GASI FI CATI ON The present invention relates to a
gasifier, a nmethod of operating the gasif er to

wonrodwari3a conbusti bl e effluent, a novel gasifPCatGB2O04/004651
system and net hod i ncorporating the gasifier, and a
novel filter and nmethod for gas filtration using the
filter, in particular to produce a tar and noisture
free producer gas, and a novel polyner for use in the
filter. Gasifiers are used éog EEE gzéifi cation of
bi omass, fossil fuels and ' singly or
m xed together, to produce a variety of conbustible
gases Nhiei prhsembinvbetiors sedateotoge pavifitre aemethed of dperating the gasifier to
exanpl e, ~using internal nbusti on gas engi nes, gas
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di Sposhd filtyr, dorpastivtulayrtal prodaress ta wad rgeisblﬁe free producer gas, and a
incineratjon or land filling, driven by the
envi r SIMEHROLYMETOE UsE tggggtg‘?-at ed with these nethods.
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the gasification process.due to re|latively high |ocal
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effectjvely discharged, Gasification of high ash fuels
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resid it [ : ent , ' n
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until c | ete gasification of the fuel has taken

pl acevﬂaﬁ%%ﬁe'glﬁg% down in order to manually renove

the slag and clinker fornmed in the high tenperature
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of gasifrers in
flow, which in turn is associated with a high tar content in the product gas.

Furthermore, clinker formed during the gasification process due to relatively
high local temperatures in the oxidation zone cannot be effectively discharged.
20  Gasification of high ash fuels can lead to the discharge from the gasifier of
residues with a high carbon content, which can then be difficult to dispose of.
As a result of these difficulties, conventional gasifiers are operated until
complete gasification of the fuel has taken place and then shut down in order
to manually remove the slag and clinker formed in the high temperature

25  regions of the gasifier, together with the high carbon ash.

A further problem arises from the batch operation of gasifiers in that
undesirable operating conditions occur during the start-up phase, and if the

gasifier operates at low temperatures (<850°C) during normal use, the tar



undesi rabl e operating conditions occur during the

start-up phase, and if the gasifier operates at |ow
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of the product gas can rise. Tar in the product gas

will deposit in the inner parts of the conbustion

devi ce used to conbust the produgt gas, blocking the

devi ce and requiring cleaning. The current power and

heat productign deyices that. arg usual | ttached, to . .
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downward,direction (in the s irection as the fuel.
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gas f | aishifortBMPhatiind hdisthe 1RGO ghd.eCtion to the

fuel flow) addresses many of the difficulties in the

known ﬂ%sklfeis&{tsinv&f&@ e %é&?leﬁaythgﬁacg%'sﬂﬁ%g having two_oxidation

"down-updraft gasifier' to reflect the Tconbinati on of

t he doawmesnehenginfih @wirsf zareethg@ss flagcisrioiandgiwnwaad fdinestion (in the

aspect of t.he .present .i nyention, provides a gasifier
for 1 natsArErBass S Bl oMyl & SeopR gag dencath the first zone
combushi BLe A8l fsUsMard COARE Spritditd didefionV R e f[l&;ﬂow) addresses

| oading solid fuel into a first oxidation zone,
fil0st rhimyoaf thd elifificiktigs iththelkowen gdiferof Sudher déviet may be called a

oxi dation zone,. a second throat defining the | ower

cige oo SBEBHSTal SIS oE MM At A FGV Bad i flow of
oxi datj,@p,zones, a reduction zone linking the first

oxi dat1on zone to the second oxidation zone and two

opposi A@é&fdﬁ;g@gtaeﬂs& Qstﬁeéth&” fRAMELdnP InERNEd IEYWi&%Xa gasifier for the

di scharge pi for the conbustible effluent wherein
i n t hezakifreatiomydf datid dinelz tn praduee gambiuktivle iesfluentt bemprising a fuel

sanme direction as fuyel flow and . in.the second .

o at Y SRRt Bip § 43t pdadon Fae A st throat defining the
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the gasifier-1s suitable for continuous operation and

t he nmetthode¢omdaoxidationnzomes awpetakes dor beth hoddatvapaimes a reduction
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oppositely located (at the reduction zone) vortex discharge pipes for the

20 combustible effluent wherein in the first oxidation zone the gas flow is in the
same direction as fuel flow and in the second oxidation zone the gas flow is in

the opposite direction to the fuel flow.

In a particular advantage the gasifier is suitable for continuous operation and
the method is a continuous operation method, capable of operation for
25 extended periods without the need to shut down to remove slag and klinker.
This is due to the high extent of gasification that takes place due in part to the
uniformity of gasification, also the ability to remove ash and slag at the base
of the gasifier during operation. A further advantage is the minimised hours of

operation in start up mode, which tends to increase tar content in product gas.
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a jacket- wall filled with m croporous catal ysis

def i ni M@fdraly Rl el s@tagO B6nd 86APERs & heiRYhalg & &Ming valve

l evel in the gasifier body as the discharge pipe. This

per f orandddading keea gratd awye theeliest pxidatian gws. pr oduced in

the gasification process to be cleaned and renoved

ef f i ci Bim gasifierediied figt aspecipelt the inveotigh malyease e gredorated part in a

oxi dat jlac (et 3vall filled with microporous catalysis defining the reduction zone

20 located at about the same level in the gasifier body as the discharge pipe. This

perforated jacket allows the effluent gas produced in the gasification process
to be cleaned and removed efficiently, reducing its path through the second

oxidation zone.

The gasifier of the first aspect of the invention preferably further comprises
25 means attached to the discharge pipe for maintaining the gasifier below
atmospheric pressure, so that air is sucked into the gasifier through appropriate
air inlets. Operating the gasifier at below atmospheric pressure provides a

fail-safe mechanism, such that in the event of the means for maintaining the



The gasifier of the first aspect of the invention

preferably further conprises neans attached to the
wdizesiarge pi pe for maintaining the gasifier beCoWgB2004/004651

at nospheric pressure, so that air is sucked into the

gasifier through appropriate air inlets. Operating the

gasifier at bel ow at nospheric prﬁssure provi des a

fail -safe nechanism such that in the event of the

neans f t her educed pressure fail,_the
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metal surfac s,%%v}he thr?at lLevels. In the gasifier
of t hePTphedisn pirialipdinsiagiooling etfartdn gesifer's BiekH gurfgees at the throat
oxi datj,pfsi n the second oxidation zone is controlled
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i nt.ak . i TRy, ' C .
I B KRS 28 SR TR S SREE Htion i e
or comdetoal iogitatibhesonofist @npotiddids ghec ambustt bblagr admitted by the
effluent. ! Soljd fuel' can contain entrained |iquid
(such SREORASFERiGIMakeGYalVe.0i | sl udge) within the intra-
or inter-particle pores of the solid fuel particles, )
Accor dYusy & 2asiacay besysed tto gasifh sok Eud ipcqrperating dipmass, fossil
provi t 3 iFi ' f [ cQal
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steps of partially oxidising a solid fuel in the first
oxi datinBa- YoRerpartisiopriseoLihgsolid fwplpamtigleshe char in
the reduction zone to formash, further oxidising any
char rdeqoadiagiyne serendaspedh ofee perseridinyitipa: Piowides demethod for

?Eg exthe %‘ééih@zgciotnh(ﬁ‘ SORAPYS ?)h?du%é bl 3R dH ikt Lﬂng a gasifier

of the first aspect of the invention, comprising the steps of partially oxidising a
20  solid fuel in the first oxidation zone to produce char, reducing the char in the
reduction zone to form ash, further oxidising any char residue in the ash in the
second oxidation zone and extracting the combustible effluent produced in the
above steps by the discharge pipe wherein in the first oxidation zone the gas
flow is in the same direction as fuel flow and in the second oxidation zone the

25  gas flow is in the opposite direction to the fuel flow.

Preferably the combustible effluent at a temperature of around 850°C

produced from the both zones passes through a perforated cone ring which is



above steps by the discharge pipe wherein in the first

oxi dation zone the gas flowis in the sane direction
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flowis in the opposite direction to the fuel flow.

Preferably the conbustible effluent at a tenperature

of around 850 C produced fromtheg both zones passes

through a perforated cone ring which isfilled with

m croporous.catalysis to crack the residue tars | ust .
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i ncor porates biomass, such as liquid waste, waste oil
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conbi nat1 ons” thereof as herel nbefore de

absor biedorpbtatésnbibinass, nsuch- asaliquid [veassm dvasteneil -op petrdlelim sludge, or
pores of .a.suitabl e combustible rrier.. Preferabl S
Phe” oot el o Rarie g reoiunatiogn heices HabeThoPors glingd which i
| S Mor &ysBiRHe LAY the ftAlRksIE 04l tidndLRHHide pores of a suitable
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in order t.o depnsity the conpositg fuel. Biomass, which . .
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gasi fi,eatitleNp@bsit PrbRYAN 1R 1RYd Wikl A€ nfRdd Nit! BR carrier and
conventional extrenely varied sources, and I ncl ude,

f or0 extampletied imadentodensifinthealompostefiiel.sawdust , coal ,

nut shells, sewage sludge, |eather waste, tyre and

pl ast i Bioness svhiclumby bp &hsitied by ¢ho padifiersaidahethoé ordgsaification of
materials, olive pips, rape-seed neal,. clinical waste

chi ckehe dhventianpdy fnciuds Aol the sorderitional GifBIbyeEed sources,
wast €, o RIOMERB OGP eRhfpeRbEd ahdlibAYEeIRRREL, HRELS, cda®9fit shells,
wast e, sugar cane bagasse, waste oil, petroleum

sl udgesevwagal slfidgee deathanwastestyee agr plastlic waate, mewiicipels refuse or
and bl end of biomass with fossil waste such as

pet ol RamFild aigeidnk dpichialh Bidve RISt @Pesewhdreadl qligisal waste,

sawdusthiQfen’ ARE cHAEitlFAnd k! aPhenEalol!

sel ect eél%epom sgw duét : élr u@ﬁ@% boneghvvastogbefe%@ sB chocolate

sl aughtvaste,htaibey, papeadwassed fous tveasternsniger ahe ieghese, waste oil,

dried Se?rvéﬁ% Séku%%g,eéoal fines, bone waste, agricultural residues and blend of
biomass with fossil waste such as petroleum sludge mixed with bone waste,

20  sewage sludge, sawdust or rape-seed meal.

A suitable carrier may be selected from saw dust, crushed bone waste from
slaughter house, bread/food waste, municipal waste, dried sewage sludge,

chopped straw, rape seed meal and sugar cane bagasse.

It is preferred that uniform size briquettes or pellets of fuel (such as biomass or
25 waste carbonaceous materials) are used so as to achieve a uniform air
distribution during gasification. It is also preferred that the maximum diameter
of the briquettes of fuel is not larger than one eighth of the narrowest part of the

gasifier, so as to prevent bridge formation.



chopped straw, rape seed neal and sugar cane bagasse.

It is preferred that uniformsize briquettes or
woebdsaus3nf fuel (such as bi omass or waste car BOMAEB2004804651

materials) are used so as to achieve a uniformair

di stribution during gasification. It is also preferred

that the maxi nrum di aneter of the_ briquettes of fuel is

not | arger than one eighth of the narromest part of

th t nt b t |
rrete hgglsnftg? %éeé]gq o 1%18 Bii ev%g . I %}? & @fgq?%}dat?on re%ulred will
oxi datdpBnd 64 Wd I%HwYﬂlh% cl‘i’eﬁ%ﬁfén?ﬁl é'sh%f I’t 'eH;' H@g}ﬁ&"}ﬁrfuels such as

content "in ash of the Tuels. H gh ash S, suc
sewagesesiage gayddee dedtber westeg , peproteauni eemdmaasxlwﬁge house-hold waste

| ud hol d | ken .and
cat 1 P QRS il FgeFer AT <hie Bants, BOHLBoRoE PR carbon

i n ConygRtismah @asédionhse é-imer& Qué E@tﬂeﬁ%laﬁwaf Qémé eﬁ%on by ash
carbon by ash in the naln oxi dation zone. In

aspectindghe wha ¢xidaivmi zonet here i s provided a
gasi fication systemconprising in series: the gasifier

of thelnj dferhercispedt afatheringentionbiiere & providedra gpsifieation system
unit, .cfoﬁﬁﬁglﬁfs%hw%ﬁe QQJIH&E& tflé Hv%ﬁ 1&1{3:” Q[nld%c?ﬁ@be% a polymer

to exi

ef f | uefiltersin@c K farg aCﬂlﬂEertpbly’inéloﬁlaérlL@lﬁt efrﬁrmé‘dnga@ exit product gas for
ignition. Preferably the system conprises a filter

byBhssereesy gereraian sgcls enen affuerbritck lspdipettae facptien dor clean
con‘prllg i gubl e filter units, each working in tandem
such t'Fat only one hal f of each double filter unit is

oper atﬁgférﬁblir thkeSydmeecsh 1’?sré¥ Oty B%%aﬁg her Ofidae Hurl?g start up.

oper at egener at 1 on de Inaf er aspect
t he i NRreferaldy thehbhers |cempr1wdmdalaﬁitem twith, fach woekigg imgndem, such

o 11CREghty A2 PR oG St le il indl S oBPE e i mode at any one

defd negine Hﬁéétﬂggoﬁé}steeﬁ@%g%he@aé@ﬁlohérough a scrubber
to clean particulates and water sol ubl e toxins as well

as aci l‘é] a fder|dsbdct o? (BOSR Rt 51?“[]?@}5‘% (E)sor etlod # operating a

to accel erate gases, a second ter
addi t i gasdication smdnrmlhstelmlmfore aefined umnpm1ggga§1@nng a solid fuel as
¢l ean I elnlt:)efgre dng ined o ptalgs?ng teeiar uE:‘y tg)gl)s(:"ers thougg a scrubber to clean
particulates and water soluble toxins as well as acids, a filter to absorb tar and
20 moisture, a fan to accelerate gases, a second filter to absorb additional tar and

moisture, to produce a gas for clean ignition. pH of the water scrubber is low in

order to remove the acids from the gas.

Preferably gas from the water scrubber bypasses the first filter during start up.
Preferably gas is filtered in one half of a double filter unit at any one time, the
25 other half being regenerated, more preferably with hot exhaust gases. In a
particular advantage gas exiting the fan is at high pressure which is conducive to

further condensation of tar and moisture in the second double polymer filter unit.



order to renove the acids fromthe gas. Preferably gas

fromthe water scrubber bypasses the first filter
wduaoisng7ssart up. Preferably gas is filtered i RCOMGB2004/004651

hal f of a double filter unit at any one tine, the

ot her half being regenerated, nore preferably with hot

exhaust gases. In a particular aﬁvant age gas exiting

the fan is at high pressure which is conducive to

further c ensation of .tar and i sture jp t.he secan

doubl ahgoRgHier o eraes S dnyahin T st ol s i pRO§ AR method
the i %?Q{pbﬁ'ﬁohh@eﬁﬁﬁtﬁ&&% thae WhitBNEsI Qita8RAfdFRhHREr and heat
for operation thereof produces gas which is suitable

for paweductiod desises, heorgulow mntariand owisturseprederaly substantially tar
tar and ,npi.St ur preferably substantially tar and
moi st (g TYIEWC e have now found that noisture and tar

extractign can be further .inprov with the use of .a .
o ocup s Aoy e e Shait PR b Fetradap drgry S fpproved
a fur ek HRSRE T a AliclobsIilavERhi RN Jolkgr& filferpr ovi ded a

pol ymer filter conprising a mcrocellular open cell

pol yt A RErBALY Bl 2 G| 3p8d FHOomhe SnléhtioRetheRNGEprBvilled & polymer
300 micron (primary pores) and optionally additionally

i n t hdiltearrgmpgidihgtaomicdo@dialariopen well pobHEEqrodengroramsprising pores
wher ei.n the polymer, i.s effective in apsorbin ter.. .
and ¢ 4 the GEs 02 o0l SR RS POR LBl ity eftitionally in the
t hgy eqhneBail 11 000 dnddién n@%l%ﬁ!ehé@cbo?&?,t wheldt Ohe polymer is
t he sul p%onat ed Mcro-cellular polynmers (they are al so '
known edfectuod yHhBBr g ywatar sind dantrom gas eahdas megttogl for the preparation
absor bEnt terials. These polyners are prepared using

the td38KPhg of our previous patent application,

pol yrarah {5 Hpid g 55 fa R G, LR A PR AACA IR cclulr
t 0 usedphyREEEyVrt AlsprindamnyasPelyHIPE Poathdts) can be used as water

addi tionally coal escence pores for water absorption.
ThiSse ghspibeptpaisrialse described as fol | ows: Primary

FSJiOLZ:S 'J(‘)l%fg g&g{q%ggem% E)fe%gl%dmuéiné °(he%§£ﬁlh§ S8l &¥ibus patent
application, (Microcellular polymers as cell growth media and novel polymers,
EP 1 183 328; US 09/856 182). It is possible to use polymers with primary
and optionally additionally coalescence pores for water absorption. These pore

20  types are described as follows:
Primary pores in the range 0.1-300 um; for example small pore size: 0.1-0.5

um and large pore size: 0.5 to 300 pm.

Coalescence pores in the range 300 — 10,000 pm. Preferably coalescence pores

have pore size in the range 300 to 1000 um.

25  Polyhipe of particular pore diameter may be obtained by methods described
hereinbelow. In open cell polymers, intercell communications are known as
interconnects. PolyHIPE may have any desired ratio of interconnect (d) to

pore (D) diameter, for example in the range 0 < d/D < 0.5, preferably in the



m and | arge pore size: 0.5 to 300 mm Coal escence

pores in the range 300 - 10,000 mm Preferably
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1000 mm Pol yhi pe of particul ar pore di aneter nmay be

obt ai ned by net hods descri bed herei nbel ow. |In open

cell polyners, intercell comunigations are known as

i nterconnects. PolyH PE may have any desired ratio of

i nt erconne t one ( di apeter, .for exanple.in
the r R 612 fny<d.§%ukn b pRl-aTRYSlen i Rips SRR ¢ than 200
< d/ Drictbrd MiSRoAMRPAES HhTBiaG etdrSindd @Y% dFRltdy 100 micron,
| ess than 200 m cron. Interconnects may have di aneter

in a rmaeigmbly 0001 to 1Q@mierprrmaere peferablyabtsP micogt t o
100 mcron, nore preferably 1-50 micron. Pol yhi pes are
comercially avail able or may be prepared using

rretshoqL&)lﬂﬁP;@H ge| @ufdeichillySvaA4BIEbf Bid bb rpré%(iléd g/ methods as
pat ent publications referred therein or as hereinbel ow

descr idisdosethie Ugep1747 god yinadditiprsl patent pihlisatiprs referred therein

comerci ally.gvail gbl e, conpri ses pol yvi nyl pol yhi pe
and isOIr?ﬁg‘S%Hg)ezqwgﬁmsﬁcgse nononers styrene, divinyl

benzene (DVB) and surfactant (Span 80 sorbitan
monool eate), and may be in rigid or flexible form .
dependiheg generichpolybipat palgmey I i semaieretghy ravedable comprises

addi tional.ly i lexihl.e formincludi nmonomer ] .
20 et B bpE et S Rl g LR RURes qiyrene, divinyl
amountpedber ) i REFRtHNR (S $BsAHHAPHBNBLRER), and may be in
initiator. wever, due to the presence of sul phur in

t he poigider, fl¢xibleulvami depgading| enthiantelatitie pwpopwns of monomers,

' tall i | e.. Ther ef )
ot ner POReaby Y PERRO R a8 SRR e Geifi. and i
of sulipg l&qgsé@ugﬁash Nart Bf0BA! B RbotdsSiuRO beMBPphaRbAL aqiidous phase
is preferable to use oil phase initiators such as

| aldr ylinipigtasxi de (1% of the oil phase). A first novel
Pgl/g:l {ﬁ?%wg\%r}/ & o %ﬁengrreis,g’n%g oif Qul%hlﬁri ilnttﬁef p(())lfymteﬂelts use in gas cleaning
may not be environmentally desirable. Therefore, we prefer to use other forms
of micro-cellular polymers.
When the use of sulphur groups in the polymer is not desirable, it is preferable
20  to use oil phase initiators such as lauryl peroxide (1% of the oil phase).
A first novel polyHIPE polymer comprised in a filter of the invention
therefore incorporates oil phase initiator, preferably 1,1-azobis(cyclohexane
carbonitrile) or lauryl peroxide in 1% of the oil phase of the emulsion.
A second novel polyHIPE polymer comprised in a filter of the invention
25 incorporates monomer (such as 2-vinyl pyridine) to render the polymer
adsorbent without causing emulsion breakdown, preferably present in an
amount of 5 — 10%. Novel polymers may additionally incorporate monomer

(such as 2-ethyl hexyl acrylate) to incorporate elasticity and improve

mechanical shock absorbance and good attrition characteristics. Elasticity is



therefore incorporates oil phase initiator, preferably

| ,1-azobi s(cycl ohexane carbonitrile) or |auryl
woenduussi n 1% of the oil phase of the enul si 8aT/GB2004/004651

second novel pol yH PE polynmer conprised in a filter of

the i nvention incorporates nononer (such as 2-vinyl

pyridine) to render the pol yner gdsorbent w thout

causi ng enulsion breakdown, preferably present in an

amount_.of 5 0% may addi.tionally, ..

i ncor gt P fi’?%‘?'m(estﬁs ﬁ’%ggly]g&@?%%ﬁlaﬁ@ﬁf ﬂ%ﬁ;ﬁ){fhﬁi{}g ic polymer.
t 0 i nCeHeDBreRIRISRRIIGhd Y-ctidhd P hEYRUSBSIRRALARIN 18 PGS Y=30%
absor bance and good attrition characteristics.

El ast iitmyore pedfereblysetul5>%.0 enhance the water uptake

capaC|ty of the hydrog§|llc pol ynmer. The preferred
val ue &f thirdenoved: pRIVHERE, |pokane SPBPHERTE dta AHten ol they grvention

to SY_?igé&gH atép\';lﬁyl fcﬁﬁeaglo}’lo%er {\%F? eorr’%g#ﬁgtuag &R}\/leljlexyl acrylate

pol’yH mer c rised in a

i nventmombmm)om Wﬁirmsofvé slyih-qoye poiyhperaruotiee i wiliidh the core of
W t hout 2 ethyl, hex | ate nononer) in the form of

a skir %@Pkyn}zﬁm ISﬁﬂB Ol?tt"}‘{l yh the skin igmontsutphenated @ubrfet still water

tngﬁ- g‘lﬁd%ﬁg)%gﬂt : gﬁ% g %ﬁ@t@d nﬁ’éf&ttl ‘ eraﬁf;%[ﬂoh%en [ sulphuric acid to the

done hypré of ﬂretpcﬂlgn&fmidl suhmahtlpfsulphb@lﬂmglthlsépbll}dnémlsmg known
the core_of the ynmer and subsequently sul phonati
t hils pasthady Lhis ﬁ@w?ﬁomﬁt %tSHﬂfg@I ORI ALY lésenewla%ed but yet

the sUbbliske GARE BORLANBPAdsclipyBAgapoul ated but et

t hat pa el can adsorb wat er

di scovered t hat the polyners shoul d not be dried
excessively during the 'drying stage'. Excessive

dryi nngecﬁanvsreidrt athide rr@ibun@r's whoild lwatb@rdrlaids@tqgssimiy during the
capaci t S.1i uced rate

naber dbitk stoe, BRetRy, S5t ey el ERAGR oyl psorption

of 15t hemPadif) ¥MBE polytnekQs Iell 4sBS rddfucdRitd oPWHtei’\@bﬁE& -Typically,
The pol yner of the’invention may be natural or

synt hethé oyaterodhsbipsioorcapagyl obthese pplyimennis 10-12 times of their own
(bi 0) degr adabl e crosslinked pol ymer, preferably

selecﬂ@%'ﬁ on1prote|ns and cel | ul ose, polyacryl am de,
polyvinyl in rigid or flexible form

The polymer of the invention may be natural or synthetic, soluble or insoluble,

20  optionally (bio)degradable crosslinked polymer, preferably selected from
proteins and cellulose, polyacrylamide, polyvinyl in rigid or flexible form,
poly(lactic acid), poly(glycolic acid), polycaprolactone, poly (lactide/glycolide)
and polyacrylimide.

25  The process for the preparation of microcellular polyhipe polymers comprises
in a first stage the formation of a high internal phase emulsion (HIPE) of
dispersed phase in continuous phase, wherein the dispersed phase may be void
or may contain dissolved or dispersed materials, and monomers, oligomers

and/or pre-polymers are present in the continuous phase, homogenisation and



poly(lactic acid), poly(glycolic acid),

pol ycaprol actone, poly (lactide/glycolide) and
woabosaar43si m de. The process for the preparati 8aTaB2004/004651

m crocel | ul ar pol yhi pe polyners conprises in a first

stage the formation of a high internal phase enul sion

(H PE) of dispersed phase in congjnuous phase, wherein

the di spersed phase may be void or nmay contain

di ssol ved or. dispersed materials,..a nomers, . —

ol gorR LS SR BrES BY JHePs Ok PR AN GHES T odpsine the dispersed
cont i NKRKE b keRRollATRAERTh&AhE 08ntARGLE pRALYTR EGRi1I8d mixing at
thereof, by nmeans of inthe first stage introducing

t he digpéoded phaperabye cdat rashiewd dwsi egulsinng tamd subsequently
conti nuous phase with controlled mxing at control.led..

{ emper MU G eqwidlohmpEioh idhE SaSli cdipfiation and
honﬁogeﬁm?ﬂneﬁsihg,rmﬁi@ﬂ&mi_dued tdRpdrdrdaiepresoRs. " ol | ed

def ormation and pol yneri sing, under controlled

tenperature and pressure. Type - 1 Pores (Basic

i ch TePier dRpned AR, e 0% e i K Bt e sive of

PHP f ofARhi & detEh@iRf OAte thd REnPGFiEatRInZ gta?§ SRR YHP formation.
determ ned by the deformation (flow) history of the

enmul si berefphe thet pyei tize of méelyedgomeivedrhy Kepdetdumation (flow)

po r.isati and the interconnects arg forned at .
Pl "SR8 ' dopBhamhioh "« FhE RBERLT ' Bt b Rleakgpt during
aqueousolphdaSfionastBe itbidBRnRBareBrRed ¥iMid §A88d. ODepending on
condi ti ons such as tenperature and pressure, the

i nt er chanekemisiry eot dhe beil canst ragueeus iphasese phasgevolume and the
0<d/ D<0Q.,5. T

Cype orolgBrE o soPdbns ot RS LERAGT RRGaGH rabS inerconncct
cont r odjhechiCRAlRECEBE fh Bk ridpe 0RAs<d.5por es during
pol ynmeri sation. The di spersed phase droplets in the

enmf si on of the PHP are coal esced by the addition of
[ TR TR NIRRT e g T—
oxi de) oBtRinkd ethfiughPHRS BoftfolRY EdA3REAIRTI of fBe Type-1 pores during
concentration of nononers in the enul sion. The
i nt er cplpmetisation. The dispersed phase droplets in the emulsion of the PHP are
coalesced by the addition of water soluble polymers into the aqueous phase, or
20 by adding slightly hydrophilic oils (such as styrene oxide) to the oil phase or
by elevating the concentration of monomers in the emulsion. The interconnect
size in this case is the same as that of the Type-1 pores which form a matrix
incorporating the coalesced pores. However, due to the fact that the coalesced
pores are very large compared with the basic pores, the d/D ratio is very small.
25
Very small pore size emulsions (0.1 to 0.5 pm) are obtained using very high
deformation rate flows in which the flow is predominantly extensional and the

emulsification temperature is as low as possible. Large pore size emulsions

(0.5 to 300pm, for example approaching 200 pm) are obtained at high



size in this case is the sanme as that of the Type-1

pores which forma matrix incorporating the coal esced
woanesd474wever, due to the fact that the coal eeT&B2004/004651

pores are very |large conpared with the basic pores,

the d/ Dratio is very small. Very small pore size

emul sions (0.1 to 0.5 m) are obtai ned using very high

deformation rate flows in which the flowis

predom nant|y extensi onal d the e sifjcation .

t enpert@npFratires ard s aReve d4s chgal ‘E%JP@%&’[}S’& gigibglow which the

enul SicQRSsi60 vt RUFONPArHhRY iRAGTPE RRRpRAGABiRACwat

nm areglﬂg%t&gi‘ﬁgdﬁg? %irrg%]ftfﬁ{' elrrper’at0 ureegtﬂg%d&)]hulst 1a o\\;/vcael or ype

t he crsiyttemal Thefa@itival ideformatien ate omvayttiec tiettineinednblysvaying, for

will fully or partially invert, for exanple to an, .

oi | - i rExaRpler the g o \addition ofratecdf| defematgBriFing mine for a given

rake MoYehe HRLErMISHOXRYARYIIG bef Hoceedh e (b time using

rate of addition or rate o eformation during m xing

for a pyédomminanytit @rer flowse enul si ons shoul d al so be

processed in a short tinme using predom nantly shear

flows. Very large pore enulsions (300 to 10,000 m,

pr ef er QUh1Ridns2(F00Bt 7,06 Lt REBMBIN® 1,000

met hod 0 yl%%%t}?%?l eéﬂgﬁor} e(coal escence o’ILPrili ng F'% 1,000 pm) are

pol ymmbitadd ahroughetle anethbdwofreddntdiedf paehicealestgnce  during

control | ed coal esgcence: 1) by addi jnto the aqueouys

( di0s pdroduensrissHas: hfr%@m) Oe{ﬁ%l]%?s %t?a%h)&t"@rg @BFreﬁ?‘gcoaTescencei D

pol y ifg i dhdftol] Icslrsed Obies ol R inount of water

cont irTgJoggd%%Ilﬁ%hgge%&igﬁu{)é{i%ﬁ%?ﬁo S, tﬁe ount O watel

concenbilé polyared ot B by addingf ‘fil lkessehaekdinto tescamtiquous oil phase.

inmportant. |If the cgncentratigns are |ow, thes .

addi t iMpeBotedisfiodsn o IcoRTHERRR i SRy Bgrtgsse. pdditives are

the 1 angerahs 11280 BRMioAL TR 185! HEd RIARRL feRsi ihpolyhipe

the concentration is above a certain value, the

coal esgtynaerspattesorss arthe kamge@f M200nurh With wmsedesieé properties. If

pore size is dictated by the size of the pores before

t he stthe corfenbaiigreiscabarea cerpipaabie, e eplescence pores start to form.

pol yn%'tglg&:a?eg \t/l%n;gofg Ak ?Q?fcﬁa&é&)ﬁggﬂéﬁél?&c tRAE Héé%k ?’?%Orrng% start of

type o e ‘énul si'on € obt al
any desialegcenicmitanpdvhtared oAs pslyfreriatitth and concentration, molecular

weight and type of additive.

20
The emulsion may be obtained from any desired immiscible phases forming a
continuous and a dispersed phase, preferably from aqueous and non-aqueous
phases, more preferably aqueous and oil phases. The emulsion obtained may
be an aqueous in oil emulsion or oil in aqueous emulsion.

25

By means of controlled dosing the dispersed phase into the continuous phase,
it is possible to achieve the desired emulsion. In a batch mixer, dosing of the
dispersed phase is preferentially conducted from the bottom of the mixer,

using either single or multiple entry points. Multiple entry feed resulted in



continuous and a di spersed phase, preferably from

aqueous and non-aqueous phases, nore preferably
waqgusaus3and oi |l phases. The enul si on obt ai ned PaBAGH2604/004651

an aqueous in oil emulsion or oil in aqueous enul sion.

By nmeans of controlled dosing the dispersed phase into

the continuous phase, it is possj,ble to achieve the

desired emul sion. In a batch m xér, dosing of the

di spersed phase tl.aII conduct d fromt
bot t or}1EFT PE "ﬁl?‘sl% fsfth"g %ﬁ%é‘%{e RGP .mmgpqrgated by the

entry C%F%ﬁlg' et\34 ahh@&% phatd Wad ﬁ)%dsef/@l%lélnﬁe%ﬁerb%}@tﬂeaénﬁlﬁﬁlon pore
pore emnul Si I’IIS. the "dosing rate was very fast,

m xi ngizer é@drm&esby Tfheesfemart}gs regnjbéatiofy aqmu@empomts with a
was too severe and ereforegig% enuIS|oq

Si ze .
decr edSiat VeI REPIBRGLAON G GeglatifRaPYSRIBHsiOn. Adfter the completion
mulst i Rl edcfsﬁ%d tﬁ’é’ 'eﬁ‘fu?sﬁ% SRodtd "6l Rbh¥EsdRr thtoﬁf%g homogenisation
dosing created large pore emulsion. After th
conpl gtetiod vais lolgs ipory, sitehdecesasédi on shoul d be
honogeni sed but if the honobgeni sation period was | ong,
pore size decreased. Controlled mxing as hereinbefore
def i nqeh, ARYle8Cmtihg | £2heRintR¥drENdlGThed Chrlal/| E@lmﬁlcél Y extended.
is sufficient mxihg to cause the dispersion of
aqueo itiah sExingtie suffeclemt Imipingste causdthet dippraision of aqueous phase

nolfogarBaie o skt Pu Pt B Gy CAGPY R s cbiained by use

subst gt ﬁbhﬂbgé&ﬁéoh@ rrﬁkﬁ{geﬁemt wagresylﬁo%é Qebik es%gtgmhuy uniform
and phase inversion. MXing nay be by any nmeans suitéd

t o pr grecatiag koobgembigskdrivki agl phast thvetdist.ant i al |y

t hroughout the total volunme of the two phases and is
preferably by multiple blade, nultiple jet and the

l'ike r thonffe r

to t he t e hi ?%%f%y%g? xﬁ‘é’anLb%té‘d E&qu]é%@h?ej\?enen%é% ibdng field
stigbl eubstahimlbnﬂnwuglouaﬂlgeomb Nelumeamfeﬂhe rtwiogphakgsadndeid preferably

by mnim i nt.ensi.t in Accordi ngly by
meansqﬁ’f h‘é’?‘?ﬁ ag‘ﬁéWﬂBBé Bq?é‘%ﬁ]il?ﬂ E@“’g’ﬂa €the like a
stabl e enul si on may be obtai ned di spensing with the

need for intense m xing. Honobgeni sation can be carried
We have previously found that, contrary to the teaching of US 5,071,747, the

achievement of a stable emulsion with large pore diameter is obtained by
20 minimising the intensity of mixing. Accordingly by means of dosing,
homogeneous mixing and the like a stable emulsion may be obtained
dispensing with the need for intense mixing. Homogenisation can be carried
out in an external loop using a pump, such as a gear pump Or sCrew pump
which can also be attached to a static or dynamic mixer . Types of static or
25 dynamic mixers suitable for this type of homogenisation are described in:
Akay, G.; Irving, G.N.; Kowalski, A.J.; Machin, D. Dynamic mixing
apparatus for the production of liquid compositions. US Patent 6,345, 907,
February 12, 2002, and Akay, G. Method and apparatus for processing



out in an external |oop using a punp, such as a gear

punp or screw punp which can also be attached to a
wereaisioa743s dynam ¢ m xer . Types of static or HgMEER2004/004651

m xers suitable for this type of honbgeni sation are

described in: Akay, G; Ilrving, G N.; Kowal ski, A J.;

Machin, D. Dynamic m xi ng apparajsus for the production

of liquid conpositions. US Patent 6, 345, 907, February

12, 2002 nd a G t hod and apparatus f .

ot ocedl S FRL o Rt dPINOTANG R RSHor dilemational  Patent
ol y meq §plichibe it PERI&atiba RO 20068004885, | RAuary Gk, 2004.

Publ i cat’i on WO 2004/ 004880, January 15, 2004. Dosi ng,

enul si fying and honogeni sati on may be conducted at any

Pt TSR PG PR 8o 5l B A i

I arSge,teﬁlF)Eraﬂfrefde?e’rﬁlﬁhg enpied pérersizd th thie fhhal Plyhipe polymer. If the
nevert hel ess, bel ow the boiling (goi nt of the | owest

boi | i rilgsisechBere sie iadues e prefewed stemperafsnishighobyt neyertheless,
phase, ' .1 ’ t fiou t

t he prbggogg gﬁeol?&{l%s {)ﬁﬁggfﬁﬁggﬁwg%ogyl edg?mﬁgl i P &éegp ?g’lrl}ase as the

t enper|givestebaifing Hhase, BBt &1 aro8A 1108°CN POhYTBESH B&IHAIIthat the
obt ai ned havi ng pore size in excess of 60 mcron.

| ncr egwecasf odnthe shyéntiani emplogmgeemulsifeattiovenpdratire of 60°C or
results in dr tic jincrease i ore. si.ze by an anount

gr@at egfe%tﬁfal??s‘callﬂ;fn BeRMere e‘F‘Sroq’é BeHNPYRE AL 858 dnjgycess of 60
t enper : . ' .y i . .
t ompor Gris BELA Sfbrlolp TR BTSN T s in dramaie
t enperiatrgage @f Félﬁ%iiﬁﬁbﬁ&h deount gephatan thar adka@mgl for a similar
the | owest boiling phase may include any suitable
conporigeteasedaperaperawre bglew G0fe. boi | i ng poi nt.

Preferably the aqueous phase includes an el ectrol yte

which is stable at 100 C and is potentially inert. By

thiss e gakhgul! &aESTFichSo t@hssaRky nea" bé Qe tiRh the normal
el evat ed pressures when the tenperature is above the

boi | i rpilieg iempsfatue iismlomsst boflieg phase.dor expmple the lowest boiling

tligp gp%talsjer ?nagra}ﬂ %dé grr1y Qllngal?)lé) gcgrgpgrilen? ac‘?arf)‘iflelcf3 %.oorre]l?seitﬁe %gi_ling point.
Preferably the aqueous phase includes an electrolyte which is stable at 100°C

and is potentially inert. By this means the process is preferably carried out at

20 elevated pressures when the temperature is above the boiling point of the
monomer. The preferred temperature range for high pore size emulsions is

70- 110 °C.

Emulsification and subsequent polymerisation can be carried out at
25 temperatures above the normal boiling point of the aqueous or continuous
phase materials, by increasing the pressure above atmospheric using closed

continuous processing equipment.



Emul sification and subsequent pol ynerisation can be
carried out at tenperatures above the normal boiling
wWQQbis040f35t he aqueous or conti nuous phase nat ePCaIGB2003¥004651
i ncreasing the pressure above at nospheric using cl osed
conti nuous processing equi pnent.14 The process may be
carried out wth use of addition aqueous or oi

phase initiators, cross linking agents, fillers and

the like and it is.preferred that these are stable at .

the bl aFCBCPaY (g or e R st ST rH BlcRBRpregts OF oil phase
def i ned;itjaRk 8GbssAiGhg hgbntd, #IRFSandCth® $ike lah i i9 %régﬁéﬁ that these
and the like is nade wWith reference to the acceptable

Vi scosire ystaifle tahghe aasémuo ppeating itéppergtuands hereinbefore defined.
honmogeni,si ng. J.t.. be acceptable to .reduce the, .
aount et S it Stpss Jekine sieagd By s pdewith reference
Pr GpOrihi R alepibR BRKIFR bE iR hab& bl ¥ fhol 4 Rising.
pol ynmers, gpf?onally m??h thggﬁse of]gﬁgg?tggkgﬁgﬁr%klﬁng It

phase 1hay bepceeptablctogadececht aphasteofiarbssimkanglageatitegaired by use
effectiyve viscosity.,. Preferably the ocess of the
nventtion POTBHIIREE o G By, i qebish i fuke o polymers
the oidpRAARE witiPUR! B oMal Suifibld BilPHIASE Mfer 3D AGMEQUSI] phase
phase initiator as known in the art. Aqueous phase

i ni ti atcdume ang rdgskice effedivedifcositoper ati on at | ower
tenperatures and i nclude sodi um or potassi um
persul phate. For operation at el evated tenperature

above Breally khdPhde&s oPitel il &tRnas %hﬁﬁ@cteﬁk@bdryyus‘&ﬁ%n initiator in
for exanple, 1, 1-azobis (cycl ohexanecarbonitrile) or

| aur ylthpetlpbiasks togathes svith erkinrjacegefian agmgotseplfase initiator as known

exanpl.e divinyl benzene (DVB). If the pol yhi is .
Fequ Bt 3 A RStAbT RO ey e FapReE Fcderies at lower
can baeRBeahies and MRISICIRABEh | IHKbIEsRAC PESuphSte. For operation at
ethyl ene diacrylate, NNN -diallyl tartardi am de, N

(152, devwyalt eoyetdtareeibove BOSC-@t phdsenindatorand: Pedferably used for
- triallyl citrictriamde. However, in this case of

bi odedaHRd- A4 (crrlehexaneerboniirilpkr lppybperoxidsul d

be bi odegradabl e. These polyners are poly (lactic

acid), poly (glycolic acid), poly e-caprolactam and

pol yaoCsoss inkéng agent may be for example divinylbenzene (DVB). If the

polyhipe is required to be biodegradable, hydrolyzable crosslinks can be
20 obtained. These crosslinking agents are ethylene diacrylate, N-N'-diallyl
tartardiamide, N-N (1,2, dihydroxyethane) - bis -acrylamide, and N-N'-N" -
triallyl citrictriamide. However, in this case of biodegradable crosslinkers, the
polymer itself should be biodegradable. These polymers are poly (lactic acid),
poly (glycolic acid), poly e-caprolactam and polyacrylimide.
25
When water soluble polymers are needed to form the microcellular structure,
they need to be crosslinked . In this case of such polymers, monomer (such as

acrylamide) is dissolved in water and a HIPE emulsion is formed dosing this



When water sol uble polynmers are needed to formthe

m crocel lular structure, they need to be crosslinked .
wonoshusssase of such pol ymers, nononer (such BET/GB2004/004651

acrylamde) is dissolved in water and a H PE emnul si on

is formed dosing thisl5 nononer solution into a

hydrocarbon Iiquid such as hexang or toluene in the

presence of suitable surfactant, ‘initiator and

crosslinker. Proteins and.cellul gse. can.al so form .

i or odBPRRSE sclyhct B ayaiesarpp ik Bith b digane O toluene in the
nat er | ;ﬁés%n&é’gﬁlﬁﬁblewﬂact@n@ witiabt Sneerebdinkber are

di ssol'ved 1 n a suitable aqueous phase (water for

proteins and Schweitzer's reagent, Cu (OH) for

B ST SRR S 1 B e
| ner $hag hHbRriklsRBdtRéOwah $uithbRerilslet hay ASHNIR a suitable
(for proteins) or acid solution (cellulose). The

pr ocessuaays phase (otater farrmpdigotsiand Sshwaitgersucagdnt,eCu (NHs), (OH),

di fi h [ f def i ned [ t .
SubsedibReTHEGR] AgL G ShvaRGrPen dmiCiodbama water continuous
may begipH r equsgidking & NRhVEP B SiBnAGeoms M &1t dsolution of
dosed i nto the continuous phasé as herei nbefore

def i neglutardldehyda(fov etoteinspasicidsmilytier (celdulpen).
nodi fication stage is enployed, which may sinply take
the form of renoving surfactant, electrolyte and

unr eachiROnFBER TRy ineRAb itebduktéd BEANPAlMBRY h8diiePRs Réreinbefore
reaction on the éxisting polynmer surface. Modifying

agent slefimed poigi £ casubsequest torpalymstisationk digwexamplehaodifiers may
art. Polynerisation is carried out .under .known. .
condi (oML oghoed troths chsnelied eGPttt apAdiOFed e the gontinuous
NMDNONMEShas®| la§ ORfeiditfore! REABE! YAREmhGvdNe ROI YoBeT ipdBierisation
as known in the art. Preferably polyner 1s polynerised _

i nl5 ndnodifigatiomsthgsissonploged, avhedh may siniply tale. theon hBsemoving

aur 1 ngpetiaph IRBEKFEM D Sicri mgPPaft, sbrae Mt obmerisaton
cut ti ng trRg#A! Wierthé NEQsRGE kﬁhclngmgpt QirfRk. OABAIeSY! tagents and

in the fragnentation into small” particles. 16
modification techniques are known in the art.

20  Polymerisation is carried out under known conditions of time and temperature
for the respective monomer, oligomer and or prepolymer to be polymerised, as

known in the art.

Preferably polymer is polymerised in individual molds so that a skin is formed.
25 This has the benefit of preventing attrition of the polymer during use in a
packed bed. The alternative method of cutting the polymer into packing

material can result in the fragmentation into small particles.



In a further aspect of the invention there is provided

a novel pol yH PE pol ynmer conprising pol yvinyl polyhipe
wanasig743ade up of oil phase nonomers styrene, PATAGR2Y04/004651

benzene (DVB) and surfactant (Span 80 sorbitan

nonool eate), additionally incorporating nononer (such

as 2-vinyl pyridine) to nmake th ol ymer water

adsorbant wi thout causing the enulsion to separate

ﬁgﬁgﬁéﬁ b?I( ;H% eerS gs%tgctlegﬁ);ﬁe ﬁg‘?i%ﬂ?ltogg%ysea{ise?%@ (?ed a°hovel polyHIPE
i ncor |

absor RNERs YT oty AR AR Aud BEIMAR R TPtk monomers
char atstyremes elrijvihyi liehad:netdﬁ);ﬂf»bﬁryimfactanp(ﬂp&a§0psor‘te‘sln|monooleate)
the ra to 300 m cron,

o 20aattiPaly ddecpaTaing miBiout 4dihops PO piidine) B make the

addi tigp, ;},%éryw fbr LNR5AR %ﬁﬂ%ﬁ@&du@ gqhe Eﬁmffa{raﬁ&g@fa%e preferably

are hig coa esce pores 1 n the range up to 10
m cr orpresegt ip ahcandQu@d®fnd er d)@f’/oaami/cbrormmdmet iiswhf asg ﬁmehyl hexyl
aspect of the invention there i l%ri)OVI ded .t he e

gasi f i3FY1atRb{h BiForraraty £Lsfirits epd AMPERYS; rechanica S@@f& alfsprbance

and rf%aogdmdmuﬁhIchgﬁac@ﬁgln&oxﬁ&raaeﬂlmh th&t thBPolymer comprises
gasi fication of solid fuel as hereinbefore defi neym

pr ef erpmiésyintthe rpage Oalt © HPnbieson, ke)gé) lg&s@é nfiigronugetoi 200 micron as

energy generation, for.exanp er na

cobu Y garos Ao as adgidimal irdhe) SPgeragionsef the co-
engi N&goMmdry Gle 158! SaleledBbids b th %n%e% 10,060 hfi&: t
|nvent|%nm§s V\e/e g k urtﬁ pr efeera Ieﬁ]fﬁgatur es V\/loln1 °8 Up 1o
now bel, @Qﬂsmuqrbmadrevﬁotmed eference to the follow ng

drawi ng: Figure 1 is a schematic di agram showi ng a

gasi f ilara &otler dispept taf thhein‘fznmis»ertheﬂeni\sqnbi/idnd tht gse ef 2 gasifier,

is a sch tic dl ramsho the gasification system

Wt h IR e G oHO B cengn Sy SEBr REDpt Sgier ahd novel
prgse Lthe oB35H dolif Fuel a%*}fé}@nlﬁé? 1%'&1‘41 & ferab
beﬁsuaﬁé)il%@%gg th aSlﬁl&\qlle ovesr a}l zones. 0 iop %}e erably to
end ofgmhmtegamnbmsemble piwes doff usd iri endrgy rgedctra‘emh tfy)r rmample using
of at oPernalf combustion gas engines, gas turbines, dual-fuel diesel engines or fuel

cells.

A detailed embodiment of the invention, as well as further preferable features

20  will now be described with reference to the following drawing:

Figure 1 is a schematic diagram showing a gasifier according to the present

invention.

Figure 2 is a schematic diagram showing the gasification system with a

gasifier located in Fig 1 according to the present invention.

25  The gasifier 1 shown in Fig 1 can be subdivided into five overall zones. At
the upper end of the gasifier, where fuel is introduced by means of a top fuel
air-lock rotary valve 22, is the fuel storage and drying zone 6. Below this zone

is a pyrolysis zone 7.



air-lock rotary valve 22, is the fuel storage and
drying zone 6. Below this zone is a pyrolysis zone

W@ 2008/08h35fi rst oxidation zone 8 is | ocated bePOWGH2804/004651

pyrolysis zone 7 and has air supplied to it through
air intake nozzles 12 in the first air distribution
throat 2, which defines the lo edge of the zone,
and in the upper part of the reduction zone 5 Thi s
throat_is_.inclj

ap .an Oto
or ef erH §‘}rsssasi?ﬂ% Boud 8 ke BBt s s g 7 and has air
down tdy ?pl@&isﬂo it B0 gflﬁﬁr Hﬁé/ketlﬁ)z%lég \qun@l-?e ﬁﬁ@gﬁ‘ dlﬁr}bu’uon throat 2,

angl e of" greater t an 40 leads to restricte
f1 ow. wiiieh tdufinas tBe ilewen gdgh wfwht dedet and hir uhnnmper part of the

San airadition goas o, i TR is gieref ap ngle ABEF off S g Breferably
and i S;uBaf hhcy)h %5 ky aidlstﬁf: Wow\be el aswatﬁ@gaﬁﬁeloan& nﬁay be curved

throat exceeds about 5 nmetre. Such zzle'is
pr ef eraalshgwhodntsglecd lgreraadrlt]yara‘b(b‘\/leadshe réstristed dinel flow. The throat

di stribution thr The a| up d.to the air

i nt ake* Hd%2 ¥§Vei‘gea‘#tpc2§];’r‘? E’HFW% Eé’faf(gp‘\ﬁﬁeeﬁlll is formed

bet wee theflrst istributjo

out er r‘F@P‘Pa it Bty Pieen aicheis Pt e Hipoupion zone,
ring ﬁo% le{nyaﬂs%ﬁﬂf Ach e dBMm¥teRIdF the bRk éé&:le&?s about 0.5

9. If a ce al’r nozz e set 24 is present this
suigp! imetrai Budlr ammezalal iv epreferatiip slecape r @nirely | afbove the first air

connecfed w.th that_of the pr air intake valv

o iShipiaon o o 3% B sBpkoh f e O PisiaaAcs d from a
24, ity lﬂrgdlm oh&iied ist ﬂaﬁhe@ta&%eﬁ\ﬁ% fiRt 5%15@&1)&% t%at 2 and the
i ntake nozzles 12 are |l ocated on the surface of

i ncl i nedertsheb af 2, gaaiftr.tAmts admittod o thisiring dllC'923 by means of an

| ocated.in the.re uct n ne 5 at |.east .20c hove
e paNTBAL B RS Vbl BerouRl 4 SREREr 2F aipesent this is

no175ZI &u f)gflec?ﬂu'ﬁorﬁrae%ﬁ% 25! \Qﬁ&eaﬁpe@ﬁﬂﬁf 1snéHfB€éte@fw1th that of the

nozzl es [ocated in each | ocation. The throat

| eads pgrimacyradintdkieonalvedhe 5 whi ch descends as a

conical tube into the second oxidation zone 14. The

cyl i ndera gdsifidr where these isi toeentrhkair edzrd¢ 'se:1r24z danig p&fd:msi that about

a perforate t.al ysis . shell [t 3.so cl
t op al 115 t&)ﬁgs o? the e}{r {ntake nozzleg %2 are locate on t e su1 ace O‘}'][ﬁe inclined
throat 2, and that the other third are located in the reduction zone 5 at least 20cm
20  above the perforated part 3 (see below). If a central air nozzle set 24 is present,

then an equal number of nozzles are located in each location.

The throat 2 leads to a reduction zone 5§ which descends as a conical tube into
the second oxidation zone 14. The cylinder which circumscribes the reduction
zone 5 has a perforated catalysis shell part 3 so as to clean and to allow the

25  escape of the product gas 13 directly into the second oxidation zone at the level
for the gas discharge pipe 18. The angle that the perforated catalysis shell 3
makes with the vertical direction is 10 to 40°, preferably about 20°.



escape of the product gas 13 directly into the second

oxi dation zone at the level for the gas discharge pipe
wa&oosiaei3angl e that the perforated catal ysis sReriGB2004/004651

makes with the vertical direction is to 40, preferably

about 20.18 The second oxi dation zone 14 has air 15

supplied to it through air nozzlg§ 17 which are

| ocated in the second air distribution throat 4, which

arso 1 T 1o SReafioRzaR 1h s B plptia BiClyiely g novates 17

about which 9t ld8atk@ irihd sttndf dioMs@ibutive thro@f] wiHith défines the lower
considerations as to the angle of inclination of th

e
first esige ofi Serzapgt ilbis thipdals dsappilinefeatean argle tMr 0ht10 to 40°,

4 is rjgkdl I oto 1t L nperssurftace of, the . .

gas: 1 1PLeitnhy W00 B oA IR A gl A6, Sigbfer considerations as
pr ef ertalthy afiylerertineG@itionVdftthe the it Bftritdition throat 2 apply here. The
distribution throat 2. The term'symetrical’' as use

her ei rthrashdds tigilly wielded\ip thehinvar surfaceof the gasifiertlnand is preferably

sane shape,and are | pcated about C n.vertigal., ..
i 5. RBE R e RERL Sy leof, FRT R T Rl B Ribution throat 2.
from artd feem dsahmeical shiskd héRinBEaethuese thidehfR&0Pdnd 4 have
air distribution throat 4 and the outer shell of the

gasi f ithe sapg phaps and are losefed abeytarommoemyertiodtaxiss by
means of a secondary air intake valve 15. At the base o
of 10t helhkyagir fis euppliedaostbe e wtrkeeyrlea ddefromoa iring duct 26 which is

the. crbid PREVEELh SedBlal ARl FichPIEh) @9 ler shen of the

di schagaTer PYAFE REnRfte@Midithis! @K du&t 26 Yy Ak &0 secondary air
with a slldlngggate val ve 21 on top. Gas produced in

t he gastakeeplvedSr enoved by nmeans of a doubl e vortex
di scharge pipes 18 which is preferably maintained at a
r educedit ihe dssaolche gasified bosscrévagonrneayos piast il iplossisdte remove the
by. it he use of . as _suction fan (Fi.g,2). .Ihe.upper .
D a‘j; 6a’sﬁ7sjfag8{n1 rmnlagsqtftfl% en oggg? &Fgﬁc:ﬁhorggr.ocess. The ash is
si m | adisdRRRAIby MedhsCTinedit-lRRabtaPWAIGE 20twiaa isfilRE . gate valve 21
whil st the Tower part 14 of the gasifier reactor 1
oper at@stopn a simlar manner to an updraft charcoal
gasifier.

Gas produced in the gasifier is removed by means of a double vortex discharge

pipes 18 which is preferably maintained at a reduced pressure, i.e. less than

20  atmospheric pressure, by the use of a gas suction fan (Fig 2).

The upper part 6, 7, 8, 5 of the gasifier 1 operates in a similar manner to a
conventional downdraft gasifier, whilst the lower part 14 of the gasifier reactor

1 operates in a similar manner to an updraft charcoal gasifier.

The cross-sectional area of the first and second oxidation zones 8, 14 is less than
25 that of the fuel storage zone 6 and the pyrolysis zone 7. In order to maintain
uniform temperature distribution across these zones, the cross-sectional area of
the reduction zone 5 is smaller than that of the first and second oxidation zones

8, 14.



The cross-sectional area of the first and second

oxi dation zones 8, 4 is less than that of the fue
wetaarsagei3zone 6 and the pyrolysis zone 7. | n OPA@IGB2004/004651

mai ntain uni formtenperature distribution across these

zones, the cross-sectional area of the reduction zone

51is smaller than that of the fiyst and second

oxi dation zones 8, 14.19 For the gasification process,

it is preferred that uniformsize i quettes .or. .

pel | etfgorglﬁe gasiiic 153.n @g(a:gﬁs, LS QF%Z%ECE ﬁ)&?\.}ﬂﬁ sge briquettes or pellets

car bonaqgeus] [RER RS Bloilasdof SR ABomAsehR MERHENPaR used so as to

uniformair distribution in the throat section above

t he r eghieve enintions 28 distribution irstheghesiat sectidn ahave thegeduction zone

maxi l.anet er of e briquettes.of fuel .is not .

| ar gelg'tﬁé%gﬁgﬂ Brrapd fi e Hﬁ&?ﬂrf&a@s{ﬂ phftie tgtdufigs of fuel is not

gasi fijgfpel 15R @R éi@hﬂﬁrcﬁ\/tﬁatna%w%&e%afrpbﬂﬁie' eRifidd 1 R as to prevent

first oxidation zone 8 above the throat 2.

Ther ndetige fesngtivntin sheolinsy oxidgtidezqneSratwed thethoagBout

the gasifier so as to provide nonitoring of the .

gasi f iTTerinopoyplescems showiby indy elprewided ghpugkout dhel igasifier so as to

Uhe. daSPPLE SrosRtopt e e, G ioR Aok oS BriiRe haikmesgoler andlor
oxi datyiBR&OoRBt 3heRRY ﬁlﬁlsf hisd BE Qstbvide®@ o [ aBleCg rHes{rggion of any

accunul ation of ash.” The poker and/or vibrator can
at t0ac Hedlgatthathormepn thet st swidaiiom zade 8 hboyrathefthemat 2. or to prevent

The gasifier sho i.n Fi IS erated conti nuousl

af ter TRPECARTRGRT OF 83 e RaksF AndY VAR CHE baralgeed at the top
t akes ARQUecRort f the cHlifitt £S, depending on fuel

consunpti on. hbturagly dense or densified bi omass

and/ or fridraastRnamenys Jat@ SoriRad ROkt igniti
gasi fiTeWSf ; omthe top uells%lave 22. Aflség}F at hemstiiahlqillct”yzlnmon and

fuel |statiupg wiscle arsphllt eakdsuebowtabve A2 arivutashdepending on fuel
di scharge val.ve 21 are tenporarily stopped and seal ed,
and t HOUGYEPURRt i on punp (Fig 2) attached to the

di scharge pipe 18 swi.itched on, so that reactor reaches
a pr oSyl S%}ES T éé&sg?eﬁogwa%ﬂss b g@ﬁsséﬂrépp@eous fuel) are
press 365(1&:&%%1%6"1{11% gHsiﬁeﬂ DiroRf thEREY fleDVAKE 281 M fief the solid fuel loading

e il; c;?)mplete, fuel valve 22 and ash discharge valve 21 are temporarily stopped
and sealed, and the gas suction pump (Fig 2) attached to the discharge pipe 18

20  switched on, so that reactor reaches a pressure of about 5 to 10 mbar below
atmospheric pressure, at which point primary intake air is introduced to the
oxidation zone 8 via a ring duct 23, by opening the control valves 9 and 25. A

gas burner (not shown) located in the ring duct 23 issued as an ignition device

so as to ignite and heat up the fuel in the oxidation zone 8, until combustion

25  initiates.

The distribution of the air intake nozzles 12 and 24 allows homogenous
penetration of air into the oxidation zone 8 to support combustion of the fuel to

achieve high uniform temperatures (>1000°C).



oxi dation zone 8 via a ring duct 23, by opening the
control valves 9 and 25. A gas burner (not shown)
woOaomtatt3sn t he ring duct 23 issued as an i gni PCOIGB2004/004651

device so as to ignite and heat up the fuel in the

oxi dation zone 8, until conbustion initiates. The
distribution of the air intake zles 12 and 24

al | ows honpbgenous penetration ofTair into the

oxi dation zone 8 to su onmbust | f the

ort fuel, to,
achi e\&ngsi @rPH?FﬂtPBrtﬁmPg‘PﬁB’é? gt thave 1@9% 8@5 begy e@ﬁ@h%‘ in the first
oper atj ur a S
oot apl (ARG 8 Sudhals B Eort dn wpraRs SIEERaneonply, perforaed
i gni ticatalysis ftkqBechn 8 antivhied dyusing sudebleanethEbhse catalyst to allow
catal ysis jacket 3 can be activa ed¥by usinq syi tabl e )
met al “tBaOtCRIOIPSs £2% 3O aPass W PHEDh o NP igtfiRG! gugropgrous catalysis
pass t Thi 8. i r '
B Pangaiagdient T o QLRINY il I8 GroadSlafHhs:, product ges 13
tar freegorpreasicvegthe ghSifierl oTke gpesatirnteapetdi@egdthd fiest oxidation

1. The operating tenperature of the fjirst oxidation

Jone 98¢ HEASTER &S HRBUEH DBLET §ic ERfgaS FPsaueatly controlled by
subse . . . i i . i

T nnaRsile SRR ELA R aRingRE DR, PRiG KPS EARIARl be operated
oper atadsabwass RO afSit? déxahumt throgghpnupagakity bbyhgorttrolling the air
capacity by caontrglling the air intakes 9, 5 and 25.

Th hﬂ-%*?%%@%ﬂ%@&&% achieved in the first oxidation

zone 8, results in a tenperature of about 400 to 600 C )
in theltgy Seﬂfwr%p%tﬁge ?,chlgwf abdhe Hrgh oridaHoR reongy 84 fgpults in a
zone L atl fnnt . : ' o
pyr ol yrgeh i 81 aBkiol0 003G n YR sis Mhl PG el Bbout 100°C in
uni f orthe diyigg fored 6 Byl radédteasdsheheapuptvatilse gases and

fornms charcoal w thout the supply of oxygen. The

f ol | oviDigng eheqiyirelysisawhichypayciake aboutldseinuat tHeadedse uniform size

place in the pyrolysis zone: Char Formation 0.17C H C
C 15 0.fgshllizelghses cogibugtibly gaggseand forms charcoal without the supply of

oxygen. The following reactions are typical of those that take place in the

pyrolysis zone:

Char Formation

0.17C¢H;oCs = C + 0.85H, AHjzpx = -80 kJ/g mole
20
Water Gas Shift
CO+H,0— CO,+H, AHjp0x = -33 kJ/g mole
Methane Formation
25 CO+3H,— CH;+H, AHjzgox = -205 kJ/g mole

CO, +4H, — CH,; + 2H,0 AH;:,O()K =-192 kJ/g mole
2CO +2H, «+— CHy + CO, AHyogr = -247.3 kJ/ mol



Water Gas Shift CO+ HOCO+ HD Ho = -33 kJ/g nole
Met hane Formation CO+ 3HCH + HD H = -205 kJ/g nole
waos/04H3EH + 2H O D H300 k = -192 kJ/ g nol e 2€0THEB2604/004651

<-. CH+ CO 298 = -247.3 kJ/ nol 21 The charcoal is

then dragged under its own by gravity to the first

oxi dation zone 8 followed by redyction zone 5 wherein

exot herm ¢ and endotherm c reactions respectively take

pl ace at high tenperatures. The follow ng reactions

are typical of those that take pI ace in the oxidation

zone %I@d rei ahs%%g&%g l&l%} S Pl“q-l[?@ gqaﬁtbé%%hlé%{i% rTngation zone

k‘]/ 9 @foll%@veﬁddﬁ'éﬁﬁ&ﬁ)nozon@@%&éﬁg ckdiBertit 4l eRHoBAMSic reactions
8 at a tenperature of at |least 1000 Cis that any tars

i n t haegpectivdly siks plrses highddmpemtires.t he pyro |ysis

zone 7 can be cracked to sone extent to produce | ower

chai n Trenfgtlbwingieactmb arstypical vfihosethattake plazeneths oxidation zone
(al so often referred as gasification zone), the

bi ona char is converted into product gas by the

reacti on W}étht gases fromthe above zones 6, 7 and

8. The ¥6F Gi%to" eacti ons are typical of those that

t ake pl in the reduction zon e Formation
C + 2% (tl-‘f@zﬁ* Q74.9 kJ/ nol W@@ﬁgﬁ@@%&q on
CO+% 02 - COZ AHzggK =.285.0 kJ/g mol
10 Hz + % 02 — Hzo AHzggK =-241.8 kJ/g mol

An advantage of operating the oxidation zone 8 at a temperature of at least
1000°C is that any tars in the pyrolysis gases produced in the pyrolysis zone 7

can be cracked to some extent to produce lower chain length hydrocarbons.

15 In the reduction zone 5 (also often referred as gasification zone), the biomass
char is converted into product gas by the reaction with hot gases from the above

zones 6, 7 and 8.

The following reactions are typical of those that take place in the reduction zone

5:

20  Methane Formation

C+ 2H2 - CH4 AHzggK =-74.9 kJ/ mol
Boudouard Reaction
C+CO,— 2CO AHjeex =-172.5 kJ/ mol

25

Water Gas Reaction



C+ CO 2CO D H298 = -172.5 kJ/ nol Water Gas

Reaction22 CO+ H<-. CO+ HODH=- .2 kJ/ nol C +
Wweol2005/04743€0 + H D H = -131. 3 kJ/ nol The produCT/gBems/004651

fromthese zones are then sucked through the

perforation jacket 3 which may be filled wth highly

active mcroporous catalysis in 4he wall surrounding

the reduction zone 5 and exit the gasifier through the

?'hZZhaf?@%ﬁ#z?%aﬁﬁongﬁﬁﬂés?eéﬁéﬁ%ﬁﬁ’%y EE%ﬁéﬁpﬁi‘ét the
Phe. aroiihi 2GOSTE par i cuPsles: s bkea pmey the

product gases, particularly in the second oxidation
zone 14, and carried out of the gasifier 1. The

remai 'ng c artlcle whi ch are not co t el .
gasi T 1 B S GHES e area e S aroudi digperforation
oxisdat;h gh 230{11?11011411159 rbesi?l@é?f‘%hyhlgﬁ é@fv’e%nﬁ‘%rous catalysis in the

gasi fl cation of any’ remai ning ch in ash simlar
r eact i walb surhatndoggcthe redulctnbrezcﬁneriand)eoutjﬂnt|gas1ﬁznﬂneo@1 the discharge

The praqdu s fo din.the sec usti )
chanpanba i8; 30 Eer B RERTE: PO NS WP LT uzging fhe reduction
to the,negaliiowr hE gfoﬁ%tega@md &t Rsid0e t4H Sie AR 9&1ukSs the amount

The amount of secondary oxidation required w Il depend
on t heofrashrand pagiiculates poaked eptbyi the pﬂhiuof gdshe phtelugarly in the second

h ash fuels ch as s u L.eat her wast e,
pe]t ol BidatoBZO8S sefll‘ilcfﬁ ledh(&gé’éﬁﬁogag%%ﬁéét e (RDF), bone
meal hi cken .and, catt|. usual | sul t
car bor MR PRHENG 1t PAEIGOH IC s nabgqmﬁlsﬁe éﬁqfﬂlr&tﬁ% reduction
i sol atjpn ffal??rﬂ@ thé’s befrﬂdt i@stlonl Pordehfs HB BecBXd tdoﬁfbustlon and

zone. In t e gasifier o e present Invention,
anountgasificatiom nflany ramxdidiagichar imashhgy $aml>arctea>o¢1mhatthaj roccur in the

fﬁQesééraL Gsiighan pon B b, iogBele Pioeddb sffarepndary Sombustion
XA GREERS WUEELGSREIR b be R SR Sy s
C) | eaapplibthdo dlass distleargd 18r Bhe fhveunt of secondary ox1dat10n requ1red will
depend on the remaining char content in ash of the fuels. High ash fuels, such as

sewage sludge, leather waste, petroleum residue sludge, house-hold waste

(RDF), bone meal, chicken and cattle manure, usually result in low carbon

20 conversion in conventional gasifiers due to the isolation of some carbon by ash
in the main oxidation zone. In the gasifier of the present invention, the amount

of secondary oxidation in the second oxidation zone 14 is controlled by the

amount of air admitted by the secondary air intake valve 15.

The secondary oxidation zones typically operate at between 650 and 850°C.
25  Mixtures of hot combustible gases (at about 450°C) leave the gasifier 1 from the
discharge pipes 18 after passing through perforated catalysis zone 3. In Fig 2,
the product gas, which may contain a small amount of tar (less than 20-50

mg/m’) and particulate matters, is discharged to a cyclone for particulate and fly



di scharge pi pes 18 after passing through perforated

catal ysis zone 3. In Fig 2, the product gas, which may
woanmisaum3a snmal | amount of tar (less than 20- 58CTg/BIBNM/004651

and particulate matters, is discharged to a cycl one

for particulate and fly23 ash renoval and then into

one or nore heat exchangers and gas-water scrubbers

with final gas filters for further processing, such as

precipitation.,of -any .tars or nmoisture in the oduct

e P o Vi Ak 5o, 1BfE neCor iprestich! Sxebiipqed all S ater scrubbers
ash augien ikl Rl férofudthyr ﬁl@bé’&%ir&ﬁ s@dLaPPREDItBAon of any tars or
continuously Such a rotation rate that to extract slag

f r om trheistueaint the pswluchgas. gasi fi cation process is not

di sturbed. The node of ogeratipn of ash auger 19

depend3uring ndrerahsperation ehthegasiiws ilf thedishiavgerskd andotherotary valve
waste., It is preferred that, the ifier.is operate

such At s%&ﬂ%n@sﬁ%ig el A RRORgRERe’ A B S from the
r endvadadi6i068 HAE gafitdtioRl prodess 9§ hot BRABA. THeAMb&e &f operation of
illustrates a gasification systemconprising in

ser i estshiahgerd&@gleperds asf the ash contenttof gasified hepneass and/or waste.
scrubber, a double polymer filter unit working in
t anderlf isapfedarredathiithe gasitieruis| apepsded, sunh thiat thercagrint content of the

T T O OB SiER £7
88 SRR SRRSO el PSRN s o

can hahpednvelitionn@ sl tscugbbshien ddublet polyaent Bltdr usit working in
hi gh. During the nornal operation, while the gas is .

goi ng Erfedughiaana fsherrdqupls polymer Hiey Haif apd means to exit product
gener ' box filter by bl ow ng hot
exhaugagg%ﬂs&ggf%%%&ﬁg% the internal conbustion

engi ne. The regeneration can be conducted at 80 C

whil e the gas cleanup is conducted at tenperature

belSow Ui g5 from thegvateraebber camalse bippsp e st dpyble palymer filter
secon P e e . .
2EcondheN ) it ot A9 R LEAII it necad o
mat t ercanshapp&® dugh@istedup Whea the lthr ednitan is highamlemg the normal
repeated at the fan exit where the pressure is high .
operation, while the gas is going through one box filter, the polymer is re-
generated in the second box filter by blowing hot exhaust gas coming from the
20 internal combustion engine. The regeneration can be conducted at 80 C while
the gas cleanup is conducted at temperature below 40 C. During regeneration

using polymer in the second box filter, exhaust gases are also cleaned through

absorption by the polymer and particulate matter is also retained.

25  This filtration in tandem is repeated at the fan exit where the pressure is high
which causes more tar and moisture condensation in the second double
polymer filter unit which carries out water/tar absorption. There are
restrictions on the gas temperature before it can be fed into the internal

combustion engine. Preferred temperature is about 40 C. Therefore the gas



whi ch causes nore tar and noi sture condensation in the

second doubl e polyner filter unit which carries out
woabwsrou4tas absorption. There are restricti ons 8aTAABR004/004651

gas tenperature before it can be fed into the interna

conmbustion engine. Preferred tenperature is about 40

C. Therefore the gas24 fromthe % n outlet nmay have to

be cool ed. This helps the renoval of the tar and

noi st he 0 ol yner .,n e filter

e ¢ helin e St ot atish i g v ay hilBs HietsiqvAP ST the tar
non | 'afﬂdtlh&gtui@ﬁ‘}nﬁfe ﬂﬂcﬁd?ér%ﬁ@?@ﬁyn{e? it R ik |b936"af‘ﬂhe fan exit.
exanpl es. Exanple 1 - hod operating gasif er

according to the invention 1. Start-up The st art-up

st age .j,ncl udes al 0 ti ons re uired until

St ate TR PUSE e aReATERe G teadipe pinen T fespRd fo the
i s sst aBligwalpdexdhipidser rupt ed. Prewei ghed bat ches of

bi omass fuel” are | oaded into the hopper to a

pr edetExampled -+ d foverperati jasififenmc t» thatigvention
scrubber circul ation punp are sw tched on. The fuel is

i gni t e Searttdye grate using solid fuel igniters. 2.

Gasifi er operation The data nmeasured are the fuel flow

oS, BRS  indI38eC ATPHREAARR rehifi ruﬁ“”elgg e 1s
prdss i%%hfﬁ% ot %xr%%effﬁ R egnénﬁm%gn ed bre
f tigm
e

tzgngI ‘T’({jgl?% Sng EO&ng ryiﬁﬂger to a

pr essmr@ degrpae ahsy hfe%ﬂg 3%@52@16%& Sibbeisircaition pump
wat er @eswipead auilhe fuel Thigngedemnéhe gate lfsmg\mhdtf@elmyters
neldsured by a gas flow neter |located after the suction

fan. Th&Gasifierndperafion ar and condensate in the product

gas were determ ned fromgas sanples taken at the

gasi fipfe amd MBdsFeds SleUhB efuel Wokette,: eg f8R ARd &k Yeomposition,
wood chi §raﬂﬁg A4 Eﬁﬁ}e f’l%'in;ﬁz? a5 i tr@&?rd &i At @falogue to
| ”zot hedl o‘ﬁ%ffe“? 25 sNor e gff‘ d ujige EOne ?/roq?ﬁs zone, throat

d scrubsber Sttet. e plessure grops were also measured at the gasifier and
water scrubber outlet The product gas flow rate was measured by a gas flow
meter located after the suction fan. The amounts of tar and condensate in the
product gas were determined from gas samples taken at the gasifier and water

25  scrubber outlets .

Clean and dry wood chips and charcoal for use as filters are placed in the
respective trays in the box filter. ‘The gas flow meter is regulated to the
required flow rate. The air fan is switched on followed by the circulation pump

30 (water scrubber pump) at the side of the water tank is turned on. Then the pilot
lighter to ignite the product gas is lighted. The product gas flow rate was
measured by gas flow meter located after suction fan. A circulation fan (gas
booster fan) is used to provide the suction effect, which would be exerted by
an engine coupled to the gasifier so as to pull the product gas out of the

35 gasifier, through the scrubber and up the stack where it is flared after ignition
by a pilot burner. Temperature was measured continuously at six different
locations by thermocouples and data was recorded on a computer.

3. Gas cleaning
40



required flowrate. The air fan is swtched on

foll owed by the circul ation punp (water scrubber punp)
wakodsie7ssde of the water tank is turned on. TREWGH2604/004651

pilot lighter to ignite the product gas is |ighted.

The product gas flow rate was neasured by gas fl ow

nmeter | ocated after suction fan. circulation fan

(gas booster fan) is used to prow de the suction

ef f ect I}Nhl ch woul d be eerted an eHgl ne coupl e

the gadilfiihe aRpamius yapussd fopeol etipicn g f clean the

gasi f 886, Saplasy aah@ngldﬁlab%@ ﬁ@eu@p@f?éu%tbawaklmecp@sms of a

it is stainless stee eamplyng tprolye Bymm giamsterblinkesk o a plastic pipe. It

Tenperantaies wasPyrea s ddbasantseriesofos ltsappingsaxardi mbstueat The first

| ozat i tedps chiitainh ehigrosiriphleglaanbeads tvithva snilep iteskt@nioaprovide a

conput|gfoe sﬁrfa@iaéﬁreﬁ kemBivig %ﬁ)dﬁcé} %éé b@lhﬂ@ ﬁér s@&é&ﬁl contalns silica

used t 1%9 C%?lt 1e@e% e@mt BS 2406,
gas_ S % 1%@ tS‘rh? é % A rotameter
p?glbg H 3’ tp aC DCt = § nd the vacuum

a|m§n1% )3 3 OV\{ fhegas fl}lio qur%%?ﬂ Algconstant gas
Lar aritpweriste 1@@1 therfar ¢qnient of g aigﬁ% the

spherical glass beads with a srral I er dianeter to

provi de Shutdoga surface area to the wet producer gas,

whil e the second trap contains silica gel between two

pl FSCGSS}ﬁftd&l/@ SSro¥&Rte iACIM@EUHIN 1B MRctionE! tot ¥aBlyBeaAd 4R, gasifier.
LW&Q& &%U%E@Vﬁag €r 91??10&2'1 @léﬂjeultaﬁgn d 8B aust fan

tube (ﬁgp )

[?Itee%hug '\4:0 fﬂ%e{)rde ﬁd as burner
Frow GFTgine Rp Ak 4 Heotdibe Mg At gﬁP“Sf el o e e
f1 ow r§pguged- f | nd the tar content of the producer gas.
4.20shut down Shut down procedure includes all the
act i ons Dataspogessingal the gasifier. Conputer, water
scrubber, gasifier air nozzles, circulation fan and
exhauskorfaafullohad3daldice,adl€ansip Procbduse inbludes &l grickyures required to
sequengglc¥d td?, Cha, akh ARScHidcnSite.” R Mhd FeforUsddle] down, the
Sefsondeﬁﬁauxﬁ‘é‘to% 2 85 BY RR%e URtdrhiRe 69 "RHREHR §h&RS from ash
chamber. Finally, the top plate of the gasifier was opened so that all unused
sugar cane bagasse were carefully removed and monitored. The average feed
rate of fuel was calculated by dividing the total sugar cane bagasse consumed
by the total operating time of the gasifier.
30
6. Fuel preparation

Biomass fuel consistency is important in gasification in order to achieve
continuous flow through the reactor and to provide reliable product gas
35 composition and calorific value for the downstream energy conversion
processes. Furthermore, densification of the biomass fuel reduces the reactor
size, while shape and size of the densified fuel reduces fluctuations in gas and
fuel flow rates as well as the subsequent product quality. For already dense
biomass fuels such as wood chips, further densification is not crucial but
40  desirable. However, for fuels with large variations in its content and low bulk
density, such as municipal solid waste, it is absolutely inevitable. Therefore,
municipal solid waste, after the removal of metals and glass, is either heat



produced. 5. Data processing For a full mass bal ance,
cl eanup procedure includes all procedures required to

woabdsmata3sar, char, ash and condensate. After POT/GB2004/004651
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reactor cool ed down, the anobunts of ash and char were
determ ned by collecting those fromash chanber.
Finally, the top plate of tgg gasi fier was opened so
that all unused sugar cane bagasse were carefully

red The average, f te of fuel
et Lﬂbgwéowbg 256 yicl PG a0t B a1 Tecian Gubstuently
bhigauetied doAesydhd{iedhe total operating time of the
gasifier. 6. Fuel preparation Bionmass fuel consistency
| Whenpbe traatdrial o dagafifiedtis touidnswhderrefineryadil sludge, it can
c eittier fhe altedftb @btdih solidmatdial veachnbeanitet Gvif ®¥olike carrier,
rﬁﬂe!féi@ﬂlt%l]?}*&&ﬂ@és e StRABRSThdss WePREs BAOmbal WhikR lcbtains
Lo ottt cfom e TR LIRS, S g

hlﬁ ﬂﬁ?hgcgll gjel&bwhﬁ%é shape and size of the
d f| ed fuel reduces fluctuations in gas and f uel

$ 20¥SI8s wel | as the subsequent product quality.

For al ready dense biomass fuels such as wood chi ps,
f Argasehraferieginp SShimadre GEo8AL Mag used tounalyee ieatsssamples
Hosieg deliuthoas 4 gelreer \gas.hGha Cheomatogaphp (6 0) rhas tdnial columns
c @hir@ndsoap d Ol caidomblecdian sievy) asdi@ahthasnahuvindigétitys dteetor.
WRglathetdr§ ihBucHeaR wieltlon fitel hadl@antihesetioy %ases for each
M URnPRE PRI i TN 8,1, AtURE sdhe HhRMRY Fas Was T hAREh
J[h%s(sr’-’tuﬁ bttalﬁfs!'to rﬁ?ﬂttﬁ alrn é%@t Al %ﬁdéﬁsﬁg I1111 1fﬂeoﬁgduced

bse

b}Nl %Agst i f gir & the ?am%%u% W e%lfm{notlme
it oaag ﬁ‘? 871‘}?% “?16 PEFHTRE G2 %‘%@F J%Fg@e pgss
energebalpecedri ed to obtaln solid material or it can
be mxed WlthaSO|Id carrier, pref;rentlally bi omass.
% A (A 3 0

|WIUES of caIC|um Thereforelt Is useful to
renmove sul phur fromthe
Table 2A FUEL INPUT

COMPONENTS Sewage Sludge| Hazelnut Wood-waste Leather

Shells Chips Waste
Size (mm) | 35.0x10.0x5.0 | 17.8x16.5x8.5 | 50.0x30.0x8.5 | 70.0x50.0x50
Abs. Density (kg/m3) 315.04 944.84 836.63 945.13
Bulk Density (kg/m3) 230.72 319.14 250.28 537.30
C (%) 39.48 46.76 43.43 43.59
H 6.19 5.76 6.08 6.95
(%)
O 25.46 45.83 46.29 32.28
(%)
N (%) 3.93 0.22 0.67 10.84
S (%) 1.45 0.67 0.43 1.45
Ash (%) 23.51 0.77 3.11 4.89
Moisture Content 11.75 12.45 14.87 11.23
(%)
Volatile matter 53.48 62.70 64.79 65.75
(%)
Fixed Carbon 11.27 24.08 17.24 18.23




oil by formng cal cium sul phate. 7. Gas anal ysis A gas

chromat ograph ( Shi madzu GC-8A) was used to anal yse the
wgaseosgamsbes using heliumas a carrier gas. GaBCT/GB2004/004651

Chr omat ogr aphy (GC) has dual colums (chronpsorp 101

and nol ecul ar sieve) and a thermal conductivity

detector. Parameters influencing retention tinme and

quantity of the gases for each columm are given in

(0/|)im| e 4 A tthesane li e lne gas was pabseo t rougn
o 11t

A A are o dne. probtced vet TGG8. g di{9Vof ci'F‘ o

(Mﬂlég)near the test apparatus was nmeasuned form t i

HHVh@at4)r oughout the17e}>éberi ment 17.86make acdb6dat e 19 93
(MEkgyl ations fqor the mass and energy bal ance.

Exanpl e2- GASI FI CATI ONRESULTSW TH VARI OQUSSOLI D
T;ﬁﬁg@-li%lﬂ_ﬁﬁi OUTPOYEL | NPUT COVPONENTS Sewage Sl udge
—Wwast e Leat her Shells Chips Waste Size
(mm 35.0x10.0x5.0 17.8x16.5x8.5 50.0x30.0x8.5

Préduds €hsOx 50, Abs. Obensiny (kgHB) €O. 0¢R4¢,84 83A. 6&6&CV
945. 13 Byl k Density (kg/n8) 230.72 319.14 250. 28

s oy |t 8 0 B0 B G P g
FBEi %Q’EE (s/)(% (1/)45 0/(37 0 % ?‘9) (%) (%) (oA)) (MJ/Nm
)

Sewage 9.25 1.28 | 63.04 | 1.83 |13.39]9.63| 1.13 10.43| 4.82

Hazelnut 13.13 | 0.93 | 5333} 2.18 |20.669.52| 0.15 {0.11| 5.40

Wood 16.58 | 0.07 | 5338 | 2.04 |14.32,13.2| 0.27 |0.13| 5.11
2

Leather 10.12 | 0.28 | 5639 | 1.11 |21.43|10.1| 0.23 [0.28| 4.92
6

Table 2C Flue Gas Emission Values
(mg/m®)

NOx SO, NO, NO NH, HS HCN HF Hd

Sewage sludge |14-45|102-112{ trace | 22-49 | NA [NA| NA [NA| NA

Hazelnut shells  |10-15| 20-70 | trace | 12-25 | NA |[NA| NA [NA | NA

Wood waste 8-12 | 13-24 | trace | 11-27 i NA |[NA| NA |NA | NA

Leather waste 8-14 1-7 1-2 4-12 | NA [NA| NA |NA| NA

Table 2D Temperature Distribution

Throat Pyrolysis Drying Product | Engine inlet
Gas
Temperatur | Temperatur |Temperatur| Temperatu | temperature
e e re
e
T4(°C) T,(°C) | T5°C) | Ty°C) T5(°C)
Sewage 1100 500 150 300 35
Hazelnut 1250 560 170 320 40
Wood 1150 500 130 280 30
Leather 1280 590 180 350 45




5

Ash (%9 23.51 0.77 3.1 1 4.89 Misture Content 11.75

12.45 14.87 11.23 (% Volatile matter

53.48 62.70

w640059468575 (% Fi xed Carbon 11.27 24.08 17. 22CT&B28R104651

(% HHV (1 GT) 17.86 18.08 17.20 20.54 (M/kg) HHV

(data) 17.14 17.36 16.43 19.93 (MJ/kg) Table 2B
GASI FI ER OUTPUT Product Gas2H{ ONH COCOC H C H GV

6 (dry) (dry) (dry) (dry) (dry) (dry (dry) (dry (dry)
)E 3 THRESTFUE ATHO I RIOUS

EPEPSTOCK 1. 28 63. 04 1. 83 13 39 963 1. 13 0.43 4.82
Hazel nut 13.13 0. 93TaB1e38\ FUKSL 2AP§Ar 9. 52 0.15 0.1 1

) oo U. 07 o Z.1U4 1
JCOMPONERTS b, 12@5 8 5. 39{51“’% 21. 3@35 ﬁeétl;ff:lteq
(.28 4.92 6 Tabl el 2C FI'ue Gag Emi'ssion \fal ue ng/ rrB) waste
Size (mm) | 1.5x0.5x1.5 70x50x70 1x3x1 10x20x10
Abs. Density (kg/m3)| = NA 897.43 NA NA
Bulk Density (kg/m3) NA 502.16 NA NA
C (%) NA 48.00 46.70 NA
H NA 5.95 6.20 NA
(%)
(4] NA 32.46 29.90 NA
(%)
N (%) NA 1.54 0.74 NA
S (%) 1.98 0.48 0.30 NA
Ash (%) 3.62 11.87 16.90 4.5
Moisture Content 1.20 10.11 5.42 6.5
(%)
Volatile matter 65.78 58.71 61.11 58.00
)
Fixed Carbon 29.40 19.31 16.57 31.00
(%)
HHYV (IGT) 35.01 18.03 20.25 23.25
(MJ/kg)
HHYV (data) 35.14 17.50 20.22 NA
(MJ/kg)
Table 3B GASIFIER OUTPUT
Product Gas H2 02 N2 CH4 CcO COZ Csz CzH GCV
6
(dry) (dry) (dry) (dry) (dry) (dry (dry) (dry (dry)
) )
FUEL TYPE | (%) (%) (%) (%) (%) (%) (%) (%) (MJ/Nm
- 3
)
Tyre Waste | 10.60 | 1.01 | 40.06 | 2.80 |25.13|19.5| 0.98 {0.71| 6.77
3
Olive Pips 10.01 1.80 [ 61.10 | 2.50 |12.90|10.1| 1.30 [0.17| 5.04
0
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NO SO NO NO NH H S HCN HF
102- 112 trace 22-49 NA NA

1-7 1-2 4-12 NA NA NA NA NA Tabl

HCl
NA

Sewage sl udge 14-45
NA NA Hazel nut shells
waRes®m423570 trace 12-25 NA NA NA NA NA Wod wWeeTH&BRoWMA04651
13-24 trace 11-27 NA NA NA NA NA Leat her waste 8-14

e 2D Tenperature

Di stribution Throat Pyrolysi ? Dryi ng Product Engi ne
inlet Gas Tenperatur Tenpera % Tenperat ur Tenperatu
temperature e e e re TJ\ Q) T( Q_T( (‘) T( Q Tc(
)| BRMRMEW1p0l2550 |1580306288 |Hek &3 n{itl 8174028501990 0.43| 6.05
3240 40 Wod 1150 500 130|280 30 Leather 1283 590 180
350 1hEaBwaxtampl e 3 |- GAS| FI CATI ON RESULTS W TH VARI|OUS
FEEDSTOCK Tabl'e 3A FUEL TNPUT COVWPONENTS Tyre di1ve
Rl W Cinical waste Size
(rEr)'; Bfa%cgﬁ@gtf'e%%ggﬁ’?%ﬁ?ﬁ x1 10x20x10 Abs. Density
(k“ gr\;} NA_Q9Q7 42 NA-_NA Pl e "nl\‘;'ft \/ /I[(yll nre) ‘I’I_\\ 50’) 16
NA_C (% NA 4 N)Qx 6 ANOnA 5 NitboHet HCN HF HCI
Tyre Waste NA NA | NA | NA |[NA| NA |[NA| NA
Olive Pips 5 7 trace | trace | NA |[NA| NA |NA| NA
RDF-MSW NA | NA NA | NA | NA |[NA| NA |[NA| NA
Heat Treated NA | NA NA | NA | NA |[NA| NA |[NA| NA
Clinical waste
Table 3 D Temperature Distribution
Throat Pyrolysis Drying Product | Engine inlet
Gas
Temperatur | Temperatur |Temperatur| Temperatu | Temperature
e ([ e re
T.(°C) T,(0) T5(°C) 1.0 T5(°C)
Tyre Waste 1300 700 300 450 42
Olive Pips 1150 450 140 250 37
RDF-MSW 1210 600 230 300 40
Clinical 1200 610 240 300 40
waste

* RDF /MSW: Municipal Solid Waste

Conclusion

As shown in Tables 2A and 2B the operations gave good temperature control

with all fuels giving a throat temperature in the first oxidation zone circa 1000

C. Product gas properties were excellent giving in all cases a good fuel

composition for subsequent combustion. Particularly all

characterised by 6 megaJoules / m’,

megaJoules / m® needed for combustion in a combustion engine.:

fuels were

in excess of the minimum of 4




(% NA 32.46 29.90 NA (%9 N (% NA 1.54 0.74 NA S (9
1.98 0.48 0.30 NA Ash (% 3.62 11.87 16.90 4.5

wonbestures Content 1. 20 10.11 5.42 6.5 (9% Vol aPCIra&B2004/004651
matter 65.78 58.71 61.11 58.00 (% Fixed Carbon 29. 40
19.31 16.57 31.00 (% HHV (1GI) 35.01 18.03 20.25
23.25 (M)/ kg) HHV (data) 35.14 14 50 20.22 NA (M/kg)
Tabl e 3B GASI FI ER QUTPUT Product Gas HO NCH O CO C H

(ory IR Sl W by s g g e o

(% (Wlbmas f&/é}@a ste 10.60 1.01 40.06 2.80 25.13

19.5

. 3 dive Pips 10.01 1.80 61.10 2.50

12. 90 10.1 1. 30 O 17 5.04
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NOy 5 mg/m’ and SO, 7 mg / m’ and trace levels of NO, and NO.

Example 4 - preparation of polvhipe polymer for use in a filter according

to the invention.

The composition of the oil and aqueous phases are given below:

OIL PHASE:

Styrene Monomer: (78-X-Y-Z)%
2-Vinylpyridine monomer: X %
2-Ethylhexyl acrylate monomer: Y %

Oil phase soluble initiator: Z %

Divinyl benzene (cross linking agent): 8%

Surbitan mono-monooleate (Span 80 non-ionic surfactant): 14%

AQUEOUS PHASE: Water containing Z% potassium persulphate.
The preferred phase volume of the aqueous phase is 80-95%, more preferably,
90-95%.

The inclusion of the monomer 2-vinyl pyridine in high concentrations results
in the breakdown of the emulsion. Therefore, the preferred value of X lies

between 5-10 %.

The use of 2-ethylhexyl acrylate is to make the micro-porous polymer elastic.
Elasticity of the polymer results in better mechanical shock absorbance and

good attrition characteristics. Elasticity is also useful to enhance the water



029 RDF-MBW 12.15 1.20 52.00 2.73 18.17 12.2 1.09 0.43
6.05 3 Cinical waste Table 3 C Flue Gas Em ssi on
woabwsag7438g/ nB) NO SO NO NO NH H S HCN HF HC PgTA&B2004/004651
Waste NA NA NA NA NA NA NA NA NA dive Pips 5 7 trace
trace NA NA NA NA NA RDF- MSW NA NA NA NA NA NA NA NA

NA Heat Treated NA NA NA NA NA NA NA NA NA Cinical

waste Table 3 D Tenperature Distribution Throat

Pyrolysis Drying Product Engine inlet s Tenperat ur
Ten‘per"aPl‘:aj?e er%ﬁﬁ&f At Jﬁe %é'ﬂf?@%&i%pqgﬂﬁé‘r iﬁﬁ rpéefgplga & aﬁg ¢f the 2-
( O -%tlﬁylﬁéx(\j/T_a rifte Cohcdaltrafioh iEhupor e=Yaat BitLABR Ffrably Y =
300 450 42 Ive Pips 1150 450 140 250 37 RDF- MSW 1210

600 2339300 40 Cinical 1200 610 240 300 40 waste *

I TICERE NE T ek e B S

t enper@f YisS Mitiatet is present when sulphur containing water phase initiator
(potassium persulphate) is not used.

The preparation of the emulsion was carried out in a batch mixer from an oil

phase and an aqueous phase, dosed at a predetermined rate while the emulsion

was stirred at constant rotational speed. Dosing rate, deformation rate, mixing

10 rate were predetermined as a function of volume of respective phases,

diameter of the batch mixer and of the impellers, rotational speed of the

impellers and homogenisation time.

In order to eliminate the differences in performance of different mixing

15  conditions we characterise the mixing through:

Dosing rate Rp = Vyu
tb
Deformation rate during dosing Reg = VA /(tpVy)
20

Mixing rate Ry=DQ /Dy

Where:

V4 = Volume of aqueous phase added over a period of time tp,
25  V,= Volume of the oil phase placed in the batch mixer

D, = Diameter of the impellers

D, = Diameter of the batch mixer

Q = Rotational speed

We also define t; as the homogenisation time and tr as the total mixing time.



with all fuels giving a throat tenperature in the

first oxidation zone circa 1000 C. Product gas
wonrop@tdiles were excellent giving in all casesPargm®on4/004651

fuel conposition for subsequent conbusti on.

Particularly all fuels were characterised by 6

nmegaJoul es / nB, in excess of thg, m ninmumof 4

megaJoul es / nB needed for conbustion in a combustion

engi ne. 30 As shown in Tables 3A and 3B This is

sui t adre flort B ean ignition to give | ow em ssions for

exanple: NO5 ng/nB and SO7 g / nB and trace

| evel sOFNO and NO. Exanple 4 - preparation of polvhipe

pol ymefwb dlat padlé mpelleid Seom acdiemdtengnd 4.4 dre in width) were used in

i nvention. The. cq Slt .on of he oil and, aqueous

phases? BCEngiapk:p diggpeteps llerssenagationytiohsem: 25 ml of oil
(7 X 9 r |
5 ) GO . o 2 ELL B e v

Di vi nydosbdeumagé fécdpmﬁtsl |Treh1pﬂg1tlai§ejftt1)e afioBuphzst anas ranged from
rmnoorj% ool eate (Span 80 non-ionic surfactant): 14%

AQUE - Water containing Z% pot assi um

per sul phat e. The preferred phase vol une of the aqueous
phase is 80-95% nore preferably, 90-95% The

i ncl uslinche pblynive prapacaten Witlvvimyl pmyjdinel 'pnb/nidnishﬁicghis carried out at

el 51 oRdhents 1lope hyr 2F 6riobd NP ity sragher 8 hours a
bet weegp g: ”1391s04hsﬁlfg§th'd§ﬁlecéfmtﬁsﬁﬁ Wﬁ&%ﬂab &y hﬁﬁt%bél%/ﬁl%rlsatlon

make the m cro-porous polynmer elastic. s Icit
t he poWgndiscavessd thst tha podyrhens sheu]ldamntd:&l driddbedcessively during the
absor b%nce and
rying stage’. Excessive drying results in the reduction in water absorption
capacity of the polymer as well as in reduced rate of water uptake. Typically,
15  the water absorption capacity of these polymers is 10-12 times of their own

weight.



good attrition characteristics. Elasticity is also

useful to enhance the water31 uptake capacity of the
waypdrsgphissi ¢ pol yner. The preferred val ue of t ReT/&B2004/004651

et hyl hexyl acrylate concentration is up to but nore

preferably = 15% Water phase and/or oil phase sol uble

initiator is present in anount Zz 0 - 1% Q| phase

initiator is present when sul phur contai ni ng water

phase initiator (potassium pe%&gt e) is not used.

The preparation of the enul si¢ carried out in a

batch m xer froman oil phase and an agueous phase,

dosed at a predetermned rate while the emrul sion was

stirred at conshagdsiffed{ Bt fop Rl gasiiRAtlon PPBioAthss ati®waste to produce

deformation rate, mxing rate were predetermned as a

function oicombllﬁtﬂﬁeéfﬂuﬁéfsS@@Pﬂ%gphases di anet er of

the batch m xer and of the inpellers, rotational speed

of Sthe inpel |%r 8 fagldvahinEde fersioeding soligrefuiel] Hlbm@ra figst oxidation

elimnate the dlg‘)l{\lsré?nces in performance of different

m xi ng condi ti ons characterise the m xing through:

Dosi ng rate i 0S} = V..

I ( M xing L2 e elRiR ) B8Rk R CH ggdg SLB i oxddation zone
added over a pe(g)od of timet V = VoI une of the oil

phase placed in the batch mxer = Dianmeter of the

i mpel lers D D¥)angt@ndahrdabes)Rifmingmihsabw¥y edddadfad s&eﬁa oxidation
speed W al so define t as the honobgenisation tine and

t @ the total rdnd@4)tine. 32

d) a reduction zone (5) linking the first oxidation zone (8) to the

second oxidation zone (14) and

e) two oppositely located (at the reduction zone) vortex discharge

pipes (18) for the combustible effluent

15  wherein in the first oxidation zone the gas flow is in the same direction as fuel
flow and in the second oxidation zone the gas flow is in the opposite direction to
the fuel flow.

2. A gasifier (1) according to claim 1, further comprising a pyrolysis zone
20 (7) above the first oxidation zone (8), and a fuel storage and drying zone (6)

above the pyrolysis zone (7).

3. A gasifier (1) according to either claim 1 or claim 2, further comprising
air distribution nozzles (12, 17) for providing air to the first and second
25 oxidation zones, wherein said nozzles are provided in the first throat (2), the

upper half of the reduction zone (5) and the second throat (4).



t =+ Two flat paddle inpellers (8 cmin dianeter and

1.4 cmin wdth) were used in a mxing tank of 8.5 cm
wdizeosues | npel |l er separation was 1 cm 25 ml POT/GE2004/004651

phase is placed at the bottomof the tank and 225 m

of aqueous phase was dosed using 4 feed points.

Tenperature of the aqueous phase,was ranged from-1.0

to 80C. In the polyner preparation with vinyl pyridine

pol ynerisation is carried out at 40 C for 8 hours

foll owed by 50 C for 8 hours and finally another 8

hours at 60 C. ensures at t e.enul i.S..n
dest a1 i séb St %E}l)pacﬂcwﬂé‘?g foR. %maﬂz Seﬁgﬂleﬂggfnpnsmg a

the polyi®rsr AboM Qet&ﬁ: 4) Rve ‘”tﬂeeﬁlrs?6§i%§§d)ﬂ %ﬂé @y rfénnﬁlpplymg air to
the 'drying stage’ cessive drying results in

r eductthefirst oxidatien zadrss@) pt i on capacity of the poI ymer

as well as in reduced rate of water uptake. Typically,

theé wat er absorption capacity of these polyners is

10-12 tinmes of their own weight.33 CLAIMS 1. A

gasifier (1) ghsifict mecgdsigf tocany ameodf Hicopesediagdelamst evherein a

t d nbust.i bl ffl ' : f uel )
val Ve TOBRPORaR SO gnedh b el Yaite 1D of 4 pRgerated catalysis
OXi dat ﬂ&t %?P?st &)%ﬁteﬁ)beﬁ)v{/ &Héfedﬁ&f&%orfe%% dgf i '11’?1\(5‘ thd ﬁFst oxidation

| ower first oxidation zone second

t hr oatzo@éXS)defthmdlsghargfepllpes/\ﬁrS) edge of a second
oxi dation zone (14) d) a reduction zone (5) Iinking

the first oxidation zone (8) to the second oxidation
zone (14) and e) two oppositely located (at the
reductd.on Zongsifiedr deordlng cloange one of the preceding claims, further

comprising a grateless discharge mechanism (19) beneath the second oxidation

zone (14).

15 7. A gasifier according to claim 6, wherein the grateless discharge

mechanism comprises a screw conveyor auger (19)

8. A gasifier according to any one of the preceding claims, wherein the first
and/or second throat (2,4) is inclined at an angle (10,16) of between 10 and 40°

20  to the horizontal axis

0. A gasifier (1) according to any one of the preceding claims, wherein the
first throat (2) and the second throat (4) are symmetrically located with respect

to each other

25



pi pes (18) for the conbustible effluent wherein in the
first oxidation zone the gas flowis in the sane
wdaiosau7en as fuel flow and in the second oxi dARCT&B2004/004651
zone the gas flowis in the opposite direction to the
fuel flow 2. A gasifier (1) according to claiml,
further conprising a pyrolysis z%%ne (7) above the
first oxidation zone (8), and a Tuel storage and
dryi ng zone (6)._above the pyrolysis zone (7). 3. A _.
gasi fidr (£ 2atifigy Dn@cqoadlgg ttRet e PBS fh%r rejeding slaims, further
furth i Si ' j St rg ' : ) mainta;
for proyiaas BEA BhE e e R Bl dgiisol meintain the
zones ,prod3eredn Pasified( 1N belovestnasphqricquesback i n the first
throat (2), the upper half of the reduction zone (5)
and the second throat (4).34 4. A gasifier (1)
according to any of claims 1 to 3, further conprising
a aentlrnal & pasifterz]le ac@irding49 aapoue of ke precaling claims, wherein the
oxi dation zone (8) for supplying air, to the first )
oxi datFess sgeh@laé gyeasof I&eegfgrér NG pecond rgdlation; zongh (8o is smaller

of th i j j ' ous
cat al v BEEGH AR Aoiee (B REFLIOR T £RAEEADUS
perforated catal ysis jacket (3), is |located bel ow the
reduction zone (5) and links the first oxidation zone

(8) tothe disg L R8S,, ( . 6 [.fq .
actor ding. (oEMAAT B Re 1h Pkl QIRRGh b€ bross peejonal arca of
compr ithé nedwrtigh atoak &5% idsmahar than nsthan ttentifst Ahd second oxidation
beneath the second oxidation zone (14). 7. A gasifier

accor diongs %o 1) ai m 6, wherein the gratel ess di scharge
mechani sm conpri ses a screw conveyor auger (19) 8. A

gasifier according to any one of the preceding clains,
wherein the first and/or second throat (2,4) is

inclindd ath msthadgpetheimsifoption obealidelbs! igmantiaarbwege to produce
the hoar c':ozrgl%sa{)le%)fhﬁent using a gasifier as described in any one of claims 1 to 12,

15 comprising the steps of:

1) partially oxidising a biomass fuel in the first oxidation zone (8) to

produce char;
2) reducing the char in the reduction zone (5) to form ash;

3) further oxidising any char residue in the ash in the second

20 oxidation zone (14);
4) extracting the combustible effluent produced in the above steps,
by the discharge pipe (18)

wherein in the first oxidation zone the gas flow is in the same direction as fuel
flow and in the second oxidation zone the gas flow is in the opposite direction to

25  the fuel flow.



9. Agasifier (1) according to any one of the

precedi ng clainms, wherein the first throat (2) and the
weoeeowsrd743hr oat (4) are synmetrically | ocated wWPCIVGB2004/004651

respect to each other35 10. A gasif er (1) according

to any one of the preceding clains, further conprising

means attached to the discharge fipes (18) so as to

mai ntain the pressure in gasifier (1) bel ow

atnospheric pressure 11. A gasifje 1 ccording t.0

. ond or A ReR Seseiig 0113 Fhebll RRRREOL 1gukBered through
sect i opRloRkAR @fal¥she3)l preBdraBliGn SRCRAH df’bbﬁ@ia'tééfba%ﬂ?ﬁ§ jacket (3)
(8, 14) is smaller than that of the fuel "storage (6

and pyrolysis zones (7) 12. A gasifier (1) according

to claim, wherein the cross sectional area of the

reduct;ison @Hﬁt}ba)acb&dﬁ@blaﬁg ofRmE N8to 9l WilkGeih itheSfirst oxidation
and second oxidation zones (8, 14) 13. A nethod for

t hé gamné opatiesat fenyeiraturef gredteibihemB8s8° G pdefmmbtyeattleast 1000°C.
produce a conbustible effluent using a gasifier as

described in any one of clains 1 to 12, conprising the

steps of: 1) partially oxidising a biomass fuel in the

first loxi dat i onAzmethod 8ycdrdingrtoduy ef claams 12 Yo i & domipniging passing

the char .in the reducti.on zone (5) tq form ash;

f ur t heOBISEP BRRGS %ﬁ%ﬂ EFL 0B b lnt rpve SaR (Y i produce tar-
seconqr&ﬁagati on zone (14); 4) extracting the

conmbusti bf e effluent produced in the above steps, by

thg discharge pipe (18) wherein in the first oxidation

zone the gas flowis in the sane direction as fuel

fl ow [ - QX [ . '
ot oA R SRERIA 88 PURADEs 17 o B M eruur o
met hodhadfiew cdmbgstion zohaiiseosteiled by exddudatingair intke (9)

conduct ed t hrough

18. A method according to any of claims 13 to 17 wherein the reduction zone

15  operates at a temperature of between 600 and 900°C.

19. A method according to any of claims 13 to 18 wherein the second

oxidation zone operates at a temperature of between 700 and 800°C.

20 20. A method according to any of claims 13 to 19 comprising pyrolysing fuel
in a pyrolysis zone to form charcoal which is dried and proceeds by gravity to

the first oxidation zone then to the reduction zone.

21. A method according to claim 20 wherein the temperature in the pyrolysis

25  zone is 400-600°C and temperature in the drying zone is in the range of 100°C.



m croporous catalyst (3), preferably in the form of

perforated catal ysis jacket (3) 15. A nethod according
woao@mg743f clainms to wherein the first oxidati eQTam2604/004651

operates at a tenperature greater than 850 C

preferably at |east 1000 C. 16. A nethod according to

any of clains 13 to 15 conpri si ng passi ng conbusti on

gases fromfirst oxidation zone through catalyst (3)

to produce tarfree gas. 17. A nethod according to any

of clains to wherein the tenperature of the first

conmbustion zone is controlled.by nodylating.air intake .. .
(9 122 A el REORing g EFdg0 OF 1 shfiins ghy gits Teaining in
wher eif 4106 beN Gl QRcEANE RGBS ERaRn Arkemper ature

of beg§ée2 %go and 9d6 C. 19. R net%oélaccording to

any of clains to wherein the second oxi dati on zone

operates at a tenperature of between 700 and 800 C

205 A et han&ﬁiicP 56@0?(91};1%91 any oioélai‘fﬁﬂ IR, 3ok %aéiﬁcat%on of biomass,
conpri sing pyrolysing el I'n a pyrolysis zone to form

char caath visi hiuid sweste efdr andmpleoswstts othyorg petvoleymt sludgee which is
first oxidation zone then to.the reduction.zone. 21. A .

et hodOAUER dVHBT dog) GRPIGiclh e @A @ suitable
inth iMSicS%pne is 400-600 C and tenperature in

t he d?@?ﬁggyﬁﬁgéfs'in the range of 100 C. 37 22. A

nmet hod according to claim20 or 21 wherein any tars

remaining in pyrolysis gases are cracked in the first

oxi daty,0n z0 ot d] . :

o 25 PSR penlli A6LIAGE 95 WRGRCE W YoBbyetiple carrier has
|'i qui chiglashiterdabmpossityping ingatferably inrfitpety fdreum pravidre extensive
whi ch .is absorbed within the intra-particle and

i nner -IPERFPAEICE PRIPEY - of a suitabl e conbustibl e

carrier. 24. A nmethod according to claim 23, wherein

the conbustible carrier has high internal porosity and

is preferably in fibrous formto grovide extensive . .
i nt er -3%ar t iAcieethert gegarding to claims 23 or 24, wherein the liquid waste is

15 mixed with the carrier and briquetted in order to densify the composite fuel.

26. A method according to any of claims 23 to 25, wherein a suitable carrier
is selected from saw dust, crushed bone waste from slaughter house, bread/food
waste, municipal waste, dried sewage sludge, chopped straw, rape seed meal,

20  sugar cane bagasse.

27. A gasification system comprising in series: the gasifier of the invention,
a water scrubber, a double polymer filter unit working in tandem, a fan, a
further double polymer filter unit and means to exit product gas for energy

25  generation, such as an effluent stack leading to a location for clean ignition.



25. A nethod according to clains 23 or 24, wherein the

liquid waste is mxed with the carrier and briquetted
wonowridenst o densify the conposite fuel. 26. APOERIGB2004/004651

according to any of clainms 23 to 25, wherein a

suitable carrier is selected fromsaw dust, crushed

bone waste from sl aughter house,jgbread/ food waste,

muni ci pal waste, dried sewage sludge, chopped straw,

rape ane sse. 27 asi fi catij.on .

syst o WK %%%l%%%ﬂ LT, S‘%%ﬁ@ G %ﬁ“%?re%fhféox filt& comprise

I nventg ﬁ[bro@lwﬁl&?)bly%@ﬂdwﬁher @tnﬁilﬁh)dhh el Y8 Farlge! (0t Bfo 300 micron

unit worki n% andem a fan, furtﬁer doubl e
pol ymeprimareandu/mirt 309 1ee9s prﬁer@hm topk, 8 anicrpas(cpalescence) for
ener gy eration uch as an effluent stack | eading

to a |a(l)og ™ ?’tSFéIbqsgﬁn ignition.38 28. A gasification

system according to claim27 wherein box filters
conprise a mcrocellular pol yhipe poI ynmer conpri sing

gggef 9?_061@58&5?%28198 P&%?‘g‘%?:‘ég?éﬁ{ggg c %rnlé ﬁ%&S%@erém%kan ignition
(coal §3GRMCH) infePhial RBFBURI AL nYRHSOr é‘EQtrfcﬁg J%eﬁ&atieﬁl.
gasi fication systemaccording to clains 28

wherein clean ignition is with an internal conbustion
engine for electricity generation. 30. A gas filter

conprify ng eﬁh&@ééll |<y PEIP QbW IEIPE
om0 8 S B0 RRGB R W PEIPHIRLE poymc

( pro mecoyjprising, poss 180 trangk0 A0 ﬁﬁ@frmcam Qprmn@m) and / or 300 to
m cron oal es e ichis effectlv d
water WHIE areipabhy 1a0 gRerom eSSt bubipgh SEhighin adsorbing

filtrafhen, (ORPibal i cR&SSi Ng gas contaminated with
wat er and tar through a filter according to Claim

preferably at a tenperature in the range - 70C, nore
preferably 20 - 45C. 32. A pol yBQDE pol ynmer conpri si ng

pol yviqyyl 9@'&5%@@% gg}f?géas H aﬁt) fsgg%egct a%’@c{sscontammated with

styrene, divin DVB (Span 80
sordi t\aatermmtbtalr elaoedh a dddr accmmahhg yo iChaior PO petférably at a temperature

h
m)norrelgl t eS ya%ge b —270\6 rlla/ore preferably 20 — 45C.

32. A polyHIPE polymer comprising polyvinyl polyhipe made up of oil
phase monomers styrene, divinyl benzene (DVB) and surfactant (Span 80
20 sorbitan monooleate), additionally incorporating monomer (such as 2-vinyl
pyridine) to cause water adsorption of the polymer, preferably present in an
amount of 5 — 10% and/or monomer (such as 2-ethyl hexyl acrylate) to
incorporate elasticity and improve mechanical shock absorbance and good
attrition characteristics, and water or oil phase initiator, preferably present in
25  an amount of up to 1%, more preferably a sulphur free oil phase initiator such
as lauryl peroxide, characterised in that the polymer comprises pores in the

range 0.1 to 300 micron and / or 300 to 10,000, preferably 1,000 micron.



pyridine) to cause water adsorption of the polyner,

preferably present in an anmount of 5 - 10% and/ or
wounonzer4d§such as 2-ethyl hexyl acrylate) to PCT/GB2004/004651

i ncorporate elasticity and i nprove nmechani cal shock

absor bance and good attrition characteristics, and

water or oil phase initiator, prgferably present in an

amount of up to 1% nore preferably a sul phur free oi

phase initiator such as lauryl peroxide, characterised

in that the polyner conprises pores in the range 0.1

to 30Q_m cron and / or 300 .10, 000, preferably 1,0Q0

m cr o339 %POIWBBP%?QIH%E%{‘;?W@ %O@B%t{?gﬁzsmghonateg core and

i ncor ' t d anon sul phonat ed

but mg@gggg"gg%ﬁ%ﬁ?ﬁgﬁﬁﬁfﬁ%%&@#ﬁ%ﬁgse of a gasifier

nmet hod for gasification, gasification system and

net hod, gas filter and novel polyner in the

gasgi figat i l,i I ' ' - 4

ot eranl y TR Yoo B A BstiNE B Rp L EC RN PRIERD system and

ener gyngho®r gds Giter hod ewalnpblymesi ingthenpasifiedtion of solid fuel as

conbusti on gas engi nes, gas, turbi nes, dual-fyel diesel .
engi neSTRRbERRE] g@%} S_prefgra%ly to generate com ustible gases for use in
energy generation, for example using internal combustion gas engines, gas

turbines, dual-fuel diesel engines or fuel cells.



