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as k&g 1Lhe é’é‘i’ﬁi&%‘ TPha0e f hheefhames copmenl Viinit green-
coincides with the reaction zone in which solid

housar tgad efNGy B, prkséat substanélgénedfdioeds duste been made to
particles being the only ones capabl e of,enittiqg
achigfieat B GUR o ¥ MORA FHHE FERfE, CHR W i ¢heconditions (CO,
No.hyenperature range 1000-2500 K . Even fl ames of gaseous
¥Uels, e.g. nethane, enit in the visible range due to
Acddeiifryingt i Oe primary thrust in the development of flame

technology  has constantly been directed towards the
development of fluid dynamic conditions capable of promoting
intimate and rapid mixing of fuels with the oxidant. More
specifically, reference should now be made to jet flames, in
which the energy of the jet is modified with the most wvarious
geometries and measures to promote mixing, to promote
internal mixing with combusted gases, and forming a
positionally stable flame of the desired size.

The physical place of the flames commonly coincides with the
reaction zone in which solid particles are present, or are
generated, such particles being the only ones capable of
emitting radiation into the visible range, within the
temperature range 1000-2500 K. Even flames of gaseous fuels,
e.g. methane, emit in the visible range due to the formation

of solid carbonaceous nanoparticles (soot, widely proven).



of solid carbonaceous nanoparticles (soot, wdely

proven). Furthernore, for what concerns em ssions
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the formation of NOx , which rises exponentially with

tenperature, and of CO due to inconplete conbustion.

The flame is an intrinsicalld highly conplex
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rise to a “chaotic” system, which, as stated, can only be
described using statistical methods.

The punctual indeterminacy of flames (physical indeterminacy,
only statistical description) 1is also found in prior art
post-combustors, i.e. in flames produced with secondary
injection of fuel, or of fuel and oxidant, into the outlet

gases from a primary combustion process. In fact, only a

partial reduction in NOg, CO and TOC (Total Organic Content)

is achieved. In this instance, it should perhaps be added
that the flames are chaotic phenomena with a time
characteristic of the order of a fraction of a second.

Document US 5,154,599 describes a relevant novel development
in which it 1is shown how, by significantly reducing these
gradients (substantial dilution of the oxidant and the fuel

with combusted gases, preheating of the oxidant feed to



gradi ents (substantial dilution of the oxidant and the

fuel with conbusted gases, preheating of the oxidant
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of the fuel) , it has been possible to enter a new

operating zone in which conbustion could take pl ace
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This is exemplified also by other prior art (and specifically
patents US 5,961,312, US 5,441,403, US 4,945,841, US
5,813,846, USs 4,945,841, US 5,772,421, US 5,863,192, US
5,899,680, US 5,931,653). These relate to arrangements for
mixing a primary or secondary fuel, but which is in each case
specified generically, with air and, in some cases, intake of

combustion gases into the diffusion zone of the flame

directed at ensuring low levels of NOy formation.

There 1is no patent which is directed at the formation of
homogeneous temperature zones, nor at the use of oxygen in
any concentration, nor, above all, at the exploitation of the
radiant capacity of the combusted gases to achieve surface
combustion of liquid and solid fuels, nor even less at using
these effects in pressurised combustors.

Some patents provide the envisaged arrangement with more or



conmbustion of liquid and solid fuels, nor even | ess at

using these effects in pressurised conbustors. Sone
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orl ess defined geonetries, but only for the purpose of

m xi ng the conponents and not of exposing the cold

gases to radiance . Further 4evi dence of the punctual
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celéﬂngaiv@lﬂ%@fga%%y panehpable 8f ERSGAMAG @@@ﬁSet@ f. for

exafPTBUSI Q&AL hesi nf rasicer fuek natesd adss, s6s 4,920,898
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Thef | uec%ﬁ@%%uto%get hefroWdlsly Comhgt df-ansf or matd on Qfscument
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I nconbusti ble ash into _
H»0, principally H50, strong IR absorbers/emitters) in the

combustion flue gases, and 1in the oxidant feed due to
recycling of said flue gases, is capable of ensuring complete
combustion of the introduced fuel materials, so ensuring a
particularly low quantity of total organic contents, and thus
of toxic organic substances, in the flue gases, together with
complete transformation of the fly ash into molten ashes.
There was accordingly a requlrement to provide a combustor
which, apart from providing:

- a substantial reduction (transformation rather than
formation) of toxic organic compounds in the flue gases,

- quantitative transformation of incombustible ash dinto
molten ashes, separated in the combustor itself,

should be capable of producing flue gases with a low content
of:

- NOy



nol ten ashes, separated in the conbustor itself,

shoul d be capabl e of producing flue gases with a | ow
woanisangseof : NOxCO right at the reactor outl et PanaB2005/001290

prior to intervention by fune post-treatnent

operations, and with all types of fuel, in particular

probl ematic fuels. It has surprisingly been found that

anci sot hermal reactor, as nentioned above in the claim

of tohe present applicant, obtained by neans of: - a
righef ractudrey -ddarachbr eactlert, and heriuse tof iretcduweat i g doe fume
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increase the density of the opaque gases, and at
obtaLIRst 3@/ ﬂ@%@é’tﬁrr es to excite elevated IR radiation

~ &f Iﬁ@fﬁar&mﬂmiqmli%m, to the fuels if the fuels
are fed to the reactaor as follows: the volatile I‘i%uid

T FRRI $5% eOf e SANEF RN eATRBEGHIXY 9Tt hORat BT af@FdFied with
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wei ght organi c _conpounds, i.e. nolten organic solids)
by FPEUEY SHHEH SRAH RGN YW Skt HFSERL R or st eam

- the R ifdiel s e, araund tur digmnsd onspfud feW infrared
mllimetres, and suspended in water (water slurry) ,

raddpdifosd d3Ra,slnamgly cépusendn HiQe gasespaiascipally HpO,
oht ai ned ich al so_ have a very |low content of NOx and

PregRxgg Wl%légttﬁ?r RorFL it is capable of performning

- ddarml @ssueasbuptrceruid,| d.n Wotdie eenbusiicenr)k een @nsity

Ofr%ggvg g&Lgagggegiqgﬁﬁfé$lglgggtg& %%Rg%%étures to excite
elevated IR radiation flux from the opaque gases to the fuels
if the fuels are fed to the reactor as follows:

- the volatile ligquid fuels are fed mixed even roughly
with water and/or steam,

- the nonvolatile liquid fuels (high molecular weight
organic compounds, i.e. molten organic solids) are fed mixed
even roughly with water and/or steam,

- the solid fuels are ground to dimensions of a few
millimetres, and suspended in water (water slurry), and fed
as a slurry,

combustion flue gases are obtained which also have a very low

content of NOy and of CO. In other words, it is capable of

performing flameless combustion (mild, volume combustion)
even of non-vaporisable ligquid fuels and of solids.

The above-stated characteristics of the combustor then make
it possible to design and implement thermodynamic power
generation cycles which are simple, highly efficient and have
low environmental impact, and, above all, which can process

problematic fuels (low ranking fuels).



The above-stated characteristics of the conmbustor then

make it possible to design and inplenent thernodynam c
weoawsrioggener at i on cycl es which are sinpl e, hi ghCy/1B2005/001290

efficient and have | ow environnental inpact, and,

above all, which can process problematic fuels (low

ranki ng fuels) .One possibl e and reasonabl e
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pre-di | et it HROvands O coPenat i), UNABagRiceSguEes) , and
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conbi natirafe mpredsdmkes it possible to raise

i nst ant ly the t t f fuel i dant
fod at A critt tUhperh GP8 FBCt GHperdt (Tee GIoGboveoth (and
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conbusti'on reactions under conditions such as to
el imi natwati istreepundaper AUFSwHiRd copéeht r dtrigreases  the
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r

all points onthe reaction front. It is accordingly .
assuned,fafd Houtthidhized¢ot i ol the envdant apret@atuted with

once th ste radi ents have been elim nated, these
three pgf%reﬁ%cfgb%e no | onger "catastrophic" and

cease tQ,QiMg ydse hAgkhe "whaghi,x' fLAMBLSYSLRIPINQAMN  the
in the art which can only be statistically described.
density of the opadgue gases

a combination which makes it possible to raise
instantaneously the temperature of fuels and oxidant fed at
ambient temperature to temperatures of above 1300 K in the
reactor, and to give rise to the combustion reactions under
conditions such as to eliminate the steep temperature and
concentration gradients, and to equalise the rates of
reaction at all points on the reaction front. It 1is
accordingly assumed, without this limiting the invention,
that once these steep gradients have been .eliminated, these
three parameters are no longer "catastrophic" and cease to
give rise to the "chaotic" flame system known in the art
which can only be statistically described.
The reaction system thus becomes readily controllable both in
terms of punctual and average conditions within values which
provide access to a novel operating zone where it is possible
to achieve more favourable compromises from the standpoint of
efficiency and emission reduction for the generation of

energy from low ranking fuels.



The reaction systemthus becones readily controllable

both in ternms of punctual and average conditions
wonodsimsssal ues whi ch provi de access to a novel PCT/IB2005/001290

operating zone where it is possible to achieve nore

favourabl e conmprom ses fromthe standpoint of

efficiency and enm ssion reddttion for the generation

of energy from.J.ow ranki.ng .fuels. Noreover, and stil
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(non-"chaotic" ) conditions described above. Finally,
reaardicst i ki1t Choubnkd midliangirtheustopetbt thvd ki reent reactions

the influence of .the additi.o r.Jnt .
end LRI O e AUNLAET SLEAM OToNRLETLAD Puac sor
headonbusiderr, whheh i sonbtrodléedsi véntakBnhabbne! ) butconditions
deg@gv%;%Pe%$%%3brings about an appreciable reduction in
p&Piﬁiaﬁicbyproducts, constitutes further potentia

Firearfy,r nedndn ofithe wethantsnmiipistingesahichecdsahmve.of  the
inoliF e Ly Scconiarh L0eomRustible a5t oine.ash 1 vater
inteoaltes ceneestofort Mermpasliomd 'esodftihe giuell asht o ashdasombustor,
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ash, the ash is concomitantly melt and turbulence ensures
complete coalescence of the particles of liquid .ash, as has
been described in the prior art (PCT/IB2004/001220 of present
applicant).

The combustor of the invention, which operates in flameless
conditions without preheating of the feeds and without
restrictions for maintaining flame stability, materialises
the use of low ranking fuels to produce fumes which are at
elevated temperature and are substantially free of
hydrogenated organic compounds and particulates and yields
substantially smaller quantities of gaseous pollutants. The
availability of the combustor makes it possible to devise
high efficiency thermodynamic cycles for the generation of
electrical power which cannot otherwise be achieved at a

similar level of simplicity.



el evated tenperature and are substantially free of

hydr ogenat ed organi ¢ conpounds and particul ates and
weoialsdesssubst antial |y snmaller quantities of gaBeouB2005/001290

pol lutants. The availability of the combustor makes it

possi bl e to devise high efficiency thernodynam c

cycles for the generation of8 electrical power which

cannot, ot herw se he hi.eved, at .mlar | evel., . .
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liﬁyt for preheating of the fed reactants. However, it is
preferable for the concentration of the opague gases in the
feeds not to fall below 30%.

It does not seem necessary to provide any particularly
sophisticated fluid dynamics for the reactor, nor for feed of
the reactants. With regard to the reactor, a simple
cylindrical geometry is effective at least at a scale of
thermal power of some tens of MW. At larger scales, it must
be borne in mind that the contribution to the IR radiation
made by the refractory rises in scale in accordance with
surface area. It 1s thus necessary to increase the level of
contribution made by the combustion flue gases to the
instantaneous heating of the feeds. 1In this case, the
geometry proposed in the attached schematic drawing (attached

drawing), with the axial inlets and peripheral outlets on the
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exanple, in drawing in air
The 1pvandltomicessingrot iemecryy axéadrsonpnessorsi(s@ls) tbBigure

pressures bet ween_ 1600 and_2500 .kPa _abs . . o
2) R BT Sray  BeThAaBAt 8 Akording ih GIPTRTHAY it in
thearixiasotbapmekscanpr@Essi oo ipseprefrers edf wethedhr 66300 and

injection of deionised water .into each _stage of f.he
250 s Shr: GPIBY SRR JF er NEURGEE  Cagui Ty O dgas® the
prﬂd’ltboajr_f\b} chsvahetmbs idymgieadsiym t Ds Salcerfatdred, andith direct
. _Subsequent _reintroduction into the conpressor. The
ln]&ﬁ?drog]sse‘af gadei8nigRt (#PHES tHenth%a{Tg?‘é ovE&hF9Gni °F  the
con{d@essoihe dechyempam tofiSBst ¢ hfe@XNadiStagdsasy (B) gas into

output fromthe, turbij ng. (T) at a tgrrperature
r

of
whigh §etegoo800t K eCFedi Sore pPafErfeéd OCFi aBPe %u}?sequent
reitrﬁtﬁ&ﬁdx_dﬂi%ﬂ‘l%a%td ey ecfc}fnpﬁéébsc(xﬁ) asda sat ur atgr, ; :
accor |ngtot e prior ar Intr ucl n reneat ed,
ThefPredset W51 415ty @4> p%? e %gg%ﬁ%‘f%m%lt (E) .
Thofradwant pieheatépgthdhexgaseausgaiceel () dstput from the

conpressed in the conpressor_(C2) in accor ce with
tuRHES sGthertm RIS Dy e dils "i‘ﬁg?%ecw%ﬁg@é] Yat er .

It is more preferred (Figure 2) to use the heat recovery unit
(E) as a saturator, according to the prior art, by
introducing preheated water (3) at a plurality of points
during the course of oxidant preheating. The gaseous fuel (2)
is compressed in the compressor (C2) in accordance with the
isotherm concept by means of injection of water.

The compressed oxidant and fuels, preheated to 600 K and
preferably to 700 K, the difference between the two cases
being accounted for by a greater and a lesser quantity of
water vaporised and added (between 40 and 60% by weight
relative to the sum of fuel plus oxidant, and until recovery
of all the heat contained in the gases discharged by the
turbine), are sent (5 and 6) to the combustor (R).

Complete combustion 1is performed in the reactor and the
outlet gases reach a temperature of 1400 K and preferably

higher temperatures of up to 1600 K, corresponding to the
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| esser quantity of water vaporised and added (between

40 and 60% by weight relative to the sumof fuel plus
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als@a&ﬁs:wpbhréj;l@@loxeéva}ce?ﬁﬁwﬁigm S’Ls?fpdﬁﬂmimstaetd t;H’nq&:’jﬁa:t‘iures of

conpounds 0 order of a fe ercen and al so
0D R er 48 O b TS e FOTRLACE EORSa I GPeoE the
int@odiRddo 02QR0 ik isti¥tdelcdy LB We: eWiili@te and coalescence
destruction of the introduce organA'ﬁ%fgL%bst nces
€

of e MeItiEtg 5h @ Woal BSEIde dhahe 3 dhsgrtiet gases

frofitile ifeddhelt: agded t enthepput! epegasesd remddiature limit
reactor until the upper operating tenperature limt
(160P660 KT PEFOPr iEdit dMERIGIH et 18T dthed. The gases

The TBdher Canbusd otob s 86Rt atd) skatt (et wbitme (Rrdite (T)
| sqent ropr ¢ expansi on .t 0o at rmspherl C_pressure and a
fon ehpecatareist §XBAREIPD0- 860 RLIOFRPPABFe BEegsure and a

tendddiGlthor of £ Sheaihaontantsod Nkt heagvemti ot hed wat@mction of
consunption is a problem the outlet flue gases from

stgegwegrad@@theat recovery (E) are sent (9) to the

In GRS NY @ﬁ@@%@@@vewsﬁﬁgthea (B) a pH1Gendensd Ngutlet
section may conprise finned tube heat exchangers or
£lucor@riRt nEred| URNSIWRER MEEt ClRGRATINY of Etod8FPng SRt ef®) To

thd NchbAWERSingr LU Naliene Qf bethibypes) .Thenpr o688densing
Is only apparently nore conplicated and costly than

seqidicsr  arRYt ucHBRas ssy st EhBneRar deer | skepby gXFdPpgers  or
cong%'n%?gggsgrgﬁggﬂﬂlg;rv&m base Wit atd¥dl of cooling water in
towers, or combinations of both types.
The process is only apparently more complicated and costly
than prior art turbogas systems characterised by a very
compact design of the base unit, axial compressor/annular
chamber of combustors/expansion turbine. In the prior art,
the base system achieves prior art (electrical/thermal) cycle
yields of around 35-40% and that only at maximum power.
Higher levels of efficiency are obtained with "combined"
cycles, i.e. by adding a steam boiler to recover the heat
output from the turbine and a steam expansion turbine.
In reality, by way of comparison, in the process of the
invention:

~ the recovery units/saturators (E) are of a very

compact design and made from ordinary materials.

- the combustor (R) is only of more apparent volume,

being much less complex and sophisticated than the



chanber of conbustors/expansion turbine. In the prior

art, the base system achi eves prior art
woebsabsdecal / t hermal ) cycle yields of around 3Bez@Bboasah1290

that only at maxi num power. Higher |evels of

efficiency are obtained wth "conbi ned" cycles, i.e.

by addi ng a steam boil er toliiecover the heat output
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FurWHdY 1 egand 810 iaccepiabliond uedgstdincl gl nghd owtgvatieion  is
fuel gases and fuel gases obtained from systens for

manggG¥hAchg 1 ovieYrEd@ SIS A < T SXanpi e bi difasseauired

el irgfuseadurd Rerrfdexi bility of the system of the
invention is manifested in its nanagenent and

Tt gf$lki BRcy SHEPaURs rideif r é8 & R¥+PEaPIFoddiP9as system,

3ovahkedind tyWiekl g demmibered thad itRrdiPel 0fs aklkpended on
turbogas system 30% of the work obtained fromthe

compAasi SO sO8x peiftleBxbfAaBbpes§h6n dfidhe CORPERFEOn BAxial

corfd}e 2 A &P@&%%@hméé'ﬂ'y COMIESSINS RhE begin to stall
rntrinsically inflexible and begin to stall at flow

at rhlew didftiast | ﬁgféﬁrynm ioggHtY ystightiHe fRaedthpowated flow
rat{east e?};&&@k%é@‘?%f’f 1kess than 10%) . and ane aafimsedd 1oad

actor in operation. At elect {i cal | oads bel ow
facteer nbRi PPRUaGAER -nett eplpeterepldriopads aBrdPy ithey maximum

re n r nor; the I
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speC| I'c therno ynam c efficriency. The acknow edged
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fufﬂh&@r£68££§§gnb¥n §gé@§fiécghggmgh9ﬁbﬁﬁ@té@fﬂhlency. The

acknowledged rapid start-up time of prior art turbogas
systems is in part offset by a clear lack of flexibility in
operation.

In comparison, the combustor of the invention:

- provides stable combustion over a wide load range
(from 20% to 120%) with very low load losses (on
the contrary, jet flames predominantly consume and
are efficient over a mwmuch tighter range of
operability)

- adjusts the delivered power by adjusting the
addition of steam, at a constant fume temperature,
so adijusting the flow rate and molecular weight at
the turbine

- being appropriately refractory-lined, the combustor
may be kept hot in stand-by status with a pilot

flame, and with a fuel consumption of less than 1%
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1600 dov e Dy SRt aFBr Laniie PRUGH GRob Erebg ok SO e the
oxiidanithanksi i Bden peyered £qud T eHet Gae@Mphess dHe addition of

oxi dant havi ng been halved, to the fact, that the .
wateddi -bh BF Sweter BRARGE &S d'F nfdEt Sontt heSEYE| &5 PuPing

endr@MEarf PHNMEhBY reRe@y Ak t Dot-hgrs@80MBRY @From the spent
| ow- grade heat fromthe spent flue gases down to 350 K

flue pRisesefgy & 34 dhcy is acconpani ed by scarcely

ThiROtdf8ap) e £Fl 854085 ab bB@oﬁFﬁ'ﬁb}!éﬁo'byOLgdaﬁ.EceIhﬁmﬂcbﬁ/iceable
TCOC of the order of ppm CO always bel ow 10 pm NOX
emigs e @rtdérh%fc%%qre@t&fetpprﬁ%%mﬁﬁ hfheprder of
co ' e t upe t A r t hase
porort PLPfy CERELE UOPEerll NI LRTPEEALY 8% o ana® tens
of lﬁ?ﬁm Qlcy cﬁllly'htaltﬂ miaj}@ﬂﬁddi?ﬂdi?;j&ib%@m&ﬁtmﬁnt age
or , usi ng, A muc essS CO0s uels. I.n one referred ,
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fudieiyng sreducedcir amads, byueansl pf =8 pitéleardnd with the
substantial advantage of using much less costly fuels.

In one preferred variant, 90% oxygen is used as oxidant, the
oxygen being produced from air by means of a prior art
enrichment process involving selective adsorption on
zeolites. The enrichment section supplies 90% oxygen at

atmospheric pressure with overall specific consumption of

electrical energy of around 0.1 kWh/kg of Oj.

The oxygen may be used to enrich the combustion air (injected
into the axial compressor at the position corresponding to
250 kPa) or to replace the air entirely.
Efficiency falls, but not significantly. Enriched air and
oxygen are indicated for combusting fuels with a lower
calorific wvalue per unit volume. Furthermore, the great
reduction in the volume and condensable component content of
the exhausted flue gases makes it more readily possible to:
- bring about a substantial reduction in the size of
the final condensing section (B), and to provide a

net output of water from the cycle
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The reaction proceeds without there being any apparent lower
preheating limit. However, it is preferable for the
concentration of the opaque gases in the feeds not to fall
below 30%.

It does not seem necessary to provide any particularly
sophisticated fluid dynamics for the reactor. Nor is it
necessary to provide atomising nozzles for the fed liquid, a
normal sparger without significant restrictions in cross-
section being sufficient. In the case of bituminous fuels, it
is sufficient to provide melting and heating until a
viscosity of a few hundred Poise is obtained, and in-line
mixing with steam. Non-liquid fractions, provided that they
are dispersible in water, are entirely acceptable and have no
influence on yields and emissions.

In the combustor of the invention operated at temperatures of

greater than 1900 K, the ash melts, and in the molten state
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r pQs.es of etrofitting (partial nodification) of
beléjﬂ (tcrES e%tg’y generation plant, the overall process

For_rra}e)daampdfe,t hehet r adtrur exsbewn i 1) heidi agoapressed in the
compressor (C) up to the pressure of 350 kPag. The compressed
oxidant is sent (4) to the heat recovery unit (E) which on
the air side effects progressive saturation with steam,
utilizing the low-grade heat output (10) by the steam
recovery and production boiler (S2), and preheating to 400-
500 K. The level of preheating and the content of added steam
are, however, such as to ensure complete utilisation of the
low-grade heat to temperatures of 350 K.

The liguid fuel (2), optionally preheated to ensure the
necessary fluidity, is mixed with water (3), and preheated
with low-grade heat.

Oxidant and fuel (5 and 6) are sent to the combustor (R), for
complete combustion, at fume temperatures of 1600 K,
preferably 1900 K if the fuel contains ash to be coalesced in
the reactor in the molten state.

The hot gases, without particulates, are sent (7) to the

radiant zone of the supercritical steam production boiler
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dimensions
- efficiency of the electrical/thermal power
generation cycle of greater than 50%.
One possible wvariant of the cycle comprises the addition of a
section for the production of 90% oxygen by means of the
prior art process involving selective adsorption on zeolites.
The section provides oxygen at atmospheric pressure, and may
partially or completely replace compressed air.
Overall efficiency falls, but not significantly. Oxygen is
preferable in particular when fuels with a high sulfur
content are used, because it enables efficient and compact
chemical post-treatment of the fumes for desulfurisation
prior to discharge into the atmosphere. Using oxygen also
makes it feasible to complete the water cycle with a positive
balance by using a final condensation section which is small
in size and low in cost.
Another preferred embodiment of the process is a combustion

process for solid fuels (pit coal, high-sulfur coal, lignite,



unconbust ed organi c conmpounds, so perm tting higher
tenperatures while using identical materials design of
woOheosriagicant part of the boiler of small di nEnBCOMB2005/001290

efficiency of the electrical/thermal power generation

cycle of greater than 50% One possible variant of the

cycle conprises the additiohbof a section for the
aniﬁlraqdﬁto'u% Ofre%%/eoﬁwgla%l'%@o ) time PHOm 6getmperature

process 1 nvolving selective adsorpti‘on on Zeol 1 tes.
refThetoegt-ildmepr odade mx ygarh dtheatanins phfergenqarasisuy eqower.

a y. parti al or .compl etel y_repl.ace conpressed .
Theairkse.ar%/oer a‘f’?eﬁ#lgéi gﬁ%& f%qls,é( ¥ H%ot%osﬁge%psfi%%?\?l 9 mm - in
sizexygeh csrprederabtie watpart T apxiwbentf ued spwketthxad with
hi gh _sul fur content .are used, because .it. enabl es
St R R Aot T ocRhET) POcl FPR g e thods.
Thef tmes starates wrfdrieshtdepm rartedry,t ahdi sthdr gerd fdadihe being
at rosphere. Usi ng oxygen al so nmakes it feasible, to
fed OE%I et et =t e‘?gc % \ﬁetaﬁté)rposiaﬂdvegggl aRgtdppt at a
plutsilig ya offi I@@ri@@féﬁi@!’ls@idimhss%@d\ﬂif’d vﬂﬂei:jrfdrsts)l .Zmal I in
size and_.l ow in cost. Anaqther, preferred enbodi ment o
The, RE1BF 0BRSS s SR TRHIGEL oh THEdeds Fbrte) (AP TeiRed above

for(ght gedkoul ghresuldotibueaalr, anidgmHee, @Rl flQUrdombustor.
crefuse in granul ar form in a high tenperature

EmisefPRct of 21 iRfed WEEAES Wt h-the Vdishiofe géRBASri ngs wWith

trap@¥ebnalhe feagdody opetat esew tduddiel grourcit@il®sS with
than_ a mmin size and carried with water. The oxi dant

paritg cplam xed ahaestien? mrddieed At Borke téenegm order of
using vari ous known tgogﬁ% The, t streans_are fe?

n29B5RRg! ol 7T nd del U of ¢PREFy bRi g bt 107t e taxfgr the

comdlisthenr eaft aloalandat heaoxidladriay andlferal | &dofcontrolled
per.i pheral points around the fuel. The principl e of

reafEipl Tonms B GPTV0 Tt dSEALEE BUVE. RN fidie fuel

andga&seousitival eerbushel card t henlsutidal fuel conbustor.

h Em ssitons can be observed in the v'ési.bl e ran%%, as
TheyiteR el (IRRASHS afsIOBut TR RS r BRGBIoRTENFERAGREL Lower
preWeblipartixcithas . r ebliewenee ,t o GO and NQrefdSaiDs e FReNn the

an order, of

concentration of the opaque gases in the feeds not to fall
below 30% by weight.

It does not seem necessary to provide any particularly
sophisticated fluid dynamics for the reactor. Ultrafine
grinding to 70-80 microns is likewise unnecessary.

In the combustor of the invention operated at temperatures of
above 1900-2000 K, the ash melts, in some cases with the
assistance of a moderate addition of flux (sodium and
potassium carbonate, Si09), and, when fused, readily

coalesces and is collected at the bottom of the combustor, in
accordance with the recent teaching of PTC Itea.
The problems of scaling up the reactor are similar to those
already examined for the gas and liquid combustor and may be
solved with the design shown in the attachment.

The reactor is characterised by TOC, CO, NOy and carbonaceous

particle emissions which are barely noticeable and



magni t ude | ower than that known in the prior art for

the conbustion of coal. A particularly uniform and
woanisriosdeed reaction front (mld conmbustion) deg¢eiBss001290

until both the fuel and the oxidant are conpletely

consuned. The reaction proceeds w thout there bei ng

any apparent |ower preheatihg limt. However,

pref erable for the concentratig t he,opague as
cor Aot Tt a5 of 300k Hy Ul GRS d% bouith 2
fueMﬂbxia@mmne@&i&a@pgﬂbauhmmﬂeLany partlcularly

Ty PR e BASATIGE 2 70 GBSRPCr e £ FRaie may be that

alﬂé&@@cessawd | Aok hega:@@@w§t Qfuedfs t hmrtmvenheonexceptlon of
o ed at te atures of %\bove 1900- 2000 K .
ihd 6 SAGUP IR 2529 IF B PHe 9888 W%‘? bractice

to rﬂéd@rai&:cﬂﬁph téontpé Hhivxelsadi nmtamé PGt a3k UMel (solid).
car bonate Si C2), and, when fus dily co sces
It Ry |32 P%citélé‘tataltq?ea%ﬁﬁﬁ% #ﬂé 3 dcTaue always

+aldeRPr daneen U theheeesht s eachitngeef HFOdden. eﬂ_@ﬁqeerlng
probl ems of scaling up the reactor are simlar to

pPraidse -al ready exanined for the gas and Iiquid
TheC QHRMSL QI ARG MR- e 10l ved Wddl f e dasign show. in

the attachnment. The reactor is characterised by TOC
In QOOMNOY g9 catifdhaddbus Bl cla teni SdtonPHERFeFs aref  the

m\}é@{t%'o\ﬁ RRtdceall g andaonsi derably bel ow the prior art,
t hough operated wth a fuel/oxidant ratio approaching

- The adweér 12 prbtess haphike eddreigliton ofolerepperature

rmy be tRatyrl readys §iates f 4z 9aseQusy f usd S1emi t hw.‘:@t@ low
exceptlon of |neV|tabIe adj ust nment s reqU|red by

engi neerqur@élﬁrYaﬁqacle tash sk tritourtu ot he HS Je?ﬁ which
nature Qf;d (fff %oxﬁﬁl‘%ﬂé’ﬂy 1rtl§oé'§93}‘blaé Sth bend htior art due

al ready state or IiquidTfuel's, always taking account

of adj ustorehts Ubéeapéaaby Pyedd sBgi GrEETShgllr &&Eicgle ash on
The ab0%§E§t@&§gsanhﬁQh§ akse apaly £9r895idef UR! Selevated

In comparison Wth the prior art, the process of the
i nvent i drempEkes-yne possi bl e:

- to operate, using identical materials,
supercritical plant at still higher temperatures
due to the total absence of hydrogenated organic
compounds.

Overall electrical energy/thermal energy efficiency 1is
greater than 50%.

A further still more preferred embodiment of the process of
the present invention, which may be derived in accordance
with good engineering practice in order to make full use of
the features of the combustor of the invention, is
represented by the process for combusting low-grade, gaseous,
liquid and solid fuels of the previous embodiments, and
preferably solid fuels, with 90% oxygen as oxidant, in the
combustor of the invention inserted in a thermodynamic cycle
directed towards maximising yields (diagram attachment 3).
The combustor operates at a pressure of 1600-2500 kPa. The

solid fuel (0) 1is fed to the reactor in the form of a slurry



also to utilise highly efficient, high tenperature

(>900 K ) supercritical steamboilers with low quality
woaels/10gssh content, sulfur) ; sonething which Ras/1R®eF001290

conpletely inpossible in the prior art due to the

"sl aggi ng" problenms caused by fused ash on the tubes,

which is highly corrosive al8el evat ed tenperature - to

.0 ate usi pg.i denti cal t |
in 3PS i THE | PPen PRt o e holoRD (he ot gpaturated
w1t@FS®@Q@rOfahﬁdragﬁ@ﬁkﬁﬁxﬂ&gam1cenanDunﬂB cdmgﬂe&éor (Cl)
el ect ene ermal ene ff t
iR 9 Cth T EHR ot P EE T o EnB AR RE b Hater
(2)t ol Q@%S&@falt Hemfes esend dgveerddyorunivhi @2 )nay be

derived i n accordance . with ood engi neer ractice
The; [ GHRIGS T HAREOFEF | LAsG BT (e PGt GPBEUGE Orhe Mixed with

st @Mt Ibtefiddie frndreriHeOhedSrdBprasanted dp/eﬁahe_mg on the
process for_conbusting | ow grade, ous, qykg and
outdst AR SO (HeT 91 GLaT enBOHh fants Coioted. Gases

comprefseyeabl iy S@Jela@hsfucefs,th\@t&b&&&@@%&genc@s oxb@lenéd ith the
he conbustor of the invention inserted in a

eXPERET RS e Scyidi-e direct ed towards naxinising yields

Thel dbaghantalt aghaBated Jar e SOmusty @&er abeseal 1200 K.
pressure of 1600-2500 kPa. The solid fuel is fed

Incoglpysd ibdgct brashiome @éﬁn%ﬁ?d‘écgqiurtpyl‘ﬁl% tedTRdag  (5).

Theg%%tgef‘l\ﬁ@bﬁébggd VA (é&mﬂ)@s‘@@f urat ed M th xed with
wat er and conpressed in an axial conpressor (C

gassgui FrEP EAsSe e pltds njEERIGHE 31 nt& £ orSr Ry in
tem ﬁrtdr%) dd amsohe Sggnat, faue heat vecauerskgiidi difurbine

he conpressed oxidant’ is sent to the combustor,
T1. n1%é§ wexpasdedm (Byedbtadi nEFMOSERSIHE r§é6§éﬂyeun|? pass

thr%% l'%t 'f&o‘%ﬂ%ﬂéﬁ%ﬂ%é ety QQﬁﬁi%Edf&raﬂ(}“r&%a{&&Jfﬁcation in

combust ed gases (4) conpressed by neans of
tOWKﬁe @Bnpﬁﬁytoﬁopczﬁuéou®m@@r@oJﬁhetbﬁpdﬁ§ﬁﬁﬁﬂﬂﬂr§ﬁﬁélon- in

reéﬁﬁﬁ?ﬁ?ﬁﬁﬂﬁbﬁ?yOTthQBQHe%d§é§f”5@r§ﬁ@rﬁsaﬁa QBOL to the
dew point, are in part returned (8) to the intake of
compressor C2 and compressed to 1600-2500 kPa, using a
similar method to that of compressor Cl, i.e. with injection
of preheated water (9) in R2 which maintains the temperature
throughout compression and at the outlet close to the
saturation T (470-490 K at the outlet).

The remaining fraction (10) of cold gases, equal to the net
production plus vaporised water, passes into the expansion
turbine T2, so expanding to the pressure of 20 kPa absolute

maintained through the condenser AF at the condensation T of

313 K. Non-condensable components (essentially COp) and the

steam at dew concentration are extracted with compressor C3.
Compressor C3 recompresses the mixture to atmospheric
pressure, using the water injection method, but this time
with water which has not been preheated. ‘
Thermodynamic efficiency of the cycle is greater than 60%.
The proposed process is a more advanced and distinctly higher

performance alternative even in comparison with complex and



I ncombusti ble fractions are reduced to vitrified slag

(5 . The outlet flue gases fromthe conbustor (6) are
wonaBstosdet h gases conpressed by the conpressor PCRIBR05/001290

dropping in tenmperature to 1150-1200 K, and sent to

the expansion turbine TI. The expanded gases at

at nospheric pressure (7) pas through the recovery

units R, undergo dry deacidif ication in tower DA, _. i
SO ehptade anwedd | ATthe tetoveryId@daded n Gasification
CoiSLOVET ¥, uDLE)R2 . The cold gases, at 370 K and close

to the dew point, are in part returned (8) to the L
The nfakeé ovfl ngonfrTERRS CRrandP Lok sed 6 Y160D- p3poliniting
- ' a.simla to that of conpressor d,
ll#&%?raf%ﬁgfnfgcgy%niggg%?gﬁ%éted water (9) in R2 which

mai ntai ns the tenperature throughout conpression and

Exc igeqogéggétc 0S8 gréggoﬁaturation T (470-490 K at
%éarééarnrng—fraction (10) of cold

Anga&eérnaqm¥.¢®b1¢@ netapr ctunidtonreyl us waparticsedlined with
wat er, passes into the expansion turbine T2, so
re Expanoingnabethel press wishofan20i ikRerradls ot aitgne of 5.3 m3 is

mai nt al ned through, t c e r JAF at_t : ;
el abRba: okt ar Tt o okl B obshedignt fuel
(of emsehtihal) | WO immdithetbeearnmatodeyrzdnekhy r atiioang (100
are_extracted wth ressor...C3 .. Conp
K/?%%%hp%égsSgrgﬁgewpé?gﬁ§tﬁ?%ﬁ%%%p %r?c£§§é§%ﬁ§§?e of above
1208iKg the water injection nethod, but this time with
wat er

whi.ch ha t been. preheat ed. Therppdynam .

0n o BPRBT RS Rofot heey e o greh: driTan SO LHisror is fed
wiph opesedl pdocess pssasporecaddancedsSand,diesti neylbgn (oxygen

hi gher _performance .al ternative en in co I son W t :
CO%B%% e§95%g§0pﬁF§9385%é&gp I‘FlghelY§§:f$$€LgP5?géxeg with
fl1&@asi igagatd onbegsbenedkr@eatiar) . thhe fiddovémg Exadpl est  is

are provided way of non-Jimting illustrati,ons of .
o Pl S e e B kb bR R Bpal § oy Falls  is
mogXtersal by poebsdrsetal structure, a reactor |ined

with refractory terial and with an internal volune
0ugtts BSFFASLPakeR ti HPbPcBHSFdePAPTaNS THe PERETaP Fe=- ODC
(opedca t hplibghbsfuels of Combustion) technology is also
applied by means of a 300-1100 nm photo-diode sensor for

monitoring chemiluminescence phenomena.

The temperature of the outlet gases from the reactor is

monitored, both by a laser diode sensor, which detects HpO

absorption/emission, and by a high-temperature ar
thermocouple.

The flue gases from the reactor are detected by a set of fast
response analysis units (T95: 1.5 seconds), specifically

developed by Fisher-Rosemount, capable of monitoring both the

bulk compounds, H»0, CO», and the "micro" compounds, CO, NO,

NOo, SO and TOC (Total Organic Content, hydrogen COp flame

detector). The analytical wunits analyse the gases at a
frequency of 10 hertz. The original signal 1is recorded,
skipping the data smoothing software. The closed cycle flue

gases of the reactor are monitored in parallel, as soon as



(or nethane) and air with the aimof gradually raising
(100 K/ hour) the surface of the reactor to a
woeopansdsar e of above 1200 K . On conpl eti on oPCThB2005/001290
pre-heating phase, the reactor is fed wwth recycl ed
flue gases, cooled to 550 K, and oxygen (oxygen
content 87-93% originating dgomthe VSA unit)
prem xed with flue gases before entering the reactor,
thayd gu1e i sapipeasari 6. 2TR@SBRPT AE e &R ur BY of2 t HEOUP Of
.S _ i i,t.or.ed r ter Qu z t S, vat
FTg%t senls é’_‘gorp%ﬁlél’? dQ¥eB¥ TR e ’ §%‘I§)C ?lgst Iri\‘g%(f, N@, NO»,

ot h "ends rovide an !ntelznél view. O .
e pgpRshi eespbnSaMbugskl of) 4besbaehagy is al so applied

by nmeans of a 300-1100 nm phot o-di ode sensor for

nmoni toring chem | um nescence phenonena. The

Exgﬁﬁggrgture of the outlet gases fromthe reactor is
mon

ored, both by a |aser diode sensor, which detects
TheROrabsotptli orAeiossipdnExandlby lalhi Bt ergsér dtighd Zuel and

. upl.e.. Th e r r
el PETRER BLep BRI sen TpTANGST SO0 0B EC. Over an
8 1395: cgchesetbad$pelspeedf reakl ysdevebupéd ybyincreased, from
i sher - Rosenmount ,, capa f ni i ng._.bat h; the, hul.
1'50?‘60%8& m < CBS &andle%%esz}?nﬂ%:%{%’ c%ﬁl'poounaesg,1 E% ificrease
thdlOreNpR raBRecand TOE (fMotealga@aganiorCoh® @dt K hpdRd§énK with

Ccoe .fla et.ect.ar The anal yti cal its I
> GhaetoBl gt Peanonky st 1oCROPES TIhaa G B Srast At @
cohstaatordedo sid ppiep, t he datd snoothieng sof twameinthén the
cl osed cycle flue gases of the reactaor are nitored 5
eXFﬁSBalpgfloe}Wge&% %80%%aestlﬁé§/e ag%s?%\mgre}gwggntgg) and’ 308 mols.
Reat’absphefume pr essur edjbytadgroop adfldw| BRnsensorsawhi cin  the
det ec HZO,Frgwlso, CO N2 O, NO N®2 , HJ wth
telgp%g%gﬁgeoﬁ Sof 14§ $88S5fids. Exanple 2 . The
Thpr ehaadioad neachi iged Exarpliestons fesrav dbhskicghtl fudlviously
and i ntained at a pressure slightl bgve
nolfoanrarRe b 3roRTRoarSeydl She HERPUGI feed rate
i s gradual bysescr easehm from It dort r es/ mi naoe topmd

atl [ ti%olﬁ] nute, i rbScH der to i ngy ease 5
1900 150 15 1
2100 280 5 1

A wide visible flame zone, close to the feed zone, was
observed through the quartz porthole. The flame zone shrinks

progressively and disappears at above 2000 K.

Example 3.
(as BExample 2, but at a pressure of 400 kPa absolute)

The following changes were observed:

T flue gases NO ppm CO ppm TOC ppm
at 1500 K 50 15 2

1900 30 5 1

2100 90 5 1

The flame zone is small from the beginning and disappears at
1700 K.



the tenperature of the flue gases from 1500 K to 2100
Kwth a gradient of 60-80 K/ hour. Oxygen is fed to
woOheosriessst or at a constant ratio to fuel, in SBCIIB2005/001290
manner as to maintain the excess of oxygen in the flue
gases between 4 and 1.8 nol % . Recycled funes are
adjusted to allow an increag8é in the tenperature of
EXth fl ue gases. The follow ng changes in em ssions
—%ig—édser ved (obviously notwi thstanding the
o R T AL 1500 K 25040 & 1600 180 15 1 2100 260 5
ppm at 00 150 15 1 2100 280 5 1
Theyd i lSGHre radSonters| 6%t he feed zone, was
obgservyed Lhkeugh tibepguartz porthel e. The frearepgene
shrinks progressively and di sappears at above 2000 K .
at Exéﬁﬁloe 3. (as E%(grrpl e 2, E}ut at a pressuf're of 400
kPaoalpsol ute) Thesdol | owi ng shanges were observed: T
flu ases NO pp ppm TOC ppm at 1500 K 50 15 2
196)8()%0 51 2100%@05 1 The Plame zone is small from
t he begi nni ng and di sappears at 1700 K . Exanple 4 .
(as Exanple 1 , but at a pressure of 700 kPa absolute)
TheThigl drest | oMBgichaitges Wereterbsef vele Pelip@igesexndyorapidly
; pm TOC ppm at 1500 K 15 5 1 1900 30 5 1 2100
dls%g{gf%?s'?‘he flame zone is very limted at the begi nning
and rapidly disappears . Exanple 5 . (Conparative

Exé%%%gﬂéa (Comparative Example)

The above~described reactor is fed with air and light oil (23

Nm3 per kg of fuel) at atmospheric pressure. The oil feed
rate is gradually increased from 1.6 to 4 litres/minute,
while the air feed rate is reduced and oxygen is added to the
air so as to produce a temperature gradient equivalent to
that provided in Examples 2, 3, 4.

A wide flame zone i1s always present, from the feed =zone
(inverted cone) approx. to the centre of the reactor.

NO ranges from 250 ppm up to more than 1000 ppm (although the
absolute reading may be questionable since it is four times
the scale of the analytical sensor). TOC starts from above 50
ppm and never falls below 20 ppm. CO is always within the 30-
70 ppm range.

Example 6.

The reactor of Example 1 is fed with heavy oil, HHV 41500
kJ/kg, comprising 17% by weight asphaltene, 8% carbonaceous
material, with 90% content oxygen and recycled flue gases
cooled to 550 K. The operating pressure is maintained at 400
kPa absolute.

The heavy oil is preheated to 450 K in the feed lines, and
injected into the reactor through a steam actuated sprayer.

The fuel feed rate is held constant at 5 litres/minute, while



The above-described reactor is fed wth air and |ight
oil (23 Nm per kg of fuel) at atnospheric pressure.
wohersaiossef eed rate is gradually increased fronmpdT@B1005/d01290
litres/mnute, while the air feed rate is reduced and
oxygen is added to the air so as to produce a
tenperature gradient equi valeent to that provided in
Exanples 2 , 3 . Awde flame zone is a
ther dsent rﬂ@n\o@fheﬂ‘f%edeﬁwﬁéeél rﬁﬂeﬁeaaégﬁe)l%pﬁ@wm%ed in
suéﬁe LRt e?f he: £ eagholhg N H@@%e%e&b%@b%@@epnﬁig@lent of
to nore t 600 ppm (al t hough the absol ute readi ng
Exanylbée au99tﬂonable since it is four tines the scale
Thgf rb0eaANALYLLERL SRNBPLAA; ngesgg%emaom above 50
n1an a ppm I's always within
thﬂ%ﬁﬂém@ﬂmraM%pmymmle%)pﬂMeremn@@bpgﬂ
Exafgég g is fed wiggh heavy oidy HHV 41500 kJ/ kg,
conprising 17% by wei ght asphaltene 8% car bonaceous
mat €20@l , with 90%°font ent oxyifen and recycPed fl ue
gas§§0@ooled to 55@0K . The opgyating pressure is
mai nt ai ned at 400 kPa absolute. The heavy oil is
A mmbht el ange 4500 i dot:hxéefcbedlbisaestoanwlé njEete@dd port was

t.he. reactor .t hr a S d y T
Ob?%ﬁye? %Erngé Fgehe con :ﬁgﬂ% |%r£§$ﬁ$nggge Mirinks
prabikesheel gechndit beobnklse $Etyemedyfkmeddases iwolume above

ST R TR TR NONE T S -

cofokkpuhdgngnissibaser ehdsrweteocobserved: T flue gases
NO ppm CO ppm TOC ppm at 1500 K 140 50 5 1900 100 30 2
2100 160 10 1 A small flane zone | ocated close to the

Exb@pleport was observed through the quartz porthole.
The flame zone shrinks progressively and_becones

(agxt FemdRismaft i RWol e BFEVY 2 k . fepe r s of 19
1ithat /hhaneehs a qualitative change

The temperature of the cool flue gases is 580 K.

The following emission trends were observed:

T flue gases NO ppm CO ppm TOC ppm
at 1500 K 150 60 8

1900 110 40 2

2100 160 10 1
Example 8.

(as Example 6, but at a pressure of 700 kPa absolute)

The following trends were observed:

T flue gases NO ppm CO ppm TOC ppm
at 1500 K 80 30 3

1900 100 30 1

2100 170 10 1

The visible flame zone with a small (inverted cone) close to
the inlet is very limited and suddenly becomes negligibly

small although it never disappears.



corresponding to these observations. Exanple 7 . (as
Exanple 6 , but a heavy fuel feed rate of 10

woibosasgssT nute) . The tenperature of the cool PCEEB2005/001290
gases is 580 K. The follow ng em ssion trends were
observed: T flue gases NO ppm CO ppm TCC ppm at 1500 K
150 60 1900 110 40 2 2100 168310 1 Exanmple 8 . (as
Exanple 6 , but at a pressure of 700 kPa absol ute) The

ExgmplewPng trends were observed: T flue gases NO ppm CO
500, K, 80 0 3 17
T e BORREBFS T 2die i Th & STl C(iAvertad PuE the

oxgoaer) feloserdtoe t he inketassdvery dinitbedlardirsuddeskygess of

becones, negl i gi bl al ugh_i.t. never
13d?2a%§2§r8%E9%¥8Fé SH?%#ﬁefgggeggggéénce as in Exanple
Thé faslpeihqgr nadngbat wehe okygemefleed rate is increased

so as.to obtain an excess of - 17 ol % of en_in

théfff%%egggég? THE F611 owi ng chakdes wer e bseﬁ%@ﬁ: T
atf | ueS5@askEs NO ppm2ZO ppm TOC pgim at 1500 K 210 40 4

190 0 25 1 210 051 Awhite zone of visible

flag%&éhich i's nugﬁ%ﬁﬁder (re?%%ive to Exangle 6 )

| ocat@@d cl ose to t3%d feed portd> was observedlt hrough

B BPGstedd el St BUELh bt ABH W GOt hin THEE PCBRadgiedative
to 6 ExadC o egpalincataual d1add veochange reenr gspandivag observed
th%ggéﬁ the guartz porthole. The flame zone shrank
progressively, but remained wider than that in Example 6. ODC
reveals a gualitative change corresponding to these

observations and to the change in wavelength.

Example 10. o

A seguence comparable with that of Example 6 was performed
with oxygen directly fed into the reactor, in a position
which is assumed to initiate internal mixing with the flue
gases, but remote from the axial feed port.

Orimulsion (70% aqueous emulsion) is fed at 6 litres/minute
through a steam actuated sprayer with an 8 mm orifice.

The following emission trends were observed:

T flue gases NO ppm CO ppm TOC ppm
at 1500 K 80 40 7

1300 60 20 3

2100 110 10 1

Example 11.

South African coal, caloric value 28500 kJ/kg, 17% by weight
ash and 9% moisture content, is screened in such a manner as
to obtain an average particle diameter of 2 mm (maximum
particle size 4 mm).

Olive husk, originally coarsely ground into particles of an

approximate diameter of 1-2 mm, caloric value 18400 kJ/kg, 8%



observations and to the change in wavel ength. Exanple

10. A sequence conparable with that of Exanple 6 was
woeodsawsssd Wi th oxygen directly fed into the reatiBrp5/001290

in a position which is assuned to initiate internal

m xing with the flue gases, but renote fromthe axial

feed port. Oinulsion (70% agweous enul sion) is fed at

6 litres/mnute through a steam actuated sprayer with
byaryiest ghi o#npp@@ustﬁ@lﬁowﬂw A§dent §3i SR isterds weré organic
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The feed rate of the liquid mix is held constant, by means of

the wvolumetric pump, at around 1 m3/h (more precisely, 8

hours' operation totalized 9.65 m3 of slurry), while the
recycled cool flue gases are controlled in such a manner as
to reproduce the gradient of the fume temperature slope of
Examples 2-4 and 6-11, over the range 1900-2100, before then
holding the fume temperature level at 2100. In fact, higher T
values are required in order to melt incombustibles (e.g.
alkaline earth and metal oxides).

The emissions trends, despite exhibiting a much broader

scattering (+/- 15 ppm) are listed below.

T flue gases NO ppm CO ppm TOC ppm
at 1900 K 130 40 9
2100 100 60 3

It goes without saying that the above-stated concentration in
the reactor flue gases must be divided by a factor of 7-8 per
thermal MW generated, in respect to traditional technologies,
in order to obtain quantitatively comparable figures.

A very small, slightly visible red flame zone, remote from



gases. The reactor loop is at an absol ute pressure of

400 kPa. The feed rate of the liquid mx is held
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m Vh (nore precisely, 8 hours' operation totalized

9.65 mof slurry), while the recycled cool flue gases

are controlled in such a manpger as to reproduce the

gradi ent of the fune tenperature slope of Exanples 2-4
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while the entire reactqg(fh@nges to a bright red

colour. Axially directeqﬁfhln | um nous filanments are

i'$i%l e through the | atetal ports along the reactor

Alcase. Fused slag is draihed fromthe | ower part of the
cd eactor, is cooled and icarried away by a pressurised

wat er | oop. The characteristics of the vitrified slag
F&re stated in the foIIdMﬂng list: Crystallinity: O
k (100% X-ray anorphous) € < 0.1 Silica 40%

Mg 3

Na 2

Mn 0.11
Cr 495 ppm
Ba 467
Sr 418
Cu 176
in 132
Ni 83
Pb 40
Sn 5

Iso-kinetic sampling of the fly ash i1s set up at the reactor
outlet. The solids are trapped on a 0.7 micron PTFE membrane
filter. The sampling line and filter box are electrically
heated and thermally insulated in order to avoid

condensation.



Al 17 Ca 17 Fe 10 K7 My 3 Na 2 Mh 0.11 Cr 495 ppm Ba
467 Sr 418 Cu 176 Zn 132 Ni 83 Pb 40 Sn 5 Iso-kinetic

weoeanpliossg7of the fly ash is set up at the reacPOr/1B2005/001290
outlet. The solids are trapped on a 0.7 mcron PTFE
menbrane filter. The sanpling line and filter box are
electrically heated and thekfmlly insulated in order
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Example 12.

(Comparison Example, with reference to Example 11)

The reactor of Example 1 is preheated to a wall temperature,
in the vicinity of the outlet port, of 1600 K, and fed with
air and pulverized (mean 20 microns) coal at 800 kg/hour.

A venturi diffuser is fitted to the air feed tube just before
the feed port. The pulverised coal is fed through a slot

located in the narrow section of the venturi, and suspended

in air in an air/coal ratio of 14.0 Nm3/kg.

Cryogenic oxygen is added to the air to maintain the desired
gradient of the temperature curve, namely 4-8% excess oxygen
in the flue gases. /

The run is interrupted after 4-6 hours due to the apparent
degradation of boiler performance in relation to the flue
gases, given an increase in cooled fumes temperature from 530
to 590 K, by the way a temperature which 1is close to the
operating temperature limit of some devices installed on the
cold fume side. Later on, the inspection of the fumes-in-the-
pipe boiler reveals considerable fouling of the pipes caused
by the ash, and ash build-up in dead spots.

The analytical value always exceeds 1500 ppm (more precise
figures are meaningless, being more than six times greater
than the analyser scale).

380 kg of vitrified slag are recovered from the reactor,
amounting to only 80% of the incombustible fractions fed to

the reactor (the difference exceeds uncertainty arising from



the feed port. The pulverised coal is fed through a
slot located in the narrow section of the venturi, and
weuspangtsd in air in an air/coal ratio of 14. 0rtimiB10gs/001290

Cryogeni c oxygen is added to the air to nmaintain the
desired gradi ent of the tenperature curve, nanely 4-8%
excess oxygen in the flue gases. The run is
interrupted after, 4-6 hours due to the apparent
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Abrupt and wide fluctuations in temperature (+/- 150 K) are
apparent from the readings of the laser diode at a frequency
corresponding to the solid fuel injection cycle. The
compositions figures are also affected by 1long cyclic
fluctuations wider than the statistical scatter recorded in

the sequences of Example 11. However, calculated means give

the following emission trends:

T flue gases NO ppm CO ppm TOC ppm
at 1500 K 600 35 6
2100 750 40 2

despite the relatively large fuel particles fed to the
reactor.

The same 1/8 factor must be applied to the above figures in
order to take account of the different volumes of flue gases
per unit of fuel. Characterisation of the vitrified slag

reveals no significant differences relative to Example 11.



reactor gas loop is pressurized at a pressure of 400

kPa absol ute. The recycled funes are adjusted so as to
woeprsadssse t he reactor funes tenperature sl opePof/iBives/001290

experinmental runs (+80 K/ hour) . Abrupt and w de

fluctuations in tenperature (+/- 150 K ) are apparent

fromthe readings of the | ag8gr diode at a frequency

corresponding to the solid fuel _injection cyc T
Naty@wgdsin itnes prnlglﬂléélea@ e St bryelﬁ%ln%ﬁ(l:%/c ¢ Samer
thgIfg%ﬁ@tbgn%mﬁdgyméhﬁnaﬁaed&taﬁmﬁidfucsnattection may be

recorded in the sequences of Exaﬂﬁle %&. However. .ved.  and
vargaiccul aieelveansifhve ¥8ePFOE | odichg &MCSESH on“EPERUSTCT
.1 qf S PPm Cohepap ¥ Cdeppit ahglIROmK R0 3o of the
ll%ﬂéﬁ? 7 0'4d®g%despite theyrelgtively | arge fue
invraritiagli.es fed to the reactor. The sanme 1/8 factor nust

be applied to the above figures in order to take

account of the different volunmes of flue gases per

unit of fuel. Characterisation of the vitrified slag
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11. Naturally, the principle of the invention remaining

the same, the forns of enbodi ment and details of

construction may be varied widely with respect to

those described and illustrated, w thout thereby

departing fromthe scope of the invention.CLAIMS 1 . A

process for conbusting solid |iquid or gaseous fuels

in a high tenperature refractory-lined reactor, wth

the aimof generating electric power, conprising:

m xing at |least one fuel in a desired physical state,

gas, vaporisable liquid, nonvaporisable |iquid, and

solid, with steamor water; mxing the oxidant wth

wat er, steam and/or recycled funes; and sendi ng both

streans to the isothermal reactor at above



1300 K and bel ow 2500 K, preferably between 1500. and
2100 K. 2 . A conbustion process according to claim1l
WO 2005a0ssst eri sed in that the fuel is a gaseouspPtuaB2005/001290
preferably selected fromthe group conprising
hydr ogen, nethane, |ight hydrocarbons, syngas and
ot her gaseous fuels with |lowgalorific value, and in
whi ch the conbustor is operated at a pressure of
bet ween 1500 kPa and 2500 32dMS he combustor being
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t he remai nder being an inert gas.6 . A conbustion

process according to claiml1 , characterised in that
2. theAf@@mbﬁStSOhiﬁroopeboaabbydanbombraﬂbﬁmglfuehenmmierised

. _in_which the conbustor_is oper d essure . of
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refractory-lined reactor, with the aim

3. A process according to claim 1 and claim 2,
characterised in that the oxidant is oxygen with a content of
greater than 80% by volume, preferably 90%, the remainder

being an inert gas.

4. A combustion process according to claim 1, characterised
in that the fuel is a vaporisable or nonvaporisable liquid,
optionally a low ranking fuel, fed to the combustor without
atomising nozzles, and in which the combustor is operated at
a pressure of between 350 kPa and 2500 kPa, the combustor
being incorporated into a thermodynamic cycle for the

generation of power.

5. A process according to claim 4, characterised in that
the oxidant is oxygen with content of greater than 80% by

volume, preferably 90%, the remainder being an inert gas.



of generating power, conprising mxing at |east one

fuel with steamor water, the refractory material of
woOheosriessst or and t he opaque gases of the react POWIB2005/001290

envi ronment bringi ng about high power infrared

radi ati on which substantially instantaneously preheats

the reactants on input, said3geactants being

intrinsically transparent to infrared radiation

(N2/ @) but rendered opaque and thus absorbers of
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o.M XEUC YLD BLSAM, 13 & coMbuslhon Bragess, AcCarding eys se

“to any one> o acterised’i'n
1nthhatuEhe|gra1h|qmzd bﬁethsebedudd ﬁsoﬁmbMelgmmumo 5 mm.
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ni R0t DR ess t REREE m AAREEEOT carfy G nt ubsantially
ingeantehebyshpan pafeheats the reactants on input, said

reactants being intrinsically transparent to infrared

radiation (Np/Op) but rendered opaque and thus absorbers of

energy from infrared radiation thanks to dilution with steam.

10. A combustion process according to claim 9, characterised
in that i1t further comprises previously mixing the oxidant
with steam, the mixed oxidant and fuel being fed to the

reactor separately in two streams.

11. A combustion process according to claim 10,
characterised in that stream of mixed fuel 1is fed
substantially at the level of the axis of the reactor, the
mixed oxidant being fed substantially in a plurality of zones

around the mixed fuel.



an aqueous carrier. 15. A high efficiency conbustion

reactor conprising an internal refractory lining for
woOheospesdeor nance of the combustion process acceCcuirBz)0$/an1290

any one of the preceding clains . 16. A conbustion

reactor according to claim15, characterised in that

it conprises axial inlets add peripheral outlets on

12.th%_%%ﬁ%u§€¥%n process according to any one of claims 9 to
11, characterised in that the fuel 1s a gaseous fuel selected
from  the group comprising  hydrogen, methane, light
hydrocarbons, syngas and other gaseous fuels with low

calorific value, said gaseous fuel being mixed with steam.

13. A combustion process according to any one of claims 9 to
11, characterised in that the fuel is a liquid fuel selected
from the group comprising liquid hydrocarbons, heavy refinery
fractions, bitumens, spent solvents, orimulsion, liquid fuels
having a variable content of solid breakdown products, water

and sulfur, said liguid fuel being mixed with water.

14. A combustion process according to any one of claims 9 to
11, characterised in that the fuel is a solid fuel selected
from the group comprising pit coal, high-sulfur coal,
lignite, animal flours, refuse in granular form, said fuel
being ground to obtain an approximate grain size around of
less than 1 mm and being carried into the reactor by mean of

an agueous carrier.

15. A high efficiency combustion reactor comprising an
internal refractory lining for the performance of the
combustion process according to any one of the preceding

claims.

16. A combustion reactor according to claim 15,
characterised in that it comprises axial inlets and

peripheral outlets on the same side.



