PROCESS AND APPARATUS FOR THE | NDI RECT GASI FI CATI ON OF BI QVASS USI NG
WATER VAPOR FI ELD OF THE | NVENTI ON [ 0001] The invention relates to a
technol ogy for transform ng conbustible materials into a clean and
highly efficient synthetic gas, and nore particularly to a nethod and
a systemfor indirectly gasifying biomss by water vapor. BACKGROUND
OF THE | NVENTI ON [ 0002] Gasification technol ogy of conbustible

mat eri al s has achi eved an anazi ng devel opnent in the later twentieth

century, espepigldpss ARpUFPARSFUSHOR GHIVOVBBXELT GRIAHEWTION 682 |
whi ch has been very mature. Researchers have successfully devel oped a

process for gasifying coal BioMASS Usidel wAamH vaeblre, 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. The conventional bionmass
gasi fi cat i O HLERABIIDRYVENEIQNes: fixed bed gasification, tluidized
bed gasification, and two stages gasification, all of which are

direct gasjobb CatteaRvdnB6h R 1O%h @SechhBB PR EBRTEMiNE cOhBBEDle materials jnto
gasification technol ogies are characterized in that the heat produced

by part ofatlhs: diddigss eSitjzpt syathetngisgynd esepanrufady tgagicthodahd anystdnhe
air, oxygeni zed air, or a conbination of the oxygenized air and water
vapor is flonditesfbozagdying boxiagabt walar vapgr.t he gasification reacti on.
However, studi es have shown that technol ogies of direct gasification
of the biomass are di sadvantageous in the foll ow ng aspects: [0003]
First, the conponents and the heat value of the biomss fuels are

unst abl e, %Eggghgggﬁggﬁgi}ﬁfhyqéﬁfﬁdNﬂ nt and fast conbustible

reaction,
[0002] Gasification technology of combustible materials has achieved an amazing
development in the later twentieth century, especially the gasification technology of
combustible coal, which has been very mature. Researchers have successfully developed
a process for gasifying coal that is widely applicable, highly efficient in gasification, and
pollution free. Gasification technology of biomass, like tree twigs, straws, and other
agriculture and forest wastes, is a new technotogy 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 gasilication, 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

foliowing aspects:

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

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




easily occurs. When part of regions are superheated and coked, the
operating tenperature of the gasifier is very difficult to control

[ 0004] Second, when the air works as an oxidant in which the content
of the inactive gas of N2 is promnent, it results in a higher
content of N2, a |lower content of effective gas (CO + H2), and a

| ower ratio of H2/CO Dbesides, the heat value of the synthetic gas is
| ow and unstabl e, which only maintains at 5000 KJ/ Nn8 bel ow and
hardly meets the&SHLeuEt “fhﬁéPF*r‘a&h‘seﬁM“&P*e&t’Pqih"lz'%ﬁd|%lﬁ cokegpis PPaRting
when the oxygenj ze ough the content of
N2 is relativel§“W8VEb°°¥m §ﬁﬁw?| éX gf?”“@ﬁ%ﬁ&?1ng device is
necessi tated. Because of a |arge capacity and high energy consunption
of the air sepalt@biligcael wben thewohvakprsovessdahaingdiish hncosayestiche
production cost. [0006] Fourth, when the oxygeni zed air _and the wat er
vapor work as b@fHIVEeatiaiilxis %nﬁiﬁmﬁgh*%% 'Edg KL COferipT Mp alper

synthetic gas i cinﬁe %Ietﬁ‘lge%ﬁveag%{“kb r;[deanl%)w? taﬁg ofﬁ /l’:@c '(’)gs]‘?asegdthe B&?

wat er vapor wor as a re

amount of heat @NQSO¥he BJnHéuEF iENRY ma Lﬁ@ﬁﬁlé”%n'cﬁ’Bnl'yrinataM%n%JSOOO
separation, the process |argely maxim zes the production cost. [0007]

Fifth, about 15K20806°@klckhadbiaaimpssets sheneedsstiht atdastritioutBiehtion. gnite for
providlng the energy resource for gasification, but at the sanme tine

a |large anmount @P?ﬁhud wRenOﬁjl? é%qg'(_,nh?i(g?l woll algs}:l ogﬁantcﬁfhroﬁglp g gorﬂgi Y

t he content of I Vé gas eCrease

the hi gh tenpergtirie gxnkehabier, Q@e?dcﬁ‘t"@mam?séﬁhﬁéﬁﬂg éé»" cef»‘@hédésﬁtaieér ge
amount of sensible heat, and thus, the conversion of the heat energy

into the chem CBd:ca&S’e:eifgyal‘gScdpamgﬁdim mginémerggadnsumndion e tiefald sepaminyg of
the cooled gas is also decreased, which is generally 70% bel ow and no
hi gher than 80%dviteesick ptrranss lagondiareasessthe pedodjonSiostt h, t he
operating tenperature of the gasifier is generally controlled at

800- 1200C, at spghsjar oﬁ.lﬁff,p@l‘ie%ttl%é §xyg%ntf'i§ecgzﬁ§éﬂ(d’ tﬁ@%@pvﬂﬂcm Lae Rippss
produces a |arge anmount of tar which is difficult to be renoved, and

too nmuch of taro-aggesgaiondh ihe cbhemdewqdetr&r@nmeq&e@snm@masddoa;ﬁause
pi pe bl ocki ng and devi ce contam nati on.
content of H, is increased, the water vapor working as a reacting medium still
consumes a large amount of heat energy, plus the energy consumption in the air

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 decreased. 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 decreased, which is generally 70% below and no higher than

80% in exceptional conditions.

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

800-1200°C, at such a temperature, the gasification of the biomass produces a
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[ 0009] Seventh, the ash produced in the gasification of the biomass
contains a prom nent content of alkali netal oxides such as K and Na,
which is general 20-40 wt. %of the total ash. However, at a
tenperature higher than 800C, the alkali netal oxides is apt to be
gasified and m xed into the synthetic gas, which not only affects the
property of the synthetic gas, but also adheres to the pipes and
devices together with the tar, thereby resulting a serious ¢orrosion

to the devices &g amOﬁé‘sof t4roeie) IS|dHflw1&w l}?r*elvﬂ%ﬂdaﬁwg%wic&ef 0|
probl ens, technolo i.f.ic |on 0

difficult to be gé%p%? ‘uhﬁ%B‘F‘g%%“‘gpqﬁes“’dg ‘%“S‘rlp'p“rh%nﬁ“’éa”é?%"é‘:& f or
gasi fying the hkﬂﬁﬁﬁﬁ&%ﬁ!Ch can be applied in industrial production
and converted to comercial benefits is desired. SUMVARY OF THE

| NVENTI ON [ 001 th ed | e t

obj et ve of MOV EHETsrs 6 gr GO o ReHGa Y e Evmﬂéﬁ'ﬁor%fﬂs%ne
indirectly gasi 1¥}nﬂ%np&o?n{g?l§§ a1 RL ?Iro Ycl‘fleg%gh ;g'}@a.gﬁhmfl @ e a4s)y
control, energy saving Snd 1w cost: YRS i dd e Het gas

hi gh effici encyw: b th@ﬁﬁéi avlHRvevanst d Emphe®t higfer tigh s@oo@hk@i kali
metal oxides. [0012] To achi eve the above objective, there is

provi ded a net hodafodddsndip echd yasgas iafiy ingdbntonissg nibigtingisewhicapor only
The nmethod enpl oys a hi gh tenperature superheated water vapor as an
oxi dant and an tsdie mapfriiye-‘rf thepsyinphghe B Bvttalie aghapmiedhs pives anddevides
synt heti c gas |n . .quenches .t he crude s nt het,i as

Shray tover . anGetran Iyl ED B R bansEpHT Tl gale SRS Asthod
conpri ses t he Qﬂé LOW ng steps [0013] a) Ginding the bionass,
feeding the bi Sss into the gasifier, at the same tine spraying a
hi gh tenperature super heat ed water vapor into the ?a5|f|er

control | i nEj) tl%]e'ng/af‘s:v PE 6¢ d%ﬁve&ﬁwa@%ﬁa@b en@ t@@m&g@ﬁ@ giregst gasplowtiowodC,

watel vapoboryest @ﬁ WHEEplletdh e Sl BeleRBA B 4 e TR R HabiG
pyrol ysis, th@%ﬂm%@? W ﬂCﬁ %El[ll QQapEf@lB&i 111D %893“9&“ gﬁ)dtubl?mfarnﬂqgnéey Rl ?be%drnﬁlluéqgﬁl

and an ash ecause the oper asl

hi gher thape@fitsesmenat.ure to forn1tars tars and cokes pr oduced
during the pyrolysis are gasified, and the crude synthetic gas al nost
contains no tan The ash is output froman ash outlet of the gasifier,
after being cooled down or heat recovery, the ash is transported to
an ash storehouse for conprehensive utilization. [0014] b)

Tr anspor t i igMMAaRYr(MdEHEY NVt T1ONgas i nto the spray tower, quenching
the crude synthetic gas by spraying water to cool down the crude
synthetic @a%| (18 vied SIRELRINIR Qo BOVRARS IGEEAMRELR SIARPRLEH IS, Of

t he crude synthetlc gas after quenching is |ower than sublimtion

t enper at ur gsvidt aahdiald andBtsgtteXodagir@ampndi Binditnan by Materhasddes, t he
al kali metal oxides are easy to be dissolved into the water, thus,

sl ag and ninaided featurgseasheongioli dacigy pavine pied gascoal; thequertieers ahetic gas has

high etficiency, high heat value, and is absent of tar or alkali metal oxides.

[0012] To achieve the above objective, there is provided a method for indirectly gasifying
biomass by water vapor. The method employs a high temperature superheated water
vapor as an oxidant and an energy carrier to transform the biomass into a crude synthetic
gas in a gasifier, quenches the crude synthetic gas in a spray tower, and finally produces a

clean synthetic gas. The method comprises the following steps:




and al kali metal oxides and part of acid gases are dissolved into the
spraying water, so that a primary synthetic gas containing no or

m nor al kali nmetal oxides are acquired. [0015] c) Carrying out

cool ing, dust renoval, deacidification, and desiccation to transform
the primary synthetic gas into the clean synthetic gas. The process
of cooling down not only is a necessity in the whole process for
production of synthetic, but al so recovers a | arge anpunt of

sensi bl e heat prlﬂoﬂﬁ*@%éﬁéh%@ﬂﬁlﬂﬂ fesging g1, b@ﬁ%“rb'?‘@gés@s'éﬁ" diihe same
removal separates the and.l owers

the dust concentP&ath' %”%f‘ ]{J'Iée"d%eégf“ﬁ S%Be‘ﬁ‘f?z]‘%“”?{%‘ ‘8‘8? Ot'-ﬁfﬂ‘?’f‘l‘ftﬁ‘ gases
i ke 1-12S, [ o
deaci di fi cat Fﬁogf’%@g?@gﬁsﬁgfat:}gg %gg?%%r%&%ﬂ'elé gi; |jr9§r160g Cntfhlextl Cc gas
is transformed dd’\ta@tuﬁé’lﬁae(blcﬁ?faﬁs Wﬁ'&l’(kﬁltlgiCteg‘@&,atL\mBLQJ&: 1e§le§h@fe€da;fcﬁlto carry
| atter industrial application. [0016] The grinded biomass in step a)
has a particl e ®itdesieshti®o Sm'lmti)ﬂéll@d)\’ﬂlﬁhlemtt@w, pirrdlyaisyeatl @asiomivendof
40% bel ow. Bi ormas uch rt| cle size and water content fully

contacts with tfﬁgif‘ﬁ“ ‘féwﬁ%ﬂaktm“@ say Sk Strciuse die %ﬁ&ﬂg Leappepatdie
processes of de(ﬁ'tl(f lf%gfs iﬁ@&‘?dﬁwac@n&ml l%llﬁq’(gl tdlrla{ arscnd coles! ?ockﬁ%eds

and evapor ation are ucte O erating tenper ure

of the gasifiergursg r&19H1% Eu@l ’aSIBQ(D:bm ti*JeQ:uﬁfe%Pntﬁazttc @s@hﬁd&.@&ﬁ%ms no
at nosphere i s disposed at a eed inlet of the gasifier in case of

fire and expl osholthcahsedutpy t@akage @flegashd gnifiet,héegasid dodted do®O1LB]
In step a), a preferable operating tenperature of the gasifier is
control | ed at Ima0oesngoCtheasld issrapprfied dbireashpaneovigopewspahansiot t he
gasifier is control led at 105-109 kPa. Such an operating tenperature
range ensures ¥4 Ne bi omass is fully contacted with the high

t enperat ure superheat ed water vapor and is totally gasified to form
t he crude synt 6014 bydsanemuntia the ogdalsymbsdticryas frad theapral @vesajmendhingethe
the energy consunption is |owered as nuch as possible, and the
per f ormance of a Sga%Tﬁ‘ﬂ@Efl‘sbiysipraamge‘v'yelitwcwéwﬂ tiruaredeeynibeiés gashiea

asifier operates at a o sure, and no ot essure devi.ce
|gs needed, t her'@BYePYRM 4?@ Z*Pf—l‘gé ﬁ?rsaaﬁef’”w%glﬁ 0“%’(?1 ¢ yptheicgsgiter o
sprayin seed eat y into
tﬁe )g;asigfi gr is 15%&12@ lgl&beltt!%ggtﬁ Eé@ﬁ%ﬁ t?'HEregﬂ?(% ﬁglkcr u§¥edl g}%ﬁ?%eti c

gas in the gasidolfpkising Kl@ard20a %esn@é%dlh@dﬂ(ﬁﬁ%@teﬂ%xfdgﬁalﬁ%é’s@QO%é’ﬂfsnﬁhdc
gas output fromthe gasifier is 15-20 nis. The high input speed of

t he hi gh tenperiatouhewsigpenhedtgahduainer tavape ciudd oyntiteec gassdré t@fdensed,
| argely inproves the contact with the bi omass; whereas a relatively
| oner out put spuddlkefi IWQJ@éIdWWI(Héﬁ o dglési%dﬁﬂ‘sévefhﬁ%) eH énta dte spraying water,

aggregating in t I?leai a pumaly s)}cnthetlc ggs con[almei\ng r?'(po; mmon AR R’leglfomdes are

acquired.

[0015] ¢) Carrying out cooling, dust removal, deacidification, and desiccation to
transform the primary synthetic gas into the clean synthetic gas. The process of
cooling down not only is a necessity in the whole process for production of
synthetic gas, but also recovers a large amount of sensible heat for comprehensive
utilization. The process of dust removal separates the dust from the crude
synthetic gas, and lowers the dust concentration of the gas to 50 mg/Nm” below.

Harmful gases like HoS, COS, HCL, NHj;, and HCN are removed in the
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[0020] In step b), a preferable nmeans to cool down the crude
synthetic gas is quenching by cold water, and the tenperature of the
crude synthetic gas after quenching is lowered to 750-800C, which is
precisely lower than sublimation pints of the alkali netal oxides,

t hus, the dust, slags, mnor tars and al kali netal oxides are
separated and brushed away by the cold water, this neans can retain
the heat energy of the primary synthetic gas as nuch as possi bl e,

whi ch is hel pf tﬂeaﬂér“cmatplpee@ fey desicoptien, t@tpemebétltﬁﬁ‘gw@%@é@gsionmd

[0021] In step ¢ ri n first c down to a
tenperature of 2 %’6% Sygﬁﬁy'f ﬁ%sn gt?hdh%&éa ﬁlfﬁ P%‘Stﬁﬁg@gg%ﬂé'??" As
the tenperature of the primary synthetic gas output fromthe spray
tower is sEOll6] HiegitindadbivtnadHig-s&P @Chast yericdosizag PriomesS) s beddw omd y
conducive to the later dust collection, deacidification, and

desi ccat i oWalepgRntey §64%|b§110m Biognagt pfi suglea parfiglisiee apdipaletsatey dibe of
430-540C to re

b h th t het
oot hat  hEERE] ok B PR DR hel iDL BTt BB Riaseyt, 2o o
gasi fyi ng Q.QURSH, BpaREE L VAR ¢ m%ﬁ&@ﬁ%‘t&gs@,%n& B@W{J}B%r? Al

conprises: a wat er torage tan unp; a heat exchandger; a

pl asma t or @hndhaad, and tHehpe@dsg fehﬁ:él,au&é]dfﬂtb%dﬁﬁér&yedS?\ABiﬂttOil0023] The

water storage tank is connected to a water inl et of the heat

exchanger wo tI e vva exchanger is
1 5te at

connect ed PARVES r ]'e?g%fa“tl%sgﬁgfés(r?rﬂms%r‘ét fﬁ ﬂePOﬁénéqsgle'é o1
outlet of @ihﬁe@h@é}ﬁfﬁoéﬁ{&nse}a@ﬁtl@il(aguso%gmx%ﬁtlﬁg L&r@, vapor nozzle of

the gasifier 002 An ash outl et "of the gasi |er I's connected to an

inlet of a hcooler a. g outlet of the gasifier i.s connected to
a gas inl otoff lflﬁepﬁbr@ye@@@Eﬂp%ll@&gﬁn&&tq%? o e ghliep afgmtott%@ﬁt is
connect ed 02 498

f
t he heat ex anger |a§d8 he%%8$e8p?18t'i¥% S{”%Og?‘%%dﬁﬁl,%l ‘%gf%ml% dtal - Pl

deaci di fi cgd gncht&vwelauag%n@pe@ﬁew&%teﬁsuuét (BRhESomhQG2RAIy THR at@wﬁ
torch heater is advantageous in ultra-high tenperature heat, fa

transfer ofhe hghtie@paatibssiperhegdl wWiiti wipenay, is et yadkikst abfoan i udc
power, when it is used to heat the water in the water storage tank, a

hi gh t enpewathstie gsupetiiteay gcovatognr; wethosarsamb gieafitreg tonelnpjion is

successively, and stably produced. The high tenperature superheated

wat er lowered as much as possible, and the performance of the gasifier is largely improved.
Furthermore, the gasifier operates at a normal pressure, and no other pressure device is

needed, thereby lowering the production cost.

[0019] In step a), a spraying speed of the high temperature superheated water vapor into
the gasifier is 35-50 m/s, a retention time of the crude synthetic gas in the gasifier is
15-20's, and a speed of the crude synthetic gas output from the gasifier is 15-20 m/s. The
high input speed of the high temperature superheated water vapor into the gasifier largely
improves the contact with the biomass; whereas a relatively lower output speed of crude

synthetic gas prevents the ash from aggregating in the outlet of the gasifier and the gas

pips.

[0020] In step b), a preferable means to cool down the crude synthetic gas is quenching

by cold water, and the temperature of the crude synthetic gas after quenching is lowered

5



vapor is functioned as not only an oxidant but al so an energy
carrier, so that the gasifier is maintained to work stably. The heat
exchanger effectively recovers a | arge anount of the sensible heat of
the primary synthetic gas. The water in the water storage tank is
preheated and transfornmed into a saturated water vapor due to the
sensi bl e heat, and the saturated water vapor is then transported to
the plasma torch heater, thus, the energ&éconsunption of the plasnma

t orch heat ©r730800dwartdeh is RrrgissbnpveHBasTPEMgton pinktofl Gis adfaliege] asiler.gy
i s achieved. [0026] A nitrogen protecting device is connected to a
foeq i ni of Mp bhdoh aGer rupSIES P BTGRP p UG E et fig PRt Suline o
t he crude 1 Gt : Lokl . ; if el « Ke
P e e R D T
and assur eguting fsaper Eyickis Heljguidbrier ByMNRetn e §88 codlMEdfbcebs.
plurality of the vapor nozzles are arranged on the gasifier and
grouped in -4 height |evels, _and the.vapor zzl es of each |evel
re bvent vl T aRGelMearyPutruRie R oG R0 oG Ror BhpRRf of
directi on. 26'@%%:} Ih% tnt!:ng&')nhﬁw&@ftnliﬁgep:@&@%.h@saﬁig%nﬁ}ﬁh@ﬁre\é?@l@ﬁ)rﬁrﬁwy
sprayed into the gasifier fromdifferent |evels, and an even and

st abl e t enperiativgss duipue dobsthagpiay aiweeds diift hait, bienuenso-Bed ghthelcoviglgs of
the gasifier, resulting in a full contact between the high o

t enper at ur Rrosesp & 1toé anlE dondicive ty Hisdatehgt edhlectisinpdersisli fijagi 02.8nd Badediion
the inherent characteristics of the ywater, ash, .volatile matters, and
ash fusi onb'ﬁ(?fsﬂt elofil i e grigmieratit Hepield 0ot QWée‘E?b’élr'ii? pHgible
features o Lfi he od .of the invention | Qys. t.he

i gt omperst OBy i B R bR R oy Rl Y B
conventional oxidant air or oxygenized air, to desiccate, renove

vol ati | e nWORErA sypjanpfoy zesifyarabigmsisity wate vbpermaexs ding helthg sbevespethodg
water to quenching the C(ude,i%nthepic as. Advant ages of the i

i nvent i on SEPTEETAEIAST SETHRE I BRYERRPUPBORaAL gichageeaplasadprch heater,

t enper at ur heat, apor is enployed to indirectly gasify
t he bionas@?igﬁﬁ%héﬁﬁﬁggﬁgég&?'e hi gh tenperature superheated water
vapor is not only an oxidant but also an energy carrier, so that the
oxi dant  ali0P23r Thexyaesioress tank isicanngoied tee weisamet ohiicdkatraelmsger vid ghl y
energy consuned air se arq%%ﬂg dFvice is not neceasitateq, and the
ener gy conSfpRYYh AAPLHEIGHY I hrbrebanashis comecteaian Vb dletd dif cost
are | argel 1.Nj_m - Sec .o, self-ignition occurs in. the
b1 ormos- au Pyl e a0F S op BRI PRy ARG GGl b
matters sepabRtdraR eyl ysis, and gasification, thereby effectively
solving the problens in conventional gasify process, such as bionass

ving the problems in conventional gasify process, such as bi

cont ol 11 rdoeHe i S BE Ren @A Y5 m (NS obi trbolt S Sy
t LA ' er " het i, i gh

ati o of rg/ ot ARG AP kR YO A B8 B By ¢

which is 8%%:ArRQYenectchdsa ghdiglchethe Madt ULcRhodNBd 8RS BRlck 6f BB HedtS
| argely i nproved, and the use of the synthetic gas is nuch w der.
exchanger is connected to a dust collector, a deacidification tower, and a desiccator in

series.

[0025] The plasma torch heater is advantageous in ultra-high temperature heat, fast
transler of heat and mass, high 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
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[0031] Third, the transformation of the biomass fromthe raw
materials into the primary synthetic gas is conpleted in the gasifier
and the spray tower successively. Because the high tenperature

super heat ed wat er vapor maintains the operating tenperature of the
gasifier above the gasify tenperature of tars, so that tars pyrolyzed
fromthe biomass are all transfornmed into the crude synthetic gas,

and the carbon_conversion is very high. Because the crude synthetic
gas is cooldyr Hdwprlignedss %’épw dqaéwettéwtbtyoelbtlwwactaétc- %thatélmgﬂs@ﬁbls
t he sl ags cool ed

oxi des- g1 sSURpaEd Reset He Rateencofiahie: e FhSe it Sty e
synthet ¢ gasiol RSO pBha TONRLIJ 52 HR3u@Edidr keagrosi ve Lo

the devices and pipes esl process Is ver ort, and
the struct pleRedi £nidmRh&ornS@ ihddal satttattcswmef Vap@pﬂk\éQBllt%Henilﬁfem@@ Andi8he
production in batches. [0032] Fourth, the plasma torch heater
produces aﬁﬂmahéuhanqsmaﬂ@mtMMHpWHMSoMeqﬂ&&mnwchmmnbt6mas&nmmgy
gasification by the high tenperature superheated water va out si de
the gasifi @MsupREOHIdRe Bpspgiprcbihepipisipwied $nd aappickensive UE) iHzphien OF el
into a chemcal. e eray, and the efficiency of the cooled gas is 88%
above, mhl%ﬁépgsge ' her than that of the conventional. [0033]
Fifth, the plasnma torch heater has a high heat efficiency, and

adj ust abl el00AgluA nmger projdeang ddracedppponeed & wofced ndet ol brr@egliéugl that a
changes, the power  of the Ias torch heater can be adjusted, so
that it i SH%E COIRERYE RO Y15V pthetiG @%ﬁ’é’ﬁhteﬁlf‘ég ¥ EH‘F'S‘H and

tenperat ur g&’&%raﬂ-%% K t@?% 1fel VH?IEH [?l%{/](’gﬂb e ?n(, dnra exg%F% tanJ assuteg\ﬁnd

stably, an ssure a's
stabl e proggb& mhg@éﬂhegggkﬁcggye shown that the met hod for

gasi fying bi onass by water vapor is appllcable to dlfferent ki nds of
bi omass fu ecially plicable in industri

i nt egr at edﬁﬁ??ﬂrégg“a&g PFINE XeRSHOESET e s haR Msiasthier aoH e flarBireiige 4
liquid fuellgﬁ %‘lﬁRA\EFS g%ﬁ%\ﬂ/f Iig\l%zgg ggﬁh%p‘y\!u ?Jig c? llan ng‘al Vya%na%ggd

structure gram o] I onass gaS| atl on
vapor. along a circumferential direction. Thus, the high temperature super heated water vapor is

a

sprayed into the gasifier from different levels, and an even and stable temperature filed is
maintained in different height levels of the gasifier, tesulting in a full contact between the

high temperature superheated water vapor and the biomass.

[0028] Based on the inherent characteristics of the water, ash, volatile matters, and ash
fusion point of the biomass, and combined with the operating features of the gasifier, the
method of the invention employs the high temperature superheated water vapor, rather
than the conventional oxidant air or oxygenized air, to desiccate, remove volatile matter,
pyrolyze, and gasify the biomass, and uses spaying water to quenching the crude

synthetic gas. Advantages of the invention are summarized hereinbelow:

[0029] First, the high temperature superheated water vapor is employed to
indirectly gasify the biomass. In the process, the high temperature superheated

waler vapor is not only an oxidant but also an energy carrier, so that the oxidant




DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [ 0036] A nethod and a system
for gasifying biomss by water vapor is specifically described with
acconpanyi ng drawi ngs: [0037] As shown in FIG |, a systemfor
indirectly gasifying biomass by water vapor, conprises: a belt
conveyer 1 for transporting the biomass, a hopper 2, a screw feeder
3, agasifier 6 for transform ng the biomass into a crude synthetic
gas, a spray tower 11 for quenching the crude synthetic gas, a plasm
torch heater 5 #bpP' GUBEPNLAdiY ia i gRessEpEich Teaisapgdih estgycanapagd air
vapor to the gasifier .a.water storage fank 10 and a water, pu 9
for providing a RAfEPe g%’bcreé%“‘E‘d‘e?%%’?%‘i‘gé'h‘g‘%{?8?%?9’ HESYRpts) *“éheﬁ”ég@e
exchanger 12 for. TP ISTIY, TR i .anergy, and a
dust coll ector %§?%g§§£@g?$? g%?%%&%%%g%%%ﬁgggﬁﬁﬁgﬁégéiccator 15 for
| at er cl eaning of the synthetic gas. [0038] An output end of the belt
conveyer 1 is affabgEgorbsagecihienitiineaccys in e bipsppedurng tgsusespide of

t he hopper 2 is ponneciﬁd.to.a fnglinHet of the scrgyzfeedenr3t.and
a feed outlet of OPFRSSOLAGHFRUYIP AL BAEEHRRUPEY PYOLSPedl SaRIEeH 0t

the gasifier 6-ihglggéglk‘ecﬁ%elgis?l?gilgqgé/ bi®BichQfin I:Jn@@ﬁfd?lﬁ%@g gﬁge% WRas

into synthetic gas, e ga conprises: a caslhg, I ner.
The casing is abibmaeaxpBsioatk@t ¢@difisvateglonslaokRds jaag kigticul@adn theromalg
insulated at a nornal pressure; the liner is made of a material being
refractory, antihegnsiibgi Nesausribe ainsuthabrykenifhéaif sauht ievessaryol thdwesaction
gasifier 6 is designed on an upper part or an %Bser end, and the
nunber of the f®YHOFHIEsYPECiGRAsTiEs f Bigh rptip dipt Patide Riglht gprfgpgol the
capacity, so that the bi ss .can. he nly fed into th sifie

and s stable gadel B CP R aMeRd S K e e L Rl PRy Bpete
protecting devigg ithal3|ydhprRtahmdind Re of aRAyhMbal o Rfis hkeh GRRETier 6
to forma nitrogen sealing |ayer which can éffectively prevent the
crude synthetic J.romcontacting wi.ith the oyter atnosphere. A
plurality of th@%sng}“‘dnﬁ‘fi‘laB Olé”‘i“”é%arol‘ Qﬁd’é%“%ﬁﬂ?ﬁ‘e‘h%% pigfialg ingpy e
grouped into 3-4;Nel ahty, ey !s%s’co%nge&écp"% NEERL el 1%&4#{‘3% ol {o%é‘-ﬁrélléc%%?Jely.
are evenly and ?ang n¥!a if;arran ) dlong a i rcunt sPentdal .
direction. Thusgedah& hi Gildh (SIRENAL YN SerfURANIRANGHoMRLiBhinY ARApelating he
gasifier 6 forms an even and stable Tlow field, which is fully
contacted and nicx@ckawid i thigashiico ABSE. thdGasHs enopeidt@te of fargke dngae on a
bottom of the gasifier 6, and one or two ash outlets can be enpl oyed
in conpliance whrblyrdieligaprdieyass pieenlbstmsigrsehiatqibdd cfude pytthesicgasiahd er
6isina quui$ state. The ash ouﬁgft is connected to an ash cool er
7 in which the fGUPEN SYWeISONLT ¥HX NN BECaHsR e srude pYghedic g831s cp0lgd s
outlet of the gasifier 6 is arranged,on an u r part, or in | ower
part, and is cohnaut s rne B shel Ay tatt net it af et coy®y gt
pI pe. form particles, but also are aikali metal oxides dissolved into the water, so that the

acquired primary synthetic gas is absent of impurities that are dirty and corrosive |
to the devices and pipes. Besides, the whole process is very short, and the

structure is simple, so that it is very convenient (o realize production in batches.

0032] Fourth, the plasma torch heater produces all the heat energy which is
necessary for biomass gasification by the high temperature superheated water

vapor outside the gasifier, the heat energy of the biomass fuel is all transformed




[ 0040] The spray tower 11 is a key device for quenching the crude
synthetic gas, in which the crude synthetic gas is directly washed by
a circulating cooling water to renove slags, alkali nmetal oxides, and
other inpurities in the crude synthetic gas. A gas outlet of the
spray tower 11 is connected to a gas inlet of the heat exchanger 12;
and a gas outlet of the heat exchanger 12, the dust collector 13, the
deacidification tower 14, and the deS|ccators 15 are connected in
series. A gas othqa¢hegrcy ﬁ%ﬂ@éé%ﬂlﬁt@ﬁf@éﬂnﬁot e coMRbELEY 88 2RO Yayhich
storage tank 16. f.@ t|c gas. [0041] The high
tenperature supgﬁﬁggggﬂ15éﬂé$(ﬁéec?n¥% dinto the gasifier 6 is
transfornmed fromsoft water or desalted mater in the water storage
tank 10. An out[0883]dfilthHee pasres losthdreagehasarigiLiea sfﬁci@n%e@nda@tijumbéﬁ
water inlet of the heat exchanger 12 via the water punp 9. The heat
exchanger 12 i smawwy %@Pé&fé’aﬂw %féh%.B'ﬁ@HSSO{éFH t@rmg% hapeiver Shtheet
of the heat exc nected .to inlet.of the sma
Cor ch heat er 5. Ma &isef GTFan G hufyl B8 eBp & Ltgtcgpté&fﬁ
connected to Vat@Fh cRRFLHERe htté}ﬁ’peg Sie shﬁ&héltéﬁ Wt R 3r, ai oosﬁﬁq%ldu
system al so conpr ses t he ash storehouse 8 e ash from the ash

col | ector 7 andgdshrr sRFlayatiwed asklrel sSstitlangparol e’ priondiNeyndisdic gas and a
st orehouse 8 by nmanual or mechanical. [0043] A nethod for gasifying
bi omass by wat establapopeis descri bed as fol | ows: [0044] A) A grinded
bi omass is successively transported to a gasifier 6 via a belt
conveyor 1 00@4?%&@1%\/@3110@»“1%}@ @@E&moqugld@{szty?mlt; Bichi&d by Rhtet oS AT
time nltrogen Is input froma nitrogen protecting device 4 into a
feed inl et agflichiiie tgdifitifeheltin. o Bhemst Relhiahvspetialipagpliaybls tir ddysufi@rof
exanpl e twi gs and roots of trees, a particle size of the bionmass is
cont r ol | edthetintsgaiethbionss eaniliselionsychmenibingiive end brbémaspliquif dudhi omass
is controlled at 40% bel ow. Wien the bionass is yellow straw, for
exanpl e stal ks of threshed grain, thatch, stal ks of corns, and the
particle size of the biomass can be relatively larger than 50 nm x 50
nm [ 0045] er I froma water storage tank 10
to a waterBEMHAP%g%ﬂfﬁﬁﬁngg ﬁ§§§@$&§% via a water punp 9, and the
desal ted water exchanges heat with a crude synthetic gas input froma
gas inlet fOBhEeaa exchandesramand sastsie s HbmaReatificsioably vact edpdy
the desalted water, during which 0.4-0.6 Ma of

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0036] A method and a system for gasifying biomass by water vapor is specifically

described with accompanying drawings:

{0037] As shown in FIG. 1, a system for indirectly gasifying biomass by water vapor,
comprises: a belt conveyer 1 for transporting the biomass, a hopper 2, a screw feeder 3, a
gasitier 6 for transforming the biomass into a crude synthetic gas, a spray tower 11 for
quenching the crude synthetic gas, a plasma torch heater S for supplying a high
temperature superheated water vapor to the gasifier 6, a water storage tank 10 and a water

pump 9 for providing a water source to the plasma torch heater 5, a heat exchanger 12 for

9



saturated vapor is produced, the saturated vapor is output froma
vapor outlet of the heat exchanger 12 to a plasma torch heaters and
transforned to a high tenperature superheated water vapor. [0046] O
The hi gh tenperature superheated water vapor produced by the plasna
torch heater 5 is at a tenperature of 1200-1600C, and is input into
the gasifier 6 via a vapor nozzle. Operating paraneters of the
gasifier 6 are: 1200-1400C of. a tenperature, and 105-109 kPa.of a
pressure. AO!PPfﬁb%nsgfﬁélééjé%mt%ée%F@éﬁgx éﬁﬁbéﬁa%taﬁléwgudéf(if@@éé"ﬂw lgpver 14,
vapor into §J‘ lcbdt() Eatu | 'll‘ll o?qq %lgtl Oa ms, so that the

bi omass is” u?ﬁy confac %% t'e su &4 wat er vapor in a
descendi ng process, after processes of deS|ccat|on aration of

vol atile 0B&F 4n Opw1b¢13dsqféhe beticoaveapol &t @nspedeab@vmlemg&ynf ﬂhehm@pegasan
and a liquid ash are duced. The e synthetic gas s |nta|

in the gastﬁf‘éP?éwthPP@i lwgmﬁ ﬁe‘gu*ﬂ%ﬂf the serey fesdet %énga e ot
synt hetic S|f|e t.r 5-20 m's. [0047] [»
The I|qU|dgg@ %ggd%%%H C%Wfdajﬁ ﬁgﬁtn% $ﬁp°§m2(fgnperature of

| 200- 1400C, and is input into an ash cooler 7 via an ash outlet of

t he gasi fi €1038] Aarkey dhacst for savlemyng thébiomaguing %zsl’meiiesgasotbb gasidovin to
150C bel ow, and is delivered to _an ash storehouse 8 fo

conpr ehens FYBPHEH: Iq Cf‘é‘f‘g’éﬁ'd A épﬁﬂﬁ"ﬁa}ﬁ%é?‘?’ﬁd J&é’éﬂ S8 wafﬁtqu%%e% ‘he
gasifier 6dll1(§th?l nal msu a?em)a?r ?‘%’1’1% Of suji‘E:ZQlQe Im eg%dm%p C{f a%nattelfhnggq 130{ ﬁyé

a spray tower

tenperat ur §n‘&f0: 1{)5196 %héM%uﬁiéﬁtﬁ?etﬂeé‘d ﬂﬁf'f of the Eﬁﬁ&ms WBsidmed oﬁgggppéi 'E;ait
which the high tenperature slags are transforned into particles,

al kal i met at aloxipdesndamd thantmbér cddiedcghings isamne td[css @l ameplianteow it hele
cold water and di scharged fromthe spray tower so that a prinmary
synt hetic g&gcits Staétamhﬁédmal;ﬁ@ﬂdwl eyenatetinjorihe a@»l% pd g glakle saafonydn
recycled after P%gglpltatjon and

[roy e or aletsBhel B bisel oOh Baldy M Bht e B 4 SR S inof o
gas 11 om g ABFRYe KOVRE a3y LARKL 0L Oniy DEALBHGIRAEE 1R R 2

gas inlet el ng renove rom at co

corrosi on gyighedilfogetibmabialigiinahedulenabhivepheain guehgngere vigeor izzkhe
nonent, the primary synthetic gas is still at a tenperature of

750- 800C aifetaeman gedrapabe gasyfico® asé geiupt@inhedtt hbight leecldesadlitcedpmatoerles of
the tenperature is dropped to 260-320C. The primary synthetic gas is
t ranspor t eachrlenpl arcgyenlpand @pecatiahermasd die&&halm@@ifelr«zﬂqiéitactmsi hus,

col | ector whi ch dust i.s renoved fro t he, nt het |

ond thepr Tiedigh EREuey SipgiBhVRRT Gy 81 sy B et SeRstbRats”
has a dust ﬂﬁ&r}felflchh?cth i9 ﬁll@fconﬁﬁtg? b Eﬁﬂ&:@ \\‘7:191 tHg{n’BIHg’nss L\B%ﬁ?&]t!@ is’%frltaﬁéed

dust renova primary-’syn I'C gas is transport

deaci di ficag h@ﬂtt&iﬁ%ﬂl@%ﬁ&.lf’b% W &l Branihsl o @RESSH bb k@pldd& mQ@&,thge
NH3, and HCN are renoved. 650 G After deaC|d|f|caF|on

primary synfttheld apgasy, ths asirasﬂmtgpd Guimi the gasafiatéss ocaliprid &te. Tlm ashocthet
the water is renoved, and a clean synthetic gas is acquired. The

cl ean synt rﬁéton&ecgeé@()ﬁ%a%hr@ﬁgf«‘paﬁf@ which #@eohcwubasg ighgpsiyect dnka 1@ a\/ﬁt%te A
pi pes and is sl éﬁq oriJn ustrlacia Ilcatlog 0q5§% Aftterd

times of t8SEUEHY WaPiFLP ALTAERYE! OTAll YPPELRPL SE L ORGPt and is

(ihar acteri gfiigsed ﬂ)ec{&Rfm!@tfofttﬂ?sp?clﬁ@@elsylr\? REbige. gas are shown in Table

[0040] The spray tower 11 is a key device for quenching the crude synthetic gas, in which
the crude synthetic gas is directly washed by a circulating cooling water to remove slags,

alkali metal oxides, and other impurities in the crude synthetic gas. A gas outlet of the

10



Tabl e 1 Nunber Conponent Unit Value 1 CO A (vol) 25-35

spray tower 11 is connected to a gas inlet of the heat exchanger 12; and a gas outlet of the
heat exchanger 12, the dust collector 13, the deacidification tower 14, and the desiccators
15 are connected in series. A gas outlet of the desiccators 15 is connected to a gas storage

tank 16 for storing a clean synthetic gas.

[0041] The high temperature superheated water vapor sprayed into the gasifier 6 is
transformed from soft water or desalted water in the water storage tank 10. An outlet of
the water storage tank 10 is connected to a water inlet of the heat exchanger 12 via the
water pump 9. The heat exchanger 12 is usually selected from scrapped boiler. A vapor
outlet of the heat exchanger 12 is connected to a vapor inlet of the plasma torch heater 5,
and a vapor outlet of the plasma torch heater 5 is connected to vapor nozzles of the

gasifier 6 via pipes.

[0042] The system also comprises the ash storehouse 8, the ash from the ash collector 7

and the spray tower 11 is transported to the ash storehouse 8 by manual or mechanical.
[0043] A method for gasifying biomass by water vapor is described as follows:

[0044] A) A grinded biomass is successively transported to a gasifier 6 via a belt
conveyor 1, a hopper 2, and a screw feeder 3 in turn, at the same time nitrogen is
input from a nitrogen protecting device 4 into a feed inlet of the gasifier 6. 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, and the particie size of

the biomass can be relatively larger than 50 mm x 50 mm.

[0045] B) A desalted water is output from a water storage tank 10 to a water inlet
of the heat exchanger 12 via a water pump 9, and the desalted water exchanges
heat with a crude synthetic gas input from a gas inlet of the heat exchanger, and a

sensible heat is extracted by the desalted water, during which 0.4-0.6 Mpa of

1




2 H2 % (vol) 40-50 3 N2+Ar % (vol) 1.6-1.8 4

saturated vapor is produced, the saturated vapor is output from a vapor outlet of
the heat exchanger 12 to a plasma torch heater 5 and transformed to a high

temperature superheated water vapor,

[0046] C) The high temperature superheated water vapor produced by the plasma
torch heater 5 is at a temperature of 1200-1600°C, and is input into the gasifier 6
via a vapor nozzle. Operating parameters of the gasifier 6 are: 1200-1400°C of a
temperature, and 105-109 kPa of a pressure. A input speed of the high temperature
superheated water vapor into the gasifier is controlled at 35-50 m/s, so that the
biomass is tully contacted with the superheated water vapor in a descending
process, after processes of desiccation, separation of volatile matters, pyrolysis,
and evaporation, a crude synthetic gas and a liquid ash are produced. The crude
synthetic gas is maintained in the gasifier 6 for 15-20 s, and an output speed of the

crude synthetic gas from the gasifier is controlled at 15-20 m/s.

[0047} D) The liquid ash produced in the gasifier 6 is at a temperature of
1200-1400°C, and is input into an ash cooler 7 via an ash outlet of the gasifier 6.
After heat recovery, the liquid ash is cooled down to 150°C below, and is
delivered to an ash storchouse 8 for a comprehensive utilization. The crude
synthetic gas produced from the gasifier 6 is at the temperature of 1200-1400°C
and is transported to a spray tower 11 via pipes. After being washed by the cold
water, the temperature of the crude synthetic gas is dropped to 750-800°C, in
which the high temperature slags are transformed into particles, and alkali metal
oxides and part of acid gases are dissolved into the cold water and discharged
from the spray tower 11, so that a primary synthetic gas is acquired. The cold
water in the spray tower can be recycled after precipitation and filtration, and the

dregs are transported to the ash storehouse 8.



C®2 % (vol) 15-20 5 C112 % (vol) 5-6 6 CnHm

[0048] E) The primary synthetic gas from the spray tower 11 is input into a heat
exchanger 12 via a gas inlet after being removed from slags, so that coke, ash, and
corrosion are effectively eliminated in the heat exchanger 12. At the moment, the
primary synthetic gas is still at a temperature of 750-800°C, after a recovery of
sensible heat by the desalted water, the temperature is dropped to 260-320°C. The
primary synthetic gas is transported from a gas outlet of the heat exchanger 12 to a
dust collector 13 in which dust is removed from the primary synthetic gas, and the
primary synthetic gas in an outlet of the dust collector 13 has a dust concentration

of no more than 50 mg/Nm’.

[0049] F) After dust removal, the primary synthetic gas is transported to a
deacidification tower 14, in which harmful gases like H,S, COS, HCL, NH3, and

HCN are removed.

[0050} G) After deacidification, the primary synthetic gas is transported into a
desiccator 15, in which the water is removed, and a clean synthetic gas is acquired.
The clean synthetic gas is transported into a gas storage tank 16 via pipes and is

stored for industrial application.

{0051} After many times of tests and data detections, main components and

characteristics thereof of the clean synthetic gas are shown in Table 1.

Table 1
Number Component Unit Value
] CO % (vol) | 25-35
2 Ha % (vol} | 40-50
3 Na+Ar % (vol) 1.6-1.8
4 CO, % (vol) 15-20
5 CH; % (vol) | 5-6
6 CnHm % (vol) <2
7 Heat value of a synthetic gas (LHV) | MJ/Nm® | 12.5-13.4
8 Efficiency of a cooled gas %o -88.1

13




% (vol) <2 7 Heat value of a synthetic gas (LII1V) MI/NnB 12.5-13.4
Efficiency of a cooled gas /

As shown in Table 1, the clean synthetic gas produced by the method comprises 85% of a
total content of CO and H-, a ratio of Ho/CO is larger than 1, a heat value of the synthetic
gas is 12.5-13.4 MJI/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.




CLAIMS

1. A method for gasifying biomass by water vapor, the method using a high temperature
superheated water vapor as an oxidant and an energy carrier to transform the
biomass into a crude synthetic gas in a gasifier, quenching the crude synthetic gas
in a spray tower, and finally producing a clean synthetic gas; the method

comprising the steps as follows:

a) grinding the biomass, feeding the biomass into the gasifier, adopting a
plasma torch heater to prepare high temperature superheated water vapor,
at the same time spraying the high temperature superheated water vapor
into the gasifier, controlling the gasifier at an operating temperature of
1200-1600°C, fully contacting the biomass with the high temperature
superheated water vapor to carry out desiccation, separation of volatile
matters, pyrolysis, gasification, and producing the crude synthetic gas and
an ash; wherein an input speed of the high temperature superheated water
vapor into the gasifier is 35-50 m/s, a retention time of the crude synthetic
gas in the gasifier is 15-20 s, and an output speed of the crude synthetic

gas from the gasifier is 15-20 m/s;

b) transporting the crude synthetic gas into the spray tower, quenching the
crude synthetic gas by spraying water to cool down the crude synthetic gas
to a temperature of 650-800°C, condensing a slag and a tar, dissolving
alkali metal oxides and part of acid gases, and acquiring a primary

synthetic gas; and

¢) carrying out cooling, dust removal, deacidification, and desiccation to

transform the primary synthetic gas into the clean synthetic gas.

2. The method of claim 1, characterized in that the grinded biomass in step a) has a

particle size of 50 mm x 50 mm below and a water content of 40% below.
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The method of claim 1 or 2, characterized in that in step a) a nitrogen atmosphere

is disposed at a feed inlet of the gasifier.

The method of claim 1 or 2, characterized in that the operating temperature of the
gasifier in step a) is controlled at 1200-1400°C, and an operating pressure of the

gasifier is controlled at 105-109 kPa.

The method of claim 1 or 2, characterized in that in step b) the crude synthetic gas

is quenched by water and cooled down to a temperature of 750-800°C.

The method of claim 1 or 2, characterized in that in step c) the primary synthetic

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

A system for gasifying biomass by water vapor according to the method of claim 1,

comprising:
a water storage tank (10);
a water pump (9);
a heat exchanger (12);
a plasma torch heater (5);
the gasifier (6); and

the spray tower (11);
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characterized in that

the water storage tank (10) is connected to a water inlet of the heat

exchanger (12) via the water pump (9);

a vapor outlet of the heat exchanger (12) is connected to a vapor inlet of

the plasma torch heater (5);

a vapor outlet of the plasma torch heater (5) is connected to a vapor

nozzle of the gasifier (6);

an ash outlet of the gasifier (6) is connected to an inlet of an ash cooler
(7;

a gas outlet of the gasifier (6) is connected to a gas inlet of the spray

tower (11);

a gas outlet of the spray tower (11) is connected to a gas inlet of the heat

exchanger (12); and

a gas outlet of the heat exchanger (12) is connected to a dust collector

(13), a deacidification tower (14), and a desiccator (15) in series.

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

connected to a feed inlet of the gasifier (6).

9. The system of claim 7 or 8, characterized in that a plurality of the vapor nozzles are
arranged on the gasifier (6) and grouped into 3-4 height levels, and the vapor
nozzles of each level are evenly and tangentially arranged along a circumferential

direction.
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