

waAookiomE9d0 o- Ani si di ne Asbestos Benzene (i ne¢TVdAD@®3/001508

benzene from gasoline) Benzidine Benzotrichloride 15
Benzyl chloride Biphenyl Bis (2-ethyl hexyl) phthal ate
(DEHP) Bis(chloronethyl) ether Bronoform 20

1, 3-But adi ene Cal ci um cyanam de Captan Carbaryl
Carbon di sul fi de WO 2004/030797 PCT/ CA2003/ 001508 -
25 Carbon tetrachloride Carbonyl sulfide Catecho

ChlorafpfﬂDichlorobenzene

3,3'-Dichlorobenzidine

Dichloroethyl ether (Bis[2-chloroethyl]ether)
1,3-Dichloropropene

Dichlorvos

Diethanolamine

Diethyl sulfate

3,3 '"-Dimethoxybenzidine
4-Dimethylaminoazobenzene
N,N—Dimethylaniline
3,3'-Dimethylbenzidine
Dimethylcarbamoyl chloride
N,N-Dimethylformamide
1,1-Dimethylhydrazine

Dimethyl phthalate

Dimethyl sulfate

4,6-Dinitro-o-cresol (including salts)
2,4-Dinitrophenol

2,4-Dinitrotoluene

1,4-Dioxane (1,4-Diethyleneoxide)
1,2-Diphenylhydrazine

Epichlorohydrin (1-Chloro-2,3-epoxypropane)
1,2-Epoxybutane

Ethyl acrylate
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5 Chl ordane Chlorine Chloroacetic acid
2- Chl or oacet ophenone Chl orobenzene 10 Chl orobenzil ate

w@hdéoansd7or m Chl oronet hyl net hyl ether Chl or opeEOA2003/001508

Cresol /Cresylic acid (m xed isonmers) 15 o-Cresol

m Cresol p-Cresol Cunene 2,4-D, salts and esters
(2, 4- Di chl orophenoxyacetic 20 Acid) DDE

(1, 1-di chl oro- 2, 2- bi s(p-chl orophenyl) ethyl ene)

Di azonet hane Di benzofuran 1,22, D br ono- 3-chl or opropane
25 Di butyl phthal ate WD 2004/ 030797 PCT/ CA2003/ 001508

o o ELRT ROk Ror=rzene 2. D orsbere 4 e
1.3-Duehl orgpropene S (BLePhghyps D ethanolamine
Ethyl chloride (Chloroethanef
Ethylene dibromide (Dibromoethane)
Ethylene dichloride(1,2-Dichloroethane)
Ethylene glycol
Ethyleneimine (Aziridine)
Ethylene oxide
Ethylene thiourea
Ethylidene dichloride (1,1-Dichloroethane)
Formaldehyde
Heptachlor
Hexachlorobenzene
Hexachlorobutadiene

1,2,3,4,5,6-Hexachlorocyclohexane (all stereo isomers,

including lindane)
Hexachlorocyclopentadiene
Hexachloroethane

Hexamethylene diisocyanate
Hexamethylphosphoramide

Hexane

Hydrazine

Hydrochloric acid (Hydrogen Chloride)
Hydrogen fluoride (Hydrofluofic acid)

Hydroguinone
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Di ethyl sulfate 3, 31-D nethoxybenzidi ne
4- Di met hyl am noazobenzene 10 N, N- Di net hyl ani |l i ne

w@e2®4/0B70et hyl benzi di ne D met hyl car banoyl chl peT/da2003/001508

N, N-Di net hyl f ormam de 1, 1- Di net hyl hydr azi ne 15

D net hyl phthalate D nethyl sulfate
4,6-Dinitro-o-cresol (including salts)
2,4-Dinitrophenol 2,4-Dinitrotoluene 20 1,4-D oxane
(1, 4-Di et hyl eneoxi de) 1, 2- D phenyl hydrazi ne

Epi chl or ohydri n (1-Chl oro- 2, 3- epoxypr opane)

I%’C'ZI'/ Eﬁ%éé%%&%?’%ogt h}/l 2$Cr)é|t ﬁ;leb\é\f})zégglu g?g;?7car bamat e

(Uret e).  Ethyl. chl oride (Chloroethane) Ethylene
di br o&%ggl(cuaﬁ‘%§%é‘pﬁane) 5 Et hyl ene
di chl ori ? e; 1,.2-Di chl oroet hane) Ethyl ene gl ycol

Et hyl Mg ¢ (Aziridine) Ethylene oxide Ethylene
t hi our ea
Methoxychlor

Methyl bromide (Bromomethane)

Methyl chloride (Chloromethane)

Methyl chlofofofm (1,1,1-Trithoroethane)
Methyl ethyl ketone (2-Butanone)
Methylhydrazine

Methyl iodide (Iodomethane)

Methyl isobutyl ketone (Hexone)

Methyl isocyanate |

Methyl methacrylate

Methyl tert-butyl ether
4,4'-Methylenebis (2-chloroaniline)
Methylene chloride (Dichloroﬁethane)
4,4'-Methylenediphenyl diisocyanate (MDI)
4,4'-Methylenedianiline

Naphthalene

Nitrobenzene

4-Nitrobiphenyl

4-Nitrophenol

2-Nitropropane

N-Nitroso-N-methylurea
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waoleooaoki7or obut adi ene 15
1,2, 3,4,5, 6-Hexachl orocycl ohexane (all stereo isoners,

10 Et hyl i dene dichloride (1, 1-Di chl oroethane)
For mal dehyde Heptachl or Hexachl or obenzene

i ncludi ng |indane) Hexachl orocycl opent adi ene
Hexachl or oet hane Hexanet hyl ene di i socyanate 20
Hexanet hyl phosphoram de Hexane Hydrazi ne
Hydrochl oric acid (Fydrogen_qpéqgide) Hydr ogen
fluoride (Hydrofluoric acid) 5 Hydr oqui none WO

2004/ 030797 PCE@C%%@&_IOOl%OS - 28 | sophorone
Mal ei & -ArfyaSese™ 251 “Met hoxychl or 5 Met hy
brom de (Brononet hane), Methyl chloride
( Chl oPORERRSENOMBRREENI or of or m
(1,1,1-Trichioroethane) Methyl ethyl ketone
( 2- BuPaae&ionvet hyl hydrazi ne 10 Met hyl i odi de
(1 odonet hane) Methyl isobutyl ketone (Hexone)

Pentachloronitrobenzene (Quintobenzene)

Pentahlorophenol

Phenol

p-Phenylenediamine

Phosgene

Phosphine

Phosphorus

Phthalic anhydride

Polychlorinated biphenyls (Aroclors)

1,3-Propane sultone

beta-Propiolactone

Propionaldehyde

Propoxur (Baygon)

Propylene dichloride (1,2—Diéhloropropane)

Propylene oxide

1,2-Propylenimine (2-Methylaziridine)

Quinoline

Quinone (p-Benzoguinone)

Styrene

Styrene oxide

2,3,7,8-Tetrachlorodibenzo-p-dioxin

PCT/CA2003/001508
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Met hyl isocyanate Methyl nethacrylate Methyl
tert-butyl ether 15 4,4'-Methyl enebi s(2-chl oroaniline)

wokdapbepe chl ori de (Di chl or onet hane) PCT/CA2003/001508

4, 4" - Met hyl enedi phenyl diisocyanate (MDI)

4, 4' - Met hyl enedi ani | i ne Napht hal ene 20 N trobenzene
4- Ni t robi phenyl 4-N trophenol 2-N tropropane

N-Ni t roso- N- et hyl urea WO 2004/ 030797

PCT/ CA2003/ 001508 - 29 N-N trosodi net hyl am ne

N- Ni t r osonor phol i ne Par at hi orf “Pent achl or oni t r obenzene
( Qui nt oben ene% 5 Pent ahl or ophenol Phenol p-
Phenyljenjedfa%ﬁ RFr Yere - BHESphi ne 10 Phosphor us

Pht hal i c anhydri de Paol ychl ori nated bi phenyl s
( Arocl B2 acﬁ?@%%@%u&f%‘f@lcﬁé?%twjg%‘?%)l actone

Titanium tetrachloride
Toluene
Toluene-2,4-diamine
2,4-Toluene diisocyanate
o-Toluidine

Toxaphene (chlorinated camphene)
1,2,4-Trichlorobenzene
1,1,2-Trichloroethane
Trichloroethylene
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
Triethylamine
Trifluralin
2,2,4-Trimethylpentane
Vinyl acetate

Vinyl bromide

Vinyl chloride
Vinylidene chloride (1,1-Dichloroethylene)
Xylenes (mixed isomers)
o-Xylene

m-Xylene

p-Xylene



15 Propi onal dehyde Propoxur (Baygon) Propyl ene
di chloride (1, 2-D chl oropropane) Propyl ene oxide

wa 2@e8wpyl eni mi ne (2-Methyl aziridine) 20 QuiPOT/ICA2003/001508
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15

20
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Qui none (p-Benzoqui none) Styrene Styrene oxide
2,3,7,8-Tetrachl orodi benzo- p-di oxi n WD 2004/ 030797
PCT/ CA2003/ 001508 - 30 1,1, 2,2-Tetrachl oroet hane
Tetrachl or oet hyl ene (Perchl oroethyl ene) Titani um
tetrachl ori de Toluene 5 Tol uene-2, 4-di am ne

2, 4-Tol uene diisocyanate o-Toluidine Toxaphene
(chIor#gated ca henel)ld 1, 2,4-Trichl orobenzene 10

1, 1, 2- 7 FEHPBY oe?HRRE“5r i chi or oet hyl ene
2,4,5-Trich|lorophenol . 2,4, 6-Trichl orophepol .

Tri et HFeRRHe GSMAPTHRESr AFRATIINIC AL RFLWRIRY | HeRiRfk

Vinyl acetate
Beryllium Compounds

Cadmium Compounds

Chromium Compounds

Cobalt Compounds

Coke Oven Emissions

Cyanide Compounds

Glycol ethers

Lead Compounds

Manganese Compounds

Mercury Compounds

Fine mineral fibers

Nickel Compounds

Polycyclic Organic Matter

Radionuclides (including radon)

Selenium Compounds

In conclusion, by combining dry injection and wet
scrubbing operationsg, the concentrations of 80, and NOy
were reduced immediately primarily due to their respective
chemical reactions with NaHCO;. Other sorbents clearly
will also provide effectiveness including the calcium and
magnesium based sorbents such as calcium carbonate, calcium
bicarbonate, calcium hydroxide, magnesium  carbonate,

magnesium bicarbonate, magnesium hydroxide or any

combination of these.



Vinyl bromde Vinyl chloride 20 Vinylidene chloride

(1, 1-Di chl oroet hyl ene) Xyl enes (m xed i soners)
wo200l0s07e7 m Xyl ene  p- Xyl ene WO 2004/ 030797 PCT/CA2003/001508

PCT/ CA2003/ 001508 - 31 Antinony Conmpounds Arsenic

Conpounds (i norganic-including arsine) Beryllium

Conpounds Cadm um Conpounds 5 Chrom um Conpounds

Cobalt Conmpounds Coke Oven Em ssions Cyanide

Compounds d ycol ethers 10_L%%d_Conpounds Manganese

Compounds Mer cury Conpounds ine mneral fibers

Ni ckel ounds, 15 'y i ani t

Radi on%%%%%c?i fel Hggng@%&é‘%) ! | e@ﬁ%é‘%oﬁ%‘&s‘sr%”' 083
CRAG| B8 R8de bYo£08BhaE NExEHY1 e8] BEt SO ragbwel ,

scrubbi ng operations, the concentrations of SO2 and

NO. 220 were reduced i medi ately primarily due to their

r especti¥e SRR Al Preyedi oty f IRaidds  ekhgfemoving NO,

SQﬁP@HtéaﬁlgéEEﬁnt for a significant portion of the overall
5 NOyx; the scrubber was also effective in removing sulfuric

compounds resulting in near zero SO, emission.



will also provide effectiveness including the calcium
and nmagnesi um based sorbents such as cal ci um

w@asodosed®e, cal cium bicarbonate, cal ci um hydrpP&T/da2003/001508

magnesi um car bonat e, 25 nmagnesi um bi car bonat e,
magnesi um hydroxi de or any conbination of these. WO
2004/ 030797 PCT/ CA2003/ 001508 - 32 Reference to U S.
Pat ent Nos. 6,143,263 and 6,303,083 nay be nade for
ot her exanples in SO renoval,_The scrubber proved
very effective at renoving NO2® Which can account for
a significant portion of the overall 5. NO; the
scrubber was al so effective in renmoving sulfuric

s resulting in near zero SQ2 em ssion. WO
2004/ 030797 PCT/ CA2003/001508 - 33 CLAIMS: 1. A
net hod p0f sk bicEg RXKuehichNOXog orpau NS, fdfcﬂﬁ@camcié UErom a
gas stream characterized in that said nethod
conpri $aste agaley sitajeadti oPhFEF T HS dpéFat oAt afaig method
wet  scr lIant%l ;g oper ation, said dry injection scrubbing
oper at i SRS A ng: contacting a flue gas stream
cont ai ni ng, SOX and NOX conp ds with nt r
removi iy stHMFE TS  al B B#b Jh%gso?pgﬁ%gg ﬁar aﬁelgl °
anount of NOxLEHTRPRUREERRESRN el ds @ird i&’tjrsi:aﬁ]orami:rubbing
sai d wet scrubbing operation including: contacting
sai d st reamPEFatdedy é e i@ :dual SOX

wet

contacting a flue gas stream containing SOy and
NO, compounds with a sorbent for removing
substantially all of the 80 and a large
amount of NOyx compounds preéent in said

stream; and
said wet scrubbing operation including:

contacting said stream to remove any residual SOy

and NOy, compounds remaining in said stream.

2. The method ag set forth in claim 1, characterized in
that said sorbent is a sodium based sorbent selected
from the group consisting of sodium bicarbonate,
‘sodium carbonate, sodium hydroxide, or combinations

thereof.

3. The method as set forth in claim 1, characterized in
that said sorbent is a calcium based sorbent selected
from the group consisting of calcium carbonate,
calcium bicarbonate, calcium hydroxide and

combinations thereof.



and NOX conpounds remaining in said stream 2. The

nmet hod as set forth in claim1, characterized in that
wagaédod/osewbent is a sodi um based sorbent sel ect pdT/CA@31001508

t he group consisting of sodium bi carbonate, sodium

car bonat e, sodi um hydroxi de, or conbinations thereof.

3. The nethod as set forth in claim1, characterized

in that said sorbent is a calciumbased sorbent

selected fromthe group consisgting of calcium

car bonat e, calciun1bicarboﬁa é “cal ci um hydroxi de and

conblnatlons t her eof . wg 4&03079 PCT/CAZ 03/ 001508

434  Fhereethediods a8 EefOF bt AT FLGHHE iy characterized in

char actgfdizedsdfy tdwtpesal d sor @ntmég‘t‘n@smn%é@@ sorbent
based sorbent selected fromthe group consi Stlgcwg
silggnesium

magnesisgheaadonk@) rdtheduAHDI RO IR

hydr oxi de .and conblnat ere nmet hod

set fortHiH S m 1" %S:’%I%Feri gé gbog??at sdid Hagnesium
sor benth el &eSsardd mﬂmmﬁummftrmaﬂn magnesi um

and cal cium sorbents. 6. The nethod as set forth in

claim1, characterized in that said dry injection

SEr ubbimg apefiabd 08s psegdueesthsadi whasw M3t echadtiterized in
sulfite, sodiumfluoride, sodiumchloride, sodium ,
nitrite %ﬁxﬁ%mQc%@BBﬁ%Fecoﬁﬁﬁ}ﬁﬁssémQ9ﬁh%3ﬁ§ﬁQQ of, sodium,

The mt]‘-‘%ﬂ}% 4 d s ehrLharacterized in

t hat sai r;\%)é conﬁaoun sﬁ} ncl ude SO2, SO3, N2,

N203, N205, NMcy and di nmers thereof.

6. The method as set forth in claim 1, characterized in

that sgaid dry injection scrubbing operation produces
sodium sulfate, sodium sulfite, sodium fluoride,
gsodium chloride, sodium nitrite, sodium carbonate

and/or sodium nitrate.

7. The method as set forth in claim 1, characterized in
that said S0, and NOyx compounds include SO,, S0O;, NOg,
N203, Nz0s, NxO, and dimers thereof.

8. The method as set forth in claim 1, characterized in
that said method further includes the step of
recirculating unreacted sorbent for use in said wet

scrubbing operation.

9. The method as set forth in c¢laim 1, characterized in
that said method further includes the step of

oxidizing said flue gas stream.

10. The method as set forth in claim 9, characterized in
that said method further includes the step of

oxidizing said stream subsequent to treatment in



8. The nethod as set forth in claim1, characterized
in that said nethod further includes the step of

WO e@uns80Tbat i ng unreacted sorbent for use in saPdreab003/001508

scrubbi ng operation. 9. The nethod as set forth in

-claim1l, characterized in that said nethod further-

i ncludes the step of oxidizing said flue gas stream

10. The method as set forth in claim9, characterized

in that said nethod further iﬁcl udes the step of

oxi di zi ng said stream subsedué t to treatment in WO

2004/ 030797 PCT/ CA20 3/0 1508 r_or both

sai d wett ' ReTbBENG Sﬁlgnd"’etsa?arﬂgglggr %rﬁ&lon and

oper at i o g Idwy Té’@rd%l %,%%lgrprth in claima1l,

characteri zed | n that said step of oxidizing i ncI udes
the use of an oxidant selected fromthe group

si st d; 9988t p hd Na Qi ra WSF £2ed 1
>C<P?s 1Tﬂkﬁrrg%t%w,égrggtcgﬁ‘gfénatglno%qgﬁg}elof 12a he s¢ n

met hod dsaise‘saﬁdr tstrepn @f abnidizéhar dewdnidesd e that of an
said net hod furthe es th step of reduci

air toxdt (gaori’?bouﬁai B#%@en%roﬁl sar'tf f1 §6°Y8s %b fdffdting  of
reacti qud!rcsc_t;brsalﬁeﬁmd@ ecdiole ScCruhbiog apearﬁl @0 is 1
and sai d wet scrubbing operation and oxi dant

addi t i omramh A n?hdd IdaibiRhdsyeahd Nox

compounds froma flue gas stream characterized in

that said nmethod conprises: a dry injection scrubbing ,
oper at i B apetodeds set forth in claim 1, characterized in

that said method further. includes the step of
reducing air toxic cdmpounds present in said flue gas
by reaction with said dry injection scrubbing
operation and said wet scrubbing operation and

oxidant addition.

13. A method of scrubbing SO and NOx compounds from a
flue gas stream, characterized in that said method

comprises:

a dry injection scrubbing operation and a wet
scrubbing operation, said dry injection scrubbing

operation including:

contacting a flue gas stream containing SOx and
NO, compounds with a .sorbent for removing
substantially all of the 80, and a 1large
amount of NO, compounds present in said

stream;
said wet scrubbing operation including:

contacting said stream to remove any residual SO
and NOx compounds remaining in said stream;

and



scrubbi ng operation, said dry injection scrubbing
operation including: contacting a flue gas stream

wa@ootasetpng SOX and NOX conpounds with a sor beet/CA003/001508

removing substantially all of the SOX and a | arge
anmount of NO, conpounds present in said stream said
wet scrubbi ng operation including: contacting said
streamto renove any residual SOX and NOX conpounds
remaining in said stream and WO 2004/030797

PCT/ CA2003/ 001508 - 36 recirculating unreacted

sorbent to, said wet scrubbin operat.ion. 14, .The ,
ot hod metiedi ol e PRI TR SOHAL Xy #1819 Pee scrupbing
t hat saidln%émgtiéﬁiher i ncl udes the step of

oxidizing said stream 15. The nmethod as set forth in
claim 13, characterized in that said sodi um based

spf bentsharfe sidbECi£hdt OFRHE 19l OUPIRONS| Sth&Baterized in
sodi um based sorbents, calcium based sorbents,

magnesi U basedidor Berhedandurebeii ndficdhsleghertdst . step  of

16. A d S bi X and NOX conpounds from a
flue gg§§£$%%%ﬁ? c'%?é% er%%%d in that said nethod

conprises: a dry injection scrubbing operation and a

SCLubbl N cgcfi’eé@ts'eo{"fééér? A Yo M fCES ONBSEYOPLLYzea in
opefation i ncrudi ng:
that said sodium based sorbents are selected from the
group consisting of sodium based sorbents, calcium
based sorbents, magnesium based sorbents and

combinations thereof.

16. A method of scrubbing SO, and NOx compounds from a
flue gas stream, characterized in that said method

comprises:

a dry injection scrubbing operation and a wet
scrubbing operation, said dry injection scrubbing

operation including:

contacting a flue gas stream containing SOx and
NOx compounds with a sorbent for removing
substantially all of the 80, and a large
amount of NO4 cohpounds present in said

stream; and
said wet scrubbing operation including:

scrubbing said stream from gaid dry injection
scrubbing operation in the presence of an
oxidant to remove any residual SOy and NOy

compounds remaining in said stream.



contacting a flue gas stream containing SOX and NOX
conpounds with a sorbent for renpbving substantially
wa@bkdo40B079he SOX and a | arge anount of NOX conpomads003/001508

present in said stream and said wet scrubbing

operation including: scrubbing said streamfromsaid

dry injection scrubbing operation in the presence of

an oxidant to renove any residual SOX and NOX

conmpounds remai ning in said_s%reQW1 WO 2004/ 030797

PCT/ CA2003/ 001508 - 37 17." THe method as set forth

in_claiml6 haracterized i t hat. sai d t hod . .
fE?t her{%‘? n‘%?ﬁ?]%‘i Sy e%o%& RT3 a%?ﬁg%%?%%%?reﬁzed +n
sorbente o Sakgi et mbpheat i gurthefrubhineg ueeey atdlen. step of
18. The nethod as set forth in claim 16, characterized i
in t hateekr e detht U Ee 3l @ t IREPF MM theSYtdupet injection

consist%{?hgg%ﬁ%qﬁggﬁﬁzgﬁﬁoxide, ozone, Nad OX, where
roug ,

X is 1 or a conbi nation thereof. 19. The
met hod as set forth in claim 16, characterized in

that sal.d st f i |0 j on, scr ] ; :
L1E! ootk SIS L el Sy L Lot 0T hbAGr ey in
forth ith#t ai i, okddacieriized salethafl sdirdwst rideem group

fromsaid dry Injection scrubbing ‘grocess roducei
sodi um SRPFET eI NG Jof URYSEPEPR ePeT QB HAGm PFABFY qNAC10x, where

sodi um ghj orf dg,rSQdi um Nt rd t&mb SR 18R i danst €
and/or sodiumnitrate. 21. A nmethod of scrubbi ng SOX
and NOX conpounds from a

19. The method as set forth in claim 16, characterized in
that said stream from said dry injection scrubbing

operation is exposed to oxidant.

20. The method as set forth in claim 16, characterized in
that said stream from said dry injection scrubbing
process produces sodium sulfate, sodium sulfite,
gsodium fluoride, sodium chloride, sodium nitrite,

sodium carbonate and/or sodium nitrate.

21. A method of scrubbing SO and NOx compounds from a
flue gas stream, characterized in that said method

comprises:

a wet injection scrubbing operation and a wet
gcrubbing operation, said wet injection scrubbing

operation including:

contacting a flue gas stream containing SOy and
NOx compounds with a sorbent solution for
removing substantiélly all of the S0x and a
large amount of NO, compounds present in

said stream; and



flue gas stream characterized in that said nethod
conprises: a wet injection scrubbing operation and a

wWort04/03oTbbi ng operation, said wet injection BCT/ahbingmo1508
operation including: contacting a flue gas stream
contai ning SOx and NOX conmpounds with a sorbent
solution for renoving substantially all of the SOX
and a |arge anount of NOX conpounds present in said
stream and WO 2004/ 030797 ECE%CAZOOB/OOlSOS - 38
sai d wet scrubbing operation including: contacting
said streamto renove any resj déjal SOX, - .and_ NOX
compount3t? Rl n?%@uekﬁl i PSTF earn llle.u‘%hphet hod as
set forth in claim 21, characterized in that sa

el
stream fr orf A A Y s LT HEETPelr Gt FEROVE aBX: refRegual SOx

in a wet electrog{@ing, RBPRINEE! Pemaddinghe nMihed stSeam.
set forth in claim 16, characterized in that said

stream from sai d wet scrubbing operation is polished

ifa WB%¢§”£%%§6&t§éi&e@f§8£@ﬁt§£0é1a££-2IhecH§£Qng§§zed in

set forth in claim 13, characterized in t hat “sai

st ream tham said seteawr fibbhnga bpevat i sarubbipal pphedtion is

in a vvet%fl%(l:t ostatic ‘gre igitatt_prt. 25. The mat@od as

set forf A THCY atth 227 har Qe 7od ¢ P T AR S&ry:

nmet hod further includes renoving other air toxins and

L#ggiS?fééiﬁggﬁgbig%tggtlPoggﬁdineé g£$of%?téﬁaracterized in
that said stream from said wet scrubbing operation is

polished in a wet electrostatic precipitator.

24, The method as set forth in claim 13, characterized in
that said stream from said wet scrubbing operation is

polished in a wet electrostatic precipitator.

25. The method as set forth in claim 22, characterized in
that said method further includes removing other air
toxins and fine particulate matter in said

electrostatic precipitator.



