METHOD AND APPARATUS FOR BI OVASS PYROLYSI S GASI FI CATION VIA TWO

| NTERCONNECTED FURNACES FI ELD OF THE | NVENTI ON [ 0001] The invention
relates to a technology for transform ng conbustible materials into
clean and highly efficient synthetic gas, and nore particularly to a
met hod and a system for pyrolysis and gasification of bionmass using
two interconnected furnaces. BACKGROUND CF THE | NVENTI ON [ 0002]
Gasification technol ogy of conbustible materials has achi eved an
anmazing d

Gasi 11 cat 1AL TR AN AR A EFORBOMASS ARbEY S SHRTELCATIONAA
mat ur e. Resear chers haversstrssRONNEeVgiDpERNMAQESCESS for
gasifying coal that is widely applicable, highly efficient in
gasification, and pollution free. Gasification technol ogy of bionass,
like tree twigs, straws, and other agriculture and forest wastes, is
a new technol ogy for conprehensive energy utilization in the 21th
century. THa.IgonmvERE IMHENTHONMass gasification technol ogy includes:
fixed bed gasification, fluidized bed gasification, and two stages
gasi fi cat [(ﬁf(‘ﬂ bﬂ\é in%ntWﬂ!r?g'tegfo_ea Q!:i{n%?t#% Stlzfcn'si%ﬂ{lfn Qo{l}’n@ﬁgﬁﬁw ARk &As inTcpe
processes of direct gasitication tec ogles ar aracterized In
that the brat ariagheediciyn: patictiofgad, Aed PoAIMRSESCUSHBAD b &SelaNehgy system
resource for gasification, the air, oxygenized air, or a conbination
of the oxygeniaeds aidrgasifidatwatod biopsgonsingiwouinetdoonettddernagesoxi dant
during the gasification reaction. However, studies have shown t hat
technol ogi es of direct gasification of the biomass are

di sadvant ageous in the follomjng aspects: easily occurs. Wen part
of region t he operating tenperature of

t he ga5|f§$$ﬁ§%ﬁ§g§ﬁy ﬁF?Eﬁo control [ 0004] Second, when the
air works as an OX|dant |n whi ch the content of the inactive gas of
N2 is profi0¥8htasifigatipesaghedogynotzonibyitc momtigphayfchiqred an dnoagéng
content of effectlve and a lower ratjo ‘%H 7/ CO

besi des, {RHe! g \?éh%@lt%ﬁw‘m@t *s%?ﬁ%'wéﬁf»l@@c'a%t egasifgationdecingipantle,
whi ch Onl orﬁ@l!lsﬂé coal g/?ncﬁ%?%)bééﬁ ’él?m&ﬁx‘eofé’es%%hé]? g!eysu%gsttﬁll};cﬁ]e%efasgad

of the later rfa P zat
a process for gasifying coal that is widely applicable, highly efficient in gasification, and

poliution free. Gasification technology of biomass, like tree twigs, straws, and other
agriculture and forest wastes, is a new technology for comprehensive energy utilization in
the 21th century. The conventional biomass gasification technology includes: fixed bed
gasification, fluidized bed gasification, and two stages gasification, all of which are direct
gasification technologies. The processes of direct gasification technologies are
characterized in that the heat produced by part of the biomass supplies energy resource
for gasification, the air, oxygenized air, or a combination of the oxygenized air and water
vapor is functioned as an oxidant during the gasification reaction. However, studies have
shown that technologies of direct gasification of the biomass are disadvantageous in the

following aspects:

[0003] First, the components and the heat value of the biomass fuels are unstable,

the biomass has low fire point and fast combustible reaction, thus, explosion




[ 0005] Third, when the oxygeni zed air works as an oxi dant, although
the content of N2 is relatively |owered, an additional air separating
device is necessitated. Because of a large capacity and hi gh energy
consunption of the air separating device, such a process |largely

i ncreases the production cost. [0006] Fourth, when the oxygenized air
and the water vapor work as both oxidants, although the content of N2
in the synthetic gas is | owered, and the content of H2 is increased,
the water vapoFasideREWiy V&l@,ﬁnaaartéléeftelm@ apfedipeifeaed gnd C@b%mwe@un&rge
anmount of heat energé Pl F ener%%, nsu t|on inthe air
separation, thEHCEEEESTING S 'Y Ry Jedtiof B?oductlon cost. [0007]
Fifth, about 15-20% of the bionass is neceSS|tated to self-ignite for
provi ding the EW8#pYccordoureoehd Hr wgdshé arcatidonjn Which dte cohenseiie ti ne
a large amount of CO2 is produced in the conbustion, correspondi ngly,
the content of “’é‘P‘F‘@o&aF%Ngbwl‘QWma sz)sunslmadmheeemﬁeﬁpfh@m@we t he

of QQeLEYEF;aL:é@em%ﬁah“ irice BECALERv bRl b6y TR0 Braifty FelFg
Lhe chem cal e0al gyt i) #6Elk AL ISl ANt Syl TGl the

cooled gas is a chis genera be OM/and no

hi gher than 80%iNmext&Phudadly erdithd MSO#’[I]@QQ{&]rn&'ﬂs«l(ﬂid?'utihih@ion
operating tenperature of the gaS|f|er is generally controlled at

800- 1200C, t t
produces a : ﬁﬂ@?%ﬁ%dﬁg%e ﬁp%%ga%u ﬁ g %F%%g?hﬁﬂmp @5W§BQMCQH%"EOO
nuch of tar aggfﬁgﬁtlﬁgt&eny oherddex &%Jtﬂﬁgl £ RESrafife @a‘%ce iOn&BURER Pe

bl ocki ng and device contam nation. [0009] Seventh, the gash produced
in the gasificBetanre: ofa lhipe chpnnssd Iegmbxaalgysc@smptmnnﬁ"mﬁe Aosthaniinof

al kali metal oxides conprising K and Na, which is general 20-40 wt. %
of the total adévicaHowbwaroceat laggetyanpersas heerddiughercashan 800C, t he

al kali metal oxides is apt to be gasified and m xed into the

synthetic gas, (MﬂBFﬁmP@twﬁa e 8§ RA1Ed Lt GnPMERGEL Xat: Wi aSydM, het i ¢
gas, but also adheres to the pipes and devices together wth the tar,

t hereby resul t brigafis, akhdlshec@intenss N, ianhd Hathday bods lavtedphipbhe
[0010] In view of the above existing problens, technol ogies of direct
gasi fication ofoindrhlsisdn@cased.fthawhter \m()beoecp}:g dsededoting mediuimcsill

production. Thus, a nethod for sifying the biomass which can be
appl i ed in i NAERSHNSS & IFESHRAUNON g fﬁt&ne'@mw@ae%gsemﬁemmts'éerfaé*f. ts

i s desired. , .
separation, the process largely maximizes the production cost.

[0007] Fifth, about 15-20% of the biomass is necessitated to self-ignite for
providing the energy resource for gasification, but at the same time a large amount
of CO; is produced in the combustion, correspondingly, the content of effective
gas (CO + H,) is lowered. Furthermore, the high temperature synthetic gas and the
mixed air carry a large amount of sensible heat, and thus, the conversion of the
heat energy into the chemical energy is largely minimized, and the efficiency of
the cooled gas is also lowered, which is generally 70% below and no higher than

80% in exceptional conditions,

[0008] Sixth, the operating temperature of the gasifier is generatly controlled at

800-1200°C, at such a temperature, the gasification of the biomass produces a
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SUMVARY OF THE | NVENTI ON [0011] In view of the above-described
problens, it is one objective of the invention to provide a nethod
and a system for pyrolysis and gasification of bionmass. The nethod
features easy control, energy saving, and | ow cost. The produced
synthetic gas has a high efficiency and high heat value, w th absence
of tar or alkali netal dioxides. [0012] To achi eve the above

obj ective, there is provided a nethod for pyrolysis and gasification
of bi omass. ThErgeenKwat &rip) Wish i ddicnld tpgmovelaad eavnwd of Hisgaregdied ival
capacity as an_,ener.gy carrier and a saturated water .vapor as an

oxt dant. The pyRaryer wiiipisghaftit ededfirgbRteRae Ao b ionilc: ea
in a pyrolysis furnace and a gasifier, respectively, and thus cl ean
synt heti c gas [0909Seaimbothe Tisb pnetuhedlingberpasifsatoit dishé biohewi cvgtagtsaps:
[0013] a) Disposing the gasifier on the pyrolysis furnace,

*

i nt er connect i nBFCEWISIAERACIE qiatkali metat pddegLompriging Krandae. Whidris gepgral y
of the pyrolysi ur nace; d, i ptroducin he solid. particles.froman
upper end of t%%4%£%rﬁﬁgwe$ﬂ Bm]HgnﬁagbFP%%HEﬁﬁB¥%§@§VﬁE?§gﬁECTﬁ?nace
in sequence. Haply; RBEI SYd&is Lo EQ{;AS%@B%H]F 'nﬁkc'%l%nfosthtﬁ%me'tiggas?lﬁh
external heating device, for exanpre, a plasnma torch "heater, an
general |y, thenq@hlyhfRaktbchroserarof (iReFhediié asabit@nP bRy 8 e pipes and

| 400-1800C. In the gasifier, the solid particles release one part of
the heat ener gyevias rkicaiviih thedai doeby casuiting aoériciseogasorf prethe deviars
operating tenperature of 1200-1600C, when falling down to the

pyrol ysis furndPiP¥he solid particles rel ease another part of the
heat energy to naintain the inner cavity of the pyrolysis furnace at
an oper at {00901 Binyier af the abefe S00nS PAClemENshnoswlids-df ghedt igatifichioh be

bi omass is not necessitated in the pyrolysis and the gasification,
and a conbvensisone diffieetobeanpléed in grakiieph byodpepmoViks, a rednd jfotgasifying

G inding the biomass, feeding the bionass jnto the pyrolysis furnpace
while spr aﬁhﬁ@nﬁw uchicap g¢ é%Pq\RBt“?s‘r“ v%ggrpr?tl%ﬂft He BYTSiegde omrpiite,
contacting,the bi,omass with the saturated water vapor for pyrolyzing
the bi omass into crude synthetic gas and ash conprising a coke.
Because the operating tenperature of the pyrolysis furnace is bel ow
sublimation points of alkali netal oxides conprising K and Na, the
al kali metal oxides exist in the ash conprising the coke, and the

crude syntli@iNI&RYASF COMPINAESSTIaN tar or m nor tan [0015] c)
Separating the ash conprising the coke fromthe solid particles,

h i l.id i cl , ti h i d. i
et had gl Ry aPRE et teser R R, R ettt Suhf i g e o
A | Fris . e HEAERY: S 1Y les
P by i DERlacSRhA 0 A8 A OTRES PULOURI RaRlf o ARGHAL Rl IR 0

of the sokid-pakt} &gl LAY Savk RNBLLYsC PRSHBRE ARy AR § h&sa fipe
productionacést?)}[§016] %?ydgéﬁ?ﬁg domnsthe gsh gon%ri%?ﬁ% fhe égke

gener al | yeffoicacy anidegiakaar ealod, WwithGBsdnet ofvar andkdiepanlatiotidest he coke
fromthe ash. The coke is used for producing synthetic gas in a

fol | ow ngg)g)t} 0 %@S’evh lﬂ’r:'e a%%b%&ﬁg&irv ,Slhcg'g isI '8viﬁjz(i<z?}\1'eth'g§tﬁﬁ‘l pyp(ﬁ%s%e%dar e

transport t an ash storehouse t'or conprehensive utilrzation.
gasification of biomass. The method employs a solid particle having a high thermal
capacity as an energy carrier and a saturated water vapor as an oxidant. The pyrolysis and

gasifiction of the biomass are conducted in a pyrolysis furnace and a gasifier, respectively,

and thus clean synthetic gas is obtained. The method comprises the following steps:




[0017] e) Introducing the crude synthetic gas into the gasifier via
the interconnected inner cavities, transporting the coke into the
gasifier while spraying the saturated water vapor into the gasifier,
contacting the coke and the crude synthetic gas with the saturated
wat er vapor for gasifying the coke and the crude synthetic gas into
prinmary synthetic gas. Because the operating tenperature of the
gasifier is above a tenperature to formtar, .the crude synthetic gas
and the coke at8l ?ruﬁ R}S@é@gﬁfaee&fsm&hen Ehﬁé’v%@émﬁfﬂé@@%ﬁfﬁﬁlﬁwwgw}&%w%
gas conprises no.

and desi ccat i n%avflﬁ 8? g]ﬁgﬁ%il ¢t aglg A h%l[e; ng'étg So?pb ) cg%%sr @almr%cg %28 mqto cmg

synthetic gas ahetsam%@aaessm% 'aﬁtubﬁa daFof ﬁ@gag@ﬁa@%%heogasmp&ddnge not
only is a necessity In whol e process for production of synthetic

gas, but also p)estyvlelftﬁnﬁ?ce|tﬁl§@ﬁe@d’t§0blélatt edrep oNME bbIR! ferdles iOBupplied by an
conprehensive utilization. The process of dust renpoval separates the
dust fromthe evede heygimgdevice, lgasxampd alpdm@nagm‘phbemsandcg@n@élﬂm thet i on

f th to 50 ng/ NnB bel Har nf ul QFS
L CL, eNgHZ‘S ancl dltg#cé dregl}%gilﬁvéao f Eeam%t%%gg ‘f%ﬂ%o@ Gdat Hi%aﬁlﬁét t
deacidificatl ol n%rp%‘i Ees lel as g f%ictﬁgﬁea?enelé)(l\ﬁ. 11'1t£1rﬁl1rtx 111%9129@1?@ &r 98s

i s transformed ™ nt’d ean S i's store
latter 'ndUStrm@@aﬁﬁﬂhhﬁﬁBhQQu@hQQ&%hu%hﬁ!%@bHéxp@rwh& £\ (& ihe
hi gh thermal capacity Is a rare earth particle, ceramc particle, or
quartz sand; apyolsidifiafiidegthe @blid fietided reldageambihet gari o thelsat &eagy © MM
The solid partlcle has stabl e physical and chemi cal properties even
at a tenperat umemtafm the Gonet 8O0, of Hieglyrdpiishkmge ednuwerating temepserariir e
of the solid part S 0 when bein ed, and, t hus,
the solid part?@% § t’?—ﬂs %EP'&B‘I‘ %8%\‘)%‘?%5 BJOLPFS %i‘t@é'” the pyipbipis
Meanwhile, ar t ot al
surface afea, %ﬁ%%?ﬁd%ﬂﬁ?ﬁ o B e B o SR R R e
smal | size is not only conducive to transm ssion of heat fpon1the
solid particl e0t4 DHeisingthe Biomgss, fesgting threhipmads mt@ theopytiplasis fugwicag
filter layer at Hhe |ntersect|o% bet ween .t he r SIS furnace_.an

1 Iétj;%tl

the gasifier, WBIGHAEYHHUCSRIEGIAHSARM G WyREHREE LGS S0 Eip\Pea.
[0020] A ni _”0 GEMa BN OLE sﬁglaﬂe%a%g daﬁr]lﬁgmﬁgwﬂgh% Roh&EThib AL _OF

t he pyrolysis urnace ang artic et o Ier, in case

of fire and exﬁlnﬂﬁzll@@a@cﬂl@%ﬁdc@ﬁ{ Hs@aka@he Abechite twmﬁ.tagmmdtae%&e
fromthe pyrolysis furnace. [0021] A preferable operating tenperature
of the pyrol yspwolysisfigogceiis bdowtsnldnhacn avink0d-0850 Getadvxope catpriving K
pressure of the pyrolysis furnace is controlled at 105-109 kPa. An

i nput speed of anddda, éiaﬂajkaétré@lamr@s ewaﬁd@rthq #h sormpasipg te|cpks. 04 the sedle
is 35-50 nis; a retention tine he. crude synthetic gas in the
pyrol ysis furna@HWP&gféﬁm?%¥S%&ml%dﬂ%&kﬁut speed of the crude
synthetic gas fromthe pyrolysis furnace is 15-20 m's. The pyrol ysis
furnace oper at @915t c)Sepanured thprdssupesingtid: woe Spachabolprpesslose devi ce
i s needed, thereby |owering the production cost. The biomass in the
pyrol ysi s fur nigbeating thegsolid @@éﬂp@&a@mé@an%)@ﬁal@éhwifﬂﬁaémc{ﬁ@ lige theeggasifier

gas and the. salhPabEe s b B R Rey s suorl e B aRaR e ¢
terperat ure of ?Mn@]s){sscﬁlé b EORGE b TP R YEE 10 AURLLT T on

poi nts of the a so that the
al kal i netal ooea@{ms,abehsrt@mvledtaﬁaomth@aﬁmrpad&ic%ymaetﬁec‘ena@?. The
relatively | ow output speed fromthe pyrolysis furnace prevents the
ash from aggr egasiumptiomestwed! o uitd modugtion best.pyr ol ysi s furnace and the
gas pips. [0022] A preferable operating tenperature of the gasifier
is controlled at 1200-1400C, and a preferable operating pressure of
the gasifier is controlled at 105-109 kPa. An input speed of the




and no special pressure device is needed, thereby |lowering the
production cost. A high input speed of the saturated water vapor into
the gasifier largely inproves the contact and m x of the crude
synthetic gas and the coke. The operating tenperature range of the
gasifier is suitable and ensures a total gasification of the crude
synthetic gas and the coke during the contact with the saturated
water vapor, the acquired primary synthetic gas conprises no tar;

the same tine t4H&0 e@‘tj’if‘“%%‘éf'mhﬁtdﬁibﬁo‘t‘@‘Sl“tﬁvté? e%ea%;ﬂwt)hwatste'aaegtum %f
anq t he per f or [@dg&%e%w %H(FSL fllddl]%&}b (.Of fll gl% Epéh erc% eel% us 23] The

primary syntheticgas I'S €O tenper ure” of £320C,
and then C'ean?@@u&ﬁ@ﬁﬁﬁﬁﬁéF&Qn%QBﬂHQ&@Q&pﬁﬁd&MﬁmB%Hﬂﬁﬁﬁﬁyﬂﬁa@%hthe
primary synthetic gas output fromthe gasifier is sti hi gh, abou
1200- 1400C, t hmenbotidasgurrracpsised ts anaih nktyouse fduwompehédiveheilikatoar
dust renoval, deacidification, and desiccation, but also helpful to

recover the Se@ilﬂh (DFucind {tec‘?u(?é’ég edc ?%%tla?ﬁé[%asﬁ‘%§¥latll er eby

achieving a co nsive u Iza e was 0024] A
system for pyr Qaltét‘éinﬁeé&ﬂmﬁﬁ%fn'tLG@ttl'aﬁ‘ﬂ)oﬂfngbh@&mé3111@@]?6%&@1&3@9\/\/9@e t he
above nethod, conprises: the pyrolysis furnace, the gasifier; a
particle heat esprayangihasaaratednadicrhapdidnto thngaileaushtatimpwie coka ahd tist
heat exchanger; a water storage tank; a water punp; and a second heat
exchanger . Themgéestymti*etlc gas \dlﬂlsbmetdtatmi Wit \@p@aofpygcisgylmgﬂtrmée agchdiet he
i nner cavity of & asifier and the |nner c the &%roly5|s
furnace are int'd8 %ﬁﬁ'§Eféﬁ”UEH¥F%ﬁ¥FV“]T@@@% (@PWE feaEr A wh k

I's connected tg g g?sﬁfet id fﬂm@% o te.ha\?u.‘é't{ ﬁﬁm%aﬁm% %h%‘ylﬂﬁét %’Agaﬁ"h t‘ﬁ‘@ter

inlet of the sécon eat” exc

outlet of the {jreste tlﬂﬁ§‘%as‘?ﬁ&§7§iﬁtgﬁé a@ifke@ pMARBY syﬂﬂ'l%h@éas‘lt)mtph%s%%ctﬂnd
heat exchanger are connected to both a vapor ndzzle of the pyrolysis

iy Q?CEe_Z{‘dei‘c@ﬁ@e@ ta?h%%%v%@uﬁf;‘%é%' §hins Ay c@tesa%%n%ﬁ%ﬁ&g%&et or ch
heat er via t he gﬁ QU§£S tgltlgtm&’m ﬂ\@ gt h%tlc %s tthP) cl% ?ﬂﬁeﬁc ghl he

heater is conn 0 an air the

air outlet of 1h@es@af&doﬁh%n5ﬁﬁhﬂ)efs aln‘écé‘s@if},nﬁ(tﬁ@dh@l@pﬁ!&eﬁlfét plsdnetm@t)tthe
first heat exchanger 26] A feed outlet of the particle heater is
connected to aam&mﬁbgwebmmﬂﬁme@ﬁemmemgasmbuMKﬁsamgesmmuﬁwe@nmkhmhee
gasifier is connected to a gas inlet of the second heat exchanger; a
gas outlet of W¥HEad¥EdHePIEas ot amaRil sepaisisn Hisctusdlien the et

| | ect d f t t d t
aen outi et or  oRgenyebi el SelThEi POt TiEEpERTE' o PaBERRRED o
particle Separﬂ%ﬁ?ﬁfhl el AR Ol 1955, Phst hétpﬁhﬁ ag.'dfﬁé’r@ Peh%ed from the

connected to an as of an ash cool et : an ash outlet o

ash cooler is s}mnﬂa@g@anm deatigBRailicH Rbed. AR ASN-cOOKE HRGPATRY O .
[0027] As the plasma torch heater is advantageous in ultra-high
tammaUMetmmﬂﬂmﬂmummmmmemHMwmmmw%%m@meMmmbme
and adj ust abl e heat power; it can instantly heat the circulated air
to a tenperat uigusal BREIFABEDOC. Then the hi gh tenperature circul at ed
air is used to heat the solid particles, thereafter, solid particles
at the remoippihd @NEQEALK RYRAEES lﬁ’%ﬁtﬂb‘tﬁnaﬂ Bagfabily @erlQﬂe)églltl$pzfibl€laaiéﬁmﬂﬂd
the gasifier for nmaintaining st e operating tenperatures. The first
heat exchantele, angatthend sodrdlifectr @xXiohatideritiefcfiebss theh § mmecldeerlid

| arge anount. of the sensible heat of circulated air and the primary
synt het i cPgHsle hr*e%‘ﬁ)té%t"Xﬁétdl/a“dtfﬁem\'ﬁ&t@PP‘?'HG%EP(E*]M‘@PP?@BH*%% tank is

preheat ed ]W]%b%%n@{ U?I?dl['%yg‘:[fd ue, % tgr?it urt?i;[eeo tlic Oﬁld pa%@% is ezflég t??on 10?

sensi bl e heat hi's *consunpeTon o "5Sna

heater is th@;\ﬁeaﬁghea@éadmmt %’{b%ﬁti pﬁmuie'lt 14 athien1ab vdtﬂass HNGEY
achi eved. [0028] I frogen protecting device is connected to oth a




[0030] An intersection of the inner cavity of the pyrolysis furnace
and the inner cavity of the gasifier is bottle necked, and at | east
one | ayer of a nmesh screen is disposed at the intersection. The

m ni m zed cross area at the bottle necked intersection and the
arrangenment of the nesh screen can effectively control the descendi ng
speed of the high tenperature solid particles; the solid particles

fully rel ease the heat eneR%X in the gasifier and then fall into the
pyr ol ysi s “#iiphleanwhils. g pelpth e apmal Ri‘ﬁ‘éfg‘*a%’%@‘st”éﬁrﬁéf’r"&‘?c"lﬁﬁ’*é's“'ﬁfmt Hed
gasifier and th ol ysis furnace,.are.achi.eved, At .the sane tine
the sol i d papirrE L g BRe By Whd SRR ME A ook 06t oBh RatyaYa e
layer, Whighsnlissidiedied! frdr® (HeSORY Barlibigs @UBL binxaEshQut%%%%QJﬁElgo GrHde

>

synthetic gas. [0031] A coke outlet of the ash-coke separator is
connect edflowirg fiiekyendteie iaferdebitongasivdcnelic piralysis Gokectandtzpasitier so A
particle outlet of the particle separator is connected to a feed
inlet of thethgalpstiicihe chalstspnthoticoges ipwmovel.e transporter. For exanpl e,
a screw feeder is enployed to directly transport the coke to the
gasifier, {(ﬁﬂd] A cRAREBEd &G 1ihE BRIROE LR cRl REa [edd HIADIHR JyiARIPRELacE he
solid particles to the particle heater, so that the intérnedi ate
manual tr ansppatiat e df shesvidids, imbise bl firpnovesodiftecabalby ledpgantiht he
succession of the whole system [0032] Based on the inherent

char act er Frde eytistic ghelromttes pyralybis fwoadcati | e matters, and ash fusion
poi nt of the biomass, and conbined with the operating features of the
gasifier, {Gdi@] RBkdradbelopéB8nd RESRal PN BIPbAYEskTemaat Y EaiRHcyRE er
vapor, rather than the conventional oxidant air or oxygenized air, as
an oxi dantQ0-asatCt heomodting ppasidit of e paNysifumabé glrohthdledal 105 &peldiat y
as an energy carrier to produce a synthetic gas from bi omass by | ow

t enper at uA@ ipxt apapd oE thenatutiilghwatemysepiainiertbe paelybisdanicsns 3240 ans;ages
of the invention are summarized.herei beIQmQ%%EQSB . First, the solid
par ti cl es AFiopdiay A efiude YRRCHS Girdd DeipERlYSTmAce Knid-1the 2Abi R d
wat er vap ' ol R LY S ified
e i 11 or et BER ohe S\ tokllnd BoRARTRTRY | SRR TROR AR
oxi dant i ndepengentes of » fRAGAI fthare, «RPR] dpeabl Reds@re@elitelsaRbddl Mdebpf

bi omass, and convenient in operation; but also is the air or the
oxygeni zetbvairing tatproecass tdasat e basnaninake dantysayrnawrie fast dusiceltyd,

m nim zing the energy consunption in the whol e process and the total
product i openetssad. frqnp galatile eatstig andypyrelgrad-dugng thegangelowitisthe grudg gynthetic

bi omass during.the pyrolysis and.the gasification, thereby

of foct  vel GBIt TR HEL Brha hCiubi dirEiune Iy i b6, such
as fuel expl.osi.Qn..Lo.; YiSi . i 1 egi I
oki ngs, - BRaRaeATat MBS ISR b S HEAES Dol SR AL M E o I ERAREE,
or the oxyg@eBbaedoal,lso it HRtallREGRsdkeb AretrfiBoveddRdn M cAREIDKBetictdAe.
synthetic gas has a high ratio of H2/CO and a high content of the

ef f ect i veThaslqigeyd4omR)puimpcchlipe (BSEsralyoy &) rnadepssveniaghaeshiroval ue of
the synthetic gas.is largely inproved, and the use of the synthetic
gas is wé%‘"%ﬂgég in the gt Oﬁﬁﬁemsoixwur@%awa%gfiScmdeevi ces are the
pyrol ysis furnace and the gasifier, both of which are interconnected,
so that t[m2sf Apedfetalc bferSiidDlenbb@ue JiNRe PAOTERSScOnGoBdd 11260-1400°C,
pyrolyzed into the crude synthetic gas and the coke at a | ow

t enper at urig} a pleeralactersngtphatire ofjds ghiibass upitiolicdatt 106- 1§A SRR AaT inpothe
coke is transported into the gasifier, and both the crude synthetic
gas and t precd gkide sptarafpdsyaiera@pertintg the gisiftee plr 2t mifsea regpngie tipge! the

tenperature ranges are sujtabl.y se he produced crude,synthetic gas
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conversion 1s very



acquired primary synthetic gas is absent of inpurities that are dirty
and corrosive to the devices and pipes, and the later cleaning
process becones nuch sinpler. [0036] Fourth, the plasma torch heater
heats up the solid particles by enploying a circulated air as an

medi um the high tenperature solid particles supplies all the heat
energy which is necessary for biomass pyrolysis and gasification. The
heat energy of the biomass fuel is all transfornmed into a chem cal
ener gy, aftd amepcery P'@F%H‘c‘iﬂ"&f? i W@d%é}ee@yda\geim BB rSIPE cofih Bighi s
8% hi gher . th n tha conventiona Fifth

or ch neat Bt ieet B F GHRGIT R FPeedRByhe atieh it e’ st sl
When t he , Je
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control thsasifi@panablnaad ehsutde sal ghisaicaton\ @B crM@dQihetTB ik A thd dike
gasifier work stably, and assure a stable output of the primary

synt het i ¢ dgasg Biadorag vethl the piopied wpter Va@Bhe Tugitedpilioeyanothetiegasy st em
of the invention is applicable to different klnds of bj omass fuels,
and i s esp@EPAF PO é?bp‘?t theaams timg th *fﬁ GRS g ?%“‘BP“Q"Hé M ‘?équsé?‘é:& 4Bi omass

Bescrl P eRE hE RN RE T BBt S b o et ur oo agram of o

system for pyrolysis and gasification of bionass.
[0023] The primary synthetic gas is cooled down to a temperature of 260-320°C, and

then cleaning processes is conducted. As the temperature of the primary synthetic gas
output from the gasifier is still high, about 1200-1400°C, the cooling process is not only
conducive to the later dust removal, deacidification, and desiccation, but also helpful to
recover the sensible heat in the primary synthetic gas, thereby achieving a comprehensive

utilization of the waste heat.

{0024} A system for pyrolysis and gasification of biomass according to the above method,
comprises: the pyrolysis furnace, the gasifier; a particie heater; a plasma torch heater; an
exhaust blower; a first heat exchanger; a water storage tank; a water pump; and a second
heat exchanger. The gasifier is disposed on the pyrolysis furnace, and the inner cavity of

the gasifier and the inner cavity of the pyrolysis furnace are interconnected vertically.

[0025] The water storage tank is connected to a water inlet of the first heat exchanger and
a water inlet of the second heat exchanger via the water pump; both a vapor outlet of the
first heat exchanger and a vapor outlet of the second heat exchanger are connected to both
a vapor nozzle of the pyrolysis furnace and a vapor nozzle of the gasifier. An air outlet of
the first heat exchanger is connected to an air inlet of the plasma torch heater via the
exhaust blower, an air outlet of the plasma torch heater is connected to an air inlet of the
particle heater, and an air outlet of the particle heater is connected to an air inlet of the

first heat exchanger.



DETAI LED DESCRI PTI ON OF Tl 1E EMBODI MENTS [ 0040] A nethod and a system
for pyrolysis and gasification of biomass is specifically described
conbi ned with acconpanying drawi ngs: [0041] As shown in FIG 1, a
system for pyrolysis and gasification of biomass, conprises: a belt
conveyer 1; a hopper 2; a screw feeder 5 for transporting the

bi omass; a pyrolysis furnace 6 and a gasifier 4 functioning as main
reactors, the gasifier 4 being disposed on the pyrolysis furnace 6,
and an i nd892addviceq owtet phige pyitisleyhsitsr is gpigeed & apaitieln ileird thecgavifiey aof
the gasifier 4 behng i n[ig_r,connect d vertical I%i a a@i cl e heater 10,
a plasma t&3F EHINERIEEIFHE IS FONERHEG 2 BiS SHBOT1EE seaqitf Neatorrlqngpi 4eas
exchanger J3cABINOLOMNRG! EDANE. RYaAREih % § AT AL Sl ALLANfr
heating solid particles and a saturated water vapor successively; a
wat er st onager, irKdebRcatdr Wat@lenBUAR a3 outdROf e %%g@f—i thgate 8%6XRBGE o
14 for cooling down prinmary synthetic gas and producing the saturated
wat er vaparfeedintttisf a politlestratdi7 an ashaedel ditid paidlosephioweis dBpeandoa
desiccators 19 for a latter cleaning of the synthetjc gas. 50042] An
out put endn@fh il obar asheoplpspad an ashoouglet efribetshgpelvris spanijcaiedto pfect he
hopper 2, an %Jt I'elt @f t he tthper 2 is connected to a feed inlet of
the screw PEeddY B CAFFBP8Ed outl et of the screw feeder 3 is
connected to a feed inlet of the pyrolysis furnace 6. [0043] The

gasi fi er 400%|disshpoglegnoiorditbeapysalysitaebusrinate-16gh tehgpeianme heat dastt y
of the gasifier 4 and the inner_cavity of the pyrolysis furnace 6 are

i nt er connd@ngr ofAdsal pddpase dighgg{figenayndnd adhisrabledignt ROWSE: 1t 4@ IpSaplyyeats

f 6 .and t : ity of ifi i tt] ked.
The | nt er daoy e ER e OFREORL: 5ffe b Mibisa e RE Tl
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|
is disposed at the Intersection f oweri ng and cont Ing t
descendi ngrepesd i@thetpheol g fuchapaiid @k essifictier myihalnis §atfl¢ldcii[5b@éiﬁlg6 and
the gasifier 4 conprise a casing conprising a water cool ed jacket or
an air codtrepkrjtackethe farsidehasclehmizecnidvie scherdwht dxobarigat ¢ftativdl ) Bédier
The feed inlet of the pyrolysis furnace 6 is arranged on an upper
part; to AdgramannteyEis enobiadeat abaireulsied sihenddhe prdpry synbeliq gas) d
i nside the r.0l ysi.s furna 6,. the nu t . of the feed i.nlet.is two
o four. TREEN B LHEORTE: et UGBt FEL i@ bF Rt fh it
a bottom sﬁtﬂﬁatmﬁr vaBbr &80 ARLAYSIL Blat) HuQ AR Bbrgl WonsupllodbBgbar ged

fromthe as
plasma torch heater is lowered, and comprehensive utilization of heat energy is achieved.

[0028} A nitrogen protecting device is connected to both a feed inlet of the pyrolysis
furnace and the particle inlet of the gasifier. When the biomass is input into the feed inlet
of the pyrolysis furnace, the nitrogen protecting device supplies nitrogen to the pyrolysis
furnace via the feed inlet; and when the solid particles are input into the gasifier, the
nitrogen protecting device supplies nitrogen to the gasifier via the particle inlet, so that
nitrogen sealing layers are formed, which prevent the synthetic gas from leaking out of
the pyrolysis furnace and the gasifier, and keep the air outside the pyrolysis furnace and
the gasifler, the fire and explosion are eliminated and the property of the synthetic gas is

assured.



outlet of the pyrolysis furnace 6 is in a liquid state. The ash
outlet is connected to an ash inlet of a particle separator 7 for
separating the solid particles fromthe ash. An ash outlet of the
particle separator 7 is connected to an ash inlet of an ash cooler 8
for cooling the ash conprising a coke. An ash outlet of the ash
cooler 8 is connected to a feed inlet of an ash-coke separator 9 for
separatin? t he coke fromthe ash. [0045] Preferabl%, a particle

out | et of [40R8] pba vaper eozlep arrangsd onithy pyorines feepce andthe gesifigrifregrogped he
particle heater 10 yvia a particle transporter 24. A coke outlet of
Phe. ash cdle 2ddisihalesPsgehbtitsinged 85 2ot lent b freien §asf s i or
4 via a cg g r ) . it h,. i L Qn,
the met hod BrERE i AT R = LRI AR B bl T M Ten bHALRREE [fbl BT,
cont i nuousp@p&QIriall ROpRblykReudaRi dhil &fc AsifibPRAB]iTreneaks, Al Stevel atde
gasifier 4 is arranged on an upper part or an upper end. To assure an
even cokes@abldit¢mpmatarediled sthaddiiainéd awlifféredtdeighsicdds trbligasn hifdly 4, t he
nunber of the coke inlet is one or two in conpliance with the

capaci ty. CRIgASeHEeD Be spitraigdevaisyappiginddhg wagpitanged on the upper
part and connected to a gas inlet of the second heat exchanger 11, a
gas out | efo03h] ARensieednd ohgatin@x cAaNaE thelphrdISsic AmNRE hadiht trdcheavity o
collector 17, the deacidification tower 18, and the desiccator 19 in
sequence, tlergsifinr s bbitletmedfedt dvd sl egitonalager A meshcorene Btdghosad abtlgas
storage tank 20. [0047] As an inprovenent, a nitrogen protecting
device 3 iMersgsHARCHEIRENiTekerpsadeaah fhetbolife nerleddytetrstingnd dienace 6
and the particle inlet of the gasifier 4 o.that a nitrogen.sealing
Maver s puviaseplt B p&US SACUREFSY o RRL s Radbt SRR TR Bian e
air. [004gmpEhe, 8 b Fh&ldedaletbliy ?Q‘EIEI%S R AYIBske Ul (Ral R h RleYBbiBier
furnace 6 and the gasifier 4 is transfornmed froma soft Wwater or a
desal t ed wad gn bl ihfeahypirelysiS fahagesd dndstable @felLing hegieraxehange ng
with the circulated air and the primary synthetic gas in the first
heat exchaaniesr abd therpyraljms Bevondehebitvasx dhdnganc tlie, thesgalgtarticddsy. The
wat er storage tank 16 is connected to a water inlet of the first heat
exchanger PPgkedy the wgplescrsenfeim pflowHe THisE Ger: waish iehaimiihigarmave e a

t he wat er p q£ﬂ15. Q?th advgygf gutlet of the first heat exchanger

13 and a 95%6 SHCRT B RS heat exchanger 14 are connect ed
to both a vapor nozzle of the pyrolysis furnace 6 and a vapor nozzle

of the gasiBilkA cake pgleanf therpshescdd seraral@tisicanettpdiogade imeof Kespasifier
arranged on the pyrolysis furpnace 6 and the gasifier 4 are grouped
into 2-4 H@iqgcﬁ‘geﬁé'%ﬁéll"é?‘-g@%‘"ﬁ'@@ﬂ”@‘éﬁ‘ﬂ‘eﬁﬁl ?%%fpelaws s LsSareddac h

| evel are. e, t iall . [ l. GiIcC nt i al

di  ect 1 onTetrnee ARG BRRERY Sty S RRART R Bt Be SLERNIEELT® 0
full'y contagloyBetoweeBiy hmspalt teabROioWad BLsinaRAl aPReutiIR (Faash@ ds
achi eved. [8059] Th% §%fig§par5icle§ ar%ﬁheateda?ﬂdirectfyaﬁi ?ﬁip

pl asma t oisalehheatappolithe salidyariiciésan medhaaicde prace.ssshathchie@tmaiiate he
circulated air. An air outlet of the first heat exchanger 13 is
connect ed Magug frapgporthtidngs spfedtwiicip irepypreesttlor $4bi Weane thelsugdessierel the
exhaust bh&wFr 12, an air outlet of the plasma torch heater 11 is
connect ed 84Sy inlet of the particle heater 10, an air outlet of
the particle heater 11 is connected to an air inlet of the first heat
exchanger [132] Bafed ed tlainhetntcharhéteripias of 1ot evalreaslervolb@ild satconnecishd t o
a particle inlet of the gasifier 4 for supplying a stable heat energy

resour ce tusianmeigijodgddomass, and combined with the operating features of the gasifier, the
method of the invention employs the saturated water vapor, rather than the conventional

oxidant air or oxygenized air, as an oxidant, and the solid particles having a high thermal



[ 0050] The system al so conprises the ash storehouse 23. The ash
output fromthe ash-coke separator 9 is transported to the ash

st orehouse 23 by manual or nechani cal node. [0051] A nethod for

pyrol ysis and gasification of biomass using the above systemis
specifically described as follows: [0052] A) Start the exhaust bl ower
12 and the plasma torch heater 11, gradually heat the circulated air
to a tenperature of 1800-2000C. The circul ated air exchanges heat

W th the S§1Fdy ?J%ﬂ“tfi“éﬁgé@ailﬁi E%O‘Q}&Ftﬂlsw@etﬁe@ﬁé‘P'TEL‘U(’mNStbér'OWIﬁ‘é“Mt“e

exchange, i rticles ar. era

700- 180089055 o Pihi b B Befl i Svishuefe o SRR Bt pungives
500- 650C ﬂ@lg“%g!g@sported to the first heat exchanger 13 for
utilization of waste heat. The high tenperature solid particles are
transported to the particle inlet of the gasifier 4, and fall down to
the gasifier 4[0&%1 l%) rﬁé thy sobidypartislos areripedt wrahthéé@a@ﬁ%@ gerdlyrand thye

gravity. The te e and the flow rate sol i arti gam?ed are

adj usted unti | >4H 8 8’? VY eh é?éf'&f‘%‘a?}fm “68%5?19?"8 IER

1200- 1400C andd.%eqp@r@tmgg d RIPGIALA e Qlerd 6}1‘%11{3{%9&%@'&@6% nace 6 is
500-650C. [0053] B) & %I omass 1S transport to the pyrolysis
furnace 6 via indepchedi: of GRUGYURE, applidable thapReMmt Rindasthibhgsssaidew f eeder
5inturn, at the same tine nitrogen is input fromthe nitrogen

prot ecti ng devemeedenion bparitianhbutfadseds (helagtor dfe axyeempied ofirywi geckspitn@de 6
and the particle inlet of the ‘gasﬁl er, 4. \Wen the biomass s aIg
straw, for exaﬁ%ﬂ“@’“qaﬂ} Yy avié 6‘6?%‘“61““’%4“&@3 COLIBR PR EINRLIY) ip ghegy Qlﬁe
bi omass is control bel ow, and a water content of
t he bi onmass |spm(c)estg?*3ﬂ ﬁgég}gltp% %nfoggvn When the biomass is yellow
straw, for exanple stal ks of threshed grain, thatch, stalks of corns,
the particle sifPédlotecoinb nblS@ih‘B@stl%m@Clbé ity s icnves QLllllmrt@%PYiPU%éﬂld by

The desalted water i.s out wat er orage tank 16 to_both
the water inl e83SHf Cav%ﬂffil%teff% ye%? Y e rpmﬁe B ORI ET ot of
the second hea;%logéggQﬁg\??srfag'lzlexwoglo}lh th 5'10 yspsufm:?\[ag‘e%l ?g&s t,[%él%ltldlheat

exchanger he des S ‘a was

circulated airgo@nd, ddagiigichieud ﬁtc%Qtiﬁhﬁg ba%h%&gb %cﬁ%%emioamwe
tenperature of 500-650C to 200C bel ow,  at thé same tine O. .6 Ma
of a sat ur at edoxgtitedvapBmot Scepssagus e readnien aooh@d, the ﬁyntl’&:tlb |gﬁmhasa
transported to the plasma torch heater 11 for reheating. In the
second heat exbighrgyerof14/CQ.hod ddedl qoatniweiithe cléoctivagasd{C sHnsMbich iheat
of the primry heti c as which is cool ed down to a, tenperature of
260- 3200, and &7 heves e 1oy prat ﬁae‘effhe NEeHF 885 1§ el nimeRiovigh and Yapor

is produced. S I Yok e om the vapor outlet of the
first heat exc aetlbégieesggt andéz{sﬁ%%ggf)‘gyeoutlet of the second heat

exchanger 14 are introduced to both the vapor nozzles of the pyrolysis
furnace 6 and[G0Rel WyskEherionin resstiot davives gadhd neelyds fipgesspd dy exsber,

t ted t toth | f 6
peed of 35 B LARGHAR IR Bt GRErPialie Rvtp )Rt e Fhmde i

are: 500-650C tqfl stt@?(]) %%Ppi?tlg)%eu& fde %Hgmljﬁggas]agg tik%PL%kg Iit PloRf tgxﬁﬁé&t%re SO

that the bionass i contacte
the crude synthetic gas flows up into the gasifier, the coke is transported into the

gasifier, and both the crude synthetic gas and the coke are gasified at a high
temperature. Since the temperature ranges are suitably set, the produced crude
synthetic gas comprises no alkali metal oxides; the tar and coke are all transformed

into the primary synthetic gas; thus, the carbon conversion is very high, the

10




the saturated water vapor and pyrolyzed into the crude synthetic gas
and the ash conprising the coke. The crude synthetic gas is

mai ntai ned in the pyrolysis furnace 6 for 15-20 s, and output from
the pyrolysis furnace 6 is at a speed of 15-20 nms. [0056] E) The ash
conprising the coke is at the tenperature of 500-650C and is m xed
with the solid particles, after being transported fromthe ash outl et
of the pyrolysis furnace 6 into the particle separator 7, the solid
particl es are?sByaf RIS YOhEihEasdsPsed b imBYTHIgs threare diedy anprferegyve

particles retuyrn to th articl ater .10 via the particle
Pr anspor ter - 23t iat RS 8 o BREHREv A 5Rs bERERE S sErd=rc oke 1 5
transported to the ash cooler 8, after a heat recovery, the
t enper at ur e of0WBhEeFasth, temphsingitergh hémerdshis up tiecolié dartiokmnby emploQiGy a
bel ow. The coke is separated fromthe ash by the ash-coke separator 9
and t hen tran&poraiedal pan neduyalde hiesrteropeyatyropsplid pykieles fupnbprorttee 22,
whil e the ash fromthe, ash-coke s rator 9 is.transpart.ed t he ash
stor ehouse 230 S RARDET ToCCROERAR, Har T RE O g e | 5 B
synt heti c gas.at. r . = r. A creen
21 at the botFﬁ%gﬁgﬁﬁ%gapﬁ%g?gég??gﬁ§%%ggg?@ggLﬁ%ﬁﬁﬁfﬁgi gﬁgggffier
4, at the sanefilciciey bihie Sallel aisedsssatbsveyapieh id 84 hiypuit thhmihar dhee
gasifier 4 at a speed of 35-50 m's; the gasifier 4 is controlled at
t he operati ngctrenpémat.ure of 1200- 1400C and an operating pressure of
105109 kPa, so that the crude synthetic gas and the coke is fully
contacted w t fpoBRERiRAL HE Blagitla VALISEcak AR a £i8h 885 bitidnRY And DG RALIERIHY
synthetic gas. The primary synthetic gas IS maintained I n the
gasifier 4 fopodé&: Rbestheanohpordnpdf the Biombbdugasidde thdp@dter af teetdmaf
15-20 m's. [0058] G The primary synthetic gas at the tenperature of
1200- 1400C i siar¢lalmsporarckt ddjwiadt $rethglasisivienrcoavengent ecagérs| tha kestpeoftute he
second heat exghanger 14 via the pjpe. After being cooled down to the
tenper at ure of! BREIIBBIFE WRKTIREOTgRE LI e AT ?",WQ"Ré‘aB'rYi Hrapsw A etARIET ¢
gas is output f the gas. t of the nd_ heat exchanger 14 to
t he dust co||8%'@ﬂhigﬂmgﬁ§¥gﬁﬁhﬁﬁéﬁhﬁ%ﬂ%ﬁéﬁgﬁﬁgﬁEfic gas is arrested
in the dust collector 17, and a dust concentration of the prinmary
synt het i c [¢B§] he mpdodand be spfern hbthd ipendol isepplisable To digfernt EigﬂN)an
bel ow. [0859 then dust, renoval , the rlnany synthetic gas is
s the-

t ransport Yulde ppeeip basnndnekio egndustiiesioh thinitegrated bignass
i ngredi ents..}like H2S, HCL . and .11 re renoved. [0060] 1
A Cor heneRlidaif FRe cofinaldiang WMo AN ipihudr e, Lempyed. L0080l 1

t he desiccator 19, in which the water is renoved, and the clean
synthetic gas is acquired. The clean synthetic gas is transported
into the gas storage tank 20 and is stored for |ater industrial

appl i cat i @¢yrIEF PREHR AT Oreny: breg afgt ests and data detections,
mai n conponents and characteristics thereof of the clean synthetic

gas are s ' able!. As shown in Table 1, the c|ean synthetic gas
pr oduced E@)\g@hEMt‘%ﬂ“@&%ﬁW&l Yoot BErasiEs %%9166350'7(@%@?233?- a
ratio of H2/ Q0 is equal to or larger than 1, a heat value of the
synthetic gas is 12.5-13.4 MJ/NnB, and an efficiency of the cooled
gas is about 87% Thus, the synthetic gas can bring great commerci al
benefits,gﬁ@g i Qﬁﬂﬁﬁi %ﬂpfj A abe stries of the

integrate |é%§gs gas”??ggwion @g%ﬁ£§QQ@%Fﬁ§§ion and t he bi omass

liquid fuel. ) o ) )
[0040] A method and a system for pyrolysis and gasification of biomass is specifically

described combined with accompanying drawings:
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Tabl e 1 Nunber Conponent Unit Value 1 CO % (vol.) 30-40

[0041]} As shown in FIG. 1, a system for pyrolysis and gasification of biomass, comprises:
a belt conveyer 1; a hopper 2; a screw feeder 5 for transporting the biomass; a pyrolysis
furnace 6 and a gasifier 4 functioning as main reactors, the gasifier 4 being disposed on
the pyrolysis furnace 6, and an inner cavity of the pyrolysis furnace 6 and an inner cavity
of the gasifier 4 being interconnected vertically; a particle heater 10, a plasma torch

heater 11, an exhaust blower 12, and a first heat exchanger 13 being connected one by

one to form a circulation for heating solid particles and a saturated water vapor
successively; a water storage tank 16, a water pump 15, and a second heat exchanger 14
for cooling down primary synthetic gas and producing the saturated water vapor; a dust
collector 17, a deacidification tower 18, and a desiccators 19 for a latter cleaning of the

synthetic gas.

[0042] An output end of the belt conveyer 1 is arranged above an inlet of the hopper 2, an
outlet of the hopper 2 is connected to a feed inlet of the screw feeder 5, and a feed outlet

of the screw feeder 3 is connected to a feed inlet of the pyrolysis furnace 6.

[0043] The gasitier 4 is disposed on the pyrolysis furnace 6; the inner cavity of the
gasifier 4 and the inner cavity of the pyrolysis {urnace 6 are interconnected, An
intersection of the inner cavity of the pyrolysis furnace 6 and the inner cavity of the
gasifier 4 is bottle necked. The intersection is a gas outlet of the pyrolysis furnace 6 as
well as a gas inlet of the gasifier 4. At least one layer of a mesh screen is disposed at the
intersection for lowering and controlling the descending speed of the solid particies. The
pyrolysis furnace 6 and the gasifier 4 comprise a casing comprising a water cooled jacket

or an air cooled jacket, and has effective thermal insulation.

[0044] The feed inlet of the pyrolysis furnace 6 is arranged on an upper part; to assure an
even biomass addition and a stable flow field inside the pyrolysis furnace 6, the number
of the feed inlet is two to four. The pyrolysis furnace 6 comprises an ash outiet arranged

at a bottom; the number of the ash outlet is one or two. Ash discharged from the ash



2 H2 % (vol.) 40-50 3 N2+Ar % (vol.) < 1.0 4

outlet of the pyrolysis furnace 6 is in a liquid state. The ash outlet is connected to an ash
inlet of a particle separator 7 for separating the solid particles from the ash. An ash outlet
of'the particle separator 7 is connected to an ash inlet of an ash cooler 8 for cooling the

ash comprising a coke. An ash outlet of the ash cooler 8 is connected to a feed inlet of an

ash-coke separator 9 for separating the coke from the ash.

[0045] Preferably, a particle outlet of the particle separator 7 is connected to a feed inlet
of the particle heater 10 via a particle transporter 24. A coke outlet of the ash-coke
separator 9 is connected to a coke inlet of the gasifier 4 via a coke transporter 22.
Compared with the manual transportation, the method of the invention is energy saving

and assures a stable and continuous operation of the gasifier 4.

[0046] The coke inlet of the gasifier 4 is arranged on an upper part or an upper end. To
assure an even coke addition and a stable flow field inside the gasifier 4, the number of
the coke inlet is one or two in compliance with the capacity. A gas outlet of the gasifier 4
is arranged on the upper part and connected to a gas inlet of the second heat exchanger 11,
a gas outlet of the second heat exchanger 11 is connected to the dust collector 17, the
deacidification tower 18, and the desiccator 19 in sequence, and an outlet of the

desiccator 19 is connecied to a gas storage tank 20,

[0047] As an improvement, a nitrogen protecting device 3 is connected to the feed inlet
of the pyrolysis furnace 6 and the particle inlet of the gasifier 4, so that a nitrogen sealing

layer is formed for effectively separating the synthetic gas from the air.

[0048] The saturated water vapors sprayed into the pyrolysis furnace 6 and the gasifier 4
is transformed from a soft water or a desalted water in the water storage tank 16 after heat
exchanging with the circulated air and the primary synthetic gas in the first heat
exchanger 13 and the second heat exchanger 14, respectively. The water storage tank 16
is connected to a water inlet of the first heat exchanger 13 and a water inlet of the second

heat exchanger 14 via the water pump 15, Both a vapor outlet of the first heat exchanger

13



C2 % (vol.) 15-20 5 C1-13 _ % (vol.) 5-6 6

13 and a vapor outlet of the second heat exchanger 14 are connected to both a vapor
nozzle of the pyrolysis furhace 6 and a vapor nozzle of the gasifier 4. As an improved
structure, the vapor nozzles arranged on the pyrolysis furnace 6 and the gasifier 4 are
grouped into 2-4 height levels, respectively, and the vapor nozzles of each level are
evenly and tangentially arranged along a circumferential direction. Thus, an even and
stable vapor filed is maintained, and a fully contact between the saturated water vapor

and the reactants is achieved.

[0049] The solid particles are heated indirectly by the plasma torch heater 11 via an
intermediate process of heating the circulated air. An air outlet of the first heat exchanger
13 is connected to an air inlet of the plasma torch heaterfl via the exhaust biower 12, an
air outlet of the plasma torch heater 11 is connected to an air inlet of the particle heater 10,
an air outlet of the particle heater 11 is connected (o an air inlet of the first heat exchanger
13. A feed outlet of the particle heater 10 is connected to a particle inlet of the gasifier 4

for supplying a stable heat energy resource to the biomass.

[0050] The system also comprises the ash storchouse 23. The ash output from the
ash-coke separator 9 is transported to the ash storehouse 23 by manual or mechanical

mode.

[0051] A method for pyrolysis and gasification of biomass using the above system is

specifically described as follows:

[0052] A) Start the exhaust blower 12 and the plasma torch heater 11, gradually heat the
circulated air to a temperature of 1800-2000°C. The circulated air exchanges heat with
the solid particles in the particle heater 10. After the heat exchange, the solid particles are
heated to a temperature of 1400-1800°C; the circulated air is cooled down to a
temperature of 500-650°C and transported to the first heat exchanger 13 for utilization of
waste heat. The high temperature solid particies are transported to the particle inlet of the

gasifier 4, and fall down to the gasifier 4 and the pyrolysis furnace 6 in sequence due to
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C'H" %(vol.) <2 7 Heat value of a synthetic gas (LHV) M/ NnB
12.5-13.4 8 Efficiency of a cool ed gas

the gravity. The temperature and the flow rate of the solid particles are adjusted until an
operating temperature of the gasifier 4 is 1200-1400°C and an operating temperature of

the pyrolysis furnace 6 is 500-650°C,

[0053] B) Ground biomass is transported to the pyrolysis furnace 6 via the belt conveyor
1, the hopper 2, and the screw feeder 5 in turn, at the same time nitrogen is input from the
nitrogen protecting device 3 to both the feed inlet of the pyrolysis furnace 6 and the
particle inlet of the gasifier 4. When the biomass is a gray straw, for example, twigs and
roots of trees, a particle size of the biomass is controlled at 50 mm x 50 mm below, and a
water content of the biomass is controlled at 40% below. When the biomass is yellow
straw, for example stalks of threshed grain, thatch, stalks of corns, the particle size of the

biomass can be relatively large.

[0054] C) The desalted water is output from the water storage tank 16 to both the water
inlet of the first heat exchanger 13 and the water inlet of the second heat exchanger 14 via
the water pump 16. In the first heat exchanger 13, the desalted water extracts a waste heat
of the circulated air, and the circulated air is cooled down from the temperature of
500-650°C to 200°C below; at the same time 0.4-0.6 Mpa of a saturated water vapor is
produced. The cooled air is then transported to the plasma torch heater 11 for reheating.
In the second heat exchanger 14, the desalted water extracts a sensible heat of the primary
synthetic gas which is cooled down to a temperature of 260-320°C, and at the same time
0.4-0.6 Mpa of a saturated water vapor is produced. Saturated water vapors from the
vapor outlet of the first heat exchanger 13 and the vapor outlet of the second heat
exchangerl4 are introduced to both the vapor nozzles of the pyrolysis furnace 6 and the

vapor nozzles of the gasifier 4.

[0055] D) The saturated water vapor is input into the pyrolysis furnace 6 at a speed of
35-50 m/s; operating parameters of the pyrolysis furnace 6 are: 500-650°C of the

temperature, and 105-109 kPa of a pressure; so that the biomass is fully contacted with



- 87.0 CLAIMS 1. A nmethod for pyrolysis and gasification of bionass,
the nethod enploying a solid particle having a high thermal capacity
as an energy carrier and saturated water vapor as an oxidant,
conducting pyrolysis and gasification of the biomass in a pyrolysis
furnace and a gasifier with inner cavities thereof interconnected,
and finally producing clean synthetic gas; the nethod conprising the
follow ng steps: a) disposing the gasifier on the pyrolysis furnace,
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particles, and transporting the solid particles into the gasifier for

a next ci toodpatteddd fod) neooltulgiaohe ssheoaphsingtid cokpananspoged hethe alte;
cooler 8, alter a heat recovery, the temperature of the ash comprising the ash is cooled
down to 150°C below. The coke is separated from the ash by the ash-coke separator 9 and
then transported into the gasifier 9 via the coke transporter 22, while the ash from the

ash-coke separator 9 is transpotted to the ash storehouse 23 by a manual or mechanical

mode,

[0057] F) The crude synthetic gas at the temperature of 500-650°C crosses the mesh
screen 21 at the bottle necked intersection and flows up into the gasifier 4, at the same
time the saturated water vapor is input into the gasifier 4 at a speed of 35-50 m/s; the
gasifier 4 is controlled at the operating temperature of 1200-1400°C and an operating
pressure of 105-109 kPa, so that the crude synthetic gas and the coke is fully contacted
with the saturated water vapor io gasily into the primary synthetic gas. The primary
synthetic gas is maintained in the gasifier 4 for 15-20 s, and output from the gasifier 4 at a

speed of 15-20 m/s.

[0058] G) The primary synthetic gas at the temperature of 1200-1400°C is transported
from the gasifier 4 to the gas inlet of the second heat exchanger 14 via the pipe. After
being cooled down to the temperature of 260-320°C by the desalted water, the primary
synthetic gas is output from the gas outlet of the second heat exchanger 14 to the dust

collector 17. Dust in the primary synthetic gas is arrested in the dust collector 17, and a
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e) introducing the crude synthetic gas into the gasifier via the

i nterconnected inner cavities, transporting the coke into the
gasifier while spraying the saturated water vapor into the gasifier,
contacting the coke and the crude synthetic gas with the saturated
wat er vapor at 1200-1600C for gasifying the coke and the crude
synthetic gas to yield primary synthetic gas; and 1) cooling,

renmovi ng dust, deacidifying, and desiccating the primary synthetic
gas to yi dug cehasamataprf et prongasynibeticPaeatrrbe pgtet of the Hagt golicctor 17 is 50
characteriz§d Ln that the solid particle having a high thernal
capacity /N §F'8%earth particle, a ceramic particle, or quartz
sand, and a dianeter of the solid particle is 5 mmbelow. 3. The
met hod of [@i58i A A ftecthar eatoerl, Aedrinnry hathetin gsd i rasgpodediotthogen
atnosphere is provided at feed inlets of the Pyrol sis furnace and
the gasi f escidilicatipeowretifion aricichami ingraliey [16; Hesh §0%c et 586, o

t hat the operating tenperature of the pyrolysis furnace is
control | ed QY “838MREYC, an operating pressure of the pyrolysis
furnace is controlled at 105-109 kPa; an input speed of the
sat ur at ed [@@E0e ) AMfapdeadiditiativhghpyriohysiysthétir gradetransp@&difoniisdesanaor

19, in which the water is removed, and the clean synthetic gas is acquired. The clean
synthetic gas is transported into the gas storage tank 20 and is stored for later industrial

application.

[0061] After many times of tests and data detections, main components and
characteristics thereof of the clean synthetic gas are shown in Table 1. As shown in Table
1, the clean synthetic gas produced by the method comprises 90% of a total content of
(CO+H,), a ratio of Ho/CO is equal to or larger than 1, a heat value of the synthetic gas is
12.5-13.4 MJ/Nm’, and an efficiency of the cooled gas is about 87%. Thus, the synthetic
gas can bring great commercial benefits, and is especially applicable in industries of the

integrated biomass gasification cycie combination and the biomass liquid fuel.

Table 1

Number Component Unit Value

1 CO % (vol.) | 30-40

2 Ha % (vol.) | 40-50

3 NotAr % (vol) | <1.0

4 CO, % (vol.) | 15-20

5 CH, % (vol.) | 5-6

6 CoHun % (vol) | <2

7 Heat value of a synthetic gas (LHV) MJ/Nm® | 12.5-13.4
8 Efficiency of'a cooled gas % -87.0
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a retention tinme of the crude synthetic gas in the pyrolysis furnace
Is 15-20 s, and an out put speed of the crude synthetic gas fromthe
pyrolysis furnace is 15-20 mis. 5. The nethod of claiml, 2, or 3,
characterized in that the operating tenperature of the
gasifier is controlled at 1200-1400C, and an operating pressure of
the gasifier is controlled at 105-109 kPa; an input speed of the
saturated water vapor into the gasifier is 35-50 nmis; and a retention
time of the primary synthetic gas in the gasifier is 15-20s, and an
out put speed of the primary synthetic gas fromthe gasifier is 15-20
ms. 6. The nethod of claim1l, 2, or 3, characterized in that the
primary synthetic gas is cool ed dowflt!MStenperature of 260-320C,
and then separated from dust, deacidified, and desiccat ed.

. A method for pyrolysis and gasification of biomass, the method employing a solid
particle having a high thermal capacity as an energy carrier and saturated water
vapor as an oxidant, conducting pyrolysis and gasification of the biomass in a
pyrolysis furnace and a gasifier with inner cavities thereof interconnected, and

finally producing clean synthetic gas; the method comprising the following steps:

a} disposing the gasifier on the pyrolysis furnace, interconnecting the inner
cavity of the gasifier and the inner cavity of the pyrolysis furnace; heating
the solid particles, introducing the solid particle from an upper end of the
gasifier into the gasifier and the pyrolysis furnace in sequence; controlling
an operating temperature of the inner cavity of the gasifier at 500-800°C

and an operating temperature of the inner cavity of the pyrolysis furnace at

1200-1600°C;

b) grinding the biomass, feeding the biomass into the pyrolysis furnace while
spraying the saturated water vapor into the pyrolysis fiirnace, contacting
the biomass with the saturated water vapor at 500-800°C for pyrolyzing

the biomass to yield crude synthetic gas and ash comprising coke;

¢) separating the ash comprising the coke from the solid particles, heating the
solid particles, and transporting the solid particles into the gasifier for a

next circulation;
d) cooling down the ash, and separating the coke;

¢) introducing the crude synthetic gas into the gasifier via the interconnected



7. A systemfor pyrolysis and gasification of biomss according to
the nethod of claim1, the system conprising: the pyrolysis furnace
(6); the gasifier (4); a particle heater (10); a plasma torch heater
(11); an exhaust blower (12); a first heat exchanger (13); a water
storage tank (16); a water punmp (15); and a second heat
exchanger (14); characterized in that the gasifier (4) is

di sposed on the pyrolysis furnace (6), and the inner cavity aof the
gasifier (4) and t hB"FriRiticsxpnsRprigie thpeoksyntg thesgasifiewhile eraye dee

i nt er connect ed; _the water storage t.ank (16) i.s connected to a
water et of the Fab el \GocTRUR TR ot Phe S ERERRFLE a2, he
second heat exchang ; i wat er ) o e
outl et of the first%ﬁgg%égiﬁﬁg%g%%myﬁgﬁbgﬁgngpéégg%0%8@#2?fﬁﬁggﬁgng

second heat exchangge chileddndaiecii@nsi@aicad ghohallhpamgRoAthazZZscandf
the pyrolysis furnace (6) and a vapor nozzle of the gasifier (4);

f) cooling, removing dust, deacidifying, and desiccating the primary

synthetic gas to yield clean synthetic gas.

2. The method of claim 1, characterized in that the solid particle having a high
thermal capacity is a rare earth particle, a ceramic particle, or quartz sand, and a

diameter of the solid particle is 5 mm below.

3. The method of claim 2, characterized in that in step a) a nitrogen atmosphere is

provided at feed inlets of the pyrolysis furnace and the gasifier.

4.  The method of claim 1, 2, or 3, characterized in that

the operating temperature of the pyrolysis furnace is controlled at
500-650°C, an operating pressure of the pyrolysis furnace is controlled at 105-109
kPa;

an input speed of the saturated water vapor into the pyrolysis furnace is

35-50 m/s; and

a retention time of the crude synthetic gas in the pyrolysis furnace is
15-20 s, and an output speed of the crude synthetic gas from the pyrolysis furnace

is 15-20 m/s.
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an air outlet of the first heat exchanger (13) is connected to an air
inlet of the plasma torch heater (11) via the exhaust blower (12), an
air outlet of the plasma torch heater (11) is connected to an air
inlet of the particle heater (10), an air outlet of the particle
heater is connected to an air inlet of the first heat exchanger (13);
a feed outlet of the particle heater (10) is connected to a particle
inlet of the gasifier (4); a gas outlet of the gasifier (4) is
connect ed o Tae gushodriif glaipfl, .18 Isevapeerieskindhdhanger (14); a gas
outl et of the second heat exchanger (14) is connected to a dust
collector (17), a deagiofkibiiflchBrab@ef the &ificranebndofFi1q006-0400CE?)

i n sequence; and an ash outlet of the pyrolysis furnace (65 IS
connect ed to aafieadopenditz pofssiae phihkigedibersepanatlod at( 0H:10akPash out | et
of the particle separator (7) is connected to an ash inlet of an ash
cooler (8); and an a a
feed inlet of an ash %2g§H&%§%§?§h%§ﬁg%§@u&%Pb%ﬁ:1§3ﬂk2%§ﬁ§ﬁ§?§%ﬁfyg
characterized kmjthat a nitrogen protecting device (3) is connected
to both a feed inlet of the pyrolysis furnace (6) and the particle

inlet of the gasifier emof, claim?7 or .
characterized in tha?‘%% mni”ﬁfgﬁ £§V%§YE¥V%§6é%S5%“?%%ﬁ%§ﬂsF?%?%a“d
furnace (6) angy Bh?u%%éééﬁﬁe M)]a@rs?ntg&w%ohmqegzs fherh em@é my€vels,
respectively, and the vapor nozzl és” of each |evel "are even y and
tangentially arranged along a circunferential direction. 10. The
systemof claim7 or 8, characterized in that an intersection of the

inner cavity of the pyrolysis furnace (6) and the inner cavity of the

gasifier (64) Ths nedicdlog crage kel or anchaahctbieasitin O thay@nha9fsyihemsdas is
screen is disposed at the intersection. 11. The systemof claim?7 or
8, charact eri zeelehdanal aecwpietuouefl| 260-380°¢ . hed deh sepkscd Bpardastor  (9)

is connected t oke i Iet of the gasifier (4) via a coke
transporter (28?““& ‘1?W£‘§V§ﬂ8%10f claim7 or 8, characterized in
that a particle outlet of the particle separator (7) is connected to

a feed inlet of the particle heater (10) via a particle transporter
(24).

7. Asystem for pyrolysis and gasification of biomass according to the method of claim

1, the system comprising:
the pyrolysis furhace (6);
the gasifier (4);
a particle heater (10);
a plasma torch heater (11);
an exhaust blower (12);
a first heat exchanger (13);
a water storage tank (16);

a water pump (15); and
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a second heat exchanger (14);
characterized in that

the gasifier (4) is disposed on the pyrolysis furnace (6), and the inner
cavity of the gasifier (4) and the inner cavity of the pyrolysis furnace (6) are

interconnected;

the water storage tank (10) is connected to a water inlet of the first heat
exchanger (13) and a water inlet of the second heat exchanger (14) via the water
pump (15); both a vapor outlet of the first heat exchanger (13) and a vapor outlet
of the second heat exchanger (14) are connected to both a vapor nozzle of the

pyrolysis furnace (6) and a vapor nozzle of the gasifier (4);

an air outlet of the first heat exchanger (13) is connected to an air inlet of
the plasma torch heater (11) via the exhaust blower (12), an air outlet of the
plasma torch heater (11) is connected to an air inlet of the particle heater (10), an
air outlet of the particle heater is connected to an air inlet of the first heat

exchanger (13);

a feed outlet of the particle heater (10) is connected to a particle inlet of
the gasifier (4); a gas outlet of the gasifier {4) is connected to a gas inlet of the
second heat exchanger {14); a gas outlet of the second heat exchanger (14) is
connected to a dust collector (17), a deacidification tower (18), and a desiccator

(19) in sequence; and

an ash outlet of the pyrolysis furnace (6) is connected to a feed inletof a
patticle separator (7); an ash outlet of the particle separator (7) is connected to an
ash inlet of an ash cooler (8); and an ash outlet of the ash cooier (8) is connected

to a feed inlet of an ash-coke separator (9).
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8. The system of claim 7, characterized in that a nitrogen protecting device (3) is
connected to both a feed inlet of the pyrolysis furnace (6) and the particle inlet of

the gasifier (4).

9. The system of claim 7 or 8, characterized in that the vapor nozzles arranged on the
pyrolysis furnace (6) and the gasitier (4) are grouped into 2-4 height levels,
respectively, and the vapor nozzles of each level are evenly and tangentially

arranged along a circumferential direction.

10. The system of claim 7 or 8, characterized in that an intersection of the inner cavity
of the pyrolysis furnace (6) and the inner cavity of the gasifier (4) is bottie necked,

and at least one layer of a mesh screen is disposed at the intersection.

11. The system of claim 7 or 8, characterized in that a coke outlet of the ash-coke
separator (9) is connected to a coke inlet of the gasifier (4) via a coke transporter

22).

12, The system of claim 7 or 8, characterized in that a particle outlet of the particle
separator (7) is connected to a feed inlet of the particle heater (10} via a particle

transporter (24).
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