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house gas (NOX while substantlal efforts have been made to

achieve punctually more controlled combustion conditions (CO,

NOy) .

Accordingly, the primary thrust in the development of flame

technology  has constantly Dbeen 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 tc jet flames, in
which the energy of the jet is modified with the most various

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 beilng 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 nancoparticles (soot, widely proven).
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em ssions inpacting the environnent, flanes are associated with the

formation Q;fojﬂ@ymssdmhl ch rises exponent| ally with tenpep@ym&@smﬁm of
CO due to inconplete conbustion. The flame is an intrinsically

hi ghl y conpl ex phenonmenon which can be described quantitatively at
the macro scale and punctually onIy at the final front where the
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i njection of uel OXI T hto gases
froma prAdmaqembntt@stilbhr@flm@ss tetﬂperatmre omilgmgntpant i dmadgduct Lon

i n NOx, ( a %;gg ev n S
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in which it is shown how, i cant reduci ng these radi ents

(subst ant (ARt IR RT O\abPFf@ f‘?}%nt}()anda@%esftﬁéf’ concentration and

temperature gradients are established. The three parameters
stated above are of the "catastrophic™ type, to use the
terminology for the analysis of systems with nonlinear
parameters, and combine with one another, inevitably giving
rise to a “chaotie” system, which, as stated, can only be
described using statilstical methods.

The punctual indeterminacy of flames (physical indeterminacy,
only statistical description) is 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 NOy, 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 is shown how, by significantly reducing these
gradients (substantial dilution of the oxidant and the fuel

with combusted gases, preheating of the oxidant feed tTo
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The elevated capital and variable costs, both due to perform,
inside or outside the combustors, the necessary dilution and
heating of the reactants, they have greatly restricted
industrial applications of the invention mentioned above.

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, US 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
compbustion gases into the diffusion zone of the flame

directed at ensuring low levels of NOy formation.

There is 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
compustion of liquid and solid fuels, nor even less at using
these effects in pressurised combustors.

Some patents provide the envisaged arrangement with more or

nobgeneous tenperature
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conponent s and not of exposing the cold gases to radiance. Further
evi dence of the punctual indeterm nation of flames nay be found from
the anal ysis of conbustors with high/u4tra- hi gh tenperature flanes
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nevertheless still present and cannot be elini nated even by the
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conmbustion reactor w sul tably rendered "quasi I sot her ma
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H2O, stropghdfbabser J_Slfﬁﬂtéf?rﬁl)le'En&Bﬁbuﬁ@ﬂ@l’éthBeﬂé@ gasRSveANd
in the oxidant feed due to _recycli of said flue gases, is cap abl ‘e
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S, er w.th
conpl et e PFERRFDER | DHBTS « helT | Prash ot Egﬁe e%hépéjha
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quanti t atamve U$ ansFdr, westlijon of |nconbust|ble ash into nolten. ashes,
SeparatedTﬂéltfm%éﬁﬁggﬁyb r itﬁggéess illustrated in document
PCT/IB2004/001220 from the present applicant teaches that a
combustion reactor with oxygen, suitably rendered "quasi"”

isothermal thanks to the presence of opaque gases (CO» and

B»0, principally H50, strong IR absorbers/emitters) in the

combustion flue gases, and in 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 regulrement 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 into
molten ashes, separated in the combustor itself,

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

- NOy,




shoul d be capabl e of producing flue gases with a | ow content of: -
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out | et andywfyJofobf71 Ntervention by fume post-treat nerﬁcmgfo%dl%s
and with all types of fuel, in particular problematic fuels. It has

surprisingly been found that an isothermal reactor, as nentioned
above in the claimof the present appl$%cant, obt ai ned by neans of: -
a refractory- Vécped reactor, - the use of technical grade oxygen or
air enriched oxygen content above 50% and preferably 90%
oxygen proigitett hhe avarioswonylabsangtpmoioy \t&A)inttecdvanlthgy by fume
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nanel y : prem Re e "OX7 darit
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m xed eve é)ﬂgm X:i Wt o vvg%er and/ or steam the nonvolatile |iquid
fuel s (h| gh nol ecul"ar wei g organi ¢ conpounds, i.e. nolten organic

sol i ds) aTeafléﬁdfi?ﬁQMY‘é\J@ﬁdr@QQﬁF?rwth wat er and/ or steam the

sol i d fuels igage YHUpg tt%cﬂh%ail cgls&d%f d,t gt lHietgesciaRd with
suspended in water (water slur as_a sl urry, conbusti on

flue gase@x¥Fel obRHigTed aivéh Eeqy %30 %@rgf@éﬁplyoﬁ/o cOHYERR BYONEd

and of COyy | fa@hiBerswiRlgdSbsbirptsotapabh e fchardgr,m ng flanmel ess
conbust i on (mld,_ volunme conbusti onL even of non- vaporl sabl e Liquid
d

fuel s and” of "RIIMCTIPRe ABEFICIERTEd Thardtiss | SPPGRSof tPhelntra ced
combust or - hef {BKe (IR), namely CO, and Hy0, and principally HpO,
premixed with the oxidant,
- operated under pressure, in order to increase the density
of the opaque gases, and at elevated temperatures to excite
elevated IR radiation flux from the opague gases to the fuels
if the fuels are fed to the reactor as follows:
- the wvolatile liguid fuels are fed mixed even roughly
with water and/or steam,
- the nonvolatile liquid fuels (high molecular weight
organic compounds, l.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 wecrds, it is capable of

performing flameless combustion (mild, volume combustion)
even of non-vaporisable liguid 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).




it possible to design and inplenent thernodynam c power generation
cycles which are sinple, highly efficient and have | ow environnental

i mpact, angyo #9YRsd! | . which can process problematic fa@isSooshdoe
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reasonabl e expl anation, although this does not limt the scope of
the invention, attributes this to the 6unique conbination: - very

strong radgiance fr, the high te ratur refracto walls,.of the
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gases - feed to theréf&%t%rrdpfwat he Q% dapt . pre-diluted with H2O and
re
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opaque gases a-conbvery i eitrahigchraakeascet fyegsi bhe tighi femperature
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tenperature to tenperatures of “above 1300 Kin the reactor, an
give rise to the combiistérn seattiasnsHphdend ddhdi tppagusuciasas)tand
elimnate the steep tgrrperature and concentration gradients, and to
equal i se the rates W% &5 %at al| points on the reaction front.
It is accordingly assut@tbent tdOUW,d hirsl 10031 tinnghieh&demsenbbah, (and
that once these steep gradi ents have been .elimnated, these three
paraneters are no |pwgerrileattis: fophes) ghacr@atR 3OS rise to

the "chaotic" tlaneysysiemKnowadn tPeeddblre Whkgheganigek¥abss the
statistically described. The reaction systemthus becones readily
control | abl e both jfensity of the opaque’ gases

- feed to the reactor of the oxidant pre-diluted with
Ho0 and CO»

- operation under ©pressure which increases the
density of the opagque 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 riée 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 rreaction front., It is
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 axrt
which can only be statistically described.
The reaction system thus becomes readily controllable both in
terms of punctual and average conditions within wvalues which
provide access to a novel operating zone where it is possible
to achieve more favourable compromises from the standpcint of
efficiency and emission reduction for the generation of

energy from low ranking fuels.




terms of punctual and average conditions wthin values which provide
access to a novel operating zone where it is possible to achieve

nor e favoukaPigsfieegar om ses from the standpoint of  ef fiei@agyoansh
em ssion reduction for the generation of energy fromlow ranking

fuel s. WD 2005/108867 PCT/JB2005/001290 7 Moreover, and stil
without limting the scope of the invention, it is thought that in
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conditions described above. ally, and still without limtin ? L
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scope of BRE GHVERilEH, k?%edﬂﬁﬁlﬁé%e%cf the sFdoePén dtf §Pe

water intQahpee| NEECHi VMg avvel apec18batbs taBbetttiod R® GORBHEE Obn
whi ch is not decisive taken al one, but neverthel ess-brings about an

appr eci abWElFEdL@@IFEﬁ?’Q%YboPPEFEﬁYS byptoddts, oLcoPEEItift e TG FhePY
pot ential _confirmati ghani sos t,des eqd

Phe Tuel sTeant P PhEeBos: Afire B LERATh amkiT! AHEC BLa B R eGP
and turbutéacéeeakc@mﬁnt(nﬁnﬂh@t@redameseehcgr@poxﬁmpqxnﬂ|hﬂeesegﬁtlon

liquid as S een,desc he Ok "
(PCT/|BZO§3?€012 d%? p?g%entééapp]ﬁggﬂt)(ﬁ%he 8@5 5T or of PRations

inventiondEﬁﬁtéhe@p@b%ﬂ%s in flanmel ess conditions wthout preheating

of the feedg-gangd W LHQUt g+ {LSt Iy GIHAAS fiOmiMIRt AitRieNd sELBE® of  the
stability, materialises the use of [ow ranking fuels to produce

fumes whi éRVERELGR, §h@vapééluﬁ@%ef>§tmh@ aﬁrﬂ:iﬂ%r@nswb’%t%?ﬁﬁ% Py VREET

of into the injection "envelope"” of the fuel into the combustor,
which is not decisive taken alone, but nevertheless brings
about an appreciable reduction in peollutant byproducts,
constitutes further potential confirmation of the mechanisms
just described above. When the fuels contain incombustible
ash, the ash is concomitantly melt and turbulence ensures
complete coalescence of the particles of liguid .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
avallability 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.



hydr ogenat ed organi ¢ conpounds and particul ates and yi el ds
substantially smaller quantities of gaseous pollutants. The
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MWV At Ia% ggmscg!%%rtlcqur&y uniform and controlled reaction front
(flameless, mild combustion, volume combustion) develops
until both the fuel and the oxidant are completely consumed.
The reaction proceeds without there apparently being a lower
limit for preheating of the fed reactants. 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 for feed of
the reactants. With regard to the reactor, a simple
cylindrical geometry 1s 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 is thus necessary to increase the level of
contribution made byA the combustion flue gases to the
instantaneous heating of the feeds. In 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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of injection of  Wat'er conpressed oxi dant and uel s eated to
600 K andwhich water is injected up to saturation and subsequent
reintroduction into the compressor.
The compressed gas 1s sent (4) to the heat recovery unit (E).
The recovery unit uses the exhaust gases (8) output from the
turbine (T) at a temperature of approxz. 800-500 K.
It is more preferred (Figure 2) to use the heat recovery unit
(8) 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 is performed in the reactor and the
outlet g¢gases reach a temperature of 1400 K and preferably

higher temperatures of up to 1600 K, corresponding to the




preferably to 700 K, the difference between the two cases being
accounted for by a greater and a |l esser quantity of water vaporised
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problem tDgopuk) &fr Jdike a@@seschires! oy Hadrdieat recovery (E) are
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Yo
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colums wegh rﬂdérﬁdﬂo@hlconeﬁfzaﬁ@mm Ngovabemokphet D¥erSredfure and a
conmbi nations of both types. The_process_is _onl. parentl
7BP>4FY° Kur ogaer s

conpl i cat BEMRFETHR | ﬁ%‘r’ln%rl ur 583 &M c%%rggtcjtoé}l %ad
by a verysteaapesitdgsi gn of the base unit, axial conpressor /annular

charber O£ncggbug;[rg{€ /&%(&an\-xsalttoenr téjc;rps!ugn%tilopx t.'LQeaprpir%'bl@fnt,’ the outlet

flue .gases from low-grade heat recovery (E) are sent (9) to
the condensing steam recovery section (B). The condensing
section may comprise finned tube heat exchangers or
condensing columns with recirculation 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
compac;t- design of the base unit, axial compressor/annular
chamber of combustors/expansion turbine. In the prioxr 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 frofn 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
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of flexibichttyri An QRRAIOA. At electrical loads below the maximum

load, net efficiency drops rapidly in a more Lthan

proportional manner. Furthermore, the only way to control the
power delivered is to throttle the fuel, which reduces the
temperature of the combusted gases and so brings about a
further reduction in specific thermodynamic efficiency. The
acknowledged rapid start-up time of prior art turbogas
systems is in part offset by a clear laék 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 mnuch 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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i nvol vi ngPEBI e€Pi FeVads oPptPBnibnpPm, NOx of the order of a few tens

of ppm and only at higher combustion temperatures.

At higher temperatures (those reguired by more problematic
fuels), efficiency drops, but only a little and 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 Os.

The oxygen may be used to enrich the combustion air (injected
into the axial compressor at the position corresponding to
250 kPa) oxr to replace the air entirely. _
Efficlency falls, but not significantly. Enriched air and
oxygen are indicated for combusting fuels with a lower
calorific value per unit volume. Furthermore, the dgreat
reduction in the volume and condensable component content of
the exhausted flue gases makes 1t 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 principlie of operation is similar to that described above
for the gaseous fuel combustor. A particularly uniform and
controlled reaction front {flameless, mild combustion)
develops until both the fuel and the oxidant are completely
consumad.

The reaction proceeds without there being any apparent lower
preheating limit. However, i1t 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. WNon-liguid 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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scal ing up the ady

The problems o) reactorare’’'sim’lar o those alre
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shown in the attachnment._ The reactor is charagcteri.sed by TOC, NO,
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(partial teotakécatdomt off skestififesart gyaigerrercd ithe grgat (ligeid) .
?;iegﬁlr'e ggxgﬁséérﬁayal% Ofeotbhend r Yt eshoye | Pediifr diadAam(phet ou
modificaticen) of existing energy generation plant, = the
overall process may be of the structure shown in the diagram
below (Figure 3).
For example, the air oxidant (1) is compressed in the
compressor (C) up to the pressuie of 350 kPag. The compressed
oxidant is sent (4) to the heat recovery unit (E) which on
the air side effects progressive saturation with steamn,
utilizing the low—grade heat output (10} by the steam
recovery and production boilex (52}, 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, 1s 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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sent (9) 1hO tHE-APVOSA r gamphedher €pRYSEY S8EL 1 O ( Pdbckas tBE the
production of steam nost often existing pl ant, up to a tenperature

of 600- 70dnReNTHRN YN T oduced by the boiler is sent to the

expansi on turbine &ofsHiNeI0Yo HENSE At pOR: i AEXDELH ,NGd,0 KOPWIh 1EH heds .
I'n conparison with the prior art, the process of the_ invention

permits: emissions WHATRE pdid i ClF at @ariCOuUINGLywhi dhwar e VAsHUBAHY

to a particularly |y, y4rdiuahly lbg@ﬂgnl ficant, level substantially
reduced corrosion and erosion in boilers due to t he absence of

particul ates and ufiEOHIRIEtEd 1o g&ZRPECEDNPERERS1db e BEPRECRI gher

boilers due to the absence of particulates and

uncombusted organic compounds, so permitting higher

temperétures while using identical materials

- design of the radiant part of the boiler of small
dimensions
- efficiency of the electrical/thermal power

generation cycle of greater than 50%.
One possible variant 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,



tenperatures while using identical materials design of the radiant
part of the boiler of small dinmensions efficiency of the

el ectri cal G apsmksoner generation cycle of greater thanpaR¥Roishe
possi bl e variant cf the cycle conprises the addition of a section

for the production of 90% oxygen by means of the prior art process
i nvol ving sel ective adsorption on zeolliétes. The section provides

oxygen at _at pheric pressure,_and rtial,ly or.c | et el
repl ace c%ﬁ%)rgée)gs% Ei%. *6rEral Fneg%:"f\%r:rlf%\'e/arlrcgra ?ré[})l $ ,ryt?uguﬁgpg emperé’ture
si gni fi canefyactOaprdriniesl rpreterabivith ntiparain Wiagenkentingl someth a
hi gh sul f : a i I ffici n .

conpact %%mggg%gg%s&%%g%%e%?%f Eﬁﬁle éﬁﬁg@gf grg égssﬁl ftglggnsa ﬁr(% L
prior to #iszsehande dapd.ethesidtinosphere. Tisi pyidrypyensal moemimmdeswith

feasi bl e Loogomlaieihe yaker LGUCLerul .8 P ES RAbAnCEelods.

using a fina ensation section in size and Tow in
cost. Anofhertyn eftgiases emsodieAeatpatately prideedeisls pgedondby i loping

process fprysqld difhuel 5. {pitocoghe Nigleayl furgoatye! ighider VO 4
2005/ 108867 PCT/1B2005/ 001290 16 animal flours, refuse In granular

fornm in BlwTyHemfergripberpdf Pathe? ATqWHEH theéadtiéd- with the aim

of gener aphdG PAVEIH1e B opeaetohnOPSrM e tth ek aeaupthie hiesee
than a mMm.in  size and carried with water, The oxidant is prem xed

with steh?fiHe GRIGEYS A6l FemBEFEAM AR s driicdtds! KRB CHRPRBERE -

The two sthesdmoray echrd epakatelyd tike fnel wafawablyndkei ngs fetkd o
the axis of %ije_re ctor, andtH&oxi ant at a pIuraIitg of )
per i pher at*Fot ¥4 o3 f J¥TE pridigsl eCbf BBEPSFTHIr i With

simlar tgafhedndesddiednove chohnih8ogasesusct-detneQniyssfldeanslk
the liquid fuel conmbustor. Em ssions can be observed in the visible

range, asrtagniude atidwéonihah| dived, bupwn hanr &bhge pfien sstofer vl
part!CU|a&o&ﬁﬁ§¥£&§eofoc&EQQnQANQ%xtﬁéuﬂgffyt@%&f!hé”%?ﬁ Bfntrolied
magni t ude [ ower than that known in the prior art for the
reaction front (mild combustion} develops until both the fuel
and the oxidant are completely consumead. _
The reaction proceeds without there being any apparent lower.
preheating limit. Howewver, it is preferable for the
concentration of the opagque gases in the feeds not to fall
pelow 30% by weight. »
It does not seem necessary to provide any particularly
sophisticated £luid dynamics for the reactor. Ultrafine
grinding to 70-80 microns is likewise unnecessary.
In the combustor of the invention operated at temperatures of
above 18200-2000 K, the ash melts, in some cases with the
assistance of a moderate addition of £flux (sodium and
potassium carbonate, 5i09), and, when  fused, readily

coalesces and is collected at the bottom of the combustor, in
accordance with the recent teachiné of PTO Itea.
The problems of scaling up the reactor are similar to those
already examined for the gas and liguid 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 Dbarely noticeable and



conmbustion of coal. A particularly uniformand controlled reaction
front (mld conbustion) develops until both the fuel and the oxidant

are conpl etywbyoosamsssired. The reaction proceeds w thout pEEfRoRRLIIG
any apparent |ower preheating limt. However, it is preferable for

the concentration of the opaque gases in the feeds not to fall
bel ow 30% by weight. It does not seemXkcessary to provide any

particul ar] .sophi sticated fluid dynamcs foy, the reactor. U trafine
gri ndi ng 'tcg%féaggafﬁ‘?%r g)r?gtqws ‘f??(e\ﬁ%gruna}fztdes%%?ﬁghl PRERE tE St br
of the inderfl/oridpet at=aic @tadrereerhdhngr @s of above 1900- 2000 K, the
ash nelts,..in s ases with_.the SSi of rate additi

of fl ux (Egg’l 3;{18%%55 oras ?u%%a?%%n%‘%rz%ﬁ%ﬁ%f) ,Ofgﬁg%}%}{e%ﬂ%fyuggdfthgg
readi |y edakedyesstaitkd sfoul | gesenhiaat Thkéspotwidi otheheexoemhusiror of

in accor %[%&gt%gg gggug%&msfggﬁg%{%]gége%wd teq.g%lin&"rim ogjlrggf‘éi?%e

scal ing up reactor-are sim al reaay exam re .
gas and | itquitdkeoabastor afidthaydbéfeswiy athtivineh athédhdesiupd sisewadl n

the attachgent, E*l%olr QRACLANL Y S Gharactersad Ay 19561 E0FNPS, ARG yays

carbonaceous particle emssions which are barely noticeable and V
2005/ 10886 KREY/ PETRE0S/ OTF 2841 vatmenyiss| deteiSe bRy oWorHe §RYiGECEing
though opejaiedcwith a fuel/oxidant ratio approaching 1. The overall
process for the generation of energy may be that already stated for
gaseous f déles aPaFens tdee@xXEptdrs® GfL 0 ARRLY abP Sk distufeit's requi red

- by good engi neshpagi PsRCtiGe e algiagcodnt, oftide ghddayentornatuee
of the fuel (solid). It may also be that already stated for liquid
fuel's, al W&YENTEER| ARYESR FoumOHF % ust ment s di ctated by good

engi neering practigeso The abovesst aigeh wasifmintisnd,sqizpplierpe raehicd

{hventi on makes 11 bod) It AES S TGP oe RTER o TTE ot thi 4R
tenperature quality coal (ash content, sulfur); something which
has been completely impossible in the prior art due
to the "slagging® problems caused by fused ash on
the tubes, which is highly corrxosive at elevatied
temperature
- 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 is
greater than 50%. 7 _ _
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,
liguid 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) is fed to the reactor in the form of a slurry




(>900 K) supercritical steamboilers with low quality coal (ash
content, sulfur); sonething which has been conpletely inpossible in

the prior &fd2004fss¢t0 the "sl aggi ng" probl ens caused bypdiagessashoeon
the tubes, which is highly corrosive at elevated tenperature to,

operate, using identical materials, supercritical plant at still

hi gher tenperatures due to the total 18bsence of hydrogenated organic
conpounds, Overall gl ectrlical ener her mal, e iciency LS
greater tﬁ%nwgg%' Aﬁ?%r%héroﬁjg?? %é’ ajpl?'éegek?jf ggégyrbg%f ment 58¥u¥%1éed
process ofithhevgpresenrind ncenpreasedhi th rmy kesiddr i venpirasaccor dahce
w th good_engi neering practi [ ogﬁlﬁ?f

features ) u??%f&c%ﬁ%ﬁs?%?t#ﬁ? hgnf%glg{rﬁrlgo%, 15 ?%ipr}gg%r]]%a%e%r;& %1}:_'%3:
process fo62) conusthiend inai+ gradeheghseetsyery |Uq1;l4‘td (&4 -solid fuels of
the previgys gB‘IR;?Qé@ Sox %pﬁf §éﬁ$'¥%59hédc3ﬁ!ﬁb§toi“é 1 2090 with
oxygen as oxidant, 'in the conbustor o e itnvention inserted in a

t her modynabean c{@) eobtdiinect ddononhe dsepeRe Ty SING Wilelgsratingram the
attachmen qgf;mét REY i8S ,alnd RAEERSUbRLAELd80022000 4
kPa. The &égjr?fa %ue S'C( IS rek%toa(t hg’reélct or:L In the formg? a )
sl urry WOSOWRERAT8B6YY POEARB200G/ Dt 290mpE8s$or wdfe) . crieledustsxylen

(obt ai nedaBYYshn (thirdisiesaturated wth water and conpressed in an
axi al conpressor (Cl) equipped with multiple injection points for

pr eheat edtht FOMRUBEOET oPRRFRESS & f EFEPHeturSscolr vRINTE  ARSP. Hhe

conpr essedhOyhslantidie SeAictideasonbughioed foxed siitt edsterdy (33) .
obtained fromthe recovery unit _R2 operating on th out| et , gases,
fromturbfi@ P¥yet ahdis g?’ms%%r'rﬁﬁ%’f‘e h§a§8’§§‘fﬁjﬁ°r cg@pr%@%eﬁlg? mEAhR

of the cogpsessforffE)sseaupbed thet heomex@surat orcat,ur bonedtbppIhe in

combusLor SPEL ALES, 21, TR 2LHEER, OLafOBE: VL oklSSIBHSLLEbEre
T1l. The expanded gases at atmospheric pressure (7) pass
through the recovery units R1, undergo dry deacidification in
tower DA, and continue onward in the recovery section in
recovery unit R2. The cold gases, at 370 K and cleose to the
dew point, are in part returned (8) to the intake of
compressor €2 and compressed to 1600-2500 kPa, using a
similar method to that of compressor Ci, i.e. with injection
of preheated water (2) in R2 which maintains the temperature
throughout compression and at the outlet close to the
saturation T (470-490 K at the outletl).
The remaining fraction (10) of cold gases, egual to the net
production plus vaporised water, passes into the expansion

turbine T2, so expanding to the pressure of 20 kPa absclute

maintained through the condenser AF at the condensation T of

313 K. Non-condensable components (essentially CO0») 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




The outlet flue gases fromthe conbustor (6) are m xed with gases
conpressed by the conpressor C2, so dropping in tenperature to

1150- 1200 kyo #9shosgat to the expansion turbine Ti. Thep®&pipadngdsshizoo
gases at atnospheric pressure (7) pass through the recovery units

R1, undergo dry deacidification in tower DA and continue onward in
the recovery section in recovery unitj&2. The cold gases, at 370 K
and close to the. dew point, are in part returned (8) to the intake
of conpr &SPBEstRcahadcomitddsed2t 1666C 250008 raiechg s fiRatden
net hod todhatnel egppeggsor A, i.e. with injection of preheated
water (9) in R2 which maintains the tenperature throu%hout .
conpr essi diCarP B HY oA ST A% t BEYRECS aP¥r ¥RV o T YW IRIG IR

at the-outjhatkstriheohemening inaaidiom.(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 absol ute

mai nt ai neGd=ht-adgh .t Reasend avitidin t he condensation T of 313 K
Non-condensab'i e components (essentially C02) and the steam at dew
concent r atiforeHrer i vact el 8 tAe kPP BELSHI%D. 2 CoRpFESEoringd with
reconpresses. the mxture to.atnpspheric ressure, using t ar .
i nj ection rr‘?&trﬁﬁgfxguf“a REdat| ﬁ‘éng &ﬁ Wat jgrﬁt%l}%lh ‘ﬁotaisumr‘?gto%g’é\#agn S
pr eheat ed.takkeer todynanneidbtatiencyTiod , tdectoyc| ks | Bedyrweiatterlitdidn BE%
The proposed process.is_a nore anced a i St1 i :
perfor mnc@ral%e%%ﬁ&%)vgngveaﬁﬁ rﬁg%lrrpncg% saglnqrgvm hé%%cgr}p%%lfha%}%g 1100
2005/ 108867 heGT) 1BRe05LeFEE2800f 18hsophistprateda prempeatuleGRE above
(I'ntegrat g&g%a%lfl cation Conbined Cycles). The foll ow ng Exanpl es

e

are provi by ‘way of non-limting illustrations of the invention.
Exanpl e 1.0rRezpmrgretprepaptt tom Arcekeating | phagol cBltet8RCEPF uéfued

a reactor Jiipedewhthear i Gachsys Ml tandsy kN andi dxgsdal &]dé@!g‘éﬂie
of 5.3 nB is takeéen into consideration. The reactor is fed wt Il_gcht
fuel (or Gestteake’afd®ai PrPLR2ERRY of AP LR alferal 13~} ai RSy ¥efodrith

flue gases before entering the reactor, and it is
pressurised. The surface temperature of the walls is

monitored by pyrometers.

Quartz portholes, at both ends, provide an internal view. ODC

(Optical Diagnestics of Combustion) technology i1is also

applied by means of a 300-1100 nm photo-diode sensor Zfor

monitoring chemiluminescence phenomena.

The temperature of the outlet gases from the reactor is

monitored, both by a laser diode sensor, which detects H0

absorption/emission, " and by a high-temperature Zr
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, H0, COp, and the "micreo" compounds, CO, WO,

NOs, SO» and TOC (Total Organic Content, hydrogen COp flame

detector). The analytical units analyse the gases at a
frequency of 10 hertz. The original signal i1s recorded,
skipping the data smoothing software. The closed cycle Ilue

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




K/ hour) the surface of the reactor to a tenperature of above 1200 K
On conpletion of the pre-heating phase, the reactor is fed wth
recycl ed fhi$20098R87 cool ed to 550 K, and oxygen (oXxygeprr/mossaitzoo
87-93% originating fromthe VSA unit) prem xed with flue gases
before entering the reactor, and it is pressurised. The surface
tenperature of the walls is nonitoredspy pyronmeters. Quartz
portholes, at both ends, provide an internal view. ODC_ (Optical

Di agnost i cEh® ETHRbESTIEBAF efle M ATTPPAETAFs PTof5i%ed DY FredifS U F
300- 1100 05 g;dj,ade, 5en50k.£ 08 HRAI t85h NIsEHEMCbUMIBSCRRRse Noy,
phenonena. e Tenperature of the outfet gaSes fromthe reactor is
moni t or ed, gD Y 28 reapensdi oflee SeNsAT ,sanbingls .det ect s H20
absorption/em ssion, and by a high-tenperature Zr thernocouple. The
flue gases fromthe reactor are detected by a set of fast response
anal ysi s umtdngplel®5: 1.5 seconds), specifically devel oped by

Fi sher- Rosenount, capabl e of nonitoring bath the . bu onpounds,

2O, 002, T Rideatee 6'93823%08%%{@@%,6 18 %89 Wélég gﬁg&rc%%&“ﬁ
Or gani ¢ Cofd &itairadraagen b fdanelidategt abdve Themamshytic.al Owar tas
anal yse th ases at a requency of 1Q hertz. The.original_sign IS
recor ded, gsk%"ﬁ)lcﬁ& hetgﬁt gugﬂo%?%%nﬁaqaseoﬁsvﬁfgguf%gyc ose %?/“g’l Z%rom
flue gases.df1itecsantdie ate Aodiitaredminupay allhelordas sSmonimsraABe
2005/ 108867, PCTl |1 B2005/ 001 20t he LN o, at s
oressure. W o TSGR RS PR RiSandbre Sanren- Bt ent Choty s BB B S 55
N20, NO, ND2yradi@hiwictth w—sésﬁdhsertimgﬁnzﬁ& @doﬁdsthExaﬁm’fQOQ.a}tWe
preheat ed 1gaclof. ol EXAM) ek S fiedpidd iy Lidihled usl andn, IR kel nied
at a pressure s |gha1y above at'nbspheric. Over an hour cycle, the
fuel feed eweesd sofroxuaes yinntheaddue Hrses Petweppr ds/aRchut & tBP 15 -
litres/ mngle,cidy %Qﬁéstoa}géﬁptaﬁﬁﬁ@tea he ot eapesAt dne Phctdsd | ¥R the

gases from 1500 K to 2100 K wi
temperature of the flue gases.

The following changes in emissions were observed (obviously

notwithstanding the scattering of the data):

T flue gases NO ppm CO ppm TOC ppm
at 1500 K 250 40 5

1500 150 15 1

2100 280 5 1

A wide wvisible 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 Example 2, but at a pressure of 400 kPa absolute)

The following changes were observed:

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

1900 30 5 1

2100 Q0 5 1

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



a gradient of 60-80 K/ hour. Oxygen is fed to the reactor at a
constant ratio to fuel, in such a manner as to maintain the excess

of oxygen b bdigidskdre gases between 4 and 1.8 nol %  Refy©irehshsr®s
are adjusted to allow an increase in the tenperature of the flue

gases. The follow ng changes in em ssions were observed (obviously
notw t hstanding the scattering of the®ata): T flue gases NO ppm CO
ppm TCC pEm ag 1700 K 250 40 5 1900 150 15 1 2100 280 5 1 A wi de
visible f * close to the feed zone, was observed through the
quart z poritbBokeamghe 1| i zane shesskse pf off@ssHa/elbscdmdtedi sappear s

at above 00 Exanpl e 3. (as Exanple 2, .put at a pressure of 400
kPa absol égé) fOKJI'%%WPg%)ICg?ﬂr?gge(scﬁlaeﬁﬁeggﬁngé%bserved: T flue gases NO
ppm CO ppm TOCE pfime afasks00 NO 56prd5 2 19D®EE0 5 1 2I0F 9Pr5 1 The

flame zone s |, fromth egi nni ng and di sappears; at 1700 K. WD
005 169867 PATTEIH05) 001068 31 Exarl e 4 (8s Example 1. but at a

pressure of 7009%Pa absol utej0 The fol I%Dwi ng changes Mere observed: T
flue gases NO ppg CO ppm TOGppm at 1500 K 15 5 1 1900 30 51 2100
90 5 1 The flame zone is very limted at the beginning and rapidly

di sappears. Exanple 5. (Conparative Exanple) The above-descri bed

reactor igpfediWikh ghe §gdv£E9hHi%HEeﬁ2§t the beginning and rapidly

disappears.

Example 5. (Comparative Example

The above-—-described reactor is fed with alir and light oil (23

M3 per kg of fuel) at atmospheric pressure. The oil feed
rate 1is gradually increased from 1.6 to 4 litres/minute,
while the air feed rate is reduced and oxygen is added to the
alr so as to produce a temperature gradient equivalent to
that provided in Examples 2, 3, 4.

A wide flame zone is 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
absclute 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 o©il, HHV 41500
kJ/kg, compriéing 17% by weight asphaltene, 8% carbonaceocus
material, with 90% content oxygen and recycled flue gases
cooled to 550 K. The operating pressure is maintained at 400
kPa absolute.

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

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



N8 per kg of fuel) at atnospheric pressure. The oil feed rate is
gradually increased from1l.6 to 4 litres/mnute, while the air feed
rate i s re¢usapsarsk;oxygen is added to the air so as Q- iE9sYeHI2e
tenperature gradient equivalent to that provided in Exanples 2, 3,
4. Awide flame zone is always present, fromthe feed zone (inverted
cone) approx. to the centre of the reagtor. NO ranges from 250 ppm up
to nore than 1000 ppm (al though the absolute reading may be )
quest i onabiihe sfer® ratgsofohet jFrevckate £Eeg egafes hasamdnfrioddpd in
sensor) . TAStAr kSnheom-aboye p0s-paRandnhpeveipbabtgrbelewidenppms
COis always within the 30- 70 ppmrange. Exanple 6. The reactor of
Exanpl e 1 Barpd@swict Bohéavy oil, HHV 41500 kJ/ kg, conprising 17% by

vei ght  aspiad 118 618 KyCahPesRsE Ol nd B LRI AL sWi-tyB3d90% cont ent  oxygen
and recycled flue gasés cooled to 550 K. The operati nggpr essure is

mai ntai ned at #061URPE28®%0l HPePPThe heddy B is preh@at®fto 450 K
i-n the feegklingsp and injegtied into thegpreactor thrbugh a steam
act uat ed sprayej\r%),iqlo The fuel ;@gd rate is [gel d constant at 5

l'itres/ m nute, I'le WD 2005 8867 PCT/? 2005/ 001290" 22 the feed
rate of the re@iéPed flue gad€® is contrblled in such a manner as to

repr oduce the t erature gradi ent_ of anples 2 t.o 4. e follow
eni ssi on tz}eﬁﬂ'é‘iv['r&grtf% erVEF: %??B%dggzé@?%%ﬁprﬁ% EE%%TC%P’E%m\%aa%tq
1500 K 14 rreOGrb06h30h8 qildf0z2160ribole A Bimal fldneansorronehrinks
| ocated cl ose to.the-feed po [ t h e z

port hol e. pﬁ?(,grfelsg’r%érezl nea%cﬁrils%ﬁééﬁg%r %g(r%gse}sﬁlgggl ;}l"m%t\i b%lgonvggﬂ{él%t raéorse‘ﬁey
smal | in vAlameXabobkC 268@aKs BT evdwre t hat a hepeligagive change

qual i tative,change 1;68" EESPROSL N iL-JhagkmLbser vati ons.

Example 7.

{as Example 6, but a heavy fuel feed rate of 10
litres/minute).

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

1800 110 40 2

2100 160 10 1
Exanple 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 wisible flame zone with a small (inverted cone) close to
the inlet is wvery limited and suddenly becomes negligibly

small although it never disappears.



Example 7. (as Exanple 6, but a heavy fuel feed rate of 10
litres/mnute). The tenperature of the cool flue gases is 580 K The

foll owi ng QP SmokpfRsdy ENds were observed: T flue gases NQ-PRIM Igﬂ}m
TOC ppm at 1500 K 150 60 8 1900 110 40 2 2100 160 10 1 Exagrr?f

(as Exanple 6, but at a pressure of 700 kPa absolute) The follow ng
trends were observed: T flue gases NO pgm CO ppm TCC ppm at 1500 K
80 30 3 1900 100 30 1 2100 170 10 1 The visible flame zone with a
smal | (i nExgmale@ie) close to the inlet is very limted and

20051 105867 PO BogE 60 TI0cY 25 Exahgre ¢ the Sepbbifficnbie, He
Exanpl e 6 ewisygyerferdredatdulst hecraa@%jénmbeed st eahtglmn@tiea&;@cQESfﬁo s

to obtain s of ey dn the flue gases. The
fol |l owi ng %ﬂalﬁég@av\e%éf 8%‘3’& vegH @?I%e g ses o ppm CO ppm TOC ppm

at 1500 K B0 ﬁﬂi@‘@g@ocmﬁg% Her@ 1gp3®B 1 A white zone of
visible flanme ?agggh Wod%,m(rel atd;(yg% o O Exanphgc-6) ocat ed
r ed

close to the fee was obse t hrou the quartz porthole The
flame zone3&hr dm ogressi ¥&ly, but refRined wider fhan that in
Exanpl e 6. CDC19|0@veaI S a qualsigt ati ve chamge correspondi ng to these
observations ar}qotoo t he chan%%oi n wavel eggth. 1

A white zone of visible flame which is much wider (relative
to Example 6} located close to the feed port was observed
through the gquartz porthole. The £flame zone  shrank
progressively, but remained wider than that in Example 6. ODC
reveals a qualitative <change corresponding to  these

observations and to the change in wavelength.

Example 10. '

A seguence comparable wilth 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.

Orimuision (70% agueocus 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 %% 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 intec particles of an

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




Exanpl e 10. A sequence conparable with that of Exanple 6 was
performed wth oxygen directly fed into the reactor, in a, position

whi ch is agggsmRehidsgsyi Nitiate internal mxing with the fliep,@386390
but renote fromthe axial feed port. Oinulsion (70% aqueous

enul sion) is fed at 6 litres/mnute through a steam actuated sprayer
with an 8 nmorifice. The follow ng enbgsion trends were observed: T
fl ue gases NO ppm CO ppm TOO ppm at 1500 K 80 40 7 1900 60 20 3 .

2100 110 1ov 1weEszaFrp|l@09mbu§§agPaEAfaﬁihca?&dco%P ggistrgevallud 2BgHmic

kJ/'kg, 17%Dyrdgights s ashs Q90 IR shthe ¢oatenl, 1l stgscafeealeldré Nskin
such a manner as to obtain an avera e particle dianefer of

(maxi num PRF 19 £Bi%e wetay. 1o v eTAEERI bRPYI hal P?t%b%r%eﬂ’%ﬁfg‘f RHd

into partistes 1@%leaggggxhunﬁ§§ di aneter of 1-2 mm cal or| c val ue
18400 kJ/ k 8% WO 2005/ 1

8867 PCT/ 1 B2005/001290 , 24
hconbust | BT CRAN APl 158 nERGR LFBACE 1108 GBH, ety GRIRCLRG. to the
suspended émiwat Busky atidjethde ﬁitl@| iove sxkqnofpecnaﬂeﬁ kgh@f mﬁ;ﬂre)te
in a stirred tank ,to obtain, ac?ai l{_;[ tl||é1{)|lab| }ﬁ%l%l m X ed
Screened cOAPIT-THdn SHOREF9C 1 LhyPatei gRT YR of GRS
husk) togetdeel, With Qpa¥dey whtsat erhe Thiercdmyt ebe @enpdsipidnNmix is

conprised 1 art I|v hus rt screened coal, 1.2 parts water.
The densi tr{/1 § T SLgl %g?#%%ifg? measured (1.12 kg/litre). The

l'iquid m xThes rnmqpecdi tndxt hies rpmcpee)i bd Ehenpteactcemdof i Bxenped W tanda
steam prop. Jtdne e%rﬁxgﬁcoqh{j%gggm B @ﬁe&r'ég&fye 09{%%}5]&&1% QXYEN rly

pr em xed V\A recycl e es and 1 e‘reactor In
a proportioni&igh D% ¢ithei ntcaganal$ avenigledd wigh¥eoyygend ¢old hislue

zggul tant flue gaseps #08 £6a¢HEr LQ0RotS 18l L ARRAULE RLESHS Wse 1
maintain a level of 4 to 8% oxygen in the resultant flue

gases. The reactor loop is at an absolute pressure of 400
kPa.

The feed rate of the liquid mix is held constant, by means of
the volumetric 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 subh 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 1800 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 technoleogies,
in order to cbtain guantitatively comparable figures.

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




kPa. The feed rate of the liquid mx is held constant, by neans of
the volunetric punp, at around 1 nB/h (nore precisely, 8 hours'
operation e st Zmsk79. 65 nB of slurry), while the recygdo@d&906124d ue
gases are controlled in such a manner as to reproduce the gradi ent
of the fune tenperature slope of Exanples 2-4 and 6-11, over the
range 1900-2100, before then holding btRe fune tenperature |evel at
2100. In fact, higher T values are required in order to nelt

i ncombust i BRes feedg Porhl K | iesEale hthremget dhcodidedyr. ARhalicssiBiR
trends, despih€ @xhkbiddng & nyﬁagﬁ%ﬁ‘él_}f SCahd elderd 16ekd RPML afs
|isted below. T flue gases NO ppm CO%EQT} &c ppm at 1900 K 130 40 9Y
2100 100 6BFS-FICIGsLsTUWW ot SRRy Ehe¥ et} gfREre reactor
c?ngegtrat&m%@éb ltﬂaﬁ @eaﬁkegh"cldu_e_e@amm.t b@ci@il\lhzd_eaibiycaeaaeﬁmrn
of 7-8 per_ thermal _\ enerated, in respect to traditiqna

t echnol ogi BEMRQYF oﬁmg?%t%btaﬁen &ﬁ%?‘ll?f%)attl&\f&“? conpar ﬁ’@itgrﬁilgﬁ%”sts
A very sneilongltitghtdectiosi Bheeted fl anme zone, renote from VWO

2005/ 108867 PCT/ 1.B2005/ 001290 the feed port is visible through,
Che quart S BOTA HTEE T Rl S5iTe CoR LHREEPBGE eSE: GaFyoamepE) s
decl i nes teodlater yndr esdrriededawl ubp ai pbeysu20Hd Kyawbik!| eddpe The
entire reactor. .changes to right .red_colour,. Axially directed thin
| umi nous fT %rr'%cnﬁesrlés’%éc\?i s‘f’%l e 1} rdu ﬁlf'—h%dl astlgrgal 2 (e)rtsstataeldgnént htghe
react or caselldwised 1sls&g i s drained fromthe |ower part of the
reactor, | I : ar{ “\?‘é r uri sed water |oop. The
char acteri(z %/%155’&0]?%1% 'v?t”?%eid}es g%ﬂrogpgltog'FZd inthe followng
list: Crys€allinity: 0 (100% X-ray 8nbrphous) C < 0.1 Silica 40% Al

17 Silica - 40%
Al 17
Ca 17
Fe 10
K 7
Mg 3
Na 2
Mn 0.11
Cr 495 ppm
Ba 467
Sxr 418
Cu 176
an 132
Ni 83
Pb 40
Sn S

Iso-kinetic sampling of the fly ash is 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.




Ca 17 Fe 10 K7 Mg 3 Na2 M 0.11 C 495 ppm Ba 467 Sr 418
Cu 176 Zn 132 N 83 Pb 40 Sn 5 Iso-kinetic sanpling of the fly

ash is set wiprodddefye reactor outlet. The solids are trgfap@shoso12900. 7
m cron PTFE nenbrane filter. The sanpling line and filter box are

electrically heated and thermally insulated in order to avoid
condensati on. WD 2005/ 108867 PCT/ | B20@%/ 001290 26 One 8 hour sanple

and sone orteer. dur ation. sanpl.es e . r._av. 18
ng/ NnB Io@vlq?etr?pelg%‘frurgarﬁﬁ]a%e 0 17%«%]05?5%8%/%:%%38 33 %s 7%
hour at etakated tenperature < 5 (4 sanples,all close to the |ower

limt of _the technique) Exanple 12. (Conparison anple, with
r ef er ence Bt 8°BXaABFE9) The reactor of Exah%l@fﬁm@s( preheated to a

val | tenpebgt WeRperhfutd&ndd it v /of nblie oyl e 3, (PfsakBAesK, and
fed with air angegul ver fpzed (mean 20 mcr o%lis)m}c/obgﬁt{ at( 8030 kg/ ﬁgur. A
venturi dilfRubenri stfélewtad temweaiatuireed € ube j ust bed craapleise aflded

port. The pulverised coal is fed through a sl ot close to the

lower limit of

the technigue)

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
alr and pulverized (mean 20 microns) coal at B00 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 wventuri, 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 1s 1nterrupted 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 is 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 boller reveals considerable fouling of the pipes caused
by the ash, and ash build-up in dead spots.

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

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




| ocated in the narrow section of the venturi, and suspended in air
in an air/coal ratio of 14.0 NnB/ kg. Cryogenic oxygen is added to the

air to mai RfGhddshdigsydesi red gradient of the tenperat urgeoEihyRoo1290
nanely 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 @ases, given an increase in

cool ed funes tenperature frgm530 to 590 K, by the way a tenperature
whi ch is EPBER* et PRET t'ing tenperature linmt of some devices
installed on the <cold fune side. Later on, the inspection of the
fumes-in-the- Eipe boil er reveal s considerable fouling of the pipes
caused b¥EEBRLISsE3- and ash build-up in dead spots. The -anal yti cal

val ue al vaysmgxsegedse Lodindipmtomerampiecise figures are neani ngl ess,
bei ng nore_than six tines

h l le). K
of VPtri T EBR HATtAre TocBURRRH f o N Lt BFL  HRBBREI ) ER By

80% of thenhmeesbystabtecicast (on8 hedtzjofettheitkhacbopréthed air at

di fference_exceeds uyncertainty arisi. rom WO _2005/.1.08

PCT/ | B200SF0B35800° 59 (At iad SSE&B%t %8 n&.*e é’(%%%ﬁue% 115§%6 %88‘%8%’ ative
Exanpl e t ohExal el 41) mTheureaocforscakebrdnploall arsl foiiee whsheddubine
propul si o chanbers, fast. cyc ( f, | r e P

at 11 bagxﬁﬂpiged{gréﬁﬁlgF%30#§dég§% t%%ﬁééggggrrgéﬁﬁgggﬁtgﬁf @¥%gﬁ

dry 1:1 nigubotétbdésscpeessoriceal aand ioleveedadi ecdnivmudmedipl e 11 is

fed to the,propulsjo nmb LR.Smal.l antigi re tsed apd

i njected cho%ﬁeréuok%eé Tﬁfe flgg'cei pgdtle}(tcl)l%lét heign‘i glt'%%%cép i ‘s%%ﬁgc%

const ant apprappmakeéhnt 800 BoOh&et hourr ovbe Bh&CBrRoGfs the tapguence.

sequence. ,,Thg,90%.0x¥gen i 5 pheRdX e v theERone] e 160 dufedyesndandd
fed to the reactor rn a proportion such as to nmaintain the_excess
of oxygentPnthRerepgbogabes prsWeEddoat SHERWRENTA Bt igvhn fiE excess

reactor 9as LR9BehSiRr €8s Ul e Gadlesa pRbBSEHACa B bdbiedPal and 8%. The
reactor gas loop is pressurized at a pressure of 400 kPa
absolute. The recycled fumes are adjusted so as to reproduce
the reactor fumes temperature slope of the experimental runs
(+80 K/hour).
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 long 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 1900 K 600 35 6
2100 750 40 2

despite the relatively large fuel particles fed to the
reactox.

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.




absol ute. The recycled funes are adjusted so as to reproduce the
reactor funmes tenperature slope of the experinental runs ( K/ hour).
Abrupt andy fgsdcsssst uations in tenperature ( 150 K) argp@pRdosss
fromthe readings of the | aser diode at a frequency corresponding to
the solid fuel injection cycle. The conpositions figures are also
affected by long cyclic fluctuationsoai der than the statistical
scatter recorded in the sequences _of Exaqple 11. However Eﬁgc%éﬁéed
means gi vBatuhel¥wl 0w myiawiedrofft PRIV Tk TFReEL RS Fpm TO ppm
TOC ppm af 1900nK 600 ki 2300 L1 4 caildesyl teotdiuatian vely be
e

| arge fuel particles fed to the reactor. .The me 1/8_.f . st,he
appl i ed twarhed abavislefliyguresthn T&F8EFt o J‘ioake%§8§8untdeo?a&{lh§dw in

differenti19$g€P§té&,fﬁiﬁhdﬁﬁﬁﬁheﬂﬁﬁy deipk raf nfuélomChheastepe safi bhe
of the vitrified slag reveals no significant differences relative to
Exanpl e 1invF2@®5/ 108867 PCT/ | B2005/ 001290 28 Naturally, the
principle of the invention remaining the sane, 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. 29 CLAIMS 1. A process
for conbusting solid, liquid or gaseous fuels in the presence of an

oxidant in a high tenperature refractory-lined reactor, with the aim
of generating electric power, conprising: A) mxing at |east one fuel
in a desired physical state, gas, vaporisable |iquid, nonvaporisable
liquid, and solid, with steamor water B) m xing the oxidant with
wat er, steam and/or recycled funes; and sending both streans A) and
B) without preheating to the




i sothermal reactor at above 1300 K and bel ow 2500 K, preferably

bet ween 1500 and 2100 K, the concerration of CO2 and H20Q,
principally H2Oin the feeds is not bel ow 30% by wei ght, wherein the
oxidant is oxygen with a contentCLofI reater than 80% by vol une, ‘the
remai nder being an inert gas. Z—Q—é{%nbustl on process according to

cl Fti m11Ejl ?b@rpiﬁﬁeési Ze8k icombiéting heofidel liguid @as%as@)dyeh;m efigrabl y
sel ect romthe rsing nmet han

Dot olhs e Cnsge ot AP paRAnt 20 dEE PEReralT Tehr e riingd

val ue reaatbr, n withahetdien ofrgdrusirating sleopac qxcemleatccanplrasngr e of

bet we 1 QK t G g rp ted into
a the?ror})d?%%cn]ilﬁgcyg%a%?or tﬁ?el ggﬁe&rlatl oﬁgﬁla}g%ﬂ 5&&% ggéss
accor di ng vapogisabie 1 Limwddc| sionvapaisatdet didwidd andn sdiad, t H@ﬂ@m dant
i's oxygen gl oAwaait ent of greater than 90% by volune, the

remai nder being an inert gas. 4. A conbustion process according to
clai mBD, chabdagdhicsexidant vridh wates, fyiepny and/oriseyrieth femss:

nonvagqp $3hiifol i disu@BONR) | Yl - BV RRKISkchbRling [ 80 cho the

conmbustor w thout atom sing nozzl es, in which the conbustor is
oper atsdhermal peadisur et Fbdyst USSR 360 anﬁPé?ehm 22900 KePapraffeably

combuglaleHeh 880 RAS R R Sthd b ibeiratide! SREWIATHGIHC ! Srib@balipe

generation of power. 3. A’ process accor di ng t6 clai m4 charac erised
i n t h&lQ ke theigagisns tog b@wge%p% bhwaighe mh@ﬁllgtlemoefrldﬁnans 80% by

vol ung,. 8%1{3&}“1'&1%@ Yot &Pgré&@' 38 8884 B, 9B14RE! thdASmatfler
2005/ 10§’ 7 PCI/| BZ 05/ 0012 . A conbdstion process accordi ng

to cl dcind anciwgrbgasrised in that the fuel is solid, optionally a
| ow ranki ng fuel, and in which the conbustor is operated at a

pressure of, bet 1500 kPa and 2500 kPa 1t he .combust or .bei n
cor por at €3 FREGORoPr dFRSES o/ dOrP e nd” o RETATPERSSH pover
7. A cbwvusthe ofupt odesa gasoras figel prefeaninB, s@llealta@tfeonsémb grauphat

the gr aidnsiigiaelhyileacp! iflSthafe! rﬂgh@%‘ﬁk&&&%&n&o Sngl ofd Bther

conbustion process according to_cl characterise in that the
grai n $3sFeusf fugls spithgdows plgifie Hmiuce gudnin which the combustor

is operated at a pressure of between 1500 kPa and 2500 kPa, the
combustor being incorporated into -a thermodynamic cycle for the

generation of power.

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

volume, the remainder being an inert gas.

4. A combustion process according to claim 1, characterised in that
the fuel is a wvaporisable 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
oxidantis oxygen with content of greater than 80% by volume,

preferably 90%, the remainder being an inert gas.




9. A process for conbusting solid, liquid or gaseous fuels in a high
tenperature refractory-lined reactor, with the aim of generating

power, CONR¥o Sokidhsdsxi ng at | east one fuel wth steam gFruRéRie1zbde
refractory material of the reactor and the opaque gases of the

reacti on environnent bringing about high power infrared radiation
whi ch substantially instantaneously preheats the reactants on input,
said reactants being intrinsically transparent to infrared

radi ation (N2/02) but rendered opaque and thus absorbers of energy

frominfraged radicabuelibhapkscess dhdibi BNt c3beam, dRardcterised
conbustlogwgrocess according to_claim9, characterised |n that_ it

further cohpridds Predislsty APkFfg e Waldane LRIt hagkeam gk and
m‘t xed oxi gﬂmthamu n{)u@ beingsfed 19 éﬂs@:aﬁeﬂﬁtcétoral S G 19811.&4 Yof Mbdteen
streans. conbust i rocess .according to claim10, .
char act eri G S FFT i DG e G RHPLPE PeGTY UBEPERRTARTY it
the | evel sftddienc@dyinamot theleedst ofhe tdeherdsitien oXi gdanérbei ng fed
substantially in a plurality of zones around the m xed fuel.

17-05-2006 | B0501290 W) 20051108867 PCl 4B2005/001290. 31 12. A
conbust i on7 pr odessndosol dhngrboesanycaneliolg doaicieifl 6p dAaracterised

characterised,i t the fuel is seous .fuel selected fromthe
G oup. conprt STHF MUl SGERT HarRane. g LRyar Ctar Boest SPHEE i S
ot her gasewus fuels with |ow calorific value, said gaseous fuel being
m xed with steam 13. A conbustion process according to any one of
clains 9 to. 11, characterised in that the fuel is a liquid. fuel

sel ected f§om Pheomgrstporonrpries hRddaudidichydr céaiois, chenyyterised

refinery fraghjAngne p&gyﬁeghesgﬁm&hé%@r&s&is QLLRUL Sh@Neo |4 Qi d. -
fuel s having a variabl'e content of solid breakdown products, - water

and sulfur, said liquid fuel being mxed with water. 11,',;.. 14. A
combust i org pr 0gesre6ar ¢oRd doRbaBY 18§01 8! alBui® &P gaseous fuels

characterised in that the fuel Js a solid fuel selected. frcmthe |

group ? ~in a high temperature refractory-lined reactor, with the aim
of generating power, comprising mixing at least one fuel with
steam or water, the refractory material of the reactor and
the opaque gases of the reaction environment bringing zbout
high power infrared radiation which substantially
instantanecusly preheats the reactants on inpot, said
reactants ©being intrinsically transparent to infrared

radiation ({N»/03) 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 it 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 d1is 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.




oppLising-pit coal', high-sulfur coal, lignite, animal flours,
1%2‘,@%5@8¢n granular form said fuel being ground to obtain an IB0S01290
appr ox Wiee0es/ ey n - si ze around of less than 1 nm ahGIBXNHHI8, ri ed
imto the reactor _by nean of an aéﬂleous carrier. 15. A high

efficiency, cq Lon 1 act i tern fr or
el 11 choncy, COUBUSHGN. LRACLO" SOMILS00 B D! 8FNalafs! Ak,
peri ph@rzabtmuaeet snomhametlmrﬂgeh de. a ANENDED SBEE‘I‘se lected from the

grotp couprising hydrogen, methane, light hydrocarbons, syngas and
other gaseous fuels with low calorific value, said gaseous fuel being
mixed with steam.

13. A combustion procsss according to any cne of claims © to. 11,
characterised in that tbe fuel is a liquid. fuel selected from the
group comprising 11quld by ydrocarbons, heavy refinery £ractions,
bitimens, spent solvents,. ormulsn.on, liquid. fuels having a variable
content of solid breakdcwn products, water and sulfur, =said l:l.quld fuel

being mixed with water._

14. A combustlon process ac:cordlng to any one of claims .9 to,. ll, ST
characterised in that the fuel.is a solid fuel selected from the. group N
comprising pit coal, hlgh—sulfur coal, lignite, animal flours, refuse S eeie
in granular form, sald fuel belng ground to cobtain an approx:mate graln '

size a'round -of le.-:s than l m and beJ.ng carried into the réactor; by n

mean of an agueous carrler

15. A high efficiency combustion reactor comprising an
internal refractory lining characterised in that it comprises

axial inlets and peripheral outlets con the same side.

I

AMENDED SHEET




