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Abstract

Fl ui di z efdu eboledc oomlyusti on i s r epirreseanm@adstvieon
technol ogy and an i mpaocratpatnutr et e cnh ntihcea I n erwo ugte

combustion. Among thfemel tbemb st doz edf bedal

mi xed fuel, which i ntcewrriang st e ebiadomas P tg roc
antdhe capthy ebw¢g!| COombusti on, i s known as a
technol ogy that IS expeantiesdi bos aahideveasnae
i mportant attention in the field of multip
expl osefoxdgdf i cong technology for coal and b

constructing a fluidized bed test device,

process, explaining the rules of pollutant
aht-demensi onal numer i cal simul ation met hoc
t heory, research methods, and data-support
fuel combustion technology to capture CO

First, Bl 0i0Od ik2a\efdu eble dc nonxlsyy st ieon i s construct

dynamic characwuerni soimbssafi otnhenogltearstwi t chi n

processes are mastered. .leme itcdhmezertat urnec oadn
combustion product s, chamcgeamoirphbedgmabeér i
recorded and analysed in detail, and the c

fluidized bed combustion efficiency are re
ratios from 30% to 50% arref orpphamad. f or hi g
Furthermore, the effects of key operating p

patterns and transformation mechanisms of



flui di zdd edceodnbouxsyt i on procesdigqief ecpalai aed
bi omass has a synergistic effectonitmiinnimigbi
gaseous pollutants. I n addition, the prop
transformation of solid ash nadr ea gagnlaol nyesreadt,i o
propensities are evaluated.

On this Dbdismensiaomnalr emat hemati cal model unoc
framewor k s ufiuteadd ceb uf sotri oonx yo f coal / bi omass
constructed. By adopachpgodi mMmbdekat foheni ta
the refiwseeplimetbani sm -GQ®h omoodg ef nye otulbse r@@ ct
Ssubset, adding char nOteqggeni bnosgeardatenhsl

seddsul furization eff ettt t hfteuhetl wapcacrutriactlee ssiyns

successfully achieved. A series -foufednucnoer i c
combustion are carried out, and the part.
structure, and combuson oanr ep amaasnieetreerd .f i el d

This thesis -fcoeddiucarsg tdhfe ooyl «/4bliuoindai szse do nb ead
and reveals the-fahdr &dtoedrdibsuateitigesmnwqifc Gddxeyn t

gas/ solid pollutant emi ssi on ilcahwse narnidc ht rtahn
knowl edge system-foufelf Icuoindbiuzsetd omed laoxyaddi t
simulation method of a multifuel particle
enriches the research methodsacproovistdesct e
and parameter optimization, and | ays the foc

of multiphase reaction systems with over t|
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Chapter 1

Chapter 1

1 Introduction

p8p " AAECOI OT A

CQreduction has become an i mportant scient
and industry globally to adadnrde ssst ocrlaigmeat (eCC
technol ogy, as a poieemmitsisailo nnse tfhroodm tpoo weirmi pt
at mospheregceived increasi.Ogyaetecombuosino

halseamgarded as onmi sdGiCdt htee crmanntl ogpres si n.
originally proposed in 1981 [2]. JAdBi s techr
combustiomt a-bd doexly CPO combusti on. Consequen
concentrat(teppi o&dl ICO > 90 vol %) can be obt a
conducive to its subsequent storage or uti
oxfyuel combusthohl| sgs gamsm Wiehciigrhicrwlxtaygieann [ 3]
obt afimmeme air s @ABSr atsi amt Xuewiatie st tuhea $ghaes

oxi dant cobombudfuitedoambwrst i on, the ifrl uddt gas i
el i mimatolohowedpbhgr fication and compressi ol
purification and cpoumper elsisg soind aeftoarit ne(tdOoP A)g;e ,
t rans p,anuwtaitli idzmaitsi opnr ocess achieves zero car
gener atnebdu sty omo i s compl etely separated anodo

to the a®Owerspthilee epast 15 year s, mul tipl e s



Chapter 1

advance this technology, some of-f usehi ch f

combustion eqgsipmedt fuptescé¢ds$e

/': < Power to the Grid

Nitrogen ‘ Gas
. — 5? Processing
Oxv-Boi Flue Gas Unit
Xy-Botier Desulphurization
Flue Gas

Dust Condenser ]
Elimination I i

iﬂ w=

2 - Flue Gas "V Ash f
Recirculation !

Air
Separation
Unit

1 - Flue Gas Recirculation

EERC YZ43704.COR

Fi gurSyslt.elm di aggaalm odmbowsyt i on technol o

Curremwtol mpproaches-faired apprbiuesd ifor, cmxaymel y
PG boiler combusti oocombdsd@marde & etdso,bRP@ Iboii

flui di zedtlubbedcogibaesdieon er performance owing

of wide fuel adaptabilitys elgiudtd ombpetrifom
highficiefmrciyz ateisaird and | ow production of
garnered significant attention in the fie

t e ¢ h n 8eddighi gt .al. [5], Mathekga et al. [6], Singh and Kumardi{l Liu et al.

[8] have provided comehensive reviews on this topiRRecently, theesearch theme
and direction ofluidized bed oxyfuel combustiorhave evolved and expand&dm
focusing on single solid fuelgoal, biomass, sewage sludge, oil shale, etc.) to mixed
fuels (cofiring of coal ad biomass) and from atmospheric combustion to pressuri
combustionconditions Additionally, somenovel ideas for fluidized bed oxjuel
combustion, such abke S-CO; fluidized bed with oxyfuel combustion (the oxjuel
fluidized bedusessupercriticalCO, as the working fluid instead of steam) and MILD

(moder at e o0-0xVyQgeerrnecmbustionire ) C:at mo s,hdve r e
2



Chapter 1

been proposed.

Thefcoing of imdlutiidplzee df Wbeeldss has aroused gr
and industrial <<oebdsti®nl@hnsidnseose sol
bi omass and municipal solid waste) and re
Among many technfieclaficaaiong ecf, ¢ da&l oxiyd bi ome
a new, c¢clean combustion technology that <cou
emi ssions [11], whaibcslhr bethbifmes the @O mMmospl
growth of t hezemiramahsmefiviubetfh c@Ohboset oal . [ 1

cal |l esheigtat@CG@ e emi sThiil sn ptr eecslefwst wgg-flaad oxy

combustion technologies to build an energy
emi ssions and i s ewxnigeatodd tion gtoay Hpaem eiamapa rot
renewabl e energy in the future.

Il n addihtei acmop fn g c o a | and | bi @ mzcesadn boefdfss et t h

di sadvantages of biomass cawseesdaubteaibw cal
mak@ossi ble to reducgavéaecoal ersubrmehoetrpntooreen ¢
the ignition and burnout per fcoor i mmintcg wiathh b
coal due to the higchonrneadtw viiggmp ¢ji lindim ev ol

bi omasTsh drleBfhadrse ,t ec hndlhegy fgriametnegs and cl| ea

|l ow calorific value coal such as Ilignite (
value solid waste such as coal gangue [14]
Over the spamdanyetclaede®er et i cal and experi ment a

regarding f |-fuu aiconebou shednoxy ncluding mechar
(e.g., ther maeegrrsa v[i Inbe]t,r itcu baunlableyd f uteaatess [ LG
fluidizati on rsecaaclteo rfsl u[ild8 ]z)e,d bbeendc c ombusti o
numeri cal Si mulhaatvieo ngr o[v2i0dle,d wshointeh under st a
featurediaofi ntgheroaess and its practical f e
of coal a Afdi rbiinogmaierds dcdow i di zed beds, sorted
Lupion et ambudteisdaredoft hei fcfoer ent fuel s, S

3



Chapter 1

petroleum caokéyuyidnzad3bedW[ 21, 22], which

pl ant. The r estlotad /dh-dbwadtssglcon okye 1 ui di z
reducemC®O®si ons( 9dy F+Ad®&B x ycombusti on) . Tan e
performmediangca est using ligniteiraaphatl hg

fluidized bed. The rdsaelt cosmbawed onhatous$ da
when tben€®ntr dtliuen gias twlhes above 90 vol %.
the practical feasibility of this process

featur dda edfi caoxnyg .

Overall, the wunder st anfdimigngod$c aclogaiiekaynd b
fl aiedi beds and experience along with its
There is a knowledge gap around the conti nt
combusti on, such as switching the combust

optim zaft i oombusti on process parameters (t
fuel mat ching) . Il n addition, t he -fumnaler st an
cdiring of coal and biomass in a fluidize

Thereearesao$ questions about the emissions

poll utants, and their transformation mecha
influence of key combustion parameters. Mo:
st asttiact e (f uel particleofWwefeedti agi comady X i «
is quite different from the conditions 1in
fluidized) with continuous fuel feeding ar

oppbte concl usi ons.

At present, the demand for numeri cal Si mu
technol ogyo matches that of experiment al re
oxfyuel combustion technology. &udesigmal ofi
structur al and operdwuiednall upai amehn ebrebd sf o rH
recentl vy, the numéuetalcombmet avbhonnof | akyi

i mi ted. Previous studies have udoésulleyr used
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nume
cons

t hat

rical simulations (e.g., [ 25] ). These |
ider ghe $£0mwd emass and heat transfer,
take place withiisolfildii de aenpd tbleed sF @ars ¢

Eulkurl er approach treats the fluid and soli

it C
and

sol i

P8 ¢

Thi s
ut il
mai n
and
Si mu
t he
key
(1)
oper
char
met h
(2)
Si mu
t he
syst
coef

(3)

annot consider the collision between ps:¢
slon opnarti cul ar, reseafrucehtd iorni ntgh eo fs i mull tai
d fuels in fluidized beds is in its ea
4 EAQQAIOEUAOQET 1

thesis aims to explore the transform
Il zat i oim xdyfu edalciodh f nbH losma alsu iidni zaedd bed. T
objective of the thetshhcao mbau stto ome \pa alc €
the | aws of poll utant formation and t
| amdohn®, provide useful basaita tsuepoy t
devel opment fafelf lcoimbiusdd ome d eacxXiyhel ogy

f acaess efsol | ows

To buid duiadilzOefdk @bbemdb usxy on test system

ating experienckepandndcdomhsseron het asttea
acteristics-foekoimbiuditzed, bad oyl as
ods of temperatur e, oxygen concentrati
To elucidate the complex combustion | :
| aveciloanrsi,fy the char actfeuadsdamlizsstoiford | an d
mechagasmsmpdéidut ant generation and t
emavealaltl yereffects of mixed fuel, oXYy
ficient, etc.

To condimeaoasi andlhr ma@t hemat hcecd!| nmondd | S

bi omass flufdededilbmgd pooxygessseandcet cwofupd ti ma
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| asw of mul tiphase fl ow, heat and mass trans
with experiment al studies to pupvidesi gomer
research.

This thesis consists of six chapwsrs. The |
Chapter 2 reviews the prior |iterature on
and biomasEoombystion in fluidized beds.

I n Chapter 3, wd | wonds tzrefdceeab ulsGt ykowd t est s
study the pradassacdymamiti cusp,o fc ofmbuuisdtiizoend nb
switching, and fuel switching, and invest.i
on combustion characteristics to obtain a
Chapter 4 discussesantdhda reamisd ironatp atnt ewerc h a
and sul fur poll utant-suedlcommbagstiitdire dsaedd be
desul furization process and studiaendd t he a
aggl omeration propensities.

Chapter 5 rdegevenleopgs oaat hnumer i canmulstiinfiudealt i o
react i drma sseydsBoehnetr h éfargamenvgcer Kk and constructs
mo d e | for coalf uaendo obbiuosntaisosn oixny a fl ui di zed

Si mulsiais i oar rgreads poputthet odi str i butt hgears armd | @v ol

flow field, temperature field and componen
experiment al means.
Finally, in Chapter 6, we summarpiose itbHe mal

future research directions.
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Chapter 2

2 Literature Review

I n Chapter 1, the research backdguednadoand

combustion iaethodiucgydypadeéi deshaptemprehens

of the priofuektodbestoonoy coal and bi oma
including-ed¢dreoniecc hnioabi l ity of this techn
generati ons, theerpeenmemtdalancesear ch, and
numeri cal simulations in this field.

AN - . ~ T A~

¢8p A4BAETT IMEAEAEATAMAOARIEDOBIAIOAOET 1

A O

Thefcoing of coal -Aodl brtcomdssiondefr soRaypro
that can be i mplemented | mmerdadatpellantisn fneerart
or power gener aotfi @dvuntghiet hg rteheen haoium e agads e mi
réea mghe i nsdcuaslter iuwatli | i zati on of biomass in a
However-eco@momhne and envisapemepetas$sasygesTEime
economic ev-Aivango-bhundEr comrgitiircends pilmandocalof
conssadei de range of factors generally refe
additional capital costsred pkeanbsiotihgil

ones fiorimg with biocommamisusatnido ;o ré¢ mtéhreg yoex yp o



Chapter 2

efficiency penabmbestdoa todt hdeoaddi ti on

Compatro the PC boil er, retrofitting the e:
capability requires relatively mini mal mo d
a ycorgeni ¢ ASU, a gas processhaegflyst gms ( &P
l eaving t he boil er, i s8handassocipartoevdi dee wC O
instrumentation for these systems, and the
the new oXxygempsuapg, new flue gaproecueactr cul @
ductwork to new gas pr-88¢ssifhg mpgbemnawde
ASU and GPS have significant |l and area r_
equi pment. For ekampleepAFrsedmt Rawef or an e
island that? coherASBEPOgmMBB®®amg t he GPS

approxiem@fielnoyn! y-c b mbuwxiybe pl ant retrofit ¢
coapproxilmdabelUBDLKIW Whiadlwr8t he ASU and GPS
modi fications to the éNi2otli.nNew@irltdrel ecst,

cost froert rpowWa nttef ionxdy | s bbperloineivneedn ttloy | ower t h
po-sbmbusti on craethraow ga anpetwilrye bui |t i ntegrat
combined cy-80F. pl ants [ 28

On the other hand, as CFB boilers have hidg

firing that is straightforwardThedegfFessge ex
with only minor modi ficati ons, the CFB bo
combustion of <coal ,bredhelliidmags faman cdstbxeiln
additional dedicated mills or burfniregis f or &

bi omass anabiooalsswiftrtacti on undere@® r(ener
significant investment costs [31, t3h2e] . I f
Polish enamsggxnampltem the tobit@gagn cdBO7)fwas
etsi mdtoeidndreangei3afl EAMURBLBU, 33].

| n scefrheener gy ef f Hairermcyylafntcsgalit has been
ox-gombusti omodasaan |enepr gyil@émalwtiyt hofAS8%ene
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co
29
co
90
an
Wi

pe

i n

nsumpt iionhgoaa ons b u Atbeo o & | ancillary power ¢
] . I n det ai |, Cormesonndmijc paaemwleywd iesd fao
mbustion power plant of 350 MW net power
% at the gener adt@0 MPmamameters dbdf H®2 h f
d Ilignite) and renewabl e saiwdushg sandt & m:
t howtombxygti o-ap mhiithset iooxny car bon capture r
nal itly2 amfet9 ef fi ci ena3y7 Y%pkud% ciemd raggaes g oii mttsqt

vesamelnst% i ncrease inathecO&Mccogt soandi

54199 5 %. I n tshpistceo mtxtyst i on i's stildl one of

t e
i n
ef

c h

vV a
gr
Sy
t h

chnol ogi esf rtoom ciampd wsrter iCad combustion proc
r egoairodnatt e r icmg , t hings b e caxsmet hmo ren ea g
ficiency is «clfoasetsqurcshelast etdhet obi manmayss ar
aract efriirsitngc sedtctomdy, rcad i o and so on. Spe
el characteristics afffechgtisg seamsegynaehnf
petchtes ef fects ofetbentheghsramdi sobwer heat
boil er efficiency and the auxiliary powe
, 32]. Among these auxitlhheialrlyi p@ wesh arcaats a@n
var iaouesu d ufeynsnfhaec tdor t hat deter mines net
me studies have been I mplemented in deta
pes and biomass fractions. For exampl e,

si gnf ifroirngcaosd wdosktcombwngt oaxy technol ogy a

creasing the sawdust feedstock content \
crease. Mun et al . [ 32] i nvestigated t he
an existi-mgd 5@WOweMWeplcamd t hr oufgihr pm@cess
rious biomasses along with two coal bl en
i ndabi | i tamiixndierxe toefsthsi oofass (10 wt %) anc
stem model motadecuwmi 4t e Iny @lbwair consumpti
at the addition of Dbiomass would reduce
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| o
Ho
po
Th
t o
ef
Vi
po
be
P a
bi

t h
ac
ca
f a

t h

wer calorific value of bi omass and the
wevemr, | ow ,r dnok itnlgabwespesi al ly torrrefie
ssi bl gt hencheialser efficiency and3t]e.t powe
erefore, the internal waste heat wutiliza
dry the i omabsvwsvirwaimekh ccooal such as | ignit
fects offibi ogacsasmdbecuos Ky on ont ewlhanrotl og@g on o mi

ability can be effectively compensated by
wer pl antiseosti t30 bd dMWada iilBP %4 ®% bi omass i s
|l ieved attractive as a compromi se betwee
rall el to the economic cost, the detail
o mafsisr icmg power / he ato ngpeurset reaofail groewit t boag gr
many reseamakbkersheanldi fpeoldygl e approach |
evaluate témi €esiceogy aseée, c€Ot requirement

power/ heat generation t hartousgtharprso cfersosm r

i stribution, use gsimgi botihnahteirsnpmdsaindb ey x:

, HoOwlever, to date, there have been very
d bi ofmarsisngcopower / heat geombadlowevef,K CFB

me referenti al attempts baalk ®weeaebi cwmassc

iring with or6WILthHout ex@Snpl €41 adgbar [ 46]

tensive comput athgeomad s stdd ed f aflowelo i nagt v e Nt
d power generation to evaluate the tech
vironmendfaldibfefneefent technol ogies in a 5C¢C
ant in Allfbewnyt & ptalbe nhaidgpgher OHDebmassyf eedsso
an coal, as wel |l as the addifirendgli omapst
tively contribute -tforthg gepertahttishegg bk e e ct
saf wif | o f P aficidraeld poweidr epill aimt f cwd s c hr dsisdue
vouprlaabnite modi fi cati on costs andshawsmass o
e best economic and environmental benefi:

10
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t hat the hitdkei cnass huppm eyec esisaiof the bigg
handifoapdi omass paonvde rr ed eant eerda tmeocad v &rsc ear e r

t hdeevel opment and application of. coal/ bi oma

c8c¢c %@b A AED AT AR

Currently, -fstialldi esmbwmsviotxty c o afli rainndg biino makB
boilers primarily focus on fundament al exp

CFB boilers.
¢c8¢8p &OT AAI AT OA1 AgPAOEI A1 6O0d AOEAAE ET OO0T A

An -denpt h un dedrhcecambiusd apnacoeonst aod bi omas s
of fundament al I mpor t amcier itnog doefv eblioopmaesfsft iact

series of basic experiments wer e conduct

t her mogr av semest r(i TcAA) n a#1y3, 48], t-b6hp afndr nace
fixed beds [52, 53], combined with various
conditions of these static experi-meptdal de\
fluidized bed combustion, and fiardifnrgemaa et |
an i mportant contribution to the understan
fuel and mi xeEbdesxeombusesdies. focuse-luoIn t he
combust i osandado rnchoembcoont i on of coal and bi oma:
properties such as ignition temperatur e, t

composition.

Some interesting results have been obtainec
For exampfeglthbhendkxyi on | eadstitoon awhslni g hhte
oxygen concentration is the same as that
concentration increases, the ignition temp

combusti o9 5c4gndiwhiiocnh i s beneficiaxly to c¢oml

11
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fuel combustion characteristics of coal c
bi omass, including accealnanat nocneatet hae ¢tbam
and burnout pr eperbtuiseas o[nl D,f i sdola.ét sBmednbVv e ma
solution for reducing en[vdi8,onome,ntsmI] ,i mprac t
SQemi ssions58p0, ABBhob®éh some of the phenol
influenced by the fuel proper ffiigisnngoxXxy i s a

fuel combustion with CFB has many advantag:

P T

Due to the advant agfeisr iorf g ,c esad anleaenld® whai hopem al sost

experiments have beyenarismplasmesatt ;cewdn iinn rTeacbel ne

Tabl e¢i 2theffaey fluidized bed experim

Researchers Year  Capacity Fuel

Indonesian subbituminous coal,
Nguyenetal. [59] 2020 0.1 MWw
lignite, and wood pellet

Cornstalk, Shenmu coal (SMc), ar

Li etal. [60] 2020 50 kWin _
Shenmu semicoke (SMs)
Miscanthus, wheat straw, and
Sheretal. [61] 2018 20 kWin ,
domestic wood
Varol et al.[62] 2018 Lab scale Spanish lignite and wood pellets
Waste sludge from sewage
Sunget al.[63] 2018 30 kWin
treatment plant and wood pellets
Datong coal, and two biomass fue
Wangetal. [64] 2017 0.1 MW
(corn straw and wheat straw)
Cotton stalk and Datong
Zhanget al.[65] 2017 50 kWin

bituminous coal

Bench  Shandong pine powder and
Puet al.[66] 2017 .
scale  anthracite

12
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Coal, rice husk, Prosopis juliflora,
Kumaret al.[67] 2016 20 kWin _ _
pine needles, and plant litter

Can lignite, tunpilek lignite, and
Kayaharet al.[19] 2016 30 kWin

olive cake
Lupidez et al.[68- Anthracite, high sulfur lignite, and
2015  100kWwn _
70] high chlorine corn stover
Coal, rice husk, wood chips and d
Duanetal. [71] 2014 10 kWin

wood flour

Tanet al.[12, 23] 2013 0.8MWy Coal and wood pellets

_ Anthracite, pet coke,
Lupionet al.[21,22] 2012 30MWh o .
subbituminous and biomass

Il n Canada, Canmet E N E R GiYip Mafyause | e sct oanbbl ui ssthieodn a
scale device with a CFB boiler. I n this f a
conductedenoth Hi,htdsl odghgeles asphalt, and bi
t hef icroi ng of coal andggwaod aps5a0mt iddll 22O 2\38 Jt.h Te
aim of the experiments was to evalwuate the
flue gas composition, organic volatile comj
The experiment al resurletlsi asbh oyw wtnidaete o itk iyt a o n
and produce flue gas cont@ini9MWgo) hiaghd ¢ dmad
addi ti on ocefsnostawdiuggni fdocantly affect combus
useful i nformati emy fcaoombtulseat apossel of u€s ¢
and petroleum coke -fwietlh clhoimbmeass owmn ceorn do X y «

reasonabl e way to nmclhsiieomes.negative CO

13
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~ FUEL PREPARATION
FYLIT] SYSTEM 20 MWth
; PC
BOILER

0, STORAGE
AND

VAPORISATION MIX AND

PREHEATING STACK

SYSTEM

AR

DeNOX

COMPRESSION
AND
SEPARATION UNIT I—l
co,)

@j’ i

CPU

BIOMASS
GASIFIER

5@ —
CFB
BIN
ENGINE
TORCH

XPANDE!

BAG FILTER HIGH
[ ] EFFICIENCY

DeSOX

i

BAG FILTER
GAS
CLEANNING
SYSTEM

BOILER

FGR2 RECIRCULATION
FGR1 RECIRCULATION

FigurSchRemnatic di afglr@aimdiof & & @l eMdvV o x y

combustion system [ 22]

I n Spain, CIUDEN [ 21, 22, 7Zuetormcdtmbwuct e d

system with the | argest ther mal capacity i
maxi mum i nput ther mal powmweirt hofa tshgeu aOFeB fbuorinl
Cr essdsi on al aredaned th® fotltal7z meight is 20 1

for burning different kinds of fuels such
conventionfbeli combuoixiyon mode. It was cor
adaptabi tohyent i oingalls oC FaBp pbloii cifagle $e ct oom bt uhset io00x
process. Compared with <convefnuteilo ncad mhbcuosntbi uos
with CFB caenmirsediucres ClOy 91%, wh-fiiei hbeogypal
fuel combemt ican segsilscsd o083 by 120%,2 achi evi
emi ssions. The syscaem preo)videwevemr,ecgsgi Croi f

corrosion problems were found during oper a:
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Flue gas

Alr staging polints (S}

i
Thermocouples (T) ——+ -~
i

-

Gas analysers

i i@ T
! ' | Feeder air
|

Data taker

] - i
1 (] 1
! v B . ]
| 1
i 8 i
h " & I
| |
% 1 || e —
% i IR i i
1 3 ] !
I X |
& XXX
TR
|
T
1

‘Computer

i
Geared mator |

Inverter

Figur2e0 2kbVbbl ing flbidmasdi cembusyem [ 61]

Sher et al . [ 61] from Notixiyn gmamsUrciombusi i
system based on a CFB boiler, as shown in F
fuels were tested in the d&xupddmsianeaarttshus nan

wheat straw) faktdomeret woowypodt)heeombhesef bact
at mosphere and oxydemrml|lcacmamdutst atoinomni n hexyy
temperatur e di stribution wer e studi ed. Th
temperature decreased significaandy7 %%en t
CQinstead of air and evetnhceoablupgti ed f bamé:
mai ntain a temperature distribution simila
oxygemcentr aftueoln cionmbouxsyt i on mode must be ir
Var ol et al . [ 62] at Middl e fHarsitn gT ecrhand eesad
high sulfur | ignite and -basemdsexymaslk ¢amb

pil ot mplamt jinadsigure 2.3. The objective wa
15
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fraction on the 2amds€0Oond noft hNOx st 80y, t he

fraction under air combustion conditions wi

experi moenxdyuehdeombustion conditions. The r ¢
share has a very insensitive effect on the
other results obtained from coal combusti o
standartdlsy.culrr ethner ms of gas emissions, ther
tofdaoi Aguedxy ombusti on. However, the | ack

more extensive-fbbiciogmbzuesdi bad obdbxypi omass aniq
needed. KNopabhQywas al so detected in this e

phase formed on the deposited probe.

Fi gurkei 2h 3sul fur | ignite dmeélbi omass f |

caeaombustion system [ 62]

Lupi 8fez-7@1 al so|[ 6BudiedN@marmsdsitkdls, odl &SOg
deposition rates and asthf |miinde rzaeldo gbye db a(saesd
Figure 2.4). Thaehirlesul he eswesvsedardd ecft edO0Oby

chl orine content in the bimdmarsts, oMNOtxhe mo Eer
16
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conditions i n a way simillar attdi dxoyamiventi o
combusti on i ncreased t he chl orine detecte

combustion tests.

<

Heat

exchanger (P
4><}—{ [UWUUU);
Deposition probe

@
T 1| Xt
o |
t Cyclone :B =) Q-o e 8 _5
: i | | <] \%4><}—
2 | 10 |
I
|

Baffle
chamber

- _ |
FS

gu gL

Deposition probe Ca H Induced fan
Fuel and inert 5
Chlorine capture
hoppers BFB reactor St I |
) . oo
Deposition probe | | 12
X ‘|
: |
: CaCnt | 4 |
; |
caca! | !
S == = |
Feeding screw 1 ? | @P N
P—— N>
¥ 13 Recirculation
fan
1 Solids feeding to the reactor 7 02/C02 mixtures from the bottles
2 Flue gas leaving the reactor 8 Cold oxidizer to heat exchanger
3 Flue gas leaving the cyclone 9 Hot oxidizer to the reactor
4 Cooled flue gas to bag filter 10  Ash from the baffle chamber
5 Flue gas to the stack 11 Ash from the cyclone leg
6 Recycled flue gas 12 Airinlet (when conventional firing)

13 Bed ashes

FigurleOR.kdyi red fl uidized bed facild.i

I n the | ast few ytehbkbnsyerastiytoti &aB8lagoeh a
thBe rl a I nstitute of Techntohléd®By TAKdId Mac imamae
Research Center Energy I nstitutethe Tur ke
fesabilithwedcfombxuysti on of bi omass and <coal
fluidi zelkbealheodsatddr yutsidalzee. t he rich bi omass
| ndi a, Kumar et al . [ 6 7] -ccoonmbduuscttieodn aonf ecxopae
bi osnsa (rice husk, pi ne nfeuveedll ecson deittcgino)n su nidne r
bubbling fluidized bedfi Mhegresutoal showdveli
reactor waands utclhcee stsifgghest temperature in t

When wusing the blend of 75% coal/ 25% Pr osc¢

17
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efficiency of 97. 839%|lwa mbalsite wed mom eo x Kay
tested the combustion of two types of | i g
oxyegeammched at mospliemnwesdiarda b2@,kWhere the
was 0%, 10%, 20%, and 100% and the oxygen
21% and 30 %. It was found that the syner
combusti on watsh einmogrpecpesth wnr i chment .

Il n practical i ndustria#f uapplciombtuisan o,n fslysi
usually equipped with flue gas recircul ati
rare but vBumwgieapontanfuéBpeansi Ygns@enstruct
pidsetal e CFB boil er combined withf@aélue gas
combustion of wastAescshleumthge ca ndd alyir @ama sosf t h
system i s shown in Figurerat.i5o (Iwootdhipse lslteu
0'70% nd the oxygen ciB8r0d® ntBryatiinocr evaasss nhl % h e
of biomass and oxygen concentration, the c¢
the condition of f 1l ue gfauseifrriecaoigr coufl astliuodng ea t
bi omass was optimized 2(r ®IOgH ovon de dtorweetri o
emi ssions, where CO was 0.91% and NO was 1.

Optimal Operational Condition for Oxy-Fuel Co-Combustion of
Sludge with Biomass at Circulating Fluidized Bed Furnace

Oxygen (23%)

¥ Flue Gas Recirculation (60%)
Sewage Sludge — 30 kWthCFB
+ Biomass (30%) Furnace v
A 4
: Over 90%
Heat Recovery —> Flue Gas Cleaning ——> CO, Enriched
Co-Combustion - Oxy-fuel & Flue Gas , High CO2
of Feedstock CFB Reactor Recirculation Low CO & NO

Figur@xy2uel combustion system of CFB [

sludge and biomass mixture [ 63]

Wang k64t h@@ovimese Academy of -fScadeincersg cond
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of <coal and bi omagsisr ctue sattsi nggn fd ud .dli zMW bed
especially wundeahitglhe todo madi toixoyngeamf concentr

nitrogenousengasneaed %@a0@ 050% 0 % RFG (recycl

flue gas) were invest/liRRGedombdustwasn freedred
nitrogenoug Cgoaosnebsu stthiaonn (because of the | ong
ti me, and t he sfefceontdead yniftlroong ernactuiso gaas e mi
fuel types and atmospheres.
Gas Analysis
Cooling, ;
Water
¥
Bag Filter E“E
4 Stack

Flue gas Cooler
Fumace

ecycle GasBlower

0,.C0,
Measurement

Feeder

g
QD EE D

Mixer
0,.CO, £ e
Measurement
Cooling * 4 * . "
Water Primary| = 0:
Flow

0,.CO, Mixer
Measurement o

o

(|§,9 )

= &

FigurSchRematic di agxgmebf CBBlcbMWbusti on sy

Nguyen et takunshNan®] omal Uni ver si tCFBiChnvesti
characteristics and evalzeai sxdii to ime BEWKCLSSI minl i
a 0.dgiMMAul ating fluidized bed. The results
st abwiltiht yoveai N9G%eC®I| ue @ ans ssq{ MegatoixmenaC@ | y
1647 (y/ckvy@dr edi ct ebd ofmmars soxyombusti on compar et
subbitumni naonuds Iciogani t e .

To better undfeureslt amadmhiithset iooxny mechani sm of
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generation and emission characteristics of
Uni versity conducted experi mendttsheef h exztisubbl
of various parameters on the formation of I

bl ending rati o of bi @bneacsasu sdee cbrueransiendg NoQO oemai s:

| arge amount of intermediates, whsgdn i nduc
Liu et al . [ 55] from Southeast University
coupl ed wi t h online mausy spédet rocaomltusyt i on

coal / bi omasfsuelindaetrmoeynwere and fluidizatio
showedvitihat ncreasing proportion of bi omas s
advanced, the total time forgecembusbnom at

i ncreased.

CO; sprectral peak curve
exhaust gas 9x10* ~ e
sx10*| me:me = 1:1 “\ 30% 900°C
\\\ 40%900C
XI0'E bt [

2 IX10 Wi
coal )
5 6x10° I\ %
i Sosugl e[ Ty
o [\
i — L Py S S
blomass mass 07 ]i’(? ) |:l() : ., I(’:H 3 |§l) g ?;X}
ispectrometer Times /s
! L 2
mixture | / \ calibration
g || s» method
“ £ syl X
P A
N L Dhaltieane -
PR S S
w " Times

me:mp = 1:1

130 140 150 160 170 180 190 200

-y

- o r ’l <
coal fired ash biomass fired ash mixed fired ash CO; relative Eleelsle:'ation rate

Fi gurkEx p2er7i ment al-f useyls tceormbouf s toixoyn

under fluidization condition [ 56¢&

l mddi tion, the higher al kal i and chlorine
operational probl ems regarding heating tr.
corrosion during combustion in furnaces [ 3:

prome the formation of ag@ghomseshatioom obyn rea
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with | ower mes tThf§uekrypemappabedhldy hweirt SO

parti al pressure due to-ffilruienggad trhe dy gglhi g
wi || significantly affect the gaseous envi
related st-wdiesndgoonf obyomass awdthcotahe ar e
fundament alo famsehc hdaenpi ossmst i on a padn ds | naagngyi ni gs ssutei

have not yet reached consistent conclusi on:
¢80 . OIMOBAARO

Numerical simulation is an igmporstbdnvd amealt h o c
o Xx-fyuel combustion process in a fluidized b

operation, opt-umiadaeasi @m uednidhlaudadkiygzed bed r

FIl ui di z efdu eble dc combpusit ¢ @ln ¢ easmml ex syxatsem i nva
solfild w, heat and mass transfer, aynd mul ti
determine its complex flow behaviors and c
motion, gas distribution, temlmpeerapereméneh
means only. Numerical simulation Agsoaides
Anumeri cal experiment al techniqueo, it ca
experi mental methods.

Fogas selaicdi on systems, there are two main

CFD mbdg| ,mnamelEwl er metbhwlde ranldaedtihandg g 7 4] .

The Huwll err met hod treats both fluid and pa
which makes it difficult to ca&mienfdleuende c
of particle size diBEsutlreirbuLtangana.o dlenoamalret r as
detailed informatsoanhabeutpat haencpe rttiicdjee s «
parti pheas cparntdi cilnet ewaa cliio wense r numeri cal

of f 1l ui di-fzueedl bceadmbouxsyt i on, es Eadieglt Hwmgé hose

framewor Kk, behnamawponrtaec|liyn the | iterature to
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studies that-csmbnudtaiteen tphreoccesss of#H ued al an
fluidized b&dbtebatagprangeihe Thesueimar e zewe h

the relevant research as foll ows.

¢c8o8p %Ol AO | AOET A

Zhou et al . [ 78ed i Mm&nsdeweclocafCd-d& oambtu st i on m
usitnlglEe u Feeurl er met hod andas nsielpitMd g actoentb u s h e o
temperatur e, and ocodanpydgdn edwiCdB swwvei bbt uen ¢
recywbhedt al. [ 77 }dideenksli @ &d ma dceoharl e €C FoBx y

combustion ubBuleer tfhreaneuworrk to simul ate t|

combustion performance, and pollutant emi s

_1
D

ciyncgl Thi's study was si mil a&oonloy tshiamu lodt ed o
ri ser without considering the particle and
establ i sthiemermasitdhmale numemiad alcombdeslt i oh acxown
particle circtubhBmulEorh erbasaegr omaicaht.i o@BED weir mu
conducted to study the flow, heat transfer
of owsiizes umwelr oxmbusti on conditions. Th

typical results are shown in Figure 2. 8.

™

2s 10s 20s

FigurTehe .d8i safr i @@tamdh NOx confciemaead aCk B n[s7 8 ]n

Krzywanski et al Fd7i 9me n8s0i ] o neaslt antol dieslh efdo ra ao n6e
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operated in Turow Power St attihdeems uliInf WProil aatdi, o
process, andamMdxr gducataitam,n and studied the
in the dense and dil#fuel pC&8e combestiodn t
KrzywansKki et amod 8ll] cdmbiehiompgdexperience
0. 1 MWxfyuel C F Ba ntde scto nasdiddi etrieodtDa If oMN@/aN i on an.
destruction paths. As aC@,esEBOx zianm dtelDee niil susei
gas obtained by <calculation were in good
combustioatingaflkkurdutzed Dbfewde!l ecsoreciitaildnys .ul
Chen et al . [ 25] studi ed t he:ctommmpeartatadri e,n
di stributi onfsuedfuird nmgg tdhfe oxyl albhndb bl iomags s
fluidized bed etrhrsoumguhl aguiloenrs .

¢808¢c wACAAT CA T AOET A

Usithhpeo mmer ci-RLURNByYypackagesanddafiseeéed of unc
(UDF,s Adamczyk et al anEu82yr B&@dehsgteabt i s he
combusti druedndc oady combhhgswil@ann iing & |Q.idiMWd
with a rectangelcai ohudha@@adchd®gmt of 42 m
in Figure 2.9). The real particle size dis
and the combusti onatpirtelvesst nwd e @panmdiicdreed w
be used to detect t h.é ncbuleeors iloagtrddntycdue b oi |
direction coupling was considered to repres:s
di spersed phases i n mass, m&imme etit @ar ya naf e n e
grant@lloaw ( KTGF) was applied to con¥hder the
results shBwlder tlhmadaelrhhgesan be wusedt haes a to

oxfyuel combustion pr ocessst atne CFoBn doiotiiloenrss. u I
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AlIR

40N 3y

Rec. UDF

t he beiuledr caomib ussit muwl

i the«€ FB thhieu | er Lmagtrhaod e[ 8 3]

Wu et al . dp8dgdalsi cnemlau £ d alne i OF B @ad hioust or
t he DDPM ( Dense Di screte PhERwslee rMao.daglr)angp
framewor k. The results:cohmcwadr athiadn aisn ctrhee
combustion fraction and temperature in the
whil e the outlet C@ndondentwddennrCaDeicor als e
aproxi h@tel y

To obtain the hydrodynamic behavior in a c
al . [ 85] adopted-iwkRe |- NP mbabedprpast sCcimel a
solfilew wit#CQaisr tahned fQ ui di zi egsfgas!| yTlhiapt o
experimentally observed paenoimanafl swcbt as
Raheem[&8®6] aluseRIl G haeppMPoach t orncsiirncwll aatte na
fluidized bed and studied the 4 Negmdite con
O RFG condi t.] ®ns.8&uU ienveadpi ghtedctlee i S¢ alci
0X-¢o al combustion circulating fluidized be
industri al scdloe 3(3fOr oviWe(Q . Iaf MW-d i marhaldat i ng
numeri cal modedPl ICa sned/ haoih et eex pMP | meimt al dat

fluidi zddeded oombyusti on, as shown Figure 2.
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Platen reheater

Platen Fuel-gas

superheater
P A

Platen reheater

24, Fuel-gas
Platen
superheater

Fuel-gas ~
140 mm 280 mm ~

T 1 22m o
lone
rator T

60 mm
-

Fuel-gas

Furnace
Jawodumoqq
13.5m

6000 mm

39m

00 mm

m*anda

flow | Loop Secondary|
flow

seal
4
op seal Coal &
flow

Desulfurizer|

Cooling wall

2000 mm

(2]
g
H

yele
flow Supply
flow

Recycle Supply
flow  flow Secondary
flow

Secondary
flow - Primary flow
Primary flow Primary flow Primary flow

0.1 MW, 12 MW, 150 MW, (380 MW,y,) 330 MW, (835 MW,y

Figur&t2ut®ural dcmahscombBushi omycircul

fluidized bsdsl eod [d3F]f er ent

Temperature (K)

)

H=30m i

Y-Z Plane X-Z Plane

Particle temperature

Figure&ag&olld temper at 330 MWes tcriirbcuutli aotni nogf f

bed -cooxayl combustion process [ 88]

Bl ack.[ 8109 ] aldithel-faai>x@c ombusti on characteri sti
bi omass in a 500EMWerbamgelmodei HTlgethesearc
showed t hadalf odonobxuyst i on, the oxygen conce
transfer charactemwinstiiscsbeafweainr 2&68mawnsgd 30
bi omass combustion, this value may need to
Cl varelz9@t @1] sicmumbatse¢ed omheofcwmlive waste a
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(0%, 10% and 20% bi o-imask ) ariamo a(phled8%aC A hr e e
30%Ad7TD % 2,CO3 5/M%N5® ,COin an entrainedcduffleow r eac-
Lagremegbod. The resutbmbasbboiwed bhabi bhmasso.
favos gl egfi fsddtcs, significantl!l ywciimmgr dMOxng |
emi ssions.

Bhui yamnh2®t @92, Eudlerusleadgtrtalmeget o si mu-l ate t he
fuel combustion characteristics of pul ver.
particles with dif fceoremetr endixtianhgg erBabtOi oMWei b o:
including ignition behavior, burnout, gas
was found t halg ovma s i mrco earst i on, the f | ame
the peak fl ame temperatur enarecdesisgerd.adijtu swta
may be required for the boiler when convert
and -fouxey conditions.

Geng .[e94]Jalsi mul ated the fluidization char ac
in a cold fluidizedEuwledr rlrsagrrracidne ditr wtahsr osu
that the particle distributi edne nisne tahned ruips e
di lauter acteristic in thedialxutad -waiddeanseca on a
characteristic in the radial direction.
Liu .¢t99541 useRIlI G hmetMPodEudnederLtglmemeger k t o
simul at € utehceooduyst i on of caalmi andf |Ibuiodnazed
reactor and investigated t hxendymcehmentpr ame
pol l utant generation characteristics. The
i ncreasdduetlthecooyusti on rat e,onxrechttrltad i iomc raa

combustion tempeeatuckhbmpnomoted CO

e A a

¢81t 3011 ADOABGOGET 1

The t-ecthmomi ¢ vi abi Itihtalg e d aumelifyi sciosn gs hoofwsc o a |



Chapter 2

bi omass is a promising technol ogyg tdirat can
newly b-uit ¢&d cphleebanttisn gf/ prower generation witd!l
greenhouse gas emhes i osdwaslaen duatt ielail 2 &ti ingn o f
relatively short period of ti mg. clheswey e rt,h ec
usual obvious energy efficiency penalties i
due to the addit-foal otomboeasacsge@mtpldonoegGuU i r
idepth understanding and eff echtthev-emxdyevel op
firing of biomass afnidr icnogalo.f Sctouadl i-fease ldo fb itohn
fluidized beds have made some progress in
and numeri cal simulations havetheasn aadloftoe

promote the development of this technology.

These studies illusftuel ent het ibemedfi tcso alf dr
in fluidized bed boilers. For example, the
t her mal relactnout yof a/h@@i Xueine sagm d AQth eo n

emi ssions ofarNeOxalasnod rSeGduced. However, t he

combustion dynamics under static condition
tube furnace expaeariitmendisf,f ewheinah faroen d | ui
condi tions.

Al t hough the research conducted on the flu
consensufueicambaxsyi on offavboiuopatbhslseni $ oaachi e
negativemi 860i ons. esSomavestadncl uded t hat C
conventional c 0 mb u sftu eskno ahbewcshtniod o go/f, d dhel oxr
in fluidized bedemicsasni cervsE mb it @idegodehsaGv@ed i e s
mainly focused on theeffezosimblustdionncdeehynodf
addition to coal appears to have synergi st
found that the synergetic effect of biomas
shortening the 1ignitiiceradxxymge wasWeinhmeretd.
the emissiwenmse afff 80ted by the chlorine <co
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emi ssions were more dependent on the oper

conventional combustion.

For the numeri cal Ssimulati on, thedwuwel are s
combustion process in fluidized beds, whic
modelalnidngCFD si mul at iibwlse runfdrea mawoerikEu lvehri | e
Lagr amuwleatsii ofnu eolf ooxmbusti on in fluidized be
to date, especi alfliyr iumg eaf cnownldtiitploen ss oolfi & of

bi omass) .

According to the research review, tsoome key
develop flufidedzecbbetdi onkx @ mbine® shaoigwy ctlhued e
addition of bidmadsscambeact $ otnhe haxywcteri st
a heéfgthi ci engaogl lamtda h to we mi s si ecrosmbcucsa éi moann s ybsito
forc@G@ture. Therefore, for both experi ment
systemat-deptamdriessgpauarreeld t o enrich the unde
characteriséefLoembostoryg in fluidized beds.
Therefore, tiot fiosc unse coens stahrey f ol | owi ng aspect
regul ation and process ofputeiffmi zoartg ons wdh fda
stabilization and switching of t he combus:
operating paemaenett eofs,c o mpuotvi on per for mance
emi ssion pattern and t ¥fseon s fdo rpnodtliuarm nmesc hiann
and t-hel atsédd sl agging, fouling,Nuamegrliocnaelr at i
simul ation 03 domecduddioynptusxy on i n fl ui di
whi ahgeneégs furtheExadmepveedsopmealktulireedevel c
di mensi onal numer itchaee oMmd diesIt § osu iotf a bmud t fi @rl e
ma sitreghe parti cler mytdismdj elvasbcucture, and
and evolution of combustion parameter fi el
understand expercidmtghe afl gw characteristics
characteristicsofunapear aat iwigd ecro nrdaintgieons . Thi
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support for the destiugpn,otfoperync emmbBesni amd

fluidized bed boil er s.
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Chapter 3

3 Operation and Combustion Characteristics

of Coal and Biomass Fluidized Bed Oxy-Fuel

Cdfiring System

c8pOPIi AOAOEI I

I n this chapter, weg | fuii ds z efdbebe i mtbxtyyt a ol Ot ¢

syste
bi oma
fuel

conce
fluid
regul
fluid
combu
di ffe
of ex
effec
and f
combu

carbo

m, solve technical probl ems such as c
ss particlescombdsveonfpfticeast ablde be
and fluiwhizieaehi eondigt i tomee ner xigaetient e d C
ntration. Next, we studyueliecopegrat.
iszeemdd beaeadcumul at e operating experience
ation methods. The research focuses
i 2@adpg b&awd scombustion state switching,
stidmetocomusti on and from single c
rent bi omalsass @d oo it hue milsOz &KW ddred sy st e
perdareln/tlsi ebmeed s cooxmbusti on are conduct
ts of the main operati ngacpanrcemdtrerts o(ne
uel characteristics (e.g., coal type,
stria@en echatics (including eeanictbmehnhtemp

n conversion, combustion performance,
30
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suitable operating parameter range to achi

process.

-

o8 NIDAOEI AT OAT OUOOAI
c8c8p &1 OEAEUAA AAA OAOGOD

The experi ments werfeuedonfdluuwitdeidz eidn btelde cooxmb

designed with atnheldnte icropnbtusdfi o hOFgy®t e m, as

3.1 is composed of the following six units:
supply (1L11), flue gas cooling and purific
(V), and automated control system (VI). Thi
continual fuel feeding can operate at at mo

the abil i toymitxa ubruersn ocdfoaloal and other solid

air dmedxynode.

pkd Manual valve Coal+Biomass
24 Motorized valve
@ Pressure

(1) Temperature

i Cold water

Flue gas

pr—
I Fluidized bed
1 combustion chamber
Hot water IV 2 frechoard
gas sampling 3 cyclone separator
4 ash bucket
5 gas chamber
6 electric heater
7 insulation layer
II Fuel feeding
8 screw fecder
9 star feeder
[11 Oxidant supply
10 mass flowmeter
11 gas storage chamber
12 preheater
TV Cooling & purification
13 flue gas cooler
14 (lue gas purilier
E = V Product analysis
B 15 flue gas analyzer
III|I|I|IE|III||I Il o 16 patticle analyzer
o VI Automated control
] 17 data acquisition
‘Bottom slag 18 automaled controller

Coal + Biomass

Solid samples
( ash, slag, fuel... ) ;

Figure 3.1Schematic diagram of the XV fluidized bed

oxy-fuel combustion system
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The fluidized bed (unit 1) can support a me
temper at ACEhefdil®d@é®t ers of tlhe eddindukitg wme ¢
3.1) and suspension space0Q2mmnpn Fegpeet 3vda
the heights dmerbkeatsh nIg0 @G themmd.i amet er of t he
bed is designed to reduce t he fclounep lgeatse lvyel C
burned particl es.Tamed feldunibdeislt ii Bl epd thangeas

annul ar electric heater (6 in Figure 3.1),
maxi mum heating ACamperat appedfbB08&n insul a
Figure 3.1). fThteueea(B4siK2tedPpe T6) and p
P2, P3, P4, P5, and P6) measuring points &
1400, and 1600 mm, respectivel vy, al ong t

fluidization gas distribution board as the

When blended fuels consisting of <coal and
bl ocki ng, bridging, etc.) occur occasional
stable fuel supply during expaerdareeaw afte eder

(8 Fimune adrdl a sthRhirgdmeeda2r® (Onsmnalled in th

crry. The motor frequencies of the feeder
respective invertersigsot einrstuerer h ptaeddde@nmh g e
failure of tfheee dfienegd eorf. cTohael caond bi omass pr e
separate feeding [96]. I n the present stud

the biomass blending mass ratigbhl gossi habl e
f or -snpehaerr i cal andemnsiltay ipveaerltyi chligsh. z8dhe scr ey
for different fuels with a broader range
di fficult to control the feeding rate comp.
The oxidant supply unit (crriu) can meet t h
includingfaelr aombosgsyi o/nC@vat healn dw@®trlent O
purities of 99. 5% are provided by cylindei
compressor and subsequently dewatered. The
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mass fl owmEtguse SIn@aX it bhr ak 1lx08Ch)a.r eAiar gaansd sG
chamberFi(dd) ¢ ndwnmdle® anot her separate gas ch:
cont isnwiotucshi ng bet ween t he-faiiel combwsttiiom mw
Before being supplied into the fluidized I
traperatures usi Frggppeh&8atters (12 1in

The particulates in the flue gas are remov
the cycloneFisgpheadorcdI3l et ed Fby ut)lree 3aslth b
After the delasftlinmegg gasciesssegu) e ddrhwateol
cooling and then fiRiteguigab®diybntdebe@iumg fdiscl
prewWeOxt andr ®® binding to moisture in the f
and the odaleert oarteheal | heated by the el ectr
mai ntained at 600 AC, and the pipe to the
the cooled and purified flue gas is contint
ti metdemeandgrecord

I n the automatic control uni t (Vvli), an a
devel oped. The operating parameters of the
temperatur e, and gas/solid fltolwe rauteq matriec
contr olThsey skteeem.contr ol components (e.g., ma
mot or, and pressure controller) were integt

for automated operation by déetet icrognptuherr el

c8¢8¢ &OAT O AT A AAA 1 AOGAOEAI

Two types of <coal (l'ignite (CL) and bitumir
husk (BH) and corn straw (BC)), and forestr

(BR)) were selectweraspbuehasedhésemfual o

China. The wultimaiseransnd!| psoarmapeeapral gd i |
basi s), and the photographs are depicted i
physical characteril £tsi,csanaf tthlge ffewolr epawoih
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spectroscopy (XRF) analysis aacgtehcewlmd wranidn T
bi omass used in this study ranged from 0.6
the particle sinzei ndiFsiSgrurbea 83 .e3a.nds pahbwcl es
the bed materials (fluidizing amsegdiruom .0.The

to 0.7 mm.

Table 3.1UIltimate and proximate analyses of coal and biomass (air dried basis)

Proximate analysi€/b) Ultimate analysi$%)
Moisture Ash Volatile Fixed Carbon C H oY N S

Lignite (CL) 12.7 17.1 36.5 33.7 466 75 133 14 15
Bituminous (CS) 1.8 19.9 16.8 61.5 68.2 29 42 15 16
Rice husk (BH) 7.0 10.8 66.0 16.2 395 56 364 0.7 01
Cornstraw (BC) 7.6 25.3 57.1 10.1 338 49 275 09 0.1
Pine (BP) 7.2 2.5 77.4 12.9 456 59 385 01 0.2
Rosewood (BR) 7.2 3.1 72.2 17.5 48.0 58 352 0.8 0.03

!By difference

husKk:;

(ddrn stp awjyo s(eéwo od
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3

Table 3.2Main physical characteristics of fuel particles

Fuel/bed material dp DT ST FT Chinese province
(mm)  (€) (©) (©)

Lignite (CL) 0.61.6 1238 1331 1343 Yunnan
Bituminous (CS) 0.6'1.6 1375 1390 1415 Shanxi

Rice husk (BH) 1.6:3.0 1510 1542 1589 Jiangxi

Corn straw (BC) 1.63.0 1092 1117 1131 Liaoning

Pine (BP) 1.663.0 1072 1151 1165 Hunan
Rosewood (BR) 1.6:3.0 1113 1179 1192 Zhejiang

ldbiparticle

2DTidef or mat i o rSTitseonfipt eernai tnugr FEid hmpermpteu rad ,ur e

SThe

ash

fusi on

di ameter

temperatures were deter mi

Table 3.3X-ray fluorescence spectroscopy (XRF) analysis results of fuels

Fuel NaeO MgO AlI0s SIiO; P.Os SOs Cl K:O CaO TiO2 MnO FeOs
Lignite 119 374 660 014 1752 020 021 44.66 191 22.72
Bituminous 0.51 0.51 13.68 22.17 0 899 0.63 075 1145 650 o 30.00
Rice husk @& 121 & 52.01 168 2.87 510 1355 741 & 8.12 6.59
0.6
Coal ,* | Biomassp- -~~~ 77 7 100
05} /A’l ,’
— g . 180 =
S04} — <
5 A , {60 @
EREL / ; 5
2 g 7 =
L _ [}
a 02 B Jf 40 E
w <1
g * S
0.1} {20 3
00 = L 1 L 1 s |_|L L PR Y PR I 0
06 08 10 12 14 16152025 3.03540

Particle size (mm)

Particle size (mm)

FigurRar3i8l e s
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08¢ 8obQAOADOOA

Before the fluidi-apd bbd eombughtaorsstaft:'t

checked first. Af ter confirming that t he «
device, electric heater, etc.atwehe hbumalb
outl et were -ptessedreaadr hwgé bl own into t
pressure reached 0.5 MPa. Then, the air P
system pressure were recorded. If drley pr es
decreased very little and sl owly, t he pr e
considered qualified.

Silica. S5Swmg (ntroduced into the fluidized I
up to approximately 200 mm. The coal and

uni formly mixed according to the required
After compleartdatnigon hworpkr,ept heofsutbess$tuli dst
combustion system progressed -utphr oaungdh sttharbele
combusti on.

The preheatwuipngpraceésst avats performed in air
The airtewasusheag (tl2Eiipue ees@ttdrtaonsie®® AGY o
the fluidized bed thwhudl the anhédiast ei leu
Fi gu)watBu.rine ds otd Ot®oiTdhC s was the preheating
the mpaesef silica sand, the temperature ri
than that in the dilute phase region at t h
When the bedltempehadua@pfoxi mately 400 AC,

were continuouslgdfa&td & ounihfeorf mufi ee diemg br at

was switched off, and the setting temperatu
The furnace temperature increased sharply
stabil i zhee atth ewgr tesitoaggte causi ng accidents, coa

t he -uspt apnnocess ratbhemasbarm!|l ehd aoabrding
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experiencel 1 x6cdd e deAd WS Oc oAnGs,i dietr ed t hat the
was basically cpepaéateiteg, pamamdther s coul d b
make the fluidized bed combustion reach t h
When stable air combustion was establ i shect
could be switched to diff erceonmb uocspe roant itoon om
fired withCOiatiesentan@ from siHngliegc owdl com
and biomass; the combustion state could al
the oxygen concentration, eemperdiued, badd
worth mentioning that to fit thei®whacti cal
operation mode and combustion state depend
feed and the oxidant supply in this experi
setting electric heaters.

During the experimental warso cdersaswn wap anstoor ttihoen
anadrys f-toirmeg eand cont nMRWuNOWM aR LybSeggasA ana
was used f or Ou0e%BIRE @ éoh 0 0,66 CO RPM 00, ppm
CH(O glpom® 0 0), p@ pip M0 0 ), p pNIR (0 pig MO 0 ), ;mmEm a
MADUR -BIA PWwHS tUer@ &30PLC Q0O %1 00,00 pipm

5000 pmpIQ(,0 PHPONOO .ppm)

The fly ash was coll ected during the combu
bed materi al (quartz sand) were collected
t hat has unpgergodepanedouwnmgi zed r un, It was
bdtom ash and bed materi al at the end of ea
sieved (sand and bottom ash were preliminai
di fference) and then manually seletted acc
t omkcthh me, the silica sand and bottom ash c
These retained sands were used in subseque

sand was added to keep approxi matéhe 1.5 k.
solids (fuel, bed materi alse,d bvoitat oenh eansehn t a |l ya
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( EA; vari o MICRO), scanning el ectrraoyn mi cr
anal ysi-BEDX(SENN) , BriEmmaeTletrl | er sur face are
ASAP202r09g,i fXraction (XRDy aBriokeor ®8¢enaed

AXi os) .

c8¢81 %PDAOEI AT OA1 OAEAI A

The experiments carried out in this thesis
mai nly fuel type, bi omass bl ending rat.i
cocnrentration, excess oxygen coefficient, ar
the fuel types include |ignite, bituminous ¢

and the biomass blending ratios are 0%, 10
combu®n temperatuA@o MHBrOgeh ef rcombusA i on atr
include di7TO Y Ndded Oexy at mg CPherwda thOt he oxy
concenVgragrnginng from 21% to 35%; thle range
is -1.38, corresponztiomg etnd rtahte ornd/si.bne otohfe Q@ a i
2. 7% to 7. 8%.

The experiment al work consisted of for mal
condi ons. The stable operation time of ea
approxiématmilryut es. Repeated experiments We
operating conditions, which is also the nec
I n the formahtakpconditions, the operati ng

make the fluidized bed reachathgeéexpgectesd
oxygen carelfefdi ctieenmpter asubeequent evaluation

combustion amar fpord mataemt emi ssion character

(7))

uchhlysnami c processes of combustion at mosp

>

O other operati ng tpoarahbhnedrev ei whea ec Vaedr gulesls
combusti onl it it Zenddfabpetth & afppt achtt c@hcsombust i

stat éfelodi di zed bed in the experiment was ch
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oxi dant supply rat hsusdithtaisn gb ye loetchterri cmehaenast e
I n this wockyaltbhe obhl bromass is | ower thai
bi omass blMndimgrease®, (the calorific val ue

decrgaisieds i s necessary to maintain the c¢oml

by increasing Sihnec ef uehle fceoerde rcaotneb.usti on r e
fluidized bed is usually |l ocated at the 1| o
of t heexXmpemament al conditions is consider
mai ntaining a constant temperature in the

bl ending ratio conditions to ensure that t
same as possgblte. tAec mrpkrating experience,
ratMpo was increased durimiget hel ewpreati enesah o
increased accordomageérnyt rathieaan tdfe tOhe oxi dan
oxi dant i mleetd sf Itoow breatiencr eased accordingl )
oxygen coefficient. When switching 7t9h% ¢ o ml
CQt o 3H %0@) COschoence ntration of the inlet ga
the 02 flownrdattd acrgph $higavnhat €O I n addition,
value of lignite is | ower than tA8tobf bit
l ignite combustion was | ower t MA&n itnhantosdf L
exper i meinttiadn sc etacdd adbbb teaicoombusti on state and

efficiency.

c8c |/ DAOAOGEIT AT A OxEOAEET C AEAOAAOA
I n the experimehteffi tesgsobncohe arg bi oma
this study, speci alheatftodntoiwo mgwa assdfiadrdsea fgirv
combustion state could be successfully est:
could be achieved; secondenwhebhbédri hheheoh

coul d meeect hé¢ hotmhse, daynndami ¢ characteristics

39



Chapter 3

st-aptand operation mode switching. I n addi:Ht
mastering regulation and control methods,
focus of the initial testing.

o88p $UIT AT EA AEAOAAOCAOE®D®EAO |1 £ Aii AOOOET I
Figure 3. 4 -tsihhewsc otnhtei nruecauls oper ati«omp curves
and -cooxnybustion MMFOEC A 86 LObI i shment proces
temper BiTRr ed®Bd( prRB®sduvamai n flue gas@ompone
and CO concentrations). The selected dat a
fragment of the experimental dat a. The op:

pr ocessueps, . asitrarcto mbfuusetli ocno,mmbaunsd o0 Xy

P/MPaT/°C _ L 0,&C0,/% CO/ppm
04, Fuel feeding Switching 100,5E4
goolL Startupstage  Air combustion W
800 | -Mso-ma
0.3}
700 ~ w\,v-‘\/"'/_/\*\
—160 43E4
0.2_600 -
500 |- -440 42E4
0.1 1400
: 420 {1E4
300 | Bt
15:00 1530 16:.00 16:30 17:.00 17:30
Local time ( hh:mm)
Fi gurRed3li. e oper att lset -apd tpa odkwersisn g
When the fuels were fed into the fluidize
respondedT1guwicc lelagceodnc e ®tVbat idoecr ¢ ased, and
concentWatiiomcr ased;T2and Sienqueaads gcdct, and (

concenvVaorntii mdr éRsgeat ed operating experienc
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tempefmdatissress to 750 AC, it toanwbekcossbdsie
compl et ed. However, to ensure stable combu
st-apt stagee§ mav estdatvmn8 00 AC. At -utphesteargde ,of
T1T2 damBdere not | ower than 800 ACPRwa7rs50 AC,
stabl e aba@mai MBd, bet weerne B4 rmendl B, ween 16
18%, Voowds nott hlainydbéxk peri enced a drastic ri
t he -uspt asrttage . Vcbheea kh i gdhrerseémporaped otxo mat el y 6
which was due to the pyrolysis of the fuel
When the air combustion condihtei otne ntpecar calt eusr
pressure, and flue gas composition-o0of the
fuel combustion mode is then started. Figu
oxfyuel at mo s p/h7elr %) MdB20 Aoc 1Oe a s e d traalpiildil zye da ntdo
approxi mately 90 %, and the temperature in

When switchi3®g moa et he hex gholnacvem tirmttad otnh eo ff IO

bed inandaskd inlet gas f |l owtr atne Melawscet u at e
and a sl ight i ncrease and decr easfeueiln pr e:
combustion mode successfully, the operatin

and fuel feeding rate)-f wekref ledj comdd sth © 0 me
reach the stable target state. The target

of t hseo wdnabyan omtt isea me

Overall, this shows t hfautela cotmdbhilsa | Dhuisdiaz
establ i shed,opemrdatdomt irregaudsati on can be car
the effeatri chméE€BGt i n &haar | meetg atsha sr eggpwidr

the subsequent compression and capture pr o

test.

N &) N s e e ~ A~ s oA s o~ -

0808¢ $UABGAKEBQABGEOOEAO 1T £# AT 1T AOOGOGETT 1T AA 0>

Further more, we investigatedombesstabi bndeg
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oxfyuel and fluidized conditions, as wel |l

combustion state switoalsi nd ep Ao qneex so.lp efrieagtui roer
curve of the fluidized bed when gwWi9t% hi ng

N2) t of uoexy mode with increasi n/g7 9%, yQ@&mh% conce
O 75 %, COQ/%W D%, COHY D%; COenot-2d, a26bx,0x@x y

30, aBd,Oxyespectively). The&2cdmduwuntdi dn uteen
gas composi COpnOKXDand NO) under the condit
coal and -comleu dMyuis&dc¥P) are pr eskinguerde i 6 hi
Sshows theerdghamic data for switching the

50% whdmuedxywyong of bituminous-3@doalNodred triad
the fuel feddfrleotwe raande twea eOfi xed i n these
the effect of operating parameter switchi:t

fluidized bed. Figure 3.5 is discussed in

850 Air ;Ox¥|:$1; Oxy-25 i ' Oxy-30 ! Oxy-35
'_ | [} ] ]
o — L . W —
o -——-—_———"\_/" d
= 700 | : - ——\.( B,
6s0F ]
N | P 1 T 1 N | N 1 ‘) 1 1 1 t | " 100 o
. 12F ! : T =— X
= ot fF c
o [ . 50 O
g o i -
0
= 450 £
g - a
a 300 =2
o 150 %
= ] 7.5
0 £
g. 450 &
= 300 2
Q ! ' 150 ©
>Z ol | ' ' 1 ! L ey =7

N P N . N 1 ) . 0
0 20 40 60 80 100 120 140 160 180
t/ min

FigurTey p3i.csa i meealper aei when switching from

oxfyuel combustion with different oxyg
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M, =0% | M, = 30% ; M, = 50%
900 F ! !
O v !
S 800 ! !
M~ 700t
2 20 ! 0 e
\N 15 - —
(@] 10 | o~
= | o)
5 : L
' : 1 ' 1 .. 1 ' 85
S 2400 F . -
: | co
\§1600 - | : N
Q 800 ! 7 |
G PR Nt st b ST
£ 800 i NO !
S 600 e !
— 400 %
8 200 | : so] i
o 0 L L | L 1 i 1 i
~F 9 50 100 150
t/ min

FigurTer i3a-t6i meabperati on curve when changi ng

from 0% to 5 @®lursheardi da X yon

(1) Switcliompufst o haicromBPDrgti on

The transition frosh78&i% Ncem2nidxga mbowns t(i201n% (@
O 7T9%) C@ould be accomplished in a few mi
parameters of combustion respoodefdwerlapi dl vy
mode in tREBOI B MWnmet ENERGY [-fli2r,i 28 ]c ovals
and biomass, whereas it was 45 min for <coa
simulation on a 600rbMWebpul eer wasd®@gé¢oalor me
and the transition time was determined to |
The -triemmd recorded data curve shows that the
of the fI(Tui dd ecrdepoiscaddl v ( ap AEGvd xihmant 410y n6On) .
s miphhenomenombwas valdso n pr e-v 0 @Bs [09-t wbKiyes ¢
bi om&k scd mbufsltuiidde cdiendT Weer & asfe@i byi 5050 mi n
for coal comA@stihom &8Md m2®M0 for biomass con

heat <capaics tgyr eofhad@ bhlads, wonokrdabheaéd away
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per unit titnmee, rraeps udit idieMg aenamshei | e, t he hi gh

of 2€0ul d | i mit the concentrations of O and
rate [99]. I n this case, the combusti on
combustion rate caused a decrease in the r

whiemdered the fluofthaz eitnagbsd abheaEbmbar st i
continued to decline).

Fooxgoal combudthieonbubbling fluidized bed,
usualelcyr eases gradual |l yf ladiodigz etidoelbeeitde r g htt h e
experi meint atlh isidaatwhTelshaaOA Qi gheT umnka@m2 10x y
combusti ofi w@Bedr ewsrTXH hanir c¢combuwswtuilan)b.e T
attributed to typical st hred ji o riietdy coofmbtulsd i @«
buned in the dernmee] prhiatsye @fr etah e almidomass was
zone or just below the dilute phase zone |
coal particles in the denzk @pdhraciet i mtome tdleea ¢
of oxygen consumed decreased, thus providi
and upper parts of the fluidized bed, and 1
i ncreasTeani3Shetr h6dq al so[ obser ved:wdresi mi |l ar
bi omass fluidi gwidadbream caothrbmatsdtelppenyt e mper at ur
of the upwsewnvefe@ild®er than that of the den
fluilbdedaed

Undteh@x®21 combusti oconomodetr athieo ol nwadhe 1| 1
close tothehat comhesti on mode Vdoavppgr et iamateel
above 90%.VcHowewars,ed significantly and st
wherWwiasgdecreased margimatl | gl.t FTdugh i tmpé | edmh u
dense phase ar eax owmds nrumtu ss wwfofmbaiseanton r eact
the middle and upper parts of Vioche\WsHod ui di ze
curves was al mostT lnaln iagti ergt twiatt h wthreant t dife |
bituminous coal/30% rice husk), the combust
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in the emi-axnido m taddrndgpdlnfiunmrg pol |l ut ant s.

(2) Switchkhgt r50rmy0@vbw st i on

Af tsewi tgc htilo@x-25 ¢ o mbnmogfEldionnc rd¢ s € mai ower

thaA the maxi mum @ ilafnfd@rae nacpep rbeex AMRetneh iy | 85
T3 dedsleiaghet IA. (Byt Bhould bethet odetr @t isn
of fl ui dointbeudstbh eodh a@does nosnramaiumsstsdlelae yk
Regarding the f|lVogi ncase aapphp dgyi2teaVes| vy
remai ned &bodeer giGt¥%se dpul sati on gr awsal |y di
remai ned at approXNemat ¢ Ihywb®BOWB goiprpart has ed .
Compar etdhaewr t b o mb us tMngonf nrRabdyew a stahhed Wil e

l evel was Thempa rrebslud .tosmbsisg g ®nt itshdtmpae oved
oxygen concentration increases, particul ar/
(3) SwitchRBgt 8rOOrmydbw st i on

First, it was noted t handexd fmowied iwzaesd vheer
st abflteer s wOXtcOT,iinngc rtecas ed s iTgwaisf ibcaasnitclayl,| ya nt
samel2ars occasional |l yT2Eh®EBlghtBYPy wiaghet oslkeano
of air combh®s3vaappr axi@@Achd Igyh e r than that
combusltni omddintdieo-8 00x mo/doewa s sa badd e,
remaaappdr ox b bécioled yr eased to the same | evel
combust iVeaHwal shemadr eased continuousHWo until :
increased, its value was basically <consi s
@pproxédamat ppwm) .Vsdboewcerveears,ed, probably due t
of al kal.i and alkaline earth metals attact

increasing operating timethwbufghi emh|[ 201ec

102]. A similar phenomenon was also obseryv
of a QCFEBMWIn the <current experi ments, A
switclmend afi f ued coymbdest hen f uel foeadil ogv r at

rate were kept constant (in this case, t he
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O,concentration was i ncreased from 21% to

decreWwosernidincates that the conversliontaoate

SQ@al so
(4)

decreased.

SwitchBagt 8r50rmpyd@bwsti on

Wi t h

t het Owigtchc lat moTsliprherdég s tatper ox L ALt el y

hi gheT2t hd@iBlder ease/bwabowkpabl e at Vaoppr oxi me

remai neidaldsyseunntc hanged (equival-80t mbde)ts c

a

c

c

e

NdkrHd e
oncen
itrog
oncen
emper
el eas
or mat
oncen

mi s s i

These

proces

S

f

n

ol

i d

creaseWoisidrghaded signiliighlent | yhdam 51
tration unde®fBO0aicomboambiusini. oTfhandodxe
en ndedt heelbd et o NO al so Il ncreased
tratifarl ucdeadi 6 XxpoencAstit akei oml ien c Oe
ature of the dense phase region inc

e of fudkdtinan rofgefiCRemamadjxBlH precur so

i on) t o NO [61, 1007 . Thi s indicat
tration is advantageous for promot i |
on.

tests indicatde cthat swhe cbomaps diggn dm
s in a fluidizedf weld,cosmbn dtairon ou stihre

fuel (such as coal ;30bimonmdeaes s,s anoa.e) .s u

or -faxyx ombusti ormbioofmacsosa.l UWanndder t hi s condi ti

ombustion is stable, the temperaVYcor e di st
s kept above 90% (the content o4 si veompl et
ow), and t he Icfemrcde nntirdartmatgaenms i mfy gyl seous po
ot greater than those under air combusti o

Furmbeethe test data for switching the bio

u

nder30xgyondition ( Fiasuraeb | 3. 6¢c)o nebhucswea b nt hsa ta

CGenri chment concentrati on -fcuoed!| dmoadles ob absee do

di fferent <coal and biomass blending ratios
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rate and oxidant supplwasr atwe twhee firoend,pus
bl ended fuel containing a highelrElpowedrti or
a decregamnagtac®@e@@®ntration in the flue gas
to the | ower calorifiomaabué handcoatbombuto
ti/méhe emi ssions ofowepolel attl 30t $ eNOca&md SO

Overall, the preliminary experiment al test

bi omass fuel with dif ffearedntanmdi Xiiltnigodriszteidosc ¢

wel |l as samqgotclondtiamrutous operation and rapid
of the whol e goambbst iachiewstdemwhi ch | ays t
experi mental studies of combusdatitoenr pse;r f or m
o8t #1 1 AOOOEI 1T AAEAOEI O

Through the examination of comBOQstmmbde Bs6ab
more suitabl e # arefolowiudkitzieodh ;bedchiosxyoncl usi
reference to guide prnactthicsal c carpopll usciadn ,ontt
sections investigate the <charactefruieslt i cs ¢
mi xed combusti on.

For the practical appticangeédaiuneda nfcouaydiaznedd |
it is Iimportanmak or angew ohetbe biomass pro
studies [19, 6 2, 6 4, 6 7] have i1 nvestigated
have beenTherradfocruessh eome t hbel cotmaosfs (Wafsrsom at i o
0% t oor OtOW et iclmambawsh iolre mai nt ai ni ng-3f0i,xed co:
U= 1-122B%HWE 8M0®r AGO

N s A ~ . s 2 oA N s oA o~ oA s o oA

c818p 4AI PAOAOOOA AEOOOEAOQOEI

The combustidn diempriraatuiren (of the fluidiz

oxfyuel combusti onmanseataemdand @aer fianportant b
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operati on, and-faptcionmbzuasttiioomn ofl uaxdyy zed beds
t he eftfhbecomasé blMndamg ewxntceée®s (dtpoyngarmecoeff
temperatur e dti sitmv eouttii gant emad.e fir s

Fiug esBoWws the temper atthueg ea dii(alt r hpddiighhtten al o
T3T4T5 dampdf the bubblingdifdiungi Zednibtee fOL)
husk (BH) at different -3thhoedaell i=n BO@akls r at i o
= 112 discussed in Section 3. 2M#4, when

i ncreases, the calorifimaval dachoddaea dfeu ebll en

feed rate needs to be increased to maintai
while the oxidant supply rate is increased
coefficient; in the dormhéeé bBepehmamekt af omc

constant beldl hemper dtubbé i ng fl uidi zed bed
bl endi mog driateiesmed. To descr i bée hteehmep ecrhaat ruarcet e
di str iThiwtaisomef i ned astumedhiwghedef itreanp ea

temperature diffl fuerde @E=al Iblefnd t he

As s hlpamanp,peaT &d natt he dense phase area) wher
My) was | ess Tihhian B0O& spldash zone or just be
whewwas more than 30%, i.e., the addition

regitomdafi di zed beMdTgmoavdeu aulplodyairdddrc i aMp,s € a s

i ndii ghtat t hef abdidoinadgoshuionsnvoer et ound f orm combu
temperature tchiekurdbonedobedf This ,iBe becaus
vol atil e contsenhi goé,ndd@hateehsburn in the higt
fluidized bed; dand henhilgéd oobheati hanhy and r
al so promote coal HIiamlsws tsnhoow ecdHaoobMeer elb 9 u n d «
bet wheh 30% arMdi mdDrY%e asaesd f Hode Obe a®9e 308l i gh
and uniforAhGy RE66mNAaAG mor e AlUhdaenc r5e0a%,ed t o
approxkmacCel y

From the overall di stribution of natei d empe
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was smaMp 1@%g.20%), the tempemabatreucdst ri
0X-¢o al C o,mbwist8 eomo r &c tcehrairs-bi c ma $ Mpoway e n

| argeMyfe7@%) . Thus, withwheevgwa st el erti weee rh us k%
and 50 %, the fluidized bed tempeftiatuneg di s
and were noticeably dicfofaée¢r emtmbfuls® mmab @3 e 0K

combusti on.

MMy, M,
—— 73 30%
—— 55 50%

1200+ -0~ 37 T70%
L T1=800°C (o @ 0:10 100%
g 1000 Vo,:Vco,=3:7
800 - »=1.20
600 Me Mgy M,

r —a— 10:0 0%
(e 91 10%

500 550 600 650 700 750 800 850
T/°C

FigurTeenBp.efrature distributiomhi mnilmggl tdghrei tae i

rice husk at different blending m:

The tempaeari adtudrie ndiddotr tf lmeeycroepabcutsotri on of bi tu
coal and rice huMk s( GSh/oBvhh) iant Fdigfufreer e3nt8 . I
the experiment al process that bituminous c
hi gher temglek a8% kengeite due to its higher
shown i n Twdwec cfuirgiuérde gaatr dWMpe/dTsw adcsth e |faorrg e st

bituminous c¢ ®™Mad @%)mbAUNA hoiirloer i ce huMyke combus:t
100%) washat oscemixwsatli on. Previ dlhatstiuaei éas glh
vol ati |l e oomarstse mtayo fexleirt a negative effect

During the tests, it was al so of onan dttah ant att!

85ACG or pure rice hiwak sombdsti yom@hedai ned
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Mp= 100 %MoyWdhsenin the708%ngeheft 8Mhhpoer at ure di s
di fferent from those correspondi,ngmaionlcy al

in terms off tupeAftlosttirease ( O

1600 | 0
T1=850°C

1400 \/002;\/0002=327
1200 -
1000 |

e :

E 800 | mCS'mEH Mb

E . —&— 10:0 0%
600 -*- 7:3 30%

r —A— 55 50%

400} _o- 37 70%
o00L e 0:10 100%

500 550 600 650 700 750 800 850
T/°C
FigurTeenBp.e8r at ure distributiohi milmggbitthemiaxa

coal and rice husk at di fferent bl e

Figure 3.9 showdsteempercamprae i dgioxt of buti on 1in
region of the ffliuriidn g eadf b@S$l/ BvHh eavh.cc olChL,e BH a-
Tlof CS/BH combAulsitglher walsars 0t hat of CL/ BH ¢
di ffearfeZneeween them Wasf rCeld uBcHe dc;o ntbhuest i on v
hi gher than that oMWaS/ BgH ecaot nelsu tehilaaor SWe&cn A
val ue of bituminous coal (CS)Tlwasl dhi gber

mai nt ai rAe€d Hotwe8%0 , t he falrgergavhiflleow uratieg
whil e burninge@omewbi bk at [Twsikduditn gn gl awmer

than the respective value%laddir2Z¢c mgl dCLb ec 0o mb
maintainedAGlbhoveCL7BMH combustA@Gomr/aBkK above
combustion. According to European Union | a
2000/ 76/ EC)), one of the main requirements

parameters, such astempenra&tsude nfcleue i gnes s . |
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T2

O j H
0 3050701000 3050701000 30 50 70 100
M, 1 %

Figur@Gm@Bani 3am2 od®duri ng CS/ BH and CL/BH co
di f fMyr ent

16001 T1=800°C
1400 | Vo,:V’co,=3:7
1200 | o=1.20
OU'IOOO -
e 800 —A—m  m, =73
600 ~ .- mCL:mBR=7:3
—4—m_:m_ =73
400 B . N mCL.mBC=7.3
CL " BH "
200}
500 550 600 650 700 750 800
H/mm

Figuré@eBpébature distributi-wnodhbénomateri:

waste fuels with lIignite coal

The difference in the tempieriang ref dwesdd ifbwe
forestry wast e, pi ne ( BWwgod nfdueloss e(wio.oal. ,( B&
waste, rice husk (BH) and corn st3aw0(BC))
shotwlsat the temperatur esofi nt heh ef IMBTdRiIl zee da nbde
andy were higWweodwhealfaowere Sher eda al . [ 6
similar pheno-menpmasducobombusxyon i mnhatfluidi
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there were more #ftwomoed pfouvede rtshainn itnh & hneorwood

were carried by the airflow and burned in t
potenti al reason wabkahypboeheoiowa s, udcda sse Iry
(fibrous), -whede&asethetnooture was | oose (
wamore | ikely to burn in the dilute phase :z

Thexcess oxygen coeffici erthceo rst iamuadtungp oo @ eam t
of -bugl fI gi dMhziecch bded ect |l y affects the com
furnace chamber. l'ts calcul-AaYj owhene¢ hed i s
coefficient of isxtdendenygaenioletofgadhe( B,
an@Gkds the dry base oxygen content of the b

OZ,in

a=———
Oz,in - Ozd

()

900

850

b | o]
(44 o
o o
T T

ot o)}

4y (=}

o o
T T

0 1 L 1 L i | i | 1 1 1
200 400 600 800 1000 1200 1400 1600
Height (mm)
FigurEfBetl of excesl= olxylgemdlcb2eB,5) ci en't

on the temperature distribution

The eftfreecdeowd oxygenftitoediizedebedohetmiper at u
is presented in FWtgaukreen 3asl 11. 1TOh,e 1v.a2 5u,e sa nodf
O:concentrations Moh o©he 2t @ ol 61 08, gasd (7. 8
covering a morWw:z2t ¥ aesahablw rtamagile lianbscatl er vy
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bu

ra

bbl i ng f | uiddurzaendmobsepch-edueevti coew,ynb us tlU on, i nc

i sed the temperature in the | ower part o

effect on the temperatuder pngs fer-fideeanld e o ayn d

co
fl

at

o 8

Th
pr
ut
fu
e X
fo
ga
Fi

mbusti onUr aii serde @ hiend emper ature itmhethe mi
uidized bed, but the temperature in the
the same time. | tUwias dlInsao eracsteedwd rrtohmy 1t. H¢
crienasee t emperature in the fleuivieasd bed w
rther increased from 1.25 to 1.35, the 1t
en the heat input to the fluidized bed r
sentially fUxerdr)es @andsctre aasre liionw rreaatsee, i n
ich means that the oxygen supplied duri ng
us promoting the combusti on Uleadtsi am; amn
crease in the apparent gas Veéosithnein
teractions and heat and mass transfer |
omoting combustiUdmcr Elasesf omoed,er @aheth vy, t
mperature in some regions of theUfluidiz
tgb, hit also increases the heat carried
crease in the temperature of the fluidiz
1 8ATHEAEI AT O

e technicakl uedsencrebucfti ooxyni € heo cembiush i
ocess tgasebahaitghhpd@@eecent rati on for subseq!
i I i Tzhe@Qeomr.i c hment effect i s also -an i mpol
el combusti Howepvweehrf,e r mampoee.t has rarely I

plored in éeéedheoexibui-igebdodmduoixiyon. Thi
cuses on the effect of dacfofnecreennttr aotpieorna tiin
s andgdrher £t0i on r at e.

gure 3.12 illiwcOrcoatcesn Vickhe i wmaadg swNlbblme ga
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wh e nf icroi ng s( lwiog rciotad CL, bitumi noagsricoal CS
husk BH, copr nesBPawaB&€, rosewood BR). Il n th
the combust i on3 &ii(nois2p0BdNTEl § ®@&yr d ABH O r
burning CL and CS, respecti vveWwg$ whapg&aedpt
from 0% to 100 %.

96
i Voo,:V’co,=3:7
94 +
a=1.20~1.25
| ‘"“"1~ = °
o2l "*-- i = .
§ | < ‘ BEr, i
o 90 v ol
& Fuel T1/°C b e
88| m CL+BH 800
L & CL+BC 800 e
gglL © CL+BR 800
| v CL+BP 800
84 |. QS+B|H |85O| I 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
Mb ! %

Figur€hang2scomce&rOtration i+# itrhegflcwealgd<Ll
and CS) and biomass (BHM, BP, BR, and

For t-toremloxyymbustiMm®r ORMpLleawdiBe@dS wWhi-l e for o
bi omass combMyst i1®W%dfe cBH a(seTl=t BOP 0 &on (
87% 1 88B. The overall trend was VYchat the
because thet cafr bminomafnd ewas significantly
Vco2di d not al ways deMpy eaws &€ hiwnhitar asmmme e & shicen g
addition of biVaedaa sFsorl eedk atmfpil kei, g pveh@MBo2acrod BH,
increawedcrasasledd% ftroo m3a@fowr twhierh Mmphcbease i n
decreased again; tHNu ndiefrfvearl e iviheavtavsa st atrdemats etd
30% to 50 %.

The addition of bi ocnoaasls ccoamb u snipiroonv ep et rhfeo ronxe

high volragadtiitwi taynd[ 13, 6 6] 2e nfrriocnh ntehnet pienr st
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flue gas, the experimental data in this wc
either inhibit or promote combustVcon. A | in
val uMpes &M= 100% (the straight |line indica
value), and it Wy ahersi mbdefei med btehh @atw t hi

presence of a promotizJegrorc Aimmemihlmiwino ri yn eFfi fga
3.12en@hment wasvMpbprad2int eamnd a3 0 % o nobru sCtLi/BMH ¢
andMyat 30%, 50%, andcodthhtwouboroB68S/ BHdeo ot her
inhibitory effect wadcosdbeeardv efdo.r Addidfifteiroennatl
foll owed théeBHrderCLOBCC> CL/BR > CL/ BP. T
consistent for the average bed temperature
Gener adilny,t hGO fl ue ggenenatedesromese€Di d f u
and2iClOputs coming dfiueicdil yatfi/o@GPTy dhdee PR T

understand the carbon conversion | aw in ¢t}
i nvesti gogtemetrlmaé e@Ovia fuel combusti on, and
gener atXcoeyn irsatsshown -2)n, rEMfluea t i o@ ¢8nversion

gaseousi(poRoidsuctthe vol ume f PFowlirattehefvohtumme

concentration ioihh ¢aeeoudies ritghdes cit(nh)et gas t
ACMij s the mol ar jinmasga sod o uésh épnfeshdu, dthe mas s
fracti onjimf teleeTgiagetlt h(e%)f,] ue AE¥.S st & rhpee rmeotl warr e
vol ume of the gas subbtm)y Qs ésa d cheer d uced n dieteidd m
(kg/ h).

v, © 273M,
QM Qv 1 F00% (2)

X, =
| (273+Tg 273, V,QF

Figure 3.13 s howkOgeehnee rvaatidopnt wbadtrnerd(ang coal
and bi omasdWp. atOvceirfafldr,entthe addi tiXegr of Dbi o
whi ch may be because bi omassandfsceolifng swiniohr ¢
bi omass also promotes the ¢ohWMedmsifaoxey of cal

cdiring CL Xeowdal BiHs= talt@ %, 30 %, and 50% exce
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0 X-¢o al cornvba s OPodKcoimdched t he Mpi=gh3e0s® val u
(nearly 10%o#liMg=h edr%)t.h avithueenf iocxoyn g CXgoz2and BH,
reached its MpF ghe %t ( vaiXpearMalt! € %) o These da
suggest that Mgverleuei soran Xeedgesiviadilghwheeeen hi

than thatoahdeombxgtion) .

100
90 + u
L . .
80Fm - ®
a F T4 =
Z70f = .
Qi |
o Fuel T1/°C V. :V’co.=3:7
X80 o cL+BH 800 _i 5 122
" a cL+BC sop @=1.20~1.25
30F & CL+BR 800
I v CL+BP 800 .
40 @ CS+BH 850

0 10 20 30 40 50 60 70 80 90 100
M, 1 %

Figur €hangeédsgemerCOt i onf rategwbeal cand bi ol
di f fMyr ent

Figure 3.14 pritBexctes st hoex ygféfae adtto eddfnide i 8 6t (
1. 35VcomtiXcoz Ovwhalilncreased frXei dcrn®dadged 1. :
bukodecreased. I n the appmeans amer easigfef i ain
betgaesr snoki dg and heat and mass transfer, ‘
fuel tcap®@®wi ncreased. HowBalesq meéan $1care aisrec
in gas flow in the fluianadedededes wiht € hc @ mla
sWofdecreased. This iUndinatebet paul ohoreast |
concentrations in the flue gas but 2is cond:
't is worth nolhandg a hfaaciilnictraetaisigigef f ect o
mainly inUohedr 8@ glwabsenff urt her increased fr

Xcobegan to fluctuate: sXdodlercr ®tamegip sdriightd o
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pressur i zseXdodcronrddaseodn sl i ghtl y. Tahbdree ftoor e,
keep the value of Waxtc easpsp robxxyRgaeart ect oyet fhfei ccioennvi
of fuel coadrubroi nn gt-fotuhe@©oombyu st i on of coal and
fluidized beds.

100 100
... 0.1MPa T7=850°C “a-01MPa__
98 | 0.3MPa .1/ =37 —03MPa |
s 195
96 -
@ —e
= o {90 &
8 o :
> -
92 | o >
185
90 i ".——".‘ _____________ =
88 i - -
1.25 1.35

Figuré&f8ettd of excesl= olxylgemdlcb2el3,5) ci ent

on @Gncentration and its generati o
c8t18c )T AT IiDPI AOA AT i AOGOGOEIT AAOAT1T bDPOT AGAO
I n practical applications, fuebhbdcecarthont kan:!

i mitation of combustion condducboas.inthaode
combustible gas in the flue gas and unburn
contteidt cates whet hedf uehecbimbiudit zead bedwexy
reflects the combustion pEddficnmarcyg . ( Dwah
experiment al process, I n addi baod C® t he
concentration, the CO concentration was al

fluidized bed state.
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o8t 808p #1 1 AOOOEATI A CAOAO
The incompbdetembubutuirbl e gases inatheH fl ue
et c. Due to the et contteme wrbwHrned gas
3.15 shows fchoen cCeOn tarnadt i GoHVsoa nMtn}t haen d | mes g acf
CO andgeGter at echi pe meoa rde)n patt dbWwhHem-eanxy
fueficong of CuhBHEroco68#3BH@ms 1id.250 Ax y
addi,mcioommdcnwe rceal cul ated using the foll owing

_QVMM 273 (3)

V,,QC, 273+ T,

14000 ! : . : : . 3000

12000 | T1=800°C | | |

Vio,iV’co,=3:7 2500

10000 ;=120 A

£ L« 20003

2 8000 - Vo / ppm _ 5

S ann | =B Mco / (mgMJ), 11500 £

8 6000 - : ; : =

= | : i : 0

4000 | [1900¢

2000 | !, 1500

0% 10% 20% 30% 50% 70% 100%
M, ! %
@)

Voo, Vco, = 37
a=1.20~1.25

CL/BH T7=800°C
CS/BH 77=850°C
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a=1.20~

CS/BH T

Vo, Vco, = 3.7

CL/BH T7=800°C

1.25

7=850°C
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3000 17300
- V%,:V°co,=3:7 | --8-- m_, CL/BH 1
2500 4=120~1.25 |--0--m,, CS/BH

| CL/BH 77=800°C
lolao)| et s B

e s

1500

1000 e ._"-‘

m., | (mg/MJ)

500 [

= "| —a—my,, CL/BH
ﬁrf ‘-:;' e T 1 1 1 L 1 ?H4

—e—m,,, CS/BH
0 T
0 10 20 30 40 50 60 70 80 90 100
M, ! %

(d)

Figur @8he&8f flé&ct of Dbiomass bl endingVcd ati o on
anmcq CL/BMHsg Cb)BH andch¢gSCBHBH(aphd CS/ BH;
( dkoanmcnyg CL/ BH and CS/ BH

The results show that the CO concentration

and even -fiurelt hceo mbxyy t iVagwasf srniidé Hhesls, t han

indi cates that the combustion state in the
mo s t of the combustible gases, sueh as CO
Simil ar |l evel s of CO emissions hsacveel eal s o

fluidized bed -ceoxaple rci oomebrbtissd noafs so xoyg mbust i on,
coal / bofoimaissg,c such Urs 1522 (vicdl 3.C QWS Q! 6a t
1.23 [61], antl=31616o0owe 8 por COi-sact @lodneedpy | ot
circulatingthluiCd zceadnclkeendg,ati ons are usua
combustionetampgeequtiuval ence ratio are suffi
in a OogilreMWM ating fluidized bed [[pBloand I e
CFBC [23]. This diffWNekbenng mebhtellet dukatbdc
type, nslcaperaaion conditions of the combust
ti me of +t,het Hd uleddgralesird t miexigmg, and t he easi
compl etely oxidized [100].

AsMpwas i ncreased from 0% t o Hi(0iOreg IVdghien gg mi s ¢
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Vchamcqg awgd i ncreasddwgwWeanaalnitywi ned a | ow | e
than 1000 ppm) iinntphar tvakbeem ®1f | e s §Vcuh ag; 30 %,
was al most the same asMg=hat%)af Igurie cdckmalwnc
gl obal war mi ng spaditiegmt i[allO 40f 1OK], and the ¢
rel eashbeyd cCoHf i ri ng was tnhoatt onauyc hf ihriignhge.r Tthhearne
possible reasormsswe nMday g€@O® 4@ miagss iICOIM and HO

radi camereeasatly with hydrsgpcahbonsidmd €O § & ¢
unburned vol ati ke imatatneorn hesucshuaseCHf CO |
Wh eMywas overh 0O%,ualot€Bli ons i ncreased rapid|
the fluctuatMced mcammlsietdu deg acft i cal | y. Lasek
the emission of CO was closel Yyamel atned hti &
exper Umast tmai medilaR51. ®PAe reason for this
wi t h i nvgr etahsel nvgol at il e content of the mixed
of combustiblse @tace)s drCO,r €Heased in a sho
anoxic enwi rtohnemefnlitui di zed bed, whhnocthhelri mi t
reason i s that the oMjidmorte afslessw rwahtiec hi nschrc
residence time of the flue |patvvees, fsdaidhated
bed with therfel bei g@s bwurned compdwehtyel y. Th

Xcodlecr easvbdaswheoao MyFghO%e. 00 %), as shown i

4000 — 500
0 Vo, VPco, =37 | 5] VP 0,:1°co, = 3.7 | 450

m. My, =7:3 77 Mg, M, = 73 1400 -~

7T1=800°C —| T1=800°C 250 %

{300 &

250 %

(8]

200 &

oS

1150 g

100 &
50

FrI .
ey
“

(@) CLMyBH30 %

60



Chapter 3

35000 % . Lww01MPa  -=—-01MPa__lgng
v T EENO3MPa  -e--0.3MPa
3000 - -

AN ri-gsoc 1720

2500 = .\.\ VUOZ:VDCC)2=3:7 | 600 -
g =109,

< 2000 - “ M,=30% e
% . {450 @
31500 - N g
1000 Teem 1300 &

290 - - 1150

0 | =8 ——.—foin L o
1.25 135

(b) CSMBH30%
Figur€hangés i me@Dsandn€Hat different ex

coef fsi ci ent

Figure 3.16 presents t heUoenf fCeQx taenodf sGe8Hk o 8BS S 0
under combusti 0-80cBlyrdi3t0Warhs amf Ugom eéise i n
mcodecreased sicginailflild awdtrelena,s esels f @ amdhle.ilr0 t o
respective reductions were mordé&di hbneages.
the char reaction rates, elevates the amou

oxi dationUmn oh &£iOs r i [ 108Wasndkcassdvehwat hivpk

emi ssion increased because of tihkesufefhiodvi ent
that its emission consi sWhedltiltyt | reeVeeefif neeca roe
a NMmcHa4

o8t 8a0g8¢ 51 AOOT AA AAOATT ET OI1EA OAOEAOBAO

The solid unburned carbon in the fluidized
sl ag. Threugbmehe measolid samples in the

the content of unburned carbon in the bott
exampl e, the mass proportion of unburnt (o

CS/ BH coMyEr BOAGet méanewass fraction of unburne:
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was | ess than 0.5% for CL/BH cofiring. Ho
carbon was found in the fly ash. Therefore,
key operatingcpabamectenseoh bhefly ash.
Figure 3.17 shows t h&)c aprrboodnu dceadnitimeygn t€do fa nfd
bi omass (BH, BC, BWMwheaend®ER)1lih2a®HdEfer ent
80AMC Thesimas clat ed t hatM wh édveehsa nigeempt Ir eemedn tod r
to the ivwaQcioantcieonnt r ati on in the flue gas ( as
Mpwas 30%, the content oMicc@wadbonhedlsowdest jn
was BMOW@s al mostthati miodladao xegoanbVgisnn ¢ mema s &d f r on
30% t o MO, eased gradually. A possible ex
higher volatile content, |l ooser structur e,
Thus, after t eescaplkatigluea cekoygt gmrtom t he bi
remaining unburned char particles are easil

gas before further complete combustion.

e

Figur€aB8bdnhn content-fofrtihlgy ChshnaBéipomass (
and BR) a different
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30 30
Oxy-30 Oxy-30
25} CS/BH CS/BH 125
T1=2850°C T1=850°C
20tk a=1.20-125 M =30% 120
- S
R 15F 115 <,
= >
10+ 110
5+ 15
O / 1 1 1 1 0
0 %0 40 60T A2 13 4
M, (%) a
Figuré&ndut®&8ed carbon content in the fly as

ratios and excess ofxiymiemgcOCefamadi BHt s

Additionally, the amount of ctahGho BHr asiddue
CL/ BC comluwsetnieornasl lw | ower than thate in th
CL/ BR and CL/ BP wmo nchounssti itsdh iesn.ait Tweimgher at ur e di
(as shown i n Fiogourrcee n3t.rlalt)i oann d( aGO sshoco wn i n

i ndi cat ewmo otdh & tueeshesn eéoufrinl 'y in the fluidized
Figureh8wi®&e vaydimdenondi ffereMantdi emmasessr a
oxygen clUfeofrf-iaceyeoambusti on of CS and BH. Thi
Mpi ncreased frMml %W tdeche@@wsed gradually. T
increase in biomass blending ratio can pro
probably beasaMsiemprhev dsctrlree temperature dis
and middle regions of the fluidized bed (a
effectively promotes the combustion of sol
coef fUi miceretam ed. ¥ OMitad slo. Jd%e,creased gradual ly
Il n this eMpegfribmetnumi ndwesMGo ®I%)c wvalsu LBIi. & /8o, ( W
is in a reasonable range compared with ot he
fuel combust iMe.83FBd4 weaexsa opltea,i-sedl enBEBI Bpo
Duan et Mag .27T.19P%,was obBRB nteyd Raang@ &t0 &«IW
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the carbon content in the bottom@Bh was s

by Li et al. [110].

c8t181 #I1 | AEBOOEAT AW

From the perspective of fuel combusti on,

residual car bon, tdhcea nc obneb ucsatlicoun aetféfd chbiye nEcqyu
6), as foll owhede35t hEleffilkldlency ilbd®es gasesce
(CO,s @H ¢t cdainsd t he efficiency |l oss caused b\
car bgodgH4O0H20r < @pydepr esent the calb ooHidarcboml ue
in fly ash, and car bonqivne pbroetsteonm sa sthh,e rheesapt

the fuel s.

h=1-f - (&)
+
h, = Oco T Och, 104, 200% (5)
N
+
po=3e "% 5000 (5)
O

Il n addiitn onhe desi gn ansdc ad pee rfalts)iiodniozafde ribred
effici-eaklyed soombustion ther mal efficiency.
evaluate the performance of fluidized bed
heat generated by fuel combustion that cCa
parameter is wusually not used to-sewadleuat e
egeri mengbaelc asuesteupt he device has nosheating
steam supeaihre ssp e e keadtfert metrai li sduct , and tl

generated frcambedmbkewdtiivedy utilized.
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100

T
1

98 -7

- ®-0=1.25,03MPa
96 H A @=1.10, 0.3 MPa

e > 0=1.35,0.3MPa
=
94 -
—=—=1.25,0.1 MPa
A ¢=1.10,0.1 MPa
92 |- © ©=1.35,0.1MPa

0 10 20 30 40 50
M, (%)

Figur €o®mbiug8ti on deufnfdiecri edn cfifeesr e(nt bi omass bl

excess oxygen cfoierfifngi@NtasndvhRH co

Figure 3.19 showmbushe oohddoageéern eadici easr dnt b
ratMoaesd excess o0 Xy goexdly ucedceofoiti ucsiteinobn of CS ar
Over atolmbutshtei on ef fici edaylofcombwisdii oend r leead
90% in all experiment al cases. The combust
the unburnt carbon ienetftie cs ®lnic Heosisdcasu,sew
gases was |l ess because of their |l ow concen:
The combust idoonf ebfufgilc i CRV/aBp cd i on gradually
aMpi ncreased f rTonm sO % st od use0 %.Myitnhcer efasleldq wit rhg
unburned carbon content in the ash decreas
gas CO concentrtahe ohed meaxasied, efafnidci ency |
carbdpPgnekceeded the increase in eff).ciency
For -fouxeyl Cic/oBib ugld honeased Mpliinghmtelayysewdhdém om
to 30%, and gr adMpalnlcy edsededso®dan BOE&nNnt o 100
combustiomwaesf hchdbres30 %3t t he over dgwas vari at
not more t hanMD%f oTrh eC L& fBfifbwgt®oto fon was not a

as that foamkCwgtBiHoc,o probably because the f
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itself (33. 7%) I's much | ower than that of
carbon content in ash is already | ower. Tl
significant effect on i mprovi-agdt-inamgbhombus:t

coals (which are notneaddl yi bnrnédgadeqg@at:t
the increase in eXYaés® oeyigdm ame fifniccrieeanste
ef fi diFemcyn soduetfiaildized bed blsialner, ap,
i mprove the fuel burnout andUmmnogi ladurk bt hreersma
in increased exhaust heat | oss and induced
economics.

Considering the fuel fl exibil iftiyr ionfg fulnudi edri
oxfyuel modes is a go@hdopwoilomud@met memi gt & a
been widely recognized by researicier s. I n
although the concentration of combusti bl e
content in solid residuMysndeend®dsiedr Sihgoni f i
the combustion efficiency gradually increa:
the optimal range of the biomass blending r
from the perspective of uni fpr onmatnidn gg o©@ 1
enrichment, and i mpr oMohgd@®&mbss oiMbn maf f i a

is preferably not more than 70 %.

N A sr ~ Ve - ~

c8u 001 PAODABAOEAIEA AAT A £l U AOE

To further uifidetosmbrudtt loen @Xy coal ealrsd bi o0 me
in addition to temperature distribution, g.
to study the solid phase product s (botto
characteristicsiuiwbufeed hearnwvkmon atoonent h a
abve, this section focuses on theamsdarface

pore structure of fly ash and bed particl e:
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Figur SEB. Phages of bed particle@®@:) @Ga)icgial i
samafiaeproximately 120 h of ru/ BH) bottoc

combusti on

Figure 3.20 shows the SEM images of the be
combu® nafamgmpr oxi mately 120 h of run and bo
CL/ BH combustion. 't walbe fobse rcwoarb utsht a to nt Ice
of particles with a clear bosnalae yqu dratt z hsae
partitclaesvred to the surfaces. After combust

Shardpged boundaries and were covered with

fine ash particl es adhered to the silica
guasi spheendalolfiikreeedrl ef |l occul ent , whi ch i
components with | ow mel-ttea mpe rpati inrtes anerhl ledt ic
ana&sy showed that the chemical composition

mainly incl Aded a%id, SCa,Prkev,i ous studies [ 11
mol ten potassium si AQclalt5d )(, maletniemrgptedi bty <
of the bed materi al and potassium compoun;
surface of tphaer tbed emat @rhiuasl forming a stic
adhesive force, some small ash particles a
The thickness and viscosity of the coatir
aggl omeration.and defluidizati on

The SEM images show t hatCLt/hBeH bcootnbouns ta sohn fhi

honeycomb structure comprising | ayered or
clustered coal bottom ash. There were some
whi ch nioghtedbeby devol atilization or evapor
(such as al kal i metals K and Na). Such sim

SEM in other -Isitu]d.i elsorf ®lxampllggll18keand Zeng
indicatedet hmal es are most | i kely created b
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the surface and the subsequent bursting of
et alnotftehda?i] t he holes on the ash provide e
fraomside had occurred. Additionally, it we
adhesi ons between the bottom sl ag particl e
macroscopic aggl omeration of bottom sl ag w

t hat et heumous$ hfeuornntarcoel toefmper ature played an

the real operation. However, for running a
aggl omeration should be studied fur-ther. TF
rel ated operation problems will be discusse

SiO, si0,
S0, sio, sio, _
I i | se.sio.si0, SO, & S0

QS before combustion

Intensity / a.u.

QS after 120 h of operation

L

A

llcas\o«t . B‘Iottom slag((‘,l]ﬂ} o
20 30 40 50 60 70 80
2 theta

Figur XR®. a2hal ysis of quartz sand (before ar

Tabl XR¥. a4nalysis results of quartz sa

Sample NaeO MgO A0z SiO; SO3 KO0 CaO FeOs
Quartz sandbefore) 0.05 - 0.67 98.72 - - 0.03 -

Quartz sandafter) 0.07 0.10 215 90.33 145 0.21 293 236

Bottom ash 0.07 0.25 1236 63.80 4.10 0.82 12.78 4.69

Figure 3.21 shows the XRD patterns of the
indicate that the bed materi al mai nly cons

However, after combusti on, the characteri si
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and shar pnaeaansn,c rienadseecyasthiang si ze of the quart
to internal sintering of the quartz crysta
composed primarily of guariand wotMera nsinmmaol
component s.

Based on t hTea bXIRF 8rveddsduelst st,he el ement al compo
and bottom ash. Before combusti ®&nzx@ntdhe quar
O. 6AWB. After combustion, dBMgecBedKjnCamasanit
of Il ess than 3%. However, these el ements wt
crystal. The XRF results show that Si, Ca,
decreasing mass fraction)d ahsao ¢kiestrednaiss

(except for Si) was much higher than that |

c8u8¢c &l U AOE

&' 25 solum

(a) CL “(b) BH

Figur SEB. 2Mlhmages of CL and BH fuels bef

As described ikni Mgect3i0dn a3. 4a.n3 ,e xtaanp | e, t he
residual carbon in the bottom ash was | ess
in the fly ash. This indicates that there

fly ash, and thebmat omcampowast mohethéeées, w
di fferent changes in their morphological ¢

BH, before combustidnmn)yiamgd CiLl mnasiBéls a¢f do m
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mass ratios) are sBRogar e n3.FA3j,uree SSp At iavnedl

Figure 3.24 shows the XRD peaks for fly as|

o=l

Nl d Ut S G
S2400°20 0KV #OLmT ¥1.90% SE 12/24)

(akh= 0% (b)Mpb= 30 %

e

(©9Mp= 50% M= 70%

@M= 100%
Figur SEB. Bhages of f | yf iarsihn g bGLlaiannedd BH oant c

bi omass bkending ratio

The SEM i mages show that CL had a dense m
structure and exhibited a comparatisvely hi

71



Chapter 3

characteristics, exerted a gTleatf liynfd ke nfcred
100% CL coMpbu®O®w)oma@d a clustered structure
mul ti pkle knee esdtlreuct ures and some smealdl spher
on the XRD analysis (Figure-l3i.k2ed)st riuc tcuarne
comprised mainly of crystals of gamdt z, Ca
CaGO and that the smal/l spheri cal particle
FeOs[ 70] . The fly ash f Mo=m 1100009 BhHa dc oambdiesrt s

structur e, which was the porous -B&sédton r
components [96]. Based on the XRD analysi
comprieseddoé&l ramorphous silica after combu

guartz mgandveC&@S0Oi kely to be present .

V Ca0 ® Amorphous silica
O CaSO, X Quartz

®
0 CaCO, ¢ Fe,0 A
273 Mg iMyg,, = 0:10
[¢]
|

Mitanipgoaft™" ""WMWW m.:mg, =37
® WPl s it

meg,:mg, =55

Intensity / a.u.

’

c ,U( T?Yu|o Mg, :Mg, = 10:0
l.,,,.w l\\-(llul\u a ;‘.PO [w] oo \

10 20 30 40 50 60
2 theta

Figur XR®. 2d4alysis of ffyrashbg @bt adnddiHferndn

bi omass blkending ratio

Whenf coing CL and BH, fine CL ash with a cl
or holes of ttMpweaBH3®% handVheh%, BH ash had
wher eabMywalsenvn 0%, BH ash presented a structu
Thi adi catMgvsa ltlheatto aa shsi gnhot sui t abl e for c¢comb
to the XRD analysi s, the main crystal comp
firing of CL andCaBlHs, WeBBESECR B6A C@BNnOt her intere
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poias whe type of siMhb<d c50 %,n stihlei cfa ywaass hf.o um
of quartz, Mwywhex0®kl%,s iwthewmas found in both qu:
forms.

Tabl el i3t the BET surface area, cumul ati v
di a neer of the fly -fasehH ipcoomdac€d bwd oBiH at
proportions. It was found that the specifi
t he s metulrestCL cMymb08)i andf drue el B8Hgeosmbusti
Mpb= 100%) . -fDuriinpgg @es t he proportion of ricCeé
specific surface area and pore volume fir
which was consistent Mwinadr ¢ ansed&@®BM @ e 8@ Wt st |
porous structurer c blhiakgee ds ttrou cftlua keedly . Mor eo

increased from 0% to 70%, the average pore

However, it was= t1hCk0 %. mallhHiesstwasttha8EsM consi
analysis, indicating that the fly ash, in =
The XRF results of the el emental compositic

WheMpowas 0%, the fly ash waisd gi & mddpOsn CaO, f
WheMywas 100%, the f 1l ysadSho@&ax3s., hdd)il nlwe dc dormyp
Ca4 .)5%Kp0d 4..1%Wi t h t heV,i ntchree ansaesss ifnr acti ons

Ca, Fe, and S in the fly ash decreased, wh

Tabl 8E3Y. Sur fcaucneu | carteeav,e pore vol ume, and

pore di amedltraiofied | yi amhcCd and BH

Mp BET surface aree Cumulative volume ol Average pore

Fly ash _

(%) (M) pores(cmyy ) diameter(nm)
100% CL 0 6.24 0.014 7.10
70% CL/30%BH 30 9.67 0.022 7.99
50% CL/50% BH 50 10.62 0.028 9.19
30% CL/70% BH 70 8.47 0.027 10.69

100% BH 100 22.33 0.031 5.95
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I n this chapterifilthiedicnadth edftueala [1d0d nkkWmsatsiso
system and the fuels and bed materitalhes use
experiment al process and opuer,atrieognu |l sattd ppsn
switching are el ucitdhmgoenbusanontbBeéaseabndi t
char act e hsewitticchsi mg process are i nviesn i gat ec
perfor mance an-&nhle madiiaadre ocfoalowand agrofor .
fuels infthedl@eklWbed are comprehensively s
on the char afcueelr ifsltuiooush zoefdiooxoy of cdal and b
enrichment. The effects afhbekema o elrladn chign @ ¢
anelxcess oxygen coefficient on combustion

and fluidized bed combustion effi @ain@dncy an:t
the range of operating par anrnieutedr sc ofnebwocsrta bol
performance is obtained. The main concl usi
1) Stable combustion of coal and Dbt omass f
fuel and diltuiidn «,e da < ovwepl,| caosn tsimouootuhs sotpaerrtat i
switching of ,ccoammbulsd i aohisdawddk.s Meanwhil e,
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enrichment in ,ahd theecgasensrgodobodn can me
the subsequentaodmpaptere process, represet
test.

2) Compared with other -3@emade nigs amonos pheir

oxfyue-combusti on of coal and biomass. Under
ot hfel ueddilred i s stabl e, the temperature di s
thedC®Oncentration is kept above 90%, t he

products 4C® bhaw, Cédnd t he -aadc endamtgaiamisn ¢ f
gaseousspalkunhantgreater than those under
3) For fl uifdiiededcobnddsdxyn, the addition o
combustion temperature in the middle and u
CQenrichment and fuel carbon conversion; hc
bi omass Msfooprormiixend combuMyviabome Thereptit mdl
type of fuelranfk vdal@ymIo;t ef ¢d olwi t Umamlous co
coaM)=, 50 %. From the perspectiveMeshooblveéer al |

preferably not exceed 70%.

4) I n the procesfsuelf ddnmhb ws tzieadn b etdh eo xiync or
products mainly include counbrutstad &rl keo g aisn itnf
With inMpyreakt hough the concentration of <co
unburned carbon content in solid residues

efficiency gr aMdiuradr egad exx rferacms0% st o 50 %.

5) MMsncreases, the nsdeadcdunu lsautrefda cpeo raer evao lal
first increase and then Mechbh®&3e¢e Chaaghingg
a porous structure to a blocky or Ml aky st
conditions are not fleofflabil &i Z@d ke®dbfusd mot

characteristics.
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Chapter 4

4 Pollutant Generation and Emission Patterns
during Oxy -Fuel Cdiring in a Fluidized Bed

18pOPTI AGAOEI I

Oxyuebmbustion i sycparpagapuorseedi nf oprow®Q@ gener at i
additioeoentioctCtpag , palhieddt ants during this p
ignored since pollutant emission and ash b

related probl ems (ggll oagneirmag,i ohoulciomg,osbed,

operational and optimization aspect s. Unde
combusti on, their generation and transforn
more compl ex. A clear uindeessandialg bd &ad

devel opment oecfo nmbhuisst inoonv etle conxnyol ogy.

However, this field of research is in its
not oereml et ediydat ed. For exampl e, (1) the
nntrogen and sul fur in the gaseous and sol i

operating par athesg elrfsur (23t Toherektktdédcti ohi, . &S]
and 1its mechani smtafetd uiedif 2 efd ueeble g p rdxaye snsgy.
| nformati on on whether there are synergist

fuels or operating parameters is also | ack
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(such as interactions among miner al compo
fouling, and aggl omerati on) after the addi

behind theThihenomerapecial |-fuelhpobngntoff o

mul tiple solid fuels in fluidized beds; ho
Thdroeg e, in this chapterdepaweh csatrurdyy oount nai tsrj
sul fur pollutants. A comprehensive anal ysi :
ash, bottom ash, and silica sand) wWsing var

The effects of key operating MiarmReteesrss ( s U
oxygen cdehhdcifaretlt (ch arasc tgeolliil skt thacsss i om s

nitrogen and sul fur damsdostulbd trred sednBfSdR Nt r an s
process ardni mdasttthiepana €. pr operti es, mi ner

deposition and aggl omer.ati on propensities

18¢ . EOOI CAT Z oBAAOAALDEIT EOAI

As an atmospheric poll ut anntd, dnaintargoeg etnh eo xa zd
|l ayer, which are extremely harmful to the
need to be urgently prevented. During the p

the nitrogen oxides proddcedmadmag ml YWOXNAdIsuc
primarily NO, as well Sausc ha as ntalla s sa nioiucnatt i oofr
resesatruwcghit 8 9 , 121]. | n % hiagOdsctdundcye n tt rhaet iNOOn s N
flue gas were measufredl ¢Eombdy utiloer zreadlodteiod\nd
| ow combustion temper at@®@@eebuttahgoi hha quui
parti al pressure) inhibits the formation o
i's well acknowledged in resé&l®xchn@detder mas
NOx formation mechanisms a-faelustbbabulidi mned
combustion system, A&n d st hgee n@x iad d tyi otnh eo fmafj

nitrogen oxides.
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550

Vo, \Vco,=3:7 Vo, Vco,=3:7
500k @=120~125 | PAa=1.20~1.25
CL/BH T1=800°C | CS/BH T1=850°C

M, M,
@)
275
250 la Vo, VPeo =3:7 —=—m,, CS/BH
. #=1.20~1.25 -&-m CSIBH
2251\« CL/BH T1=800°C  —=—m__ CL/BH

200:Q S CS/BH T1=850°C --0--m  CL/BH

0 10 20 30 40 50 60 70 80 90 10

M, [ %

(b)
Figur€€hdnges in NOx ekhivasd iueNsGx d&dao)mdd & if terr atnit o
in the Viokuepgas (b)) NOx di saohogr angd MJgr uni

Figure 4.1 and Figutrhbei ¢ masshowddhdengt hetci s
nNitrogen seXiothes -&bn dneord eEOXNOR c ho@dc bilgcentrati or
i n the Viocauwma&hgappm) andO NdOxs cahnadr gNed per unit
(Mvoxanmn2p mg,, MJd@spEctsvel yhe addition of bi

si gnirfedcuacntti on i n 0b ocetnhi sd@x nand nNterms of
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mass produced per Thei rebBedthdiwapBotvoaie at udla.n
450 ppm in -ftihrei tqasef oCGL/cBH and WSWBHhHh but
increvawwasmal | eMowalberss than 20% or more t h:;:
phenomena weaet hempostedy i n69] , i ndicating
barely aMyiwdeNMevdh sbyet ween AP Showa m eFiguze @.29.

whenMp =0%, 10% and 20%n > showed little change; whe, increased from 20%

to 30%,Vn 2 gresented a sudden decreams®gwhenMy was greater than 30%/n 2 o

decreased slightly witp.

1600
1400 | —=— CL/BH
- —e— CS/BH
1200
i Voo, VPeo,=3:7
£ 1000 a=1.20~1.25
oy 0l \ \ CL/BH T1=800°C
o . \ \ CS/BH T1=850°C
~* 600 \.\
400 -
200
0 10 20 30 40 50 60 70 80 90 100
M, ! %
(a)
1000
_ —=— CL/BH
o —e— CS/BH
- Vo, Vco,=3:7
= i
= 600 a=1.20~1.25
g i CL/BH T1=800°C
= 0 CS/BH T1=850°C
5
E E
200 -

? 0 10 20 30 40 50 60 70 80 90 10
M, ! %
(b)
Figur€hdngeG® emi Nsi onMdyvat ueNs® f gcagaeént rati on
the fIViee @gamr@ dibsfchNar ged pmspo umgi/tMJIh)eat i
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The mechani sm hbd otmas sebfl eadi mfg rati o on ni
is closely related to tshe fphy sointaasls drude |l rse e
perspective of physical composition, t he n
than that of coal, which | eads to the nitr

of mi xed ©bembagwern ohhan t hceotmb o SFtripeam et heo al

perspective of reaction characteristics, t|
through rapid oxidation of vol at-t ¢ em®m, wh i
volatil e oxi-tat mon h anTdhoek ced gopecrecal .whad bi o ma s
are simultaneously put into a fluidized be
released from the biomass (the volatile fr:
t han that of coal ), consumlitnign gt hien oxygedu
at mosphere near the dense phase zone, whic
N. At the same ti me, the faster oxygen <col
burnout characteristic of caeaalmbruedulotn,i mwhlie
promotes the generation of a | arge amount
amount of <coal char in the suspension area

NO over char i s erfdham@le RUe2&i, cRdal yaes BF
Second, biomass particles are more |ikely
fluidized bed combustion because the ter mii
coal due to its | ower dcensittpf Biobmasser glac
containiingdhNeEetcCH during devolsmayl|l reatton.
with NO to form HENId HGN €®On NélduX eanMNdO vi a

R4 . Therefore, NO from coa\kimrhtare owp geart i roen

of the fluidized bed, similar to the frebt
[ 100512822 I n other words, bi omass plays a
generated from <coal combusti €®O. akgxl diHscus
emi ssions increMdssedhwi hhgheaxaord®snatnrgatdH ns

indicated a stronger reducing atmosphere a
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existing in the fluidized bed. Urmrderedt hese
( bRi45),and reduction was promoted, thus reduc
2NO + 22€ ¥cC0 (R 41)
2NO + WEe 2.0 (R 42)
2NO ©Of Ng+ 2.CO (R 43)
NO + HGWX/ NH @@0 + H (R 44)
HCN/ NH® NO + QCOH HH (R 45)
From the perspective of pol l utant transfo

rel easeandasH@®M, which are the main precursc
devolatilization of-12®Delpendlng9®n 10e, alal
oxygen and the conteahdoHCMotanhi be okidbpge
homogeneoms 4 eopactdan be: (owhidliezede duwci Mg N (
homogeneous -4r ela6ct,i oh26R4 128] . HCN i s t he
homogeneous Dot mao-ppbhasgésbdécandnRAMRI4 e NH
hardl y O driln2sl ,N 129] . -N hies rleentae mo gggnedhwas| y o:
during combustion. The ma®,n gpmrdda cgmalflorama
HCN may be released, acWNoub21phg OxNdapi 6o
i's another 1 mpOrheathdr cgprateicod ogeMewBgh react
and9R4 121, 130]. ODhecdaessrmat nbyw ohr DNugh h
decompositiohOr anldlit)Rdntshe( Rdher mad0 d-®Rdomposi
12), and the refQuoveontrdhaadd REBhs of N

HCN + O Y NCO + H (R 46)
NCO + NO ¥ KO (R 47)
N(C)+ OY (CCO (R 48)
NCO(C)+ N OYONCO+C (R 49)
N2O + Hy+OHN (R41 D
N.O + OH+HMO:N (R41 1)

N2O (+ MKFOEMN (R41 »
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2NO + C 2¥2NE O (R41 B

NNO + C Y.CO + N (R41 %
Most of-Ntihe Bbiuemass i s vol agtwhliilzed ha&ndidaormo
in coal i S mor eamnrdettah eaceodm tianio mtiehmeg cghaasr pr o d u ¢
the devolatilization of coahkisombdi hbg, HCR ]

As mentioned above, HCN O etahtrRod6 gwaintdh RMIO t o
whil eghaNHI |l y -G.orTnhserNef or e, Muy(tih et. he tihrec rdeas e
coal bl ending ratio), the geXehambgenebublC
formation) 1s i1 nhibited) hloemeodgigmge ouaEtt e R

welMlor eover-N itmebif aumds s -N, ntdtaa nil ryMypaebdssad i il re

| eachdetpbeash iim mikarda fruedul t, the heteroge
N.O R4 an-@) R4s inhibited. | ni Ml dit thieom,edwict
at mosphere in the fluidized Dedsi pr embhaad e
while the temperature in the dilute phase

di scussed in Chapterh®d&mgg euhe caunioss a It S2:@.Np rod mdNt
Therefore, t@edemisaseoeanMift N i ncreas

16 0.20
151a V%0,:Vc0,=3:7 & N residue CL/BH

14 12O =1.20~1.25 —&— X, CL/BH ]
13l CL/BH T1=800°C  --0- X, CLIBH 1015
. CS/BH T1=850°C —=—X _ CS/BH

2
=
@
£ 12 = &
= gl -4 X CS/BH r
2 0.10 »
> 100 -
@ g\ =
2 ©
X 8 0.05 3
:
5 1 1 I I L ! I 1 1 1 1 000
0O 10 20 30 40 50 60 70 80 90 100
M, | %
@)
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90

80 [

o . —=— CL/BH
I \ —e— CS/BH

60 ~ \ Voo,:VPco,=3:7

= Or 2=1.20~1.25

940 CL/BH T1=800°C

X 39 CS/BH T1=850°C

0O 10 20 30 40 50 60 70 80 90 100
M, ! %

(b)
Figur@Ghangdes in the <coHAWerosiNoO® raantdidd\s fferr em

Mpv al ues

Figure 4.3 shows th-8l tonW®ms iamm triet ifdsueo fg
di f fMevantuest hev@@r combusti on mode .Xxokhe conv
anxk2 are deiiaeretil. B4 E4

M
Xyo, = —20c 3100% (4)

Oy

N-fuel

MN-V
Xy0 =—2> 100% (@)

N-fuel
It was observedthath e conver si-dnbahd &i casn@iNafnude |
Xn 2 pdecreased with n ¢ ir ®Mg. $he residuaN in the bottom ash and fly ash were
also measured in the experiments. The data show that the nitrogen content in the bottom
ash was very low; the nitrogen content in the fly ash did not change significantly with
My when oxyfuel cofiring CL/BH; the nitrogen content in the fly ash was 0.48%,
0.33%, and 0.21% &il, = 0%, 30%, and 50%espectivelywhen oxyfuel cofiring
CS/BH. These data indicate that &% increased, fueN was fully released and not

retained in the solid phase (fly astbottom ash). Meanwhil&n o,a nXh > glecreased
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asMp increasedTherefore, this confirms that the addition of biomass has an inhibitory
effect on the emissions of gaseous nitrogen oxides and promoté$ rfelelase under
oxy-fuel combustion mode. lather wordsthe reduction in nitrogen oxide emissions
during ceacombustion is not only due to the lower nitrogen content per unit heat input
but also because of the synergistic effect of adding biomass. Previous studies [54] have
shown that biomass blemdj could improve the combustion performance and fuel

burnout owing to its high volatility and reactivity, thereby promoting-fueklease.

N~ - z A s o~ oz

Therperties of the fuel I tself alseso hade ar
transformation of pollutants. Al though the
greatly, some parameter indicatogwscltaas sti |
VM/ FC, aoH/NN. of the fuel. Therebore| athos
bet ween fuel properties and pollutant emi :

relevant studies.

I n previous studies, there are stildl contr
rel ease behavior and ni tertogaln. c[oln3tle]lntf.o uFnodr
emi sssweopaosi ti vely ceoN rdeuraitnegd cwiatlh cfoureblust i o
al . noltBedht t he di str i dwatsi arel aft i N@&x ye nsicsastit ocer
was no cl ear dNe pdeunrdi enngc el ivosninafeuse.lc #imgur e 4. 4

correlation soft NOkoemi seX manme nt AT sk evioe kwa s

a positive correlation between t hem, . e. ,
t he -Nf wceolnt ent . T HNe rceofna reenlt etchs edua@als a rough
NOx emi ssions, andaiotmbalsso opmr cwersd i tth aatn st H e
emi ssions as a direct result of the | ower
to coal
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Fuel
A ¢ CL/BH
800 A ® CS/BH
A A Coal Ref[131]
£ . A A Biomass Ref [132]
§ 600 .
& A e *
X 400 o . o ¢
i *
sopre 2

0 . 1 L 1 L I L 1 . I . 1 . 1 L
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Nitrogen content / %

Figur@ordr.e4l at i onomd wWN-®ixhc efmutesls it

Based on the discussion above, fuel vol at
behavi or. To further guantify the anal ysi ¢
(mo} and fuel wvolatility (VM/FC) is given i
the ratio of volatile matter to Hfnioxed carl
decreased rapidly as VM/ FC increased, I ndi

voliattyi land NOXi mimiasrsioconmscl| usi ons have been
research on pure biomass combustion [122],

4. 5. The fitti mgoxaengdu avk M/omG&G abreet wieiemmt ed as (

addi tieons,t usdoimes [ 19, 71] bel isevaen tihnadti ctahteo rk
the fuel nitrogen conversion ratio. The H/|
resulting in a higher fuel nitrogeme conver
fuel, the higher thethatdédlynicomecdgendedonhat st

i Mbi ncreased NOXx emissions because the H/N
of coal. However, the experi mentoalt tfilnweindi z
et al .t hsahto wielder e was no cl ear rel aNionship
conversion. I n the present study, no corre

masked by the positive effect odudthieom. gh
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CL / B W=971.2xp(-x/0.547) 462., R*=0.94 (A1)
CS/ B W=253.6exp(-x/0.486) 401., R*=0.89 (A2)
600} =
. g e -2.658
e rlEn 2 400 e
e CSBH| = a0
250} 52001
IS A
= : A . Biomalss Ref.‘[122] h‘:‘
2 200 - % 35 1o 56 7 08
£ VM/FC
\5 150 - o V=071 2rexpl=x/0.547)+ 62.2
& R =0.94
100+
R*=0.89 bt

50 y= 2|53.6-ex‘p(fx / 9.486) + 101.5‘ . ; .
00 05 10 15 20 25 30 35 440
VM/FC

Figur@ordr.ebl ati on of NOx emissions with f

Previous studies have dheowm tshagtnitthe a@/t N i m
andO Nemi ssi ons. aFbor gxeamoptbebdat GLB&] O/ N r at i c
was i mportadhtf dromatN®@/nN sel ectivity. Aho et
NO/-® ratio increafgedl wOt N raactorad a schornobuwgsht i o
experiment in an @mutrraidné&d sthloavw nt dacitcomr.r el

rat iXeoxtoknz dXnokXn2p and t he fueilniOf/dN evopamri mean

OverXbiKnocat higher O/N ratios was |l arger t
Nitrogen in fuels mainly exists in two for
fuel O/ N mol ar ratio can be regarded as an
bound i mssitde tchhaati i n arDumaitng &dwvaalcdtuirleisz g
nitrogen bound in aromatic structures tend

side chains tzen#HENtosf ohm KMHIiImhonmogernee uaesf
gener ati osmaivitbiylms MNH tohrerNef ore, the increa:c

mol ar rati oXvbinds 6Di a. hi gher
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1.0
[ ]
[ ]
08}
° [ )

X 06} il
5
><Z

0.4 ol B B CLBH|

® ® CS/BH
0-2 | 1 1 1 1

0 10 20 30 40 50 60
O/N molar ratio

Figur@Ghanges i Xndthg@atatdiof fodrent fuel O/N

18¢8¢ WEEAAO 1T £ AGAAOO 1 @oUCAT Al AEEAEAEAT O

The sufficiemcy |auafi doxedemeds is an i mport
formation and emi ssi on ftlieexrcietsrso pery gexi ceoxe.f
Uon the emission and c®OnyeémsMamhiopXgdxi o of N
Wa2pmn2p Xne® wesasudi ed, as shown in Figure 4.7
i ncir edgitshe emi ssion and conversionzxx)atio of
i ncreased. This idimptaesethati moreasafin
provided, whi cdhatpiroonmootfe sp rtehceut resxaNrOsxOHhGINI  a\n d
(as shown i, HBRAaaeatTJoR4tR4A4I|I so means an incr e
rate of the fluidgasdsakebddhedcaen whhahchbdi
particles intd foxlylgem @aont pctomwit es t he r el
heterogeneous oxidatlUl embhbbmweadCiOt congceinnc @eé
the fluidized bed and promotes char burnotu
heterogeneous reldawniiom MAdé¢ aZROBRI44BRR4and
R414) .
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500 2000
450 180 _- Mo ..
(T o _JTT
400 160
350 140
g 300 0 I
a
- 250 0
2
> 200 2
L]
2150 0 - 3l
Voo,:Voeo,=3:7
100 40 ol o
my my =73
50 20 1| T1=800°C
== IR ==l 0 11N ATy T S N R R
1.10 1.25 140 1.10 1.25 140 1.10 1.25 1.40
o
500 r
400 — L .
350 P /
-]
E 300 Lo s
o
= 250 -
I
>7200 -
150 S |
100 oL V°02:V°c02=3:7
me mg =7:3
50 5L CL BH
T1=800°C
0 o-— 1 1
110 1.25 1.40 110 1.25 1.40 110 125 1.40
a
(b)

Fi gurkf fdec7t of excedldnoxngeemcssi binciaant cor

of NOx20and N

Studies on ttheeecedd eoky pon gObledfenecriaetniton ar
emiioxnns whiemi cgp di fferent solid fuels in f
especi al I-fyu euln dceaandouwdyit ti loemn r evi ous resear ch,
notterdat the excess air rabO oenhiasdsimmssiigmniaf
combtui on fl uidized bed, 0hielme sWa nogn s[ 6 4n]c rienads

an increase Iin the excétseloxpyméenstoehfiftiue
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I n the present experi ment, Wdisncrheoavs® d nt HFeé gN

concentration and conUienmnsrioasedtiomwmomebpk@it

180 301 £00 T1ZWEAROCOAOBGEIAOAI
Duringuebdycong of coafll uandde dBido nahses rienl eas
transform&tienaaf i hteemoa dthiyn g sgpredtn dtecause
formation of gaseous sul fur compounds and
el ements in fuel s, thereby affecgtimgethe
probl ems, such as sl aggipdige,andcdeappglesmearceet i
promotes the reactions between sulfur oxid
free deposiitnsghet huskd®madueekl! conirme@si on [ 70]
explores the effects emni sospieanast,i nsgu Ipfaura need res
di stribution, rameénthens(UBEBER) pebtess basect
analysis of flue gas and ash.

I n sodf i défdual ze$ bhsds heFoaely source of the

sul fur psepduet $ heDdi fferences in the existi
and biomass is found in both inorganic and
in coal mainly exists in the form of orga
el eméntsul fur. At |l ow temperatures, easily
mercaptan, thioether, and sul fones) and par
to »SOAs the temperature increases, | ar ge a
orgamnilld ur (such as thiophene and its deri v:
The organic sulfur i n bi omascsontnaaiinnilnyg eaxmisn
acids and sul fur Iipids, i's released durin
temperatures, inorganic sulfur decomposes
During the devolatilization stage, the dom

HxS, which is themoo-®2i duzeédi gtohzr€aQu gtho tSHh@& c h
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combustion process [137]. Sulfate sulfur 1is
typical operating t e mp9eOAddt. urTen eafe ffolr i, d if med
bi omaks c(oombusits otnhe SWredomi nant gaseous su
gas. A smal di saniouurntth eorfs, oSvbhd iched stua |l $@ depen
radical reacti ong®siann da sthihe] 1c3a8t]a ¢ yTisSi actaond n Fe f

be ignored-ennderhedx ygperdi ti ons.

1808p WEAAAO 1 &£ AET T AOO Al AT AET ¢ OAOQEI

Il n ahuexyfluidized bed, a compl exfiarnidng nt er
of di fferent fuels (coal and biomass) ach
emi ssi ons, SSR processes, and ash deposit

b omass bl endi pgo madn tor aotni atVsep NSpCb me2 &hde S@a
di scharged pemsognimg/ Méat ThpVstamfadso,s how th
decreased gradualM, yThwe tdddédint i ocrefaskei o mass

roilm r eduoemings iSOn s .

- CL/BH = CS/BH
Vo, Veo,=3:7 A Vo, Voeo,=3:7
200~ =1.20~1.25 800 — . «=1.20~1.25
" 7 oy T1=800°C § Y, T1=850°C
N T Y
s A 007 5N N N N
> Ao NN NN N
=g N NN R
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1000
—a—cLBH Yo, Veo,=3:7
. - o--CS/BH «=1.20~1.25
800 . CL/BH T1=800°C
oy N CS/BH T1=850°C
= N
g2 600 .
& Wt
§ e -
& 400 =L
e
200 | 1 1 1 1 1 1 1 1 1 Il
0 10 20 30 40 50 60 70 80 90 10
M, ! %
(b)
900 900

T1=850°C
V.., P=0.1MPa  V,iV5,,=37 -

M, (%)
(c)
Fi gurh adn g8e se mins sSiCo n s Mpvta | diieVfs 6.€ i BaBtd d
CS/ BPH, 0.1 KaCL/ BHLCS/ BPH, 0. 1(c MPdan drisop
CS/ PPH @G.n@. 2 MPa

The diretcthateasensius fur content of Dbiomass
and the amount of sul f-brrpeg usitowentt hap
coal combusti ean.rilnmg addilt iaonnd, bcdooma-ss can e
retentieofnf e(cISSR)ocppbmoee SO

The SSR process, t hat i s, the sulfation r

( AAEMs, such as Ca, K, and 2Ma)d 3)iS® e lueed sse dw i

by Sue¢lo form sulfate, enhfashi vAtgorecagtuo
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study onpahteti si @gb88R mechanism [137], in tlI
SQgener atedS fdriom ufssdel r @wtgwmartche char partic
which parcteattshwi 8D al kal i compounds and
fact, in a fluidized bed, azxgeaseh agardt if aloan
parent fuel parntéekcéasebbubyabdbosbet heu&IO part.
The promotioncoombuS$Robhy isorelated to the
mor phol ogical structures, and combustion <c
to coal, the relative cpnienthefbAdBMSSs (58
example, the Cal/S molar ratio is 0.84 for b
With an MpcrtehaeseCai/r5 and K/ S mol ar ratios ¢
sul fur retention i 39 omrsontiebRYA Q p WR[468 ] f aBeoan
was shown in Chapter 3 that fly ash had a n
area and pore vol Mgrnen chreetals eidn & & #8ars &ude hAtsoa
mor phol ogi cal struct uptei oinsy bogfo MA@y c iavseh , t ot htel
enhancing the SSR -feiffiecdg Hhad88ph. sTmierd,) stio
occurrence of SSR because coal and biomass
perspective-paftitchhee sSSWRy | grooacd e ss 9 mbfuosrt i on | \
devolatilization process i s not conduci ve
theS Hrel eased during devoeoebatsideathenpiasen
particl es, r eduxhien gn gt hcea pd luampadeu balfs a3 @ a b d u cC €
by char combustion, such as or ganfiicritag,oxi d
the combustion rate of biomass (including
of coal, so the al kald] compauvumrdd hien SIDi2o mad
by coal devolatilization in advance.

CaO +3¥50a SO (R41 %

CaCQ+ 8YCaS® GO (R41 %

2Ca0 ++ 2802CasSoO (R41y

2Cagi0 2,508 2Cas02.L0 (R41 B
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2KQ+ S0 1/+2@ Y,SK@+ 2HCI (R41 D
2KC+ S48 Y SK+ 2HCI (R42 D
Oxyuedff icong of <coal and bixxemessioars Hhatt @
all eviate the deposition and corr rboesciaouns epr o
KClI can be convers@dhioaughltlsaes Halr mdwuil ok r e
(R419R42D [139].
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