METHOD AND APPARATUS FOR LOW TEMPERATURE BI OVASS PYROLYSI S AND

HI GH TEMPERATURE BI OVASS GASI FI CATI ON FI ELD OF THE | NVENTI ON [ 0001]
The invention relates to a technology for transform ng conbustible
materials into a clean and highly efficient synthetic gas, and nore
particularly to a nethod and a system for produci ng synthetic gas
from bi omass by | ow tenperature pyrolysis and high tenperature

gasi ficati on. BACKGROUND OF THE | NVENTI ON [0002] Gasification
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devel opnent in t ury, especla
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mat ure. Researchers have successfully devel oped a process 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 t ethild} Oy HoIN¢ONH@Rensi ve energy utilization in the 21th
century. The conventional bionmass gasification technology includes:
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gasificati are gasl |cat on technol ogi es

processes clehn gidiggily gfRidnt 6aklican #Eﬁﬁﬂftﬂﬁ%bﬂﬂiaﬂ&uﬁﬁ § 16 A AleAfldant 2Q0kidRA
that the heat produced by part of the bionass supplies energy

r esour cefd prodgeisi kyrtladticans [ivmebianass bkyvg enipeediraipyiolyis sad dagbi nat i on
of the oxygenized air and water vapor is functioned as an oxi dant
during t KEIP§REITs BEaHGaHANr eact i on. However, studies have shown t hat

t echnol ogi es of direct gasification of the bi onass are

di sadvant ageous in the followi ng aspects: [0003] First, the
conponents and the heat value of the biomass fuels are unstable, the

bi omass Rag K @VOONDEOPFHE neREN TR conbusti bl e reaction, thus,
expl osion easily occurs. Wen part of regions are superheated and

coked, the operating tenperature of the gasifier is very difficult to
control . qoéélof&a}sfse%hwchw\f&x qfﬁ@navslﬂb{mwewé%heﬁc@ﬁmimamdﬁnm ch the

cont ent tive t
hi gher c@erytee nen Al ps lagr ﬁ%e\}\]/tel?“ CS’ﬁ{’@n%S%S?‘%‘fEE?%‘{/C@“ i‘%% 5@9&3’ ¥2), and
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is low and unstable, which only nalntalns at 5000 KJ/ NnB ow and
hardl y neptosess i@ gasédn®tod tiat Isatiesly apeissbie, laghlytificieain @Bification, and
pollution 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 2 1th century. The conventional biomass gasification technology includes: fixed bed
gasification, fluidized bed gasification, and two stages gasification, all of which are direct
gasification technofogies. The processes of direct gasitication 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:




[ 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 lowered, and the content of H2 is increased,
the water vapd?00zbFistnge semponcaiand Hig hsalafaiimod tha tiopey disieae anylahlge

anount of hea ner gy, us.t he. ene consynption.in,the air.

separat i on, théﬁ%?%%%£@gkﬁﬁgéﬁ§”ﬁﬁ%{%&i@ng#gmﬁfgaﬁ@tWB%eé@§?9f[0007]
Fifth, about 1a50Q%0f WhE DhiMedolssd@peRehahROokOd, 38! drelanpt e for
provi ding the enérgy resource for gasification, but at the sane tine
a | arge anpunten@ferfR off shepraoducie dedyniiffioelt aogsatst i on, correspondi ngly,
the content of effective gas (CO + H2) is |lowered. Furthernore, the
hi gh tenper at nt hetic s..and. 1 X% ' Aar . anount
Rk A I b R R T
the chem cal REfi@YadsSrNGEIRbMiTEhN ISR in ARGhdREnEEfdrN, WP the
cooled gas is also %omered, which is generall'y 70% bel ow and no

hi gher than 8Q&nttm ofxffepive gra(CEond), bhdnsower FARASIH.B A tHesided ehe heat
operating tenperature of the gasifier is generally controlled at

800- 1200C, at vslue hi diespripeicatas fsdowtaheé uagaild, ivdadhi oy oRintdhes aPelhss
produces a | ar agoount of tar which is difficult to.remve, and too
nuch of tar aé@ﬁ‘@ﬂa‘?‘“ﬁ?ﬂ‘”?‘ﬁd 1@%@{Yd’é‘?ﬁsé e nerg obithsdatey wdughiialuflizalione i pe
bl ocki ng and devi ce contam nation. [0009] Seventh, the gash produced
in the gasifi ¢auispmhid, wiee (i eygsszaiont woks asanprxddann eithoghniiceniitent

al kal'i netal oxides conprising K and Na, which is general 20-40 wt. %
of the total ash:isHelwdvay Jovaredsan addiiésnat ur ecphiahgdevierdn negeiiatedhe

al kali netal oxides Fs apt to.be %gsgfieﬂ and nixed@jptq_tpe‘.
synthetic gas BeGiHie Al hBIECGAPIFINARERIES CRHEY FRBBEPSN OIfths HeSYPHERRL i ¢
gas, but al so agferss, 0 Le1BIACR.ANL dRVIGRRgLeggtNer wi th the tar,
thereby resultrng”a serious corrosion on the devices and pi pes.
[0010] In view of the above existing problens, technol ogies of direct
gasi fi cati on &9008] baeds whee thgiop ganided airang Eicapiti vagor worp rakethcal
production. Thus, a nethod for gasifying the bionmass which n be
ol e i n i ndCksEATEHSe CoBi b oA STt g RmiBrEraf Menet i ¢ s
is desired. S OF . THE. . e j : :
above. descr | bou Brohy B Frcp A T LER LARE Rk Pl ng i i o
provide a met RegkuaRea Sy Sh&M bPRcaPEREHCHINY R YAERS EbiBuBPEoT MARR air

bi omass by | ow tenperature pyrolysis and high tenperature

gasi fi cati on. sdpeatwe! thodrdceatiaipeyg n@asyizeaght podyctenepgly savi ng, and

| ow cost. The produced synthetic gas has a high efficiency and high

heat val ue, W[é&b??pﬁﬁﬂgﬁouﬂ 5.ba Pihikdhds iRkadsidkey s@ﬁﬁignite 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 + Ha) 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.




[0012] To achi eve the above objective, there is provided a nethod for
produci ng synthetic gas from bi omass by | ow tenperature pyrolysis and
hi gh tenperature gasification. The nethod enpl oys a superheated water
vapor as an oxidant and an energy carrier, conducts bionass

pyrol ysis and gasification at different tenperature ranges, and
finally produces clean synthetic gas. The nethod conprises the
foll ow ng steps: %0013] a) &inding the bionass, feeding the bionass

into a pyrol ysP8f gpsndlee orepting tengpesatirew! therpgdFat ip eenesthyernsaicdqt

t i lysis f tr.ol ling th | ySi
furnace ot an Py Pl RlefaelieoRe sfiMabitre! GonbaGHhoaE:
bi omass with tleQEe %iﬂ?%ntl %m?m}cwi@di%ﬁrt?g&hﬁg, NALES mﬁé\p&ff taf e@’gregated in

conducting a pyrolysis reaction to yle crude synthetic gas and an

ash conpri si ngheadegitis@nd Ppeaidap: bheusepaseailodiihg @apeviad tongandihatdne
pyrolysis furnace is bel ow sublimtion points of alkali netal oxides

conprising Zﬁ@gi@eveﬁﬂet}}%#}éﬂ bro Leéegan @E'g?ﬁﬁca%él&%i%hh%mﬁﬁ%s BSiflains a

conprising th , and cru yn rrses no tar or

mnor tar. [O0QlshinB 6RO IFik & BxREIRIhRIsNG K BRI REKemiALRSER Ay T O
a tenperature of 150C bel ow, and separating the coke fromthe ash.

The coke is ugedofvar Yyqutalciotahgshs Viotvbedr) 4 agaspdratutelvpHeothho ROOTE:, dtcep,
and the ash conprising the alkali netal oxides are transported to an
ash st or ehouselkafiogiBpxigys Frapnoporesified alenixed oo by syHbeticzagahiethd
the coke into a gasifier, spraying a high tenperature superheated
water vapor i AOLTR &ITREEhe PRPSHLEAE st gﬁ?éu %q&rdi%&es t'ilsﬁfpes and
operating t e”Ta@\’}i’e‘és%getlﬁeﬁ- w%gf?é 4P Web, ‘i-%lﬁtﬁﬁétré JEQO%J‘&»;B%&%H%E el fled e
hi gh tenperat ure superheate water vabor conducting a

gasi fication pgaghlton and acquiring primry synthetic gas. Because
the operating tenperature of the gasifier is above a tenperature to
formtar the crude syntheti.c. gas and the coke fully gasified,
and the 3991191 ?‘é&‘eﬁrq? 4POXS, Fiti IR PEOTYES: &35 ‘P‘P%‘S%‘?fr "e{‘%a?%'f%d}’féi‘ d)
Cool i ng, I ' eact.di f yi ng. ' [ I
synthetiégggéﬁfgﬂﬁﬁgpgu%ﬁ@%ﬁ“%@%?ﬁ%%?@%g%%gﬁ%hgﬁgéggggé&g?p%%ﬂ?ﬁﬁg
down not (RObY¥mhSs which can be applied in industrial production and converted to commercial

benefits is desired.

SUMMARY OF THE INVENTION

[0011] In view of the above-described problems, it is one objective of the invention to
provide a method and a system for producing synthetic gas from biomass by low
temperature pyrolysis and high temperature gasification. The method features easy
control, energy saving, and low cost. The produced synthetic gas has a high efliciency

and high heat value, with absence of tar or atkali metal dioxides.

[0012] To achieve the above objective, there is provided a method for producing
synthetic gas from biomass by low temperature pyrolysis and high temperature

gasification. The method employs a superheated water vapor as an oxidant and an energy




a necessity in the whole process for production of the synthetic gas,
but al so recovers a | arge anmpbunt of sensible heat for conprehensive
utilization. The process of dust renoval separates the dust fromthe
crude synthetic gas, and | owers the dust concentration of the gas to
50 ng/ N8 bel ow. Harnful ingredients |like H2S, COS, HCL, NH3, and HCN
are renmoved fromthe synthetic gas in the deacidification process.
After desiccation, the primary synthetic gas is transforned into the
cl ean syrRHELiCONGIE bl%\mfl&smw%y%& @A@SIflwiorlat fifferanhigmpesafugg ranges, and

applicati 001 The und mass, in ste S a artjcle si ze
oF P 20" Dol PRl el vt o bt Cor AR Tou SRR By omas
of such a particle size and water content fully contacts with the

hi gh t enper at (i#@ 3 ap@rihdag e bivat s, feaiigr the bontakaihtqy poelysie Surodce,

desi ccati on, separatlon of volatile matters, pyrolysis, and

evapor ati on asragingp| ?/Wé%?ﬂﬁ%t‘@éupealﬂf‘@*etdﬁ\éf‘t%ﬁ’é?%t‘Wﬁghft @X‘rﬁ’é?lét“uﬂ%ceof

the gasifier do not .formin. the, Y,
furnace. [ 00165 i%lispa*)o?ysg e FSuan ot e RPN AR VBT
feed inlet Of chiguRUAl MihiisshHIIDAE fol bnfRR 8 udehicgic W XRlR5HON
caused by | eakage of the crude synthetic gas fromthe pyrolysis
furnace. [001%pndudtisd £pyd)ysisaeRried BNalili eruapeyiahdiRGat &per 8t ys@pding he
pyrolysis furnace is controlled at 500-650C, an operating pressure of
the pyrolysis afcokndeess theopeirthg edipatatit@5f the9yiobais flma¢mipbtlospeed of
the | ow tenperature superheated water vapor into the pyrolysis
furnace is 35-5uipgtion Pél“ﬁtse‘tfe’ﬂ’t“?‘d‘t‘f‘tfll%éj‘*bFo"f‘lHég“lﬁr[ﬁééd %rﬁ‘ﬁéﬁ‘%‘@% in
;Dﬁ t Eg{ ?LyS:,; O%l“cli(r%‘sn eax?ﬁ dn E])? raglr )c/osnl’lpiis]m&qﬂe cgwi Egldp[ c%?y%tl?g?h%ds co%wuses
pyrolysis furnges PRELGUES at a nornmal pressure, and no speci al
pressure device is needed, thereby lowering the production cost. The
bi omass in the pyrolysis furnace is fast desi ccat ed, separated_ from
vol atile matt é@fﬁ 4] 9}1 Oﬁy&gdhwéaoalawi%m@ﬂm@ ke grmesely iw tfepnersie Plide
synt hetic gas ture & heat ter v
Furthor mor - AL Gt EE DTl P PP bR e et e ¥ iftace 1 o
much | over thg{ba@&ﬁ%gmﬁét%dpmm&%;fatmﬁﬁr@ 5#@ e agms&hplgmgqﬁéankywlch
are about 800 hat the al kal i des are renoved fromthe
crude synthethMﬂ@asﬂeihetmeﬁﬂumy&hyuhEWBmh@Mkput speed fromthe
pyrolysis furnace prevents the ash fromaggregating in the outlet of

the pyrolysis [6&%?9‘)%39‘8%9)1“:@%}6901 udepsyplﬁmt;c gas and the coke into a gasifier,

spraying a high temperature superheated water vapor into the gasifier, controlling
the gasifier at an operating temperature of 1200-1600°C, contacting the biomass
with the high temperature superheated water vapor for conducting a gasification
reaction and acquiring primary synthetic gas. Because the operating temperature
of the gasilier is above a temperature to form tars, the crude synthetic gas and the

coke are Tully gasified, and the acquired primary synthetic gas comprises no tar.

[0016] d) Cooling, dust removing, deacidifying, and desiccating the primary
synthetic gas to yield clean synthetic gas. The process of cooling down not only is
a necessity in the whole process for production of the synthetic gas, but also

recovers a large amount of sensible heat for comprehensive utilization. The




[0020] In step c), 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 high
t enperature superheated water vapor into the gasifier is 35-50 nis;
and a retention tine of the crude synthetic gas in the gasifier is
15-20 s, and an output speed of the primary synthetic gas fromthe
gasifier is 15-20 ms. Thus, the ?asifier operates at a _normal

pressure, and Pirsessd dugireppd sgpeiesdhs dust frampileerade sYnRsHe 838 fsher i ng

th ducti : hi gh i t d t he  hi t t .
Super noat ed it o7 sl ATab PR o 3ETER o0 ifur MagBBRLT plurens

cont aCF and rﬁlﬂ&: P[t}S,té@S,qJI@Q,Q\I 7Y 91&?9@1@3:?%&@9 ﬁronlethg gs%ﬁl%netil_ fs in the
operating tenperature rang€ of 'the gasifier is suitable, fch

ensures a tot abacBfitdiion ptdcoss. Afiet digicedtiod ehs pambstdyathgRsgRNgiRemeke
during the contact with the high tenperature superheated water vapor,
the acqui red prtp therojeasypithelid s gascicorpridos latior industriaapplvetisame ti me
t he energy consunption is |lowered as much as possible, and the

per f or mange; Afrnt BRuEASIdhia8Y inf stepl:31EEd YarliTRERY 820 10234 mhMb3E 8RN
the primary Synthetic gas is cooled down to a tenperature of

260- 320C,wasdohierivelieantichelods Bidieask efmenhatpartilcofizd dnd wardr mauitynt fully
synthetic gas output fromthe gasifier is still high, about

120- 1400Gentabie wiibdhé ingh pmpeesiee sgponlisated ntajer vepriussi that presesseeof at er

dust collgction, deacidific L,on,_and desj ccation, but al so hel pful
to recovelSiPREOBSHRITHIN HaaratieMILess BrionEry K AYEPRIPIW Yagably her eby

achi eving_ a.conprehensive.utilijzatio f t .exhaust heat,, ]
aystom 1 S AERRAFNEC Shatfuth bob SN b B Rinll Pl aPREC o
pyrolysi soane fik ghohRIMERAtUre gasification according to the above
nmet hod, conprises: the pyrolysis furnace, the gasifier, a | ow
tenperatuyre plasma torch heater, a high tenperature plasm taorch
heat er, OQ\B‘Eé‘# SIgR Bk agHraggmitmosPhgsy ’élP'%’ﬂf&?ﬂ?émﬂ’dé”lﬁ‘e‘gttheé%éﬂéﬂéer :

[ 0023] The.wat.er st orags nk i n 0,8 r.. Lol f. the
heat _exchimiarnrs THEeid SPsloRsi R B Gy R whefLgf
exchangerid sydlysit igns@Me tinme connected to a vapor inlet of the |ow
tenperature plasma torch heater and a vapor inlet of the high

t enper at yr | asma torch heater. A vapor out|et of the |ow, ‘

t enper at 18I 45 P Wt piierpse pasiting eabyBEE Q;léb%wrﬂ'&lﬁ Funige i3 ppatrolled

pyrol ysi Gy page. a.ﬁ%a’e?egg{gtpﬁ)é&dr%f% p%@g'f@eﬂ@f&fﬁg‘éﬁt%lé? Gt Rﬂﬁfdé%ﬁj A

torch heatér 1's connec 0 a vapor gasiftier.

gas outl &4, phutdpeedid B SmpobNACK pbihcRONREEE Sl Ridthd dSrolRisalimate
the gasifier, an ash outlet of the pyrolysis furnace is connected to
an ash i ni 2f-Sofn/qn rasitimaohest thanddasymsiic gt inagbe pfroltyhie flasdvedobi-20 s,i s
connected to a feed inlet of an ash-coke separator. A gas outlet of

t he gasi fangan petpeoiaeteidbe erodasygtistiv apsitora thetyeolaaturiaee Kalbgdt M/sand a
gas outl of the ea% exchanger is cpnpepted to,a dust collector, a
deaci di f i ¥t BAPYBRES MUtpRs CRCGES ALLATBI! PrysWE pRANO $ASH3EYCFHIE 951 8
torch he ' ' - i gh. I re. Lpn

transt or ofHiS REURNLRGEAR: bRatl Tl O ERRRIAMS IR fud@els
pover, WYRR dedicdafedUeBslale@ MGAY0IANE MABES  anld pyFdieeWaliBiig Bt 06248 Witnke a
hi gh tenperature superheated water vapor can be effectively,

successi weldg,syatheicsgaalbhy therlod tgeratiia suprightadevpanvapur Burdepesiaghat ed
wat er vapor is functioned as not only an oxidant but al so an energy
carrier, operatingiempseiygas] e gyrohsistrimaeals Megh iveishaa seblyprtpen ppiEs pleat
exchanger, effectively recovers a |arge.anmount of the sensjble heat of
The or - mtbS kg RbREFP YRS MRS b oo PRA e G PR i <

pr eheat eqﬁlﬁg%dtff(ﬁﬂE'IGQ;I;’L%%?’hiH&% s.sﬁ{eLfEl?&i%y We?'éutﬁﬁ't%@em(ﬁn hR t he

sensi bl e heat, and the saturated water vapor Is then transported to



and keeps the air outside the gasifier, the fire and explosion are
elimnated and the property of the crude synthetic gas is assured.

[ 0027] A coke outlet of the ash-coke separator is connected to a coke
inlet of the gasifier via a coke transporter. For exanple, a screw
feeder is enployed to directly transport the coke to the gasifier, so
that the intermediate manual transportation is saved, which inproves
the stability and the succession of the gasifier. [0028] The vapor
nozzl es arlroa/ﬁﬁéamaw rpven P T REEPEREBE Bl Pt gRYE PYwfystylamace
grouped i 4; hei ght | evels, respectively, and the vapor nozzles
of each f'& 1Ff=33r%psevenl y and tangentially arranged al ong a
circunferential direction. Thus, the superheated water vapor is
sprayed [(8W20] mhecppyroprySiabld Qpereaiq:g teamyerative of dwi g%ni;iém it comadlied fer ent

| evel s, and an even and stable tenperature filed is maintai ned at

di f f er ent 2¢e[HC 8@9@|chfelrdé'§u>lpﬁndﬂgg Pigssire efithg/ees st Beontieisded h0T-hed

super heat gd \wat er vapaor, ct ant Base the
hher ent KenAr 200 YRR ARTFeA HErERE Hhidio b RRE 7 e PR P asn
fusion pgiRh 0. b M FRY o €s
of the gasifier, : ?ﬁlmegdaeo@%hggﬁ%@ﬁﬁfl%gﬂﬂg%g@? % lsstrj%erﬁgfaﬁd
wat er vap@put sfpa&dtﬁ‘rthct franay RenthavaR tibAnad goxficl ants-20 m/OThexygeni zed
air, to produce synthetic gas from bi omass by | ow tenperature

pyr ol ysi gasalid ohérgles elenpemal pressugasid iccwediaiprestuv alnyiag sarcodedt thercby

i nventiop are sunma i zed herej nbel ow rst, the superheated
wat er va[:}d“f‘e“ingtlﬁr%? \rEon 5t ik él?t‘i ?eg‘g 't? %hghée“ﬁi?e%%”pw ed

super heafgd ? n[t?]ﬁl%%gsﬁ 2 ifu%%iyoi X)V%chg)é Lq%{ ng) H1t1x 8 §9 c:t%ﬁe eﬂ"ﬁllieg%

carrier, so t eni ze I's

whi ch megns, g i Gk Wiﬁ%&%ngféﬂﬁéfﬁﬁﬂe ?s!n'{g,e afihe %ﬁé}gs deMbeewhieh not
necessitated, and the energy consunption int whol e process and the
total pr aduck| laamalcgsificai@ dfaligeliye syniietit gacnd [ti(H):Ca)k]: dGegohe comaet with

sel f-ignition occurs in the biomass during the pyrolysis and the

gasi fi cathicdwgh emesratyye wiptbeatpd ehipr wapouitimpct biecdmotrrg menthgtic gas

conventi onal %a5| fy
comprises no tar; at the same time the energy consumption is lowered as much as

possible, and the performance of the gasifier is largely improved.

[0021] In step d), the primary synthetic gas is cooled down to a temperature of
260-320°C, and then cleaned. As the temperature of the primary synthetic gas output
from the gasifier is still high, about 120-1400°C, the cooling process is not only
conducive to the later dust collection, deacidification, and desiccation, but also helpful to
recover the sensible heat in the primary synthetic gas, thereby achieving a comprehensive

utitization of the exhaust heat.

[0022] A system for producing synthetic gas from biomass by low temperature pyrolysis
and high temperature gasification according to the above method, comprises: the
pyrolysis furnace, the gasifier, a low temperature plasma torch heater, a high temperature

plasma torch heater, a water storage tank, a water pump, and a heat exchanger.




process, such as fuel explosion in the pyrolysis furnace or the
gasifier, regional cokings, and difficulties in controlling each
process. Because the air or the oxygenized air is not necessary in
the reaction anynore, the synthetic gas has a high ratio of Hz2/ CQ
and a high content of the effective gas (CO + H2), which is 85%
above, thus, the heat value of the synthetic gas is largely inproved,
and the use of the synthetic gas is nmuch wider. [0032] Third, the

mai n readPﬂ%H1&@vﬁﬁﬁ§ua%@tmﬁébpvvﬁﬁyéﬁsiWﬁﬁh@&%OEﬁdh@%@X@HB%ﬁWéﬂheThe

bi onass is at fi rolyzed into the crude synthetic nd t he
coke at a¥ #tavwﬂ'm%é@g%m%let gl byt M] ?ib‘%eb’rsé*aﬂ’éts?‘BﬁEmﬁF%‘ f&&@?ﬁ? AU a
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tar and Gakeabehakierd Aafaﬁélqmad)mm wttélﬁ e!?ﬁlhfé%bél1$1¥£lbh@%biﬁae&@c$toz$0
that the carbon conversion is very high % he acquired primary

synthetlngasunaeabﬁeQWHﬁimsnmumeU¥e$ot®am1afweHmmuyn@nﬂumqmmamumehto
t he devices and pipes, and the | ater cleaning process becones nuch

si npl er . iF@@BgFOPBﬁK@HOﬂWH@”ﬁPé@%@Uﬁ%g%ﬁ“ﬁeater produces all the heat
energy which is necessary for bionmass gasification by the superheated

wat er vaqoozﬁust Sdsdacléhe tgasi bl 88 furkfee ish@aheciiab @Yadinid BeiRigasBeSaf uel
is all transfornmed into a chem cal energy, and the efficiency of the

cool ed gash bati@8%halpgudysisfoirebe issoB¥%chidgher athhialet efhataslofodléreand an ash
conventlonal [0034] Fifth, the plasma torch heater has a high heat

ef fici encpt etaﬁdh‘i‘a%ﬂ‘ §80I5bis €0TTSHIGE t%%‘@ﬂ Iniglod an pHiecaks Sprsrrien 4 235 outlse

bi f t h heat
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the s uDeriﬂ%ggal tl@ IE:O[Y]%Q[%H 0 §H'Lg3t %le@&)@lamega@ll@ﬁ%n lb\%él W El(dégr‘CéQ!)ly’

and assure a stabl e out put y synthetic gas and a stable
property.ins¢Q35] Tests have shown that t he net hod and t he system of
the invention is applicable to di fferent kinds of biomass fuel s, and

IS aspecia@%ﬁ, pkgﬁaﬂ% '”KLQQU tgjaguoﬂ“hgg_iqae r@%ad emp ss

gasi 11 catl o QR PESER RIPRATISH SRAMGeRep s e P T

DESCRI PT1 (Ns (EF o fTdk %WSN%]] efficiency, and adjustable heat power, when it is used to
heat the water in the water storage tank, a high temperature superheated water vapor can
be effectively, successively, and stably produced. The high temperature superheated water
vapor is functioned as not only an oxidant but also an energy carrier, so that the gasifier is
maintained to work stably. The heat exchanger effectively recovers a large amount of the
sensible heat of the primary synthetic gas. The water in the water storage tank is
preheated and ransformed into a saturated water vapor due Lo the sensible heat, and the
saturated water vapor is then transporied to the plasma torch heater, thus, the energy
consumption of the plasma torch heater is lowered, and comprehensive utilization of heat

energy is achieved.

[0026] A nitrogen protecting device is connected to a feed inlet of the pyrolysis furnace.

A nitrogen sealing layer prevents the crude synthetic gas from leaking out of the gasifier,



[0036] FIG 1 is a structure diagramof a systemfor producing
synthetic gas from bi omass by | ow tenperature pyrolysis and high
tenperature gasification of the invention. DETAI LED DESCRI PTI ON OF
THE EMBCODI MENTS [ 0037] A method and a system for producing synthetic
gas from bi onmass by | ow tenperature pyrolysis and high tenperature
gasification is specifically described with acconpanying draw ngs:
[0038] As shown in FIG_ 1, a system for producing synthetic ?as from
bi onass byidikespsttengiepuiside tiegpyibery diedirapnl aiplionarpdmangpdand the

gasi fication, cg rLgfs: ﬁ belt .conveyer 1; a hopper 2; a screw

f eeder Sﬂ”%P%Vﬁ’ﬁ%??%f?wp18@%g%'%ﬁﬁm5'gasifier 9 for biomass
pyrolysis and gasification, respectively; a |low tenperature plasna

t orch hed0e27]8\ arkd oatldtiogj khetasimpelreateparatoplsasmeectedite h chleatler oflife fapifier
suppl yi ng superheated water for the pyrolysis furnace 5 and the

gasi fi er ‘94 a pelegEesioyier yor exaiiep seenriagist sapwployed ghdirestngeesop it 16
for supplyin ter.to the | ow tenperatur | asma.torch heat.er 8 and
the hi gh PeBRRER ot Bl R Raa i (B o S S RGaRT 11 for
conpr ehensj il i . «and a dust collector 12, a
deacidifﬂgf%ﬁgﬁh%g&%ﬁﬁ%%?ﬂgé%ngg%gﬁgﬁggﬁggﬁ%ﬂ for later cleaning of
the synthetic gas. [ 0039] An output end of the belt conveyer 1 is

arr anged [ABBdDgvapdineezlgsrarpngediaippe pyrlysisdunage sl Uyt easis” pepPed | s
connected ¢ f.eed i nlet of. the rew feeder 3, a feed outl.et of
Che sor v Pashur B e, Binglvad o U ot Pfhea o nd 45 FirPiing

fur nace ﬁange[lf?ﬁﬂmrraﬁ?eoeal Ya QRVE& ek R dﬁ‘ec,fti'oﬂ.Sf‘ht@,ttﬂ(gﬁlpgifhegt'e@ URR?
processing, the pyrolfysis Turnace 5 conprises a casing conprising an
ai r cool edpjsic kghycdrin@ (e eolysio Gliragtejaag Ketgasifiodidd diffeeimidvelsnsid -at ed
at a normal pressure. The feed inlet of the pyrolysis furnace 5 is
arr anged eyan an! ugperenparature filedns mpinsrinednd diffecenabg ghtdevals, agetinpinomass
addition and a stable flow field inside the pyrolysis furnace, the
nunber offullygontass hetvgpipthe superhggted wafes yapor and ther gy tSor ot ect i ng devi ce
4 is connected to the feed inlet of the pyrolysis furnace 5, so that
a ni trogguoByadakdidor 1Y @thetesit dharadrdisti@ror éfcheatd el yolagpanatspdtahe
crude synthetic gas fromthe air. A gas outlet of the pyrolysis

f ur nace Husign peineeighabiomasshendugopdrinedarith tbe operhtowdeatpis pf thagasifie;, the
connected to a gas,inlet of the gasifier 9 via a pipe, so that the
crude syrbdiBed of i vedion egpdgys thceypergeatetbwaigsyappe Fatler thagdhgyr ol ysi s

f ur naces coqpniggs @ntgsh_outlet g[n n%gd at a bgttom% t%e nane[ of
the ash SUPTEHOT OFKEGH ¢'\REYERIFCASI QiPLESY HRYFF 57 T HR PREKSHOY 108
s 1na ltélﬁb’él@tu%ﬁ'&ysi?% lﬂ@ihle@&f)te}a%re g%iﬁ_&ﬂﬂ:@.%fﬁgmﬁ%s%@tlﬁqﬂvénﬂbﬁgrem
an ash cooler 6 for tooling the ash conprising a coke. An ash outl et
of the ashmeoeelefhdrsinedmwected to a feed inlet of an ash-coke
separator 7 for separating the coke fromthe ash. Preferably, a coke
outlet of the ke r r I, n -a. I of
the gasifier Surh B ehEanry AMeeaRaF R8T R ERd € BBl e,
conpared W t h Wil pdiiarareid-ahpans ﬁ&d)n?%lﬂx%n@btﬁtaﬁsglaﬁ RGPy
continuous operation of the gasifier 9. [0041I] As a key device for a
second st age efurist, soremsthpoetiessiing,oxyfmigdsirfis et nBceatasy whivipnéames a
casing conprising an air cooled jacket or a water cooled jacket, and
is thermal i ndudhit egrexvcoasunedrngl separalsisy deaice Thieot dedessiiatpidendghe eivegy
gasifier 9 is arran ed,op ag upper part. or an, er end. To assure an
aven coke addicPPURPHAR NS ARG s e i Reedbediopgsigieipreely o, t he
nunber of the coke inlet is one or two in conpliance with the
capacity. An as oudret of the gasifier 9 is arranged at a bottom
fromwhich an ash is discharged in a liquid state; the nunber of the
ash outl et is|¥iHd]decondond sglfcanipr astees iniherbiomess dapagihe pyrolysiend the

out et of the ga5l {189l PeiiBI9SH R hISoHBRE T B3 Lo sV
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connected to the dust collector 12, the deacidification tower 13, and
the desiccator 14 in series, and an outlet of the desiccator 14 is
connected to a gas storage tank 15. [0042] The superheated water
vapor sprayed into the pyrolysis furnace 5 and the gasifier 9 is
transfornmed fromsoft water or desalted water in the water storage
tank 17 by heating. An outlet of the water storage tank 17 is
connected to a water inlet of the heat exchanger 11 via the water
punp 16. The Heeesesuchan gl explogien uébrawlylyalsgeﬁw@ewetﬁwﬁém;emn@hpor

outl et of the heat e 11 ane t connecte
Caror i ol ot oreokRes FatAE A st epiroingsheh PRFRH HrausE R he Canor
niet of the high, tAMARLALNTE LA TR ALEMLAASHSL: Ao MAPOK QUL | o

of the low tenp ture p asma torc eater connet a vapor
nozzl e of the jpyri@liysf B,/L0 RALLSigN kéntént RF PR cfbethaRAs (QutH ieh, varficht f@e
hi gh tenperature plasma torch heater 10 is connected to a vapor
nozzl e of the 8§asitoverth®, thedhes vplupef thersefitbetabday is lhizelnWaporvedomdlies
arranged on the pyrolysis furnace 5 and the gasifier 9 are grouped
into 2-4 hei ghee p%%ﬁ)glthqﬂégﬁ%@tnwéWdeland the vapor nozzles of each

| evel are evenly and tangentially arranged along a circunferenti al

di rection. Thyso329mhBY&hc AA 184clBh @cMaRQke fht bedIyss My Midnedgasand a
fully contact between the superheated water vapor and the reactants

i s achi eved. [0048ImiFhe a6 {ist pyoblzsbintoip citsle syrahetmgdas sidothe hdwse a 18y
and the solid ash fromthe ash-coke separator 7 and the liquid ash
from the gasi ﬁ‘?ré?e“@“lﬁr @ldt kr@émglﬁcyfqdéa“% at'f’r%*sé'@ﬁ aky %'BB HapsErtyrg. $iycedhe
manual or nec@an q % 3 S ﬁ{ %Ft(%@ nthetl

gas from bi o35 By “Wé’te%ﬁb er'att %e py?B %?e EricR Frp%’?‘%‘t’sef*éo
gasification léﬁdaﬂgnetlah%xﬁ@@{ﬁe Y Sl&iad §1esclﬂQFah§fbﬁﬁédl Mtoqﬁéﬁl ulng’l?@ Rfietic
follows: [0045] A) Gound biomass 1S transported he pyro Fy5|s
furnace 5 vi aghf)go il theGarmye yoivelsiort lh@@ib@lﬁﬁ)ﬁfh@%ﬁqtﬁfﬁd ;ﬁhm;sgmawuf: gader
3 inturn, at the sane tine nitrogen is input froma nitrogen

prot ecting devs dwent of invpurdics detark wiret andfcotrhgvplpribd geiicss gt pipese asd
When the biomass is a gray straw, for exanple tw gs and roots of
trees, a parﬂWﬁP@'QF%Embpﬂfﬁébﬁ?@ﬁﬁ§§“h§"ﬁﬁ%troIIed at 20 mMmm x 20 mMm
bel ow, and a water content of the biomass is controlled at 40 wt. %
bel ow. When t heo33i Oomss thesplysaid tomwh Sicdtavprodats sikaaphka catigl kéiddfis
threshed grain, thatch, stalks of corns, the particle size of the

bi omass can beiecreemx fw@iwnasag@éﬁca[i@@%]heBypﬂ'lhf@tede@aftrt\/@ﬂmmméde the
output froma ma orage tank 17 to inlet of the hea
exchanger 11 »zf*a Wﬁﬁ“é?“ Bt 0L B depst Hes! &@ﬁéwaﬂgaumvaﬁo 1&%«? es
heat with primar a rom a S
exchanger 11, “Gh %a¥%§ﬁ§{gfm% ofpmlgogg %%?g%”%§V% %“@Esgﬁin “ﬂater

during which QuA-Ra®rWRaoRenfighdlr ated vapor is produced. The
saturated vapor is output froma vapor outlet of the heat exchanger

11 to the | ow er re plasma torc d the
tenperature pll @%E *tfﬁ’r Lﬁi}‘? le%glaé?‘ Cli%e‘é‘ﬁ ‘*ﬁf‘ fhﬁf‘trfgg“FWO‘“ @ iIStF}B]&t ed
wat er vapors %]ipug bI)\L&,r &n € @&ﬁﬁ&%H{S%? the biomass fuel changes, the power of the

plasma torch heater can be adjusted, so that it is very convenient to control the
temperature of the superheated water vapor, and maintain the gasifier work stably,

and assure a stable output of the primary synthetic gas and a stable property.



[0047] C) The | ow tenperature superheated water vapor produced from
the |l ow tenperature plasma torch heater 8 is at a tenperature of
500-800C, and is input into the pyrolysis furnace 5 via the vapor
nozzl es. Operating paranmeters of the pyrolysis furnace 5 are:

500- 650C of a tenperature, and 105-109 kPa of a pressure. An input
speed of the |ow tenperature superheated water vapor into the
pyrolysis furnace 5 is controlled at 35-50 m's, so that the biomass

i s fully |88k destelavgishpve Hat|tegynetdagharhie pestay gétﬂiﬁéme%p'wa@@:r icgllp &t
and pyrol yzed intp the crude synthetic. as sh. co |s|ng t he
coke’” Tl EF e G arRbeRe B st HEndGMsFPRe £ ur nace
5 for 15- y as from
Che pyrm@%ﬁ%f‘ﬂﬂ?ﬂg%g SRR nﬁ’%nmf@*" Yo PG E) The
crude synthetic gas at the tenperature of 500-650C is output fromthe
pyrolysis furnace 5 to the gas inlet of the gasifier 9 via the pipe;
and the ash conprising the coke at the tenperature of 500-650C is

t ranspor tgRifFroRscheTaeR ortTHetpPAWIRgspyrol ysis furnace 5 into the
ash cooler, after the heat recovery, the tenperature of the ash

conpri si . ash. is cool ed down.to 150C bel ow. Th

cepar at ed AT BFDs adntn e BERr & bbb AReaftine P o im bowse.
transport @ﬁ% 1 fcdh 8r b HERKS.
transpor“ﬁﬂo%g?%gﬁﬁﬁ n&Qi? T n%gﬁgwg@ﬁh% élsgﬁar5?0r17 I's
transported to the ash storehouse 18. [0049] E) The high tenperature
super heat ed wat er vapor produced fromthe high tenperature plasm
torch heater 10 is at a tenperature of 1200-1600C, and is input into

t he gasi fDETAR.PD BEEORINVEPN ORGHAH ESIBODIMENTSHg paraneters of the
gasifier 9 are: 1200-1400C of a tenperature and 105-109 kPa of a

. i h d
Vapor 1 nilgOTHE BRboT RER o egt e b SR St B RARS OEBY R T
crude Syr}ElﬂE&hlﬁ;ﬁQ@?‘ol&% hibdl hi¥h %ﬂk?&%‘:@%aéﬂléaﬂoﬁ hespBli b fRRReHAT Wi

super heat ed” wat er "vapor and gasified into the primary synthetic gas.
The pri maicyordyanygtdiovigas 1S maintained in the gasifier 9 for 15-20
s, and an out put speed of the prinary synthetic gas fron1the gasifier

9 i neld.ed 15- )
Cenper at JPE 871 Iout Tub BT Sttt Pribsifd Rat il b, 5o Rind{ o
gasi fier t@mﬁagtuw ANSINAE L& 1&9te‘iﬁb@nﬁﬁ@ 5§st|9cfd%t]ﬁ)‘{%ﬁlpl1§esf Pbel P&ﬁpéyeehﬁnf?' ve

utilization. The prifmary synthetic gas at t enper at ure of

1200- 140QGpp& 2 k atrspatddes3 fcnqnmfyﬁeﬁgmesldaa d@dfhﬁeﬁha; gidmakihyedlysif the
heat exchanger 11 via the pipe. After being cooled down to a

t enper at e gosifigaion32eechvely; hdod éxwaeradewdasaw torch begserisrandy tegint het i ¢
gas i s output fron1the gﬁs outlet of the heat ex hangF 11 to the
dust col I'BEPYRUIEPIaRAtET Hi'e%tﬁke apiwé%tpﬁléwte yae! %ti}%%@v% by

t he dust coll e concen i
syntnot1 dTgRs SR e B, Rap f%i EReLERhCRaF 115 P RS
bel ow. [ G8pdlp @lllﬂét&rto%iBMtéﬂpéﬁklre ﬁlal&‘ﬁlaﬁf)}cm@é/tusﬁ’ﬂmﬁé h%h gas i's
transported to t he deaci dification tower 13,
i ngr edi entiapdradaes MashzSprob@Sater DGk hed‘tlfdac,hdagtd ﬂ-f&(ﬁ‘dnipielehﬁvmmﬁdallon of
[0052] H) After deacidification, the primary synthetic gas is
t r anspor thedt dngrey; aitdea disseadlcaonl 2, paleaqid fighicoHoviial nande dasiscateion,
and cleaq yqthetl%,gas i,S ac%ylred The clean synthetic gas is
t ranspor t 38" F O IJRSSYOMSHEEE t ank 15 and is stored for later
i ndustrial application.

[0039] 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 3, and a feed outlet

of the screw feeder 3 is connected to a feed inlet of the pyrolysis furnace 5.
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[ 0053] After many tines of tests and data detections, main conponents
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
met hod conprises 90% of a total content of (CO+tH2), a ratio of H2/CO
is equal to or larger than |, a heat value of the synthetic gas is
12.5-13.4 MJ/NnB, and an efficiency of the cooled gas is about 88%
Thus, the synthetic gas can bring great commercial benefits, and is
especi al | {)QO%IQJQ‘}S ft:iéﬁlﬁgvicﬁ forigduststage o1 bomapreprpefs e g, A ceryr oy g gace S
gasification cycle conbination and th t1i onmass |i uilca.f lllel . Table 1
Nunber COWH@ 4 GGRNE CYRPURNE Y %OEIQ;@F!C el or'a water cboled jacket, and is

thermal insulated at a normal pressure. The feed inlet of the pyrolysis furnace 5 is
arranged on an upper part or an upper end; to assure an even biomass addition and a
stable flow field inside the pyrolysis furnace, the number of the feed inlet is two or four.
A nitrogen protecting device 4 is connected to the feed inlet of the pyrolysis furnace 5, so
that a nitrogen sealing layer is formed for effectively separating the crude synthetic gas
from the air. A gas outlet of the pyrolysis furnace 5 is arranged on the upper part or a
lower part, and is connected to a gas inlet of the gasifier 9 via a pipe, so that the crude
synthetic gas is transported to the gasifier 9. The pyrolysis furnace 5 comprises an ash
outlet arranged at a bottom; the number of the ash outlet is one or two. An ash discharged
from the ash outlet is in a liquid state. The ash outlet is connected to an ash inlet of an ash
cooler 6 for cooling the ash comprising a coke. An ash outlet of the ash cooler is
connected to a feed inlet of an ash-coke separator 7 for separating the coke from the ash.
Preferably, a coke outlet of the ash-coke separator 7 is connected to a coke inlet of the
gasifier 9 via a coke transporter 19, which is energy saving compared with the manual

transportation and assures a stable and continuous operation of the gasifier 9.

[0041] As a key device for a second stage of biomass processing, the gasifier 9 also
camprises a casing comprising an air cooled jacket or a water cooled jacket, and is
thermal insulated af a normal pressure. The coke inlet of the gasifier 9 is arranged on an
upper part or an upper end. To assure an even coke addition and a stable flow field inside
the gasifier 9, the number of the coke inlet is one or two in compliance with the capacity.
An ash outlet of the gasifier 9 is arranged at a bottom, from which an ash is discharged in
a liquid state; the number of the ash outlet is one or two in compliance with ihe capacity.
A gas outlet of the gasifier 9 is arranged on the upper part, or a lower end, and is

connected to a gas inlet of the heat exchanger 11, a gas outlet of the heat exchanger 11 is

Il



30-40 2 H2 % (vol.) 40-50 3 N2+Ar % (vol.) < 1.0

connected to the dust collector 12, the deacidification tower 13, and the desiceator 14 in

series, and an outlet of the desiccator 14 is connected to a gas storage tank 15.

{0042} The superheated water vapor sprayed into the pyrolysis furnace 5 and the gasifier
9 is transformed from soft water or desalted water in the water storage tank 17 by heating.
An outlet of the water storage tank 17 is connected to a water infet of the heat exchanger
11 via the water pump 16. The heat exchanger 11 is usually a scrapped boiler. A vapor
outlet of the heat exchanger 11 is at the same time connected to a vapor inlet of the low
temperature plasma torch heater 8 and a vapor inlet of the high temperature plasma torch
heater 10. A vapor outlet of the low temperature plasma torch heater 8 is connected to a
vapor nozzle of the pyrolysis furnace 5 via a pipe. A vapor outlet of the high temperature
plasma torch heater 10 is connected to a vapor nozzle of the gasifier 9 via a pipe.
Preferably, the vapor nozzles arranged on the pyrolysis furnace 5 and the gasifier 9 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 superheated water vapor

and the reactants is achieved.

[0043] The system also comprises an ash storehouse 18, and the solid ash from the
ash-coke separator 7 and the liquid ash from the gasifier 9 are transported to the ash

storchouse 18 by a manual or mechanical mode.

[0044} A method for producing synthetic gas from biomass by low temperature
pyrolysis and high temperature gasification using the above system is specifically

described as follows:

[0045] A) Ground biomass is transported to the pyrolysis furnace 5 via the belt
conveyor 1, the hopper 2, and the screw feeder 3 in turn, at the same time nitrogen
is input from a nitrogen protecting device 4 into a feed inlet of the pyrolysis

furnace 5. When the biomass is a gray straw, for example twigs and roots of trees,

12



4 C2 % (vol.) 15-20 5 CH2 % (vol .) 5-6 6

a particle size of the biomass is controfled at 20 mm x 20 mm below, and a water
content of the biomass is controlled at 40 wt. % 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.

[0046] B) The desaited water is output from a water storage tank 17 to a water
inlet of the heat exchanger 11 via a water pump 16, and the desalted water
exchanges heat with primary synthetic gas input from a gas inlet of the heat
exchanger 11, and a sensible heat is extracted by the desalted water, during which
0.4-0.6 Mpa of saturated vapor is produced. The saturated vapor is output from a
vapor outlet of the heat exchanger 11 to the low temperature plasma torch heater 8
and the high temperature plasma torch heater 10 and transformed into superheated

water vapors at different temperatures.

[0047] C) The low temperature superheated water vapor produced from the low
temperature plasma torch heater 8 is at a temperature of 500-800°C, and is input
into the pyrolysis furnace 5 via the vapor nozzles. Operating parameters of the
pyrolysis furnace 5 are: 500-650°C of a temperature, and 105-109 kPa of a
pressure. An input speed of the low temperature superheated water vapor into the
pyrolysis furnace 5 is controlled at 35-50 m/s, so that the biomass is fully
contacted with the low temperature superheated water vapor and pyrolyzed into
the crude synthetic gas and the ash comprising the coke, The crude synthetic gas
is maintained in the pyrolysis furnace 5 for 15-20 s, and an output speed of the

crude synthetic gas from the pyrolysis furnace 5 is controlled at [5-20 m/s.

[0048] D) The crude synthetic gas at the temperaiure of 500-650°C is output from
the pyrolysis furnace 5 to the gas inlet of the gasifier 9 via the pipe; and the ash
comprising the coke at the temperature of 500-650°C is transported from the ash

outlet of the pyrolysis furnace 5 into the ash cooler, after the heat recovery, the
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CnHmM % (vol .) <2 7 Heat value of synthetic gas (LIIV) M/ NnB
12.5-13.4 Efficiency of a cool ed gas

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 7. The coke is then
transported to the coke inlet of the gasifier 9 via the coke transporter 19, and the

ash from the ash-coke separator 7 is transported to the ash storehouse 18.

[0049] E) The high temperature superheated water vapor produced from the high
temperature plasma torch heater 10 is at a temperature of 1200-1600°C, and is
input into the gasifier 9 via the vapor nozzles. Operating parameters of the gasifier
9 are: 1200-1400°C of a temperature, and 105-109 kPa of a pressure. An input
speed of the high temperature superheated water vapor into the gasifier 9 is
controllied at 35-50 m/s, so that the crude synthetic gas is fully contacted with the
high temperature superheated water vapor and gasified into the primary synthetic
gas. The primary synthetic gas is maintained in the gasifier 9 for 15-20 s, and an
output speed of the primary synthetic gas from the gasifier 9 is controlled at 15-20

my/s,

[0050] F) The liquid ash at the temperature of 1200-1400°C is output from the ash
outlet of the gasifier 9 and transported to the ash storechouse 18 for comprehensive
utilization. The primary synthetic gas at the temperature of 1200-1400°C is
transported from the gasifier 6 Lo the gas inlet of the heat exchanger 11 via the
pipe. After being cooled down to a temperature of 260-320°C by the desalted
water, the primary synthetic gas is output from the gas outlet of the heat
exchanger 11 to the dust collector 12, Dust in the primary synthetic gas is arrested
by the dust collector 12, and a dust concentration of the primary synthetic gas at

the outlet of the dust collector 12 is 50 mg/Nm’ below.

[0051] G) After dust removal, the primary synthetic gas is transported to the
deacidification tower 13, in which harmfil ingredients like HaS, COS, HCL, NHs,

and HCN are removed.



% -88.0 CLAIMS 1. A nethod for producing synthetic gas from bi omass
by | ow tenperature pyrolysis and high tenperature gasification, the
met hod usi ng a superheated water vapor as an oxidant and an energy
carrier, conducting bionmass pyrolysis and gasification at different
tenperature ranges, and finally producing clean synthetic gas; and

t he nethod conprising the follomﬁng steps: a) grinding the bionass,
feeding the biomass into roI ysis furnace while spraying a | ow

t enper at ur e sd@gpﬁéaféﬁlﬁ%¥ Vﬁﬁ%ﬁ‘%HPBMWHé“ﬁ?ﬁdﬁ?§ﬂ§“$ﬂ¥ﬁﬁ@30ﬂw
controlling th yr nace at an o(frg eratur

d 1?&’50 lylsk h: }T% water s re tu, as i Cequh
500- 800C, cont&¥tiMg theé ‘bl'ohaE W {HEPRE F e % r'heat ed
wat er vapor fof,.3jdy Eﬂltb{e‘iicsg)a£ %%Pah!;ﬂ?ﬁc@ QmY' %E&t&é};@ﬁnl@l’é‘&:ﬂﬁ%%t‘él&%; and
an ash conprising a coke; b) cooling the asSh, and separating the coke
from the ash; iapr ihd@nspapgiicagot.he crude synthetlc gas and the coke
into a gasifier, spraying a high tenperature superheated water vapor

into theJﬁé%%ﬁh%§65$g§%%go leRd mP&nﬂgﬁé%&ﬁ%rnEHQQHQ% @%%%Pg.

t enper at contac

tenper at LUh%a%ﬂéH?Jé@%?éi&#oY\@&%'kd}{@?QHufc%s &e @%\9& !n”gibﬁ: 033 'sﬂév@@h‘ B8Ble
reaction to yield primary synthetic gas; and d) cooling, dust

renovi ng, 1, deaddéatishyth g gadpebddes Bc@e imrthotl kemprisey®nye danbilakddne:ngals t o
obtain cl ean synthetic gas.
(CO+Hay), 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 88%. Thus, the synthetic
gas can bring great commercial benefits, and is especially applicable in industries of the

integrated biomass gasification cycle combination and the biomass liquid fuel.

Table 1

Number Component Unit Value

1 CO % (vol.) | 30-40

2 Ha % (vol.) | 40-50

3 No+Ar % (vol.) [<1.0

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

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

6 CnHm % (vol.) <2

7 Heat value of synthetic gas (LIV) MI/Nm® | 12.5-13.4
g Efficiency of a cooled gas % -88.0




2. The nethod of claim1l1, characterized in that ground biomass in
step a) has a particle size of 20 nmx 20 mm bel ow and a water
content of 40 wt. %below. 3. The nethod of claim1l1 or 2,
characterized in that in step a) a nitrogen atnosphere is provided at
a feed inlet of the pyrolysis furnace. 4. The nethod of claiml or 2,
characterized in that the operating tenperature of the pyrolysis
furnace in step a) is controlled at 500-650C, an operating pressure

of the pyrolysis furnace is controlled at 105-109 kPa; an
i nput speed of the |ow tenperature superheated water vapor into the
pyrolysis furnace is 35-50 nml's; and a retention tinme of the

crude synthetic gas in the pyrolysigL%UWﬁace is 15-20 s, and an
out put speed of the crude synthetic gas fromthe pyrolysis furnace is
15-20 m's. 5. The nethod of claim1 or 2, characterized in that

I. A method for producing synthetic gas from biomass by low temperature pyrolysis
and high temperature gasification, the method using a superheated water vapor as
an oxidant and an energy carrier, conducting biomass pyrolysis and gasification at
difterent temperature ranges, and finally producing clean synthetic gas; and the

method comprising the following steps:

a) grinding the biomass, feeding the biomass into a pyrolysis furnace
while spraying a low temperature superheated water vapor into the
pyrolysis furnace, controlling the pyrolysis furnace at an operating
temperature of 500-800°C, contacting the biomass with the low
temperature superheated water vapor for a pyrolysis reaction to yield

crude synthetic gas and an ash comprising a coke;
b) cooling the ash, and separating the coke from the ash;

c) transporting the crude synthetic gas and the coke into a gasifier,
spraying a high temperature superheated water vapor into the gasifier,
controlling the gasifier at an operating temperature of 1200-1600°C,
contacting the biomass with the high temperature superheated water
vapor for conducting a gasification reaction to yield primary

synthetic gas; and

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

synthetic gas to obtain clean synthetic gas.
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the operating tenperature of the gasifier in step c) is controlled at
1200- 1400C, and an operating pressure of the gasifier is controlled
at 105-109 kPa; an i nput speed of the high tenperature

super heated water vapor into the gasifier is 35-50 nis; and a
retention time of the crude synthetic gas in the gasifier is 15-20 s,
and an out put speed of the primary synthetic gas fromthe gasifier

i 15-20 d f cl t d t hat
Step ds the Sgw.tw s iRl BBhdoutl o RS T R B s of "
260-320C. 7. Pt&ls%&% ﬁﬁ@%hm%ewt.megme&%%wtt RRLOIRSS Y | ow

tenperature pyro ysi s and tenperature gasiftication according to
the nmethod of claiml, the systentconpr|5|ng the pyrolysis furnace
(5); the gasifier (9); a low tenperature plasma torch heater (8);

3. The method of claim 1 or 2, characterized in that in step a) a nitrogen atmosphere

is provided at a feed inlet of the pyrolysis furnace.

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

the operating temperature of the pyrolysis furnace in step a} is controlied
at 500-650°C, an operating pressure of the pyrolysis furnace is controlled at

105-109 kPa;

an input speed of the low temperature superheated 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.

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

the operating temperature of the gasifier in step c¢) is controlled at
1200-1400°C, and an operating pressure of the gasifier is controlled at 105-109
kPa;

an input speed of the high temperature superheated water vapor into the

gasifier is 35-50 m/s; and

a retention time of the crude synthetic gas in the gasifier is 15-20 s, and



a high tenmperature plasnma torch heater (10); a water storage tank
(17); a water punp (16); and a heat exchanger (I1); characterized in
t hat the water storage tank (17) is connected to a water
inlet of the heat exchanger (I 1) via the water punp (16); a
vapor outlet of the heat exchanger (11) is connected to a vapor inlet
of the low tenperature plasma torch heater (8) and a vapor inlet of

t he high tenperature pl as tarch heater 0): .a vapor, | et, of the
o t evper ot o ABRERREERTEr bias S s hetran 18 ORI 2N e of

t he pyrolysis furnace (5);

6. The method of claim | or 2, characterized in that in step d) the primary synthetic

gas is cooled down to a temperature of 260-320°C.

7. A system for producing synthetic gas from biomass by low temperature pyrolysis and
high temperature gasification according to the method of claim I, the system

comiprising;
the pyrolysis furnace (5);
the gasifier (9);
a low temperature plasma torch heater (8);
a high temperature plasma torch heater (10);
a water storage tank (17);
a water pump (16); and
a heat exchanger (11);
characterized in that

the water storage tank (17) is connected to a water inlet of the heat

exchanger (11) via the water pump (16);

a vapor outlet of the heat exchanger (11) is connected to a vapor inlet of
the low temperature plasma torch heater (8) and a vapor inlet of the high

temperature plasma torch heater (10);

a vapor outlet of the low temperature torch heater (8) is connected to a



a vapor outlet of the high tenperature plasma torch heater (10) is
connected to a vapor nozzle of the gasifier (9); a gas outl et
of the pyrolysis furnace (5) is connected to a gas inlet of the
gasifier (9), an ash outlet of the pyrolysis furnace (5) is connected
to an ash inlet of an ash cooler (6), an ash outlet of the ash cooler
(6) is connected to a feed inlet of an ash-coke separator (7);

a gas outlet of the asLEier‘qg} }s connected to a gas inlet of the
heat exchanger'?f11** SHHJePWOY‘Sim“%?Qﬁs outl et of the heat
exchanger (11) is connected to a dust collector (12), a
deaci di fi cati on t owervapdyiletaridheahigesipeatoe pladd) tarch iseter €4) i8. The
systemof claim7, characterized in that a nitrogen protecting device
(4) is connect@8cHddo paarprinarde obhe eweligyPhl ysis furnace (5). 9. The
systemof claim7 or 8, characterized in that a coke outlet of the

ash- coke separator @ghs bsletoNNeey Sl stsqumaolseisi dohdetedfto b Rgs @asbf iher
(9) via a coke transporter (19). 10. The systemof claim7 or 8,

char act eri zed gapifieh@d, antkeh gefsoe! the priobsisdnmaemy@discontdedpy pohghsiist
furnace (5) and the gasifier (9) are grouped into 2-4 height |evels,
respectively, ﬁﬂagh%) “S@rmh%¥iW@§“%'“@§8ﬁ0¢@vé}méP@“%Wé%@?ﬁﬁﬁdﬂﬂ

tangentially aran g&m%g%%%ﬂgwgkrcunferentlaI direction

a gas outlet of the gasifier (9) is connected to a gas inlet of the heat

exchanger (11); and

a gas outlet of the heat exchanger (11) is connected to a dust collector

(12), a deacidification tower (13), and a desiccator (14) in series.

8. The system of claim 7, characterized in that a nitrogen protecting device (4) is

connected to a feed inlet of the pyrolysis furnace (5).

9. The system of claim 7 or 8, characterized in that a coke outlet of the ash-coke

separator (7) is connected to a coke inlet of the gasifier (9) via a coke transporter

(19).

10. The system of claim 7 or 8, characterized in that the vapor nozzles arranged on the
pyrolysis furnace (5) and the gasifier (9) are grouped into 2-4 height levels,
respectively, and the vapor nozzles of each level are evenly and tangentially

arranged along a circumferential direction.
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