PROCESS AND SYSTEM FOR PRODUCI NG SYNTHESI S GAS FROM BI OVASS BY
CARBONI ZATI ON FI ELD OF THE | NVENTI ON [ 0001] The invention relates to
t he production of synthetic gas, and nore particularly to a nethod
and a system for producing synthetic gas from bi onass by

car boni zation. The nmethod belongs to the technical field of producing
synthetic gas or conbustible gas by using biomass. The synthetic gas
is a mxture gas which contains CO H2, and a variety of

car bohydrates that contain carbon, hydrogen, and oxygen. The

synt heti c gas produced by the nethod according to the invention can
be used for WCESBMWSHSW@M@%PEQWB\LGSQ’MHE&E GASIKROM
synthetic oil, netallurgical and other systens. BACKGROUND OF THE

| NVENTI ON [0002] As dwi ndBI(N&A&S BY S RBONLLATIONG | fuel s (coal, oil,
and natural gas) reserves and the environnental pollution problens
caused by the use of fossil fuels directly threaten human survi val
and devel opnent, attaching i nportance to devel opnent of renewabl e and
environ y has becone a consensus of governnents
of all coun rleékﬁiﬁu%gﬁgﬁﬁgn organic matter generated by plants

t hrough photosynthesi s, has w de sources and | arge avail abl e

quant i t yl0001] Bwrinyativn ek 650 HECPrPdHCE O bEynthgas gasr and morie gaftigelarlf or a
power generatl and odu0|ng industrial raw materials and chem cal
pr oduct smethe '«%Wem wgr®+tga&8%&tiﬁém| st By supepigpasin of

carbon di oxi and to fu repl ace uel s
nensied B BRG SCel R PR B Bl gt BRI S Ra) R s by

countrle in I
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t echnol ogyboshgdrated alpit cdifaia cxdon, @iiiroQén, ape 61 y@8n.ang shatetPond produced by

expansi bility. The gasification of biomass is a thernochem cal

process, th'ﬁ methodipcamieg to badtvsntigntdan e gsesli bt gattinbinepgent gqhsatibn as air,

oxygen, %F& carbon di oxide, etc.) under high tenperature to

produce %3 e@eb§9&ééﬁgﬂ§VFh5“8”“@&?5@HVHW§@@“@B%ta|nlng car bon,

hydr ogen, and oxygen. The m xed gas is named synthetic gas. The

conponents of the synthetic gas are decided by the species of used

bi omass, the type of the gasification agent, the reaction conditions,

and the f L& d therein. The objectives of

gasifica§%§ﬁ§#§§ﬁgﬁ(?ﬁgﬁ§ﬁ§kﬁgﬁgg O mnimze the consunption of

materials and the gasification agent, as well as the tar content in

t he synt[9662]sAgdwsindlarmotdraditionaldodsd fudhaiedal, toib an@ma’itmaieaSD hegerves and the

gasification eff|C|enc and the efficiency carbon conversion, as

vel | as Wé oBRenteof! H@qrbﬁapféﬁms ew%mthme %féﬁ%szelrﬂlelz? firqely tgdiethesi s

gas. ectlv asi fier . the
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gasi fi Caédv%nrﬁ&ﬁﬁsﬂlé&i ﬁ%réﬁ%%%aeeon%gum BlUhReAIEr QF&)u‘ﬂ{uets he

bi omass, etc. e gasification furnace used

gasi f i caBiopasp E@Gl%ﬁﬁlc @iteDEneliaved b hlanes throupli pl@at@dyﬁﬁﬁﬁﬁ.hai wkRaGoteek

fluidized bed, and entrained fl ow bed. The fixed bed has a sinple

gasi f i caanddargs byaileblaqeanttpitcanibe freesfopedattb olean ghsexilighe fogdpataven

node, a higher rate of ,carbon conversion, a w de range of running

| oad whi &HCRHM Bl FH@@W“‘?‘G%%W 4(gYgls anflicherical BTCidHCt? | e“@‘tgéiytsls in

the bed for a,lon rature,is
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contains a | arge anount o % %e flurdi ze nveni ent for
mat er i al coafldict.i on and ash release, and the tenperature is uniformand
easy for adjustnment. However, it is sensitive to the characteristics
of raw materials. |If the adhesion, thermal stability, noisture




[ 0005] Chi nese Patent Application No. 200510043836.0 discloses a

met hod and a device for gasifying |low tar biomass. The net hod

i ncl udes pyrol ysis and gasification i ndependently, and bionass is
transforned into synthetic gas containing |l ow content of tar. In the
met hod, pyrolysis gas and charcoal experience inconplete conbustion
in the gasifier, and tar is cracked under high tenperature. Although
the tar content is decreased greatly, a lot of charcoal is consuned,
resulting in a |low content of CO produced in the subsequent reduction
reacti on (ams) anhBle@lt AR BEho & folFkhstdtmbddei UL RRb b&mg?a%-or H864 nadly,
due to a low tenperature in the conbustion reaction, The tenperature
at the subsagudith ti@dass ghoficaies eaRsolb@ven ad@ith 4 heictvelsagaes and has
tenperature in the reduction zone is I ess than 700C, and thereby the
yi el d of gepd exnansibilisy hhdgasiftcagersof{Gmnanids Hbprmacherpicrlguessss, i.c., biomass
significantly (about.30%. Thirdly, the ash and unreacted carbon

resi due ff?f’(?Fg/"t”ﬂba 8@%&?‘?@%%‘4&%& %ﬁ‘“’i gxy(gpr,l,é@qucaal?@cqﬁ%%eag&)ruggw ting
in alowg conversipn te.. Fin . the gasifier used in the
ot hod | AT SR SRAVERRIREC | My sl g b B @Rl SoriR e
absor bs h@aitogeﬁ, hgd beIRRIBleWiedibdsli ShaNcRyRELNEER. TR hPBnaRL e
bottom (the top is about 1000C and the bottomis about 500C) of the
bed is hugshetiwhias breidecided byihespatics oflusadiandsagre Ghe bi thedaddhtioh 0006]
U S. Pat. No. 6,863,878B2 discloses a nethod and a device of

pr oduci n@esifnthh eatongasdions aedhihb siuaen ohk gasider vatdetherging TheTplgeatieshod

i ncl udes carboni.zation (or rolysis). and gasification independently.
In the m ﬁ%%f?caflﬂ'élsc%ﬁ 15% ans Bfidoio ff'@ff%@? thesPasumption f PAETEa WEGE 1 han
450F so . he,t n I |.ted f£rom pyrolysi

Conever , SR AUOE R e Bl LR AR bR LR Bl andng
prior to oi@nseeetdafificdiBnleffidReahd MR cBRidndy Of cdrbth Bavdifiberas williagh
will affect the speed and degree of gasification reaction. Secondly,
si nce t hehgasivé ingsddican(F@ awt HORoh@MER NS dyRththe gdseBlat dbgettioa dre deidedr ge
anmount of transport gas is needed, but the transport gas will take
away a | &y tesftypeel theluser gsifieaits pepetoif g, gasiidationageisythe hartigigsize o€ igi on
efficiengy is low, the tenperature is nonuniform and the subsequent
wast e heifomaé&csbﬁew Cglgnaripisure ad &mperatitsy; 4ndoistie ang afig! theciAgatse

t hat new y-produced synthetic gas is used to provide heat for

gasi ficat1on and carboni zati on. Fourthly, conbustion products (minly
CO2 and 1-120) are directly discharged and not fully utilized,

resul t i ndgV404] Faseagdsitiorchrieon ussklfin dieavificatonmaddess, can he divgded amid three
unreacted carbon residue in the synthetic ga re al so di scharged

di rect | y clases P@ﬁH&iﬁﬁmﬁﬁﬂnﬁgﬁwgﬁ“E@ﬁ?%ﬂ@WgﬁiﬂgﬁB?a{@EUWTaéﬁﬂﬂ%se

Pat ent Jcat i ., 0236639, 4 disgcloses..a met hod. of proguci ng
oynt et ERGEAbD S, GRINGRTBEI c HiE PSR Mo B1eBlr RleRd

met hod alcg@omeabRidhOARARALALN G BRNLERD LA ARGV ENDD4 S1PEHaL ur e
gasi fication. However, the nmethod has follow ng problens: firstly,
heat of thétheaoldfielzadystmthebedfae lbse Sauipflofl @mebilowiéves dlic e@pbusitd ion of
external combustible gas and oxygen; the introduced high-quality

ext er nal npuslifogngndit bag less dffidesad beatisrchangs, dpw bawisgnptis ohtheyrtlveis
system secondly, the adopted, pyrolysis gas powder_ feeding systemis
conpl i cats&t tw@éﬁl% A ﬁF GHhesHFRF SpNTRiBS PHiArE amquat ofdar ke Hidiggd Ded i
the lowt r [ r.oon. powder .and fed intpo the gasificatio
furnace, PR Rt AR AURRIE st Bo'opGr e R e gy

bl ockage @angjusintint. YRRV BYit i @88V B! thOBBFREL s off kiR adrials g ufd! gh
pressure charcoal produced in the carbonization furnace Is fed into

t he nor mabhepioasiaereal sbilityngoFaehideendfdrash helting peiacempwassathisand
cooled, so as to be nade into powder, and then the carbon powder is
pressuri zhahganthefopdralion vilt besogesbifidroat. iForthdronoreatreorgr to hissupyrasingki s



[0011] 1) pre-treating a biomass raw material; [0012] 2) carrying out
| ow-t enper ature carboni zation to obtain products of a pyrolysis gas
and a charcoal, cooling the charcoal at an outlet of an carbonization
furnace to a tenperature of 60-280C, and conveying the cool ed

charcoal to a charcoal storage bin; [0013] 3) separating the
pyrolysis gas froma charcoal powder after allow ng a gas output from
an upper part of the carbonization furnace to pass through a
gas-solid separator; [0014] 4) delivering part of a separated

pyr ol ysi fuStiéPohE tibRurRd imea§@rﬁeze$]romie.rm@@tdragma g ot her

part of the separated pyrolysis gas with a hot flué gas generated
duri ng t bettetoigushdsanargé anbent 06tk $$ide @farbe smowin df tah 8pré@ickd Brtheg a
heated pyrolysis gas to the carbonization furnace as a heat source
for the %Wiaﬂét edhnidigrdheden tagemekieg irigand prei§easionsruipinget rgess baf t er
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gasi f i caii@Blefft 1BRAEBcdIOmdOBAT ARG, TAMs LALRUABBIMAMINSESHE
charcoal slurry punp. [0017] In the nmethod for producing synthesis

gas, t hecdteinet dloperedthus € stciar loquirenhi @hpadrtclasiad OWapyHiéysd. Basalrdn ed
out under conditions of an atnospheric pressure and an oxy?en
i nsul at | euranhgunvengigetvoicyahereis fowmaioarind hpmaby it mdihuestlillose @ a
proportian of the pyrolysi as agnd the air, tenperature of the
Car boni 28¢5 HeF 8 FIbeSTGTe] (PPt osp SE calne ' begf s bgpsed for

t enper at Ll se Qf | zatiop. furnace | ontrolled.at 5-20C
e aniliepiaEoHiahlE, MAUARN ERR LT BESA R BRPH Basf e >
furnace psife@itdd £t L&Gh RSO, mblaeveh&ﬁiie%l oft Bloh§ oREiAGRRA, Of m I1ing

t he charcoal powder for preparing the slurry, an atnospheric mll is
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for gasifying low tar biomass. The method includes pyrolysis and gasification
independently, and biomass is transformed into synthetic gas containing low content of
tar. In the method, pyrolysis gas and charcoal experience incomplete combustion in the
gasifier, and tar is cracked under high temperature. Although the tar content is decreased
greatly, a lot of charcoal is consumed, resulting in a low content of CO produced in the
subsequent reduction reaction and a high content of CO; in the synthetic gas. Secondly,
due to a low temperature in the combustion reaction, the temperature at the subsequent
recuction becomes lower, and the average temperature in the reduction zone is less than
700°C, and thereby the yield of effective synthetic gas (CO and H,) is decreased
significantly (about 30%). Thirdly, the ash and unreacted carbon residue from the
reduction reaction is directly discharged, resulting in a low carbon conversion rate.
Finally, the gasifier used in the method is in the form of a fixed bed, since the reduction
reaction absorbs heat, the temperature difference between the top and the bottom (the top

is about 1000°C and the bottom is about 500°C) of the bed is huge, which is an inherent




[0019] In the nmethod for producing synthesis gas, a content of the
charcoal powder in the charcoal slurry is 50-70 wt. % and
preferably, 60-65 wt. % [0020] In the nmethod for producing synthesis
gas, the tenperature of the carbonization furnace is preferably
controlled at 250C 10C, the rate of tenperature rise of the

carboni zation furnace is preferably controlled at 15C /mn, and the
retention tinme of the biomass raw materials in the furnace is
preferably controlled in 50 mn. [0021] A gasification systemfor
produci ng.syRtAst 1159884 r om bi omass by pyrolysis conprises: a
pre-treatnent part %or the biomass raw material; a carbonization
furnace; a pipeline connector for the carboni zation furnace; and a

pneumat i KO8y iPAg Ney & BeH$78R2rdisslases 4 methed prsbnilovags A prddueingce i s
connected wit.h a cycl one separator; .an qutput en f the cycl one
cepar at oV EtE At el PR Soisas: bt kef Byt arEnitudet
st orage b I kS .
neat  oxchanges pa iRty BIMSARD, BE b G RRREN R i@
pyr ol ysi songaBedldisl tRin 49°ICWIQ6 bR cht BarlecBReMAERABA BBMiIfbIfdi. nace, and
a heat - exchanged waste heat flue gas outlet is connected with a
dryi ng sHeswemr, duiog2jrbémzatine sigas isblicpbiwns &y aveqrpua paat &r traspdrea
screw conveyor is arranged on a pipeline froma charcoal outlet of
t he car biorih&isastion cpily pfdbesasiionmdichwibact be spegd andilqgreen{gasifigation
wat er - cool ed s rew”conveﬁ%r L? %sed f?r ﬁoolin theﬁgharc.a“ at the
char coal "B etce8d ¥ HEE JFFnT s on SFAcHoR RapPsns B o eadbe caihd M8en
conveyin : i 023] In
Tho gasi TTenFPCRRLER, SRR RR8k, b PRk SR ChEY REE bl giOre
hi gh- pr egiglhberabipariG@ahndshetebythb ehdicdien SiTcRNEL T I6W, the Rhpelatieisf r om an
outl et of the charcoal storage bin to the gasification furnace in
sequenc enonu@ifiad, ahdtht hebsgashf waskt hanresystesysteanisinmsive. JasdyLip plnpt pi pe
for the conmbustion bed is connected with an air pipeline, and the air
i s used ¥enMiEshueYiyonodusphantiicty Zanis used toppwdepeblivt safificatien ae
i nvention are su ri.zed bel ow. [0026] Firs B pting the
| ow t enpBrAP PR I HprearpLt EnabehRS Ay 6. SR IRE S wood
fiber sti: [Wex : Lot ' is
i Ted caa e R A B st he A A SRIRNEh e ot R, PR
ener gy dfsiniedctod cRbORSISud B thOGherEedas LB alh @is@ﬁa@a diead,, res@R@med
with the gasification nethod in Chinese Patent Application No.
2008102316839rbén canverdien dagwer tenperature, particularly at the
tenperature of 250C +10C , the higher solid yield and the higher
ener gy i RN ta : e 1 i - 800
and the @ﬁgﬂgy yﬁgfﬁggfﬁ?H§§€§§PL?@ﬁﬁg?%%ﬁég‘@%gﬁgﬁéﬁéﬁb%% ggﬁgﬁgon
i s reducgsheBshstthgn BidmBbyIREY RipeRié AdsBi@fiod. Mhe WRHE 2R pSHEM | S
favorabﬁ?diﬁprgged. [bOZ?]ygg%ong§ thé ?%vén{?on gdoptszkhe SR
t echnol ogynbafatine af ¢anigpriization eclobleteppeckiys pssitimsoaHavdveathesmtirogle of
t he carboni zation furnace by using@the heat generated by conbustion
of sel f-hiss &llpedee poblsmysiirgtlyheat of fie cedbopigpiodvimase Bavirdied bhdiedtng
technol o of .the inventign has the follow,ng three features: 1) the
hoat | necatiiprneBYEb e ebing sev et hE v oty SR e e s
of the t | i i1 L.RL st em
SftYIgE %%g?[%gtl ficfeBses Bt dn 1%gtcgﬁsum§éﬁ§}‘ thggﬁ%¢,$?&0%my§&1ggﬁgaéfy

and not roduce externa ner gy anen for
heati ng gyrely$iE%GotdByeddiXSyBte8RiS chifipda@id; ARch ¥ hibhit8Gpersioriisdiign of
the pyrolysis gas and the air. That 1s to say, the chem cal energy of
t he pyr ofay & sixgdse/ithshausedempaaiuetatioa potvderank dettintoathe gasifitatiead of
pure oxygen, is used, which greatly reduces the cost of the whole
syst em abarhicanzye epecasibeba oadensed forfrmptartoaesicablodnice atd on
furnace; 3) the heated recycle pyrolysis gas is directly conveyed to




conditions of an atnospheric pressure, an oxygen insulation, and a

sl ow pyrolysis. [0028] Third, the invention uses the waste heat snoke
generated by conbustion of the pyrolysis gas to dry the raw materi al,
t hereby i nproving the energy efficiency of the whole system [0029]
Fourth, by adopting the technol ogy of preparing slurry by atnospheric
mlling, the charcoal at the outlet of the carbonization furnace is
introduced to the atnospheric mll and then mxed with a certain
anount of water and additives to be prepared into a charcoal slurry.

The proc i | flgl.ent i 1. i-f Leation
met hod wﬁﬁﬁmkﬁF%%§E$f%§§ {ﬁkﬁbﬁkggi?gn ?%ggsg%%g?%gggg%ﬁfiggfeeding
at i nl et garbdiezalBh N@RacRfis feb enth MeadthADrgEeahliling @HURAS afidi®eRiREr gY
consunption of the inlet raw material and increases the stability,
reliabi | decpmpenstdfaedsodied, ist gs ofbetnimele snts pemiler] BA30dn the Earbon pdvaler is

i nvention adopts the technol ogy of charcoal slurry punp pressurizing
and t r anREEHtizd e feddpipihe eepigation fuseace hx fiei nysaly oheavet iodhelf procesat ent

nunber of 200810236639.4, the nethod.avoids the techni.cal prohl

Rbout prEdARPTE A 204t bt Ep AP o b e B prPear R ar y
carbon powder, and al so increases the stability, reliability and

f easi bi | [0098]dfromhke shost erenti¢red 3ddthdds, cohemtipnal Igesificwient wittheaifiom t o
realize sinplicity, efficiency,,ener%y_conservation, econony and hi gh
proj ect ‘piamassyr fiofsolidiasbppricp@ainingangléiipdsn earmat RAkssuatheticegas with

gasificat.ipn.efficiency, decreas th unt. of effective.synthesis
9as and TRBFAviERcy HE ke Hy LEReE M SoPRRL ObindemBae] Srialiisd e
DESCRI PTéag%cgfonT(!éﬁ AW NGRiety of biomass and reduce the content of tar in synthetic
Y

gas, shortcomings such as nonuniform temperature, large investment in equipment for

waste heat recovery, high material consumption, low gasification efficiency, and low

carbon conversion rate limit the application of biomass gasification in industry.

Particularly, there is no effective method for gasifying biomass applied to an entrained

flow bed.

SUMMARY OF THE INVENTION

[0009] 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

carbonization that have high efficiency and low cost.

[0010] The technical scheme of the invention is described below: a method for producing

synthesis gas from biomass by carbonization, the method comprising steps as follows:

[0011] 1) pre-treating a biomass raw material;

[0012] 2) carrying out low-temperature carbonization to obtain products of a

pyrolysis gas and a charcoal, cooling the charcoal at an outlet of an carbonization




[0032] FIG 1 is a schematic diagramof a nethod and a system for
produci ng synthetic gas from bi omass by carboni zati on according to
one enbodi nent of the invention. DETAILED DESCRI PTI ON OF THE

EMBODI MENTS [ 0033] The preferred exanples, the process and the system
| ayout structure according to the invention, are described with
acconpanyi ng drawi ngs. [0034] As shown in FIG 1, a gasification
systemof this invention conprises: a biomass raw material delivery
port 1, a drying system2, a biomass storage bin 3, a carbonization
furnace 4, a I f.or stion
bed, . conbudtyar Beqt TR coosBL. Al Rt E Belfnde GO
heatlng recy cherePMsRtaeibi; 9as, a waste heat flue gas pipeline 10 for
the drying system a wat er - cool ed screw conveyor 11, a charcoa
storage bin %8133 30idphradidy the pYeiRls ik Pehd Ef‘&la%aﬁﬂfw&} Mtel mzmagargap on
for the mll, an additive pipeline 15 for the mll, a charcoal slurry
tank 16, a hlogn}upfremsmmgp@rpart@(ﬁ&ie csdbumzyﬂqunma&e?to pass throyigien gpi-pdldi ne
18 for a burner nozzle of a gasification furnace, the burner nozzle
19 of the gasepdrdiati on furnace, the gasification furnace 20, a water
cooled wall 21 of the gasification furnace, a synthesis gas plpellne

22, an ash ré@@dﬂ:é)ﬁﬂlw@wmﬂzﬁaWldé@%pb/@tsxﬁdtmxbg@m fovat er

i pel 24, tur at ed 25 t | |

R PCand an edpeprgnaigtns hE SsPboeshs sl Bl f aiaiosfuf om "o
top of the Cagf’a?gé}fe?af’etd'cﬁlpin% H{erlgﬁ\%yﬁldn%fﬁmﬁ]%hg&nvﬂeﬁ N h REn AL QNG o

separ at or an out pu he ¢ one separa ors Is con ect ed

with the combiigikd prrolied gds @NKe éd’&&i&ﬁb@ﬂ@hac@%@ﬁﬁ%s&h& fb2the
respectively. An output end of the conmbustion bed 7 is connected to

the heat excharbgeizatnffomatedtlivegng e syaste dopiucoday alter tgaiexcifengeat €d
pyrolysis gas outlet is connected with the carboni zati on furnace 4,
and a heat - e%ﬁ@ﬁtﬁé‘at paisios thediamasp v gaksrialifer dyingscaypyieg thedenaraied t he
dryi ng syste 003 t er.- cool d screw conveyor 11 is
arranged on g%ﬁP PPW@;ﬁ?Bﬁ1ﬁqﬁﬁﬁf@8§F dt1 et of the carbonization
furnace 4 to r.coal or age bin 12, and psed cooling the
char coal at _(MESERARUBE s SR Bevudieo BB USRS wi T ur nace fo
60- 280C and t nye h coo d charco he c arcoal .
storage bin 1914 BB e P! g RER G Tt tubulibes B kieasion and
t he hi gh- presgilg Shigh sk, st H&MIQ are arranged on a pipeline
froman outl et @l ﬁg ?ﬁ%#goa storagep%z% 12 to the gasification
furnace [%QI’}]qn RGN Eror producing synthesis gas, the low-temperature carbonization is a
slow pyrolysis carried out under conditions of an atmospheric pressure and an oxygen
insulation in the carbonization furnace, and through adjusting a proportion of the
pyrolysis gas and the air, a temperature of the carbonization furnace is controlled at
200-400°C, a rate of temperature rise of the carbonization furnace is controlled at 5-20°C

/min, and a retention time of the biomass raw materials in the furnace is controlled in
20-90 min.

[0018] In the process of milling the charcoal powder for preparing the slurry, an
atmospheric mill is adopted, and then water and an additive are added for milling for

preparing the charcoal slurry.




[ 0038] An input gas supply pipe for the conbustion bed 7 is connected
with the air pipeline 6, and the air is used as comnbusti on-supporting
gas. [0039] The nethod for producing synthesis gas from bi onass by
carboni zation conprises the follow ng steps: [0040] 1) pre-treating
the biomass raw materials; [0041] 2) carrying out |owtenperature
carboni zation to obtain products of pyrolysis gas and charcoal,
cooling the charcoal at the outlet of the carbonization furnace to
60-280C , and then conveying the cool ed charcoal to the charcoal

st orage B 4 ' rol ysi.s s.from charc
powder a tb gar} Igl eo'\%viltﬁ(ga ‘f"ﬁgp"gﬁigﬁ‘? gﬂ%ﬁ/%% g? %/’c?r%og(t%%t O_Ufg%ecrha%%?itp%@ “t ﬁghe
car boni zZgfai@R! fHNRGE-A00PSS Snd NERHBEY, 80885129l i d separator; [0043]
4) delivering part of the separated pyrolysis gas to the conmbustion
bed for @OPHUS UhOethbERk bﬂ_ﬁlu&mg sAltRals g ithe ©hpOYR! ¥ShScHBshiMkibh t he
hot flue gas generated during the conbustion of the conmbustion bed

t hr ough fuhechegiefeeblyangesijedandstlien 08| thamtd afgerhpeatheatsedf ghr ol ysi s
gas to the carboni zation furnace as a heat source for the

car boni z&thogivation Rurase isguplerably qogtrolies ahd8ie/mintanfl thpregadomtime pf theat

h toth t t I f bi terials f
Gryi ng. EORSY TG ARE e f e ey OISR 1 3 o char coal
t 0. [0044] .5 D! th h I wd t . Sl ;
and T oQhE Apibaladiens o R Ras SBTe a1 PR LARPPrEat  on
furnace Jogg)]rg‘?sﬁh&)regﬁéalttﬁ&ltgpgft %1'gcne Btgﬁ%@ r%' e‘?ﬁﬁ .lérc%rbl%nﬁﬁt?Mufrﬁlcé{rar y
punp. [00 e’ lowtenperature carbonization’is sl ow pyrolysi’s

carried gpdlindRefTecion ®oreRNGkEdnPARoPfuneRE, Al APEARSIHcCoRY S/ SedNd
oxygen insulation in the carbonization furnace, and through adjusting
t he pr opop bl tha cabotibeiopynahysik sogastedndhaicyslotdwepiampeanaiutpue ciaf oft he
carboni zation furnace is controlled at 200-400C the rate of )

t enper attif evalonssepsratphis cerepisaividitthoepnitystiirickediagd gherehpispl stprage bin;20C
/mn, and the retention tinme of biomss raw materials. in the furnace
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furnace | . ( t te.of. erature
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is preferably controlled rn 50 mn. [0047] In the process of mlling
t he chargyeam. powder for preparing slurry, an atnospheric mll is
adopted, and then water and additives are added for mlling for

pr epar i g02}dn deadasiibationysystdinea wetet-entledokreehanedel ispomdgsd dom t he
charcoal slurry is 50-70 wt. % and preferably, 60-65wt. %

pipeline from a charcoal outlet of the carbonization furnace to the charcoal storage bin,
and the water-cooled screw conveyor is used for cooling the charcoal at the charcoal

outlet of the carbonization furnace to 60-280°C and then conveying the cooled charcoal

to the charcoal storage bin.

[0023] In the gasification system, a mill, a charcoal slurry tank, and the high-pressure
charcoal slurry pump are arranged on a pipeline from an outlet of the charcoal storage bin

to the gasification furnace in sequence.

[0024] [n the gasification system, an input gas supply pipe for the combustion bed is

connected with an air pipeline, and the air is used as a combustion-supporting gas.




[ 0048] Working process: [0049] |I. System start-up process: [0050] 1)
opening a control valve V1 on a pipeline fromthe bi omass storage bin
3 to the carbonization furnace 4 and a control valve V4 on the
enptyi ng pipeline N2, and keeping a control valve V2 on the
conmbustion bed 7 and a control valve V3 on a pipeline fromthe

cycl one separator 5 to the conpressor 8 closed; [0051] 2) opening a
control valve V6 on the external fuel pipeline Ni, a control valve V5
on the air pipeline 6 for the conbustion bed as well as a control

val ve VEuRISEABRELLIG AL ATLIG sLORRRLLOR,AG], 7 Lo the carboni zation

furnace a coftrol valve ine fromthe conbustion
bed 7 to the dryin stem 2, and keeplng a control valve V7 on a
Vel oh

pi pel i ne frontCf gppingsbrilon-iempelshirngay pésc&mfg@rno@gf,csm one
heating recy SO as tp enabl e t flue
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conbustion bey t he
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step 2), opening the control val ves V2, V3, and V7, and

si mul taneouslryiethbabsu (Eignetsh@atemﬁppd)batmleQOM02316539.‘48& tandwe®, so that
the systemstarts to work normally at the time. BOOSﬁ% 2. Nor mal

oper ati on prog@gerayfe, sysipwnsly f@%@PPW@“%PWS@f 8l nfae bighersolid fed
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and the biomass raw nmaterial 18 conveye ur nace
4. reduced, and the carbon conversion rate of the whole system is favorably

improved.

[0027] Second, the invention adopts the technology of heating the recycle
pyrolysis gas as a heat source of the carbonization furnace by using the heat
generated by combustion of self-produced pyrolysis gas. The carbonization
furnace heating technology of the invention has the following three features: 1)
the heat needed by the pyrolysis technique is provided by the inner part of the
system so as to realize the thermal equilibrium of the system and not to introduce
external energy fundamentally; 2) the heat for heating the recycle pyrolysis gas is
provided by direct combustion of the pyrolysis gas and the air. That is to say, the
chemical energy of the pyrolysis gas is used, and on the other hand, air, instead of
pure oxygen, is used, which greatly reduces the cost of the whole system and
increases the use flexibility of the carbonization furnace; 3) the heated recycle
pyrolysis gas is directly conveyed to the carbonization furnace to contact the raw
material, which not only increases the heating efticiency of the carbonization

furnace but also maintains a normal operation for a highest charcoal yield under




[ 0055] The product of the carbonization furnace 4 conprises pyrolysis
gas and charcoal containing CO [1-12, CO2, 1-120, CH4, and tar. The
coarse pyrolysis gas is separated by the cyclone separator 5 and then
the charcoal particles in the coarse pyrolysis gas are conveyed to
charcoal storage bin 12, and pyrolysis gas after the coarse
separation are fed to the conbustion bed 7 and the conpressor 8.
[0056] In the conbustion bed 7, the pyrolysis gas for conbustion
under goes conbustion reaction with the air fromthe pipeline 6. The
heat snoke geney. i ats th | e r i S;
by adj usting C{aﬁae‘%%’%j?fg‘%é {%&%ﬁ% ‘?ﬁSQ‘% éEs“ %’é&g“gfé‘g‘g%g%“eﬁ%ﬂé@%%é‘tgﬁon
to air the tenperature of the carbonization furnace 4 is controlled
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is heated to t&g&&ﬂ%$$&%gperature t hrough the heat exchange 9 for
heati ng recycle pyrolysis gas, and then the heated recycle pyrolysis
gas enters t f I zat i,0n. f el required
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[ 0058] The charcoal generated through the carbonization furnace 4 is
conveyed to tdveogphencodl arsittberagxel with h2eftain asibontad evasd ted adalétiveg to

cool ed through the water-cooled screw conveyor 11. The charcoa

enters the mbelpraRradgntge drprcpd glufyt hhamrpeass fssonple hed glficient. pppeitete 14
for slurry preparation for the m.l _and an additive fromthe additive
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BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a schematic diagram of a method and a system for producing synthetic




Synbol Unit Val ue Carbon Car % Kg/ Kg) 39.43 Hydrogen H 9% Kg/Kg) 5.21

gas from biomass by carbonization according to one embodiment of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0033] The preferred examples, the process and the system layout structure according to

the invention, are described with accompanying drawings,

[0034] As shown in FIG. 1, a gasification system of this invention comprises; a biomass
raw material delivery port 1, a drying system 2, a biomass storage bin 3, a carbonization
furnace 4, a cyclone separator 5, an air pipeline 6 for a combustion bed, a combustion bed
7, a compressor 8, a heat exchanger 9 for heating recycle pyrolysis gas, a waste heat flue
gas pipeline 10 for the drying system, a water-cooled screw conveyor 11, a charcoal
storage bin 12, a mill 13, a water pipeline 14 for slurry preparation for the mill, an
additive pipeline IS for the mill, a charcoal slurry tank 16, a high-pressure charcoal slurry
pump 17, an oxygen pipeline 18 for a burner nozzle of a gasification furnace, the burner
nozzle 19 of the gasification furnace, the gasification furnace 20, a water cooled wall 21
of the gasification furnace, a synthesis gas pipeline 22, an ash residue pipeline 23, a d
desalted and deoxygenated water pipeline 24, a saturated steam pipeline 25, an external
fuel pipeline N1, and an emptying pipeline N2.

[0035] In the gasification system, a top of the carbonization furnace 4 is connected with
the cyclone separator 5, and an output end of the cyclone separator 5 is connected with
the combustion bed 7 and the charcoal storage bin 12 respectively. An output end of the
combustion bed 7 is connected to the heat exchanger 9 for heating recycle pyrolysis gas.
A heated pyrolysis gas outlet is connected with the carbonization furnace 4, and a

heat-exchanged waste heat flue gas outlet is connected with the drying system 2.

[0036] The water-cooled screw conveyor 11 is arranged on a pipeline from a charcoal

outlet of the carbonization furnace 4 to the charcoal storage bin 12, and used for cooling
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Oxygen QCar 9% Kg/ Kg) 38.36 Nitrogen Nar % Kg/Kg) 0.15 Sul fur 'Car
% Ka/ Kg)

the charcoal at the charcoal outlet of the carbonization furnace to 60-280°C and then

conveying the cooled charcoal to the charcoal storage bin 12,

f0037] The mill 13, the charcoal sturry tank 16, and the high-pressure charcoal slurry
pump 17 are arranged on a pipeline from an outlet of the charcoal storage bin 12 to the

gasification furnace 20 in sequence.

[0038] An input gas supply pipe for the combustion bed 7 is connected with the air

pipeline 6, and the air is used as combustion-supporting gas.

[0039] The method for producing synthesis gas from biomass by carbonization comprises

the following steps:
[0040] 1) pre-treating the biomass raw materials;
[0041] 2) carrying out low-temperature carbonization to obtain products of
pyrolysis gas and charcoal, cooling the charcoal at the outlet of the carbonization
furnace to 60-280°C , and then conveying the cooled charcoal to the charcoal
storage bin;
[0042] 3) separating the pyrolysis gas from charcoal powder after allowing the
gas removed from the upper part of the carbonization furnace to pass through a
gas-solid separator;
[0043] 4) delivering part of the separated pyrolysis gas to the combustion bed for
combustion, heating the other part of pyrolysis gas with the hot flue gas generated
during the combustion of the combustion bed through the heat exchanger, and
then delivering the heated pyrolysis gas to the carbonization furnace as a heat
source for the carbonization furnace; delivering the waste hot flue gas after heat
exchange to the pretreatment part for biomass raw materials for drying; conveying

the separated charcoal powder to the charcoal storage bin;

[0044] 5) milling the charcoal powder to prepare slurry; and




0.21 Chlorine Car % Kg/Kg) 0.00 Ash Aar 9% Kg/ Kg) 5.00 Misture Mar

[0045] 6) introducing the charcoal slurry to the gasification furnace for

gasification through the high-pressure charcoal slurry pump.

[0046] The low-temperature carbonization is slow pyrolysis carried out under the
conditions of one atmospheric pressure and oxygen insulation in the carbonization
furnace, and through adjusting the proportion of the pyrolysis gas and air, the temperature
of the carbonization furnace is controlled at 200-400°C the rate of temperature rise of the
carbonization furnace is controlled at 5-20°C /min, and the retention time of biomass raw
materials in the furnace is controlled in 20-90 min. The temperature of the carbonization
furnace is preferably controlied at 250°C £10°C, the rate of temperature rise of the
carbonization furnace is preferably controlled at 15°C /min, and the retention time of

biomass raw materials in the furnace is preferably controlled in 50 min.

[0047] In the process of milling the charcoal powder for preparing slurry, an atmosphetric
mill is adopted, and then water and additives are added for milling for preparing charcoal
slurry. The content of charcoal powder in the charcoal slurry is 50-70 wt. %, and

preferably, 60-65wt. %.

[0048] Working process:

[0049] 1. System start-up process:
[0050] 1) opening a control valve V1 on a pipeline from the biomass storage bin 3
to the carbonization furnace 4 and a control valve V4 on the emptying pipeline N2,
and keeping a control valve V2 on the combustion bed 7 and a control valve V3
on a pipeline from the cyclone separator 5 to the compressor 8 closed;
[0051] 2) opening a control valve V6 on the external fuel pipeline N1, a control
valve V5 on the air pipeline 6 for the combustion bed as well as a control valve
V8 on a pipeline from the combustion bed 7 to the carbonization furnace 4 and a

control valve V9 on a pipeline from the combustion bed 7 to the drying system 2,
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% Kg/ Kg) 11.64 Ash fusion point FT C 1436 Low heat val ue LHV M/ Kg
14. 75

and keeping a control valve V7 on a pipeline from the combustion bed 7 to the
heat exchanger 9 for heating recycle pyrolysis gas closed, so as to enable the hot
flue gas generated during the combustion of fuels and air in the combustion bed 7
to be introduced in the drying system 2 and the carbonization furnace 4 for
providing energy; and

[0052] 3) after 30-40 minutes’ operation according to the process from step 1) to
step 2), opening the control valves V2, V3, and V7, and simultaneously closing
the control valves V4, V6, V8, and V9, so that the system starts to work normally

at the time.
[0053] 2. Normal operation process of system:

[0054] The biomass raw material is fed to the drying system 2 via the biomass raw
material delivery port 1. The biomass raw material is dried and dehydrated by the heat
smoke in the system and then conveyed to the biomass stock bin 3 for storage, and the

biomass raw material is conveyed to the carbonization furnace 4.

[0055] The product of the carbonization furnace 4 comprises pyrolysis gas and charcoal
containing CO, H,, CO,, H,0, CHy, and tar, The coarse pyrolysis gas is separated by the
cyclone separator 5 and then the charcoal particles in the coarse pyrolysis gas are
conveyed to charcoal storage bin 12, and pyrolysis gas after the coarse separation are fed

to the combustion bed 7 and the compressor 8.

[0056] In the combustion bed 7, the pyrolysis gas for combustion undergoes combustion
reaction with the air from the pipeline 6. The heat smoke generated by combustion heats
the recycle pyrolysis gas; by adjusting the ratio of the pyrolysis gas generated by
combustion to air the temperature of the carbonization furnace 4 is controiled at

400-600°C, and the rate of temperature rise of the carbonization furnace 4 is controlled at
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[ 0060] The nmain operating conditions are set as follows: [0061] 1)
The water content of materials at the outlet of the drying system 2
Is 15 wt. % [0062] 2) The pressure of the carbonization furnace 4 is
at nospheric pressure, and the tenperature of the carbonization
furnace 4 is controlled at 200C, [0063] 3) The rate of tenperature
rise of the carbonization furnace 4 is controlled at 20C m n; [0064]
4) The retention tinme of biomass raw materials in the furnace is
controlled in 90 mm [0065] 5) The high-tenperature charcoal is

cool ed t9,8QC,through the water-cool ed screw conveyor 11; and [0066]
6) The pressure of the gasification furnace 20 is controlled at 4.0

MPa (A), t
vont 1 of | K855 ARG HRTMREBRUARMe SfPuaRRs L BELER RUKARTRSRLE | e
i npl e”enﬁy’%biy@r@ gy 1@%@3&& Jo%rcehéah%ﬁﬁe@éth@%r%bgl BYRER @kc\Mah%E @Rﬁ‘ﬂ@ﬁﬁa@yl ng
drawi ngs,” the main data and perfornmance paraneters of the systemare
as fol | omsycl¢ P@6BEis Lys, dvbthemes hyated ckcodle pirahyeahs emert be darboniasison aw
materials introduced into the carboni zation furnace 4 is 75%

furnace 4 for providing energy required for the carbonization furnace; the hot flue gas

after heat exchange enters the drying system 2 for drying the biomass raw materials.

[0058] The charcoal generated through the carbonization furnace 4 is conveyed to the
charcoal storage bin 12 for storage after being cooled through the water-cooled screw
conveyor 11. The charcoal enters the mill 13 to be milled with water from the water
pipeline 14 for slurry preparation for the mill and an additive from the additive pipeline
15 for the mill to obtain charcoal slurry. The prepared charcoal slurry is introduced to the
charcoal slurry tank 16 and then introduced to the burner nozzle 19 of the gasification
furnace after the pressure of charcoal slurry is increased to the working pressure of the
gasification furnace 20 through the high-pressure charcoal slurry pump 17. The oxygen
from the oxygen pipeline 18 is also delivered to the burner nozzle 19 of the gasification
{furnace to carry out high-temperature gasification reaction in the gasification furnace 20,
and the temperature of synthesis gas at the outlet of the gasification furnace is controlled
t 1200-1600°C by adjusting the amount of oxygen and the heat exchange amount of the
water-cooled wall 21 (of the gasification furnace) in which desalted and deoxygenated
water is introduced. The gasification products are mainly CO and H,, a small amount of
CO;and H2O and a trace amount of CHy; the desalted and deoxygenated water generates
sub-high pressure saturated steam after heat absorption through the water-cooled wall 21
of the gasification furnace, the sub-high pressure saturated steam enters a subsequent
system through the saturated steam pipeline 25, and the ash residues generated during

gasification are discharged through the ash residue pipeline 23.
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[0069] 2) In the synthesis gas output through the synthesis gas

pi peline 22, the content of COand H2 is 78% [0070] 3) The carbon
conversion rate of the gasification systemis 99.9% and the oxygen
consunption of avail able synthesis gas is 0.33 nol/nol. Exanple 2
[0071] Take wood in Exanple 1 as a raw nmaterial of biomass (Table 1).
[0072] The main operating conditions are set as follows: [0073] I)
The water content of materials at the outlet of the drying system 2
is 10 . % [0074] 2) The pressure of the carbonization furnace 4 is
at nospheric pressure, and the te 6%& rlg of the carbonization
furnace 4 is controlled at 300C;HF8 F) ) The rate of tenperature
rise of the carbonization furnace 4 is controlled at 10C/ m n; [0076]
4) The rlépeHtlabnwoodes pavwondaad 9f pwmasail be plamentplcompesition prece i s

control | 4.10.80 I L09T) S B AP gTper ature charcoal i

Table 1 Elemental composition and characteristic data of the dried wood

Items Symbol Unit Value
Carbon Car Y%(Kg/Kg) 39.43
Hydrogen Hy %(Kg/Kg) 5.21
Oxygen Oar %(Kg/Ke) 38.36
Nitrogen Nar Y(Kg/Kg) 0.15
Sulfur Sar %(Kg/Kg) 0.21
Chlorine Cly %(Kg/Kg) 0.00
Ash A Y%(Kg/Kg) 5.00
Moisture M %(Kg/Kg) 11.64
Ash fusion point FT °C 1436
Low heat value LHV MIKg 14.75

[0060] The main operating conditions are set as follows:
[0061] 1) The water content of materials at the outlet of the drying system 2 is 15
wt. %;
[0062] 2) The pressure of the carbonization furnace 4 is atmospheric pressure, and
the temperature of the carbonization furnace 4 is controlled at 200°C;
[0063] 3) The rate of temperature rise of the carbonization furnace 4 is controlled
at 20°C/min;
[0064] 4) The retention time of biomass raw materials in the furnace is controlied
in 90 min;
[0065] 5) The high-temperature charcoal is cooled to 60°C through the

water-cooled screw conveyor 11; and




wat er - cool ed screw conveyor 11; and [0078] 6) The pressure of the
gasification furnace 20 is controlled at 4.0 MPa (A), and the
tenperature of the gasification furnace 20 is controlled at 1400C.

[ 0079] According to the set conditions, in the inplenmentation process
for illustrating the systemw th acconpanyi ng draw ngs, the main data
and performance paraneters of the systemare as follows: [0080] 1)
The mass yield of charcoal in the biomass raw materials introduced
into the carbonization furnace 4 is 80% [0081] 2) In the synthesis

gas output t L);o@f’% gié;?g g@%@gﬁhé %zgﬁ‘lscai%rpﬁkdagg 260 toéﬁ'@#e%%ﬁ %%%Pé) {A)S:O

and H2 is 82 e carbon conversion ra

gasi fication sVskE@mperaliPe Hhe aRHichiich ANHIEN0 GRBAHPIRUILM4gbcavai | abl e
synthesis gas is 0.32 nol/nol. Exanple 3 [0083] Take wood in Exanple

1 as a r@sTBA&bidhg @fthdid bBRHidndalkie idblenlefB84h prdasssT&l iNufRERiHeNg
conditions are set as follows: [0085] 1) The water content of

mat er i al sys@in whieaaotipetyind deivengdrtlye mginsipstaathp2rfomnadle pdraméfrs of the

system are as follows:

[0068] 1) The mass yield of charcoal in the biomass raw materials introduced into

the carbonization furnace 4 is 75%;

[0069] 2) In the synthesis gas output through the synthesis gas pipeline 22, the
content of CO and H; is 78%;

[0070] 3) The carbon conversion rate of the gasification system is 99.9%, and the

oxygen consumption of available synthesis gas is 0.33 mol/mol.

Example 2

[0071] Take wood in Example 1 as a raw material of biomass (Table 1).

[0072] The main operating conditions are set as follows:
[0073] 1) The water content of materials at the outlet of the drying system 2 is 10
wt. %:;
[0074] 2) The pressure of the carbonization furnace 4 is atmospheric pressure, and
the temperature of the carbonization furnace 4 is controlled at 300°C;
[0075] 3) The rate of temperature rise of the carbonization furnace 4 is controlled
at 10°C/min;
[0076] 4) The retention time of biomass raw materials in the furnace is controlled
in 80 min;

[0077] 5) The high-temperature charcoal is cooled to 60°C through the
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[ 0086] 2) The pressure of the carbonization furnace 4 is atnospheric
pressure, and the tenperature of the carbonization furnace 4 is
controlled at 400C, [0087] 3) The rate of tenperature rise of the
carboni zation furnace 4 is controlled at 5C/ mn; [0088] 4) The
retention time of biomass raw materials in the furnace is controlled
in 30 mn; [0089] 5) The high-tenperature charcoal is cooled to 60C
t hrough the water-cool ed screw conveyor 11; and [0090] 6) The
pressure of the gasification furnace 20 is controlled at 4.0 MPa (A,

and the tenp ur f on furnace 20 is controlled at
| 400C. [Ooglﬁmgééggﬁgsmgycogﬁ% :ﬁgé%ndltlons in the inplenmentation

process for H;j%sg%é ssm of NS %a%mc\c[l\ﬁ(inhluﬁh%ggiﬂ)g%Xﬁtng 1P WOA‘ he

mai n dat a an arane ers em are as

[0092] 1) Th%n%&&e%b&htﬂre@ftﬁé‘@a@%@dlod ﬂﬂ:ﬁa@@Z@lsQﬁﬁtﬁﬂleﬂ%ﬁ"’lmt’@“ al s
i ntroduced into the car boni zation furnace is 70% [0093] 2) In the

synt hesi §ogasAR to tekl RUEHhdItIRs, S BfehS ?le&eﬁﬁﬁo@b@@ésb AR iRdtratifiihe
cont ent of and D is 75% [0094] 3) The carbon conversion rate of

t he gasi fysieat witnacsyspatyirgsdr %ing%thfﬁiﬂﬁintdbﬁ a0 pgdtrmaodesianphdtan obihe

avai | abl e synthesis gas is 0.34 nol/nol.
system are as follows:

[0080] 1) The mass yield of charcoal in the biomass raw materials introduced into

the carbonization furnace 4 is 80%,;

[0081] 2) In the synthesis gas output through the synthesis gas pipeline 22, the
content of CO and H; is 82%;

[0082] 3) The carbon conversion rate of the gasification system is 99.9%, and the

oxygen consumption of available synthesis gas is 0.32 mol/mol.

Example 3

[0083] Take wood in Example 1 as a raw material of biomass (Table 1).

[0084] The main operating conditions are set as follows:
[0085] 1) The water content of materials at the outlet of the drying system 2 is 20
wt. %;
[0086] 2) The pressure of the carbonization furnace 4 is atmospheric pressure, and
the temperature of the carbonization furnace 4 is controlled at 400°C;
[0087] 3) The rate of temperature rise of the carbonization furnace 4 is controlled
at 5°C/min;
[0088] 4) The retention time of biomass raw materials in the furnace is controlled

in 30 min;




Exanpl e 4 [0095] Take wood in Exanple 1 as a raw material of bionass
(Table 1). [0096] The main operating conditions are set as follows:
[0097] |) The water content of materials at the outlet of the drying
system 2 is 12 [0098] 2) The pressure of the carbonization furnace 4
I s atnospheric pressure, and the tenperature of the carbonization
furnace 4 is controlled at 250C, [0099] 3) The rate of tenperature
rise of the carbonization furnace 4 is controlled at 15C/ m n; [0100]
4) The retention tine of bionmass ram/naterials in the furnace S

controlled i 10 %g %éé_ .Tge hi gh-t [ coal IS
cool ed to 600 sh4Re bRbCeRle e &5 aRBRO Sy BREANGG [ 0102
6) The pressufgeQooled8caohi &t 1108nd Ur nace 20 is controlled at 4.0
MPa (A), i
[0090] 6) The pressure of the gasification furnace 20 is controlled at 4.0 MPa (A),
and the temperature of the gasification furnace 20 is controlled at 1400°C.
[0091] According to the set conditions, in the implementation process for illustrating the
system with accompanying drawings, the main data and performance parameters of the
system are as follows:
[0092] 1) The mass yield of charcoal in the biomass raw materials introduced into
the carbonization furnace 4 is 70%;
[0093] 2} In the synthesis gas output through the synthesis gas pipeline 22, the
content of CO and H; is 75%;

[0094] 3) The carbon conversion rate of the gasification system is 99.9%, and the

oxygen consumption of available synthesis gas is 0.34 mol/mol.

Example 4

[0095] Take wood in Example 1 as a raw material of biomass (Table 1).

[0096] The main operating conditions are set as follows:
[0097] 1) The water content of materials at the outlet of the drying system 2 is 12
wt. %;
[0098] 2) The pressure of the carbonization furnace 4 is atmospheric pressure, and
the temperature of the carbonization furnace 4 is controlled at 250°C;
{0099] 3) The rate of temperature rise of the carbonization furnace 4 is controlled
at 15°C/min;

[0100] 4) The retention time of biomass raw materials in the furnace is controlled




and the tenperature of the gasification furnace 20 is controlled at
1400C. [0103] According to the set conditions, in the inplenmentation
process for illustrating the systemw th acconpanyi ng draw ngs, the
mai n data and perfornmance paraneters of the systemare as foll ows:
[0104] I) The mass yield of charcoal in the biomass raw materials

i ntroduced into the carbonization furnace 4 is 82% [0105] 2) In the
synt hesi s gas out put through the synthesis gas pipeline 22, the
content of CO and 1-12 is 84% [0106] 3) The carbon conversion rate
of the gasif”cthgg systemis 99.9% and the oxygen consunption of
avai l abl e synPhe5|§ gas is 0.31 nol/nmol. Exanple 5 [0107] Take wood

0 EXermLe L 5,4 A e SRR 1800 B el BRA, The o

operati ng co S ar er content

of materials @fedddglc@Ule®lcoRfeybPfr;dhyi Ny system 2 is 16 [0110] 2) The
f

pressure of the carbonization"furnace 4 is atnospheric pressure, and

the tenperat ypen Qi) Thepe@uRAH RO Ao RAfEEe 40 Istof@alkaal 480 (A320C,
[0111] 3) The rate of ?enperature rise of the carbonization furnace 4

i s control | echndtheli2@perataie of the gasification furnace 20 is controlled at 1400°C.
[0103] According to the set conditions, in the implementation process for illustrating the
system with accompanying drawings, the main data and performance parameters of the
system are as follows:
[0104] 1) The mass yield of charcoal in the biomass raw materials introduced into
the carbonization furnace 4 is 82%;
[0105] 2) In the synthesis gas output through the synthesis gas pipeline 22, the
content of CO and H, is 84%¢;

[0106] 3) The carbon conversion rate of the gasification system is 99.9%, and the

oxygen consumption of available synthesis gas is 0.31 mol/mol.

Example 5

{0107] Take wood in Example 1 as a raw material of biomass (Table 1).

[0108] The main operating conditions are set as follows:
[0109] 1) The water content of materials at the outlet of the drying system 2 is 16
wt, %;
[0110] 2) The pressure of the carbonization furnace 4 is atmospheric pressure, and
the temperature of the carbonization furnace 4 is controlled at 220°C;

[0111] 3) The rate of temperature rise of the carbonization furnace 4 is controlled

at 12°C/min;




[0112] 4) The retention tine of biomass raw materials in the furnace
is controlled in 50 mn; [0113] 5) The high-tenperature charcoal is
cooled to 60C through the water-cool ed screw conveyor 11; and [0114]
6) The pressure of the gasification furnace 20 is controlled at 4.0
MPa (A), and the tenperature of the gasification furnace 20 is
controlled at 1400C. [0115] According to the set conditions, in the
i npl ementation process for illustrating the systemw th acconpanyi ng
drawi ngs, the nain data and perfornance paraneters of the systen1are

as foll ows ] of char OnBS S
mater i al s i niPbbldge IS PRIRERS Bl SRR O hace i bRPRE e
2) In the syq&@g%hﬁ gas output through the syntheS|s gas pipeline 22,
t he content COand H2 is 86% [0118] 3) The carbon conversion rate

B e L L R
Exanpl e 1 as aatb@wordtiseichvadon@dyobinanss (Table 1).
[0114] 6) The pressure of the gasification furnace 20 is controlled at 4.0 MPa (A),
and the temperature of the gasification furnace 20 is controlled at 1400°C.
[0115] According to the set conditions, in the implementation process for illustrating the
system with accompanying drawings, the main data and performance parameters of the
system are as follows:
[0116] 1) The mass yield of charcoal in the biomass raw materials introduced into
the carbonization furnace 4 is 85%;
{0117] 2) In the synthesis gas output through the synthesis gas pipeline 22, the
content of CO and H2 is 86%;

(0118] 3) The carbon conversion rate of the gasification system is 99.9%, and the
[ g y

oxygen consumption of available synthesis gas is 0.3 mol/mol.

Example 6

[0119] Take wood in Example 1 as a raw material of biomass (Table 1).

[0120] The main operating conditions are set as follows:
[0121] 1) The water content of materials at the outlet of the drying system 2 is 18
wi. %;
[0122] 2) The pressure of the carbonization furnace 4 is atmospheric pressure, and
the temperature of the carbonization furnace 4 is controlled at 320°C;

[0123] 3) The rate of temperature rise of the carbonization furnace 4 is controlled
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[0120] The main operating conditions are set as follows: [0121] 1)
The water content of materials at the outlet of the drying system 2
is 18 [0122] 2) The pressure of the carbonization furnace 4 is

at nospheric pressure, and the tenperature of the carbonization
furnace 4 is controlled at 320C, [0123] 3) The rate of tenperature
rise of the carbonization furnace 4 is controlled at 18C/ mn; [0124]
4) The retention tinme of biomass raw materials in the furnace is
controlled in 70 min; [0125] 5) The high-tenperature charcoal is
cooled to 60C i@&gugﬂ t he wat er-cool ed screw conveyor 11; and [0126]
6) The pressJV e gasification furnace 20 is controlled at 4.0

MPa (A), and b%ggme[ L (rﬁetioz:cor n%"sa‘ssrlazvl r{q%%u%se&n tHéHJ e ?s 0ht§o lled

controlled at |ng con |ons inthe
i mpl ement ati gp 7ppAgess for illustrating the systenlmnth acconpanyi ng
drawi ngs, the main data and performance paranmeters of the systemare

as follows: [9125] 5) The high-temperature charcoal is cooled to 60°C through the

water-cooled screw conveyor 11; and

[0126] 6) The pressure of the gasification furnace 20 is controlled at 4.0 MPa (A),

and the temperature of the gasification furnace 20 is controlled at 1400°C.
[0127] According to the set conditions, in the implementation process for iflustrating the
system with accompanying drawings, the main data and performance parameters of the
system are as follows:
[0128] I) The mass yield of charcoal in the biomass raw materials introduced into
the carbonization furnace 4 is 78%;
[0129] 2) In the synthesis gas output through the synthesis gas pipeline 22, the
content of CO and Hy is 81%,;

[0130] 3) The carbon conversion rate of the gasification system is 99.9%, and the

oxygen consumption of available synthesis gas is 0.32 mol/mol.
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[0128] 1) The nmass yield of charcoal in the biomss raw materials

i ntroduced into the carbonization furnace 4 is 78% [0129] 2) In the
synt hesi s gas out put through the synthesis gas pipeline 22, the
content of COand H2 is 81% [0130] 3) The carbon conversion rate of
the gasification systemis 99.9% and the oxygen consunption of
avai | abl e synthesis gas is 0.32 nol/nmol. CLAIMS A nethod for
produci ng synthesis gas from bi omass by carboni zation, conprising the
following steps: |I) pre-treating a biomass raw material; 2) carrying
out | owtenperature carbonization {paplakai n products of a pyrolysis
gas and a charcoal, cooling the charcoal at an outlet of an

carboni zation furnace to a tenperature of 60-280C, and conveying the
cool ed charcoal to a charcoal storage bin; 3) separating the

pyrol ysi s, gasa ifetiddochraneas sya&wegasafdneﬁioaia&m dAEboRiZASn, Qb PHding r om
an upper part of the carbonization furnace to pass through a
gas-sol i d sepéae &tllowingdtepdel i vering part of a separated pyrolysis gas
to a conmbustion bed for conbustion, heating the other part of the
separ at ed pyr ol hgirstrgasmgwi tibmass nov nfateiel; gas gener at ed during the
conbustion of the conmbustion bed, and then delivering a heated

pyrol ysi s gas t2) catrginganblontzapeonrd carlvacatiastoabéaprogas o fioolysike
car boni zation furnace; delivering a waste hot flue gas after heat
exchange to a préF a8t helRecoghpeolingihg %@!’%ﬁl&mgu%ﬁ? Hatashqnigation

dryi ng; conveyin %hefgeqarqgggfﬁggﬁ_ g@ powder 1.0 he cparﬁoallt
storage bin; 5) m'"Pfhg A HEPERLFC czg WadPd evsying Hiceeogled cpatpspl tyy g
a charcoal storage bin;
3) separating the pyrolysis gas from a charcoal powder after allowing a gas
output from an upper part of the carbonization furnace to pass through a

gas-solid separator;

4) delivering part of a separated pyrolysis gas to a combustion bed for
combustion, heating the other part of the separated pyrolysis gas with a hot
tlue gas generated during the combustion of the combustion bed, and then
delivering a heated pyrolysis gas to the carbonization furnace as a heat
source for the carbonization furnace; delivering a waste hot flue gas after
heat exchange to a pretreatment part for the biomass raw material for drying;

conveying the separated charcoal powder to the charcoal storage bin,
5) milling the charcoal powder to prepare a slurry; and

6) introducing the charcoal slurry to a gasification furnace for gasification

through a high-pressure charcoal slurry pump.

2. The method of claim 1, wherein the low-temperature carbonization is a slow

pyrolysis carried out under conditions of an atmospheric pressure and an oxygen
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6) introducing the charcoal slurry to a gasification furnace for
gasification through a high-pressure charcoal slurry punp. 2.The

met hod of claiml, wherein the |lowtenperature carbonization is a

sl ow pyrolysis carried out under conditions of an atnospheric
pressure and an oxygen insulation in the carbonization furnace, and
t hrough adjusting a proportion of the pyrolysis gas and the air, a
tenperature of the carbonization furnace is controlled at 200-400C, a
rate of tenperature rise of the carbonization furnace is controlled

at 5-20C / mi nipsiedttbnan tiRteaohiaMidn aed, abh@rdigh magstingdpopdresn af the i N
the carbonization furnace is controlled in 20-90 nmin. 3. The nethod
of claim1 orpy2olysiheaseing therpit heenpeoews of e caibbhizatpnt heaghiacovalled

powder for pregariq& the slurry, an atnospheric m|ll| is adopted, and
wat er and an HdHIPYVE- aFue %‘a@ae%'re "rﬁequﬂ"f?gcal@mz?ﬂ‘é] frutase i CGFt“éllegl m 1

or 2, mhereln ont, e n the charcoal slurry
°L 0. 500w PO a4 SRy BE S Rlng BRINSS b B kS

t enperature ogalgoh&ag@}{g%hggtclogt@olfe%mg@ Ohﬁncont roll ed at 250C +10C,
the rate of tenperature rise of the carbonization furnace is

controlled at 15C /nmn, and the retentlon tinme of the bionass raw
materials in the furnace is controlled in 50 mn. 6. The net hod of

claim1l gr 2 TH’é’ﬂﬁétﬁ‘dcfbf%la‘?:%ﬂt&@t wﬂ&efnhﬁure%&%f.ﬂm he bﬂbiéola?powder
charcoal slurry is 60-65 . A gasification systemftor

produci ng synohpkpaingase tflti[@ﬂlabhmpl’ierbymﬂy:f alopsdSandSi g dhhen addifiad of
any of clains 1-6, conprising: a) the pre-treatnent part for the
bi omass raw gt addedfor milling.

4. The method of claim 1 or 2, wherein a content of the charcoal powder in the

charcoal slurry is 50-70 wt. %.

5. The method of claim | or 2, wherein the temperature of the carbonization furnace
is controlled at 250°C +10°C, the rate of temperature rise of the carbonization
furnace is controlled at 15°C /min, and the retention time of the biomass raw

materials in the furnace is controlled in 50 min.

6. The method of claim 1 or 2, wherein a content of the charcoal powder in the

charcoal slurry is 60-65 wt. %.

7. A gasification system for producing synthetic gas from biomass by pyrolysis

using the method of any of claims 1-6, comprising:
a) the pre-treatment part for the biomass raw material;

b) the carbonization furnace;
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b) the carbonization furnace; c¢) the gasification furnace; d) a

pi pel i ne connector for the carbonization furnace and the gasification
furnace; and e) a pneumatic conveying system wherein a
top of the carbonization furnace (4) is connected with the cyclone
separator (5); an out put end of the cyclone separator (5) is
connected with the conbustion bed (7) and the charcoal storage bin
(12); an out put end of the conbustion bed (7) is connected to
a heat exchanger (9) for heating recycle pyrolysis gas; a heated
pyrol ysis gas outcd) efic gasifieaivefatrece; W t h t he carboni zation furnace (4);
and a heat - exchanged waste heat flue gas outlet is connected
w th a drying sysheamigeliie connector for the carbonization furnace and the gasification

furnace; and
€) a pneumatic conveying system;
wherein

a top of the carbonization furnace (4) is connected with the cyclone
separator (5);
an output end of the cyclone separator (5) is connected with the

combustion bed (7) and the charcoal storage bin (12);

an output end of the combustion bed (7) is connected to a heat exchanger
(9) for heating recycle pyrolysis gas;

a heated pyrolysis gas outlet is connected with the carbonization furnace
(4); and

a heat-exchanged waste heat flue gas outlet is connected with a drying

system (2).

8. The gasification system of claim 7, wherein a water-cooled screw conveyor (11) is
arranged on a pipeline from a charcoal outlet of the carbonization furnace (4) to
the charcoal storage bin (12), and the water-cooled screw conveyor (11) is used
for cooling the charcoal at the charcoal outlet of the carbonization furnace to

60-280°C and then conveying the cooled charcoal to the charcoal storage bin (12),

9. The gasification system of claim 7 or 8, wherein a mill (13), a charcoal slurry tank
(16), and the high-pressure charcoal slurry pump (17) are arranged on a pipeline

from an outlet of the charcoal storage bin (12) to the gasification furnace (20) in
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8. The gasification systemof claim7, wherein a water-cool ed screw
conveyor (I I) is arranged on a pipeline froma charcoal outlet of

t he carboni zation furnace (4) to the charcoal storage bin (12), and
t he wat er-cool ed screw conveyor (11) is used for cooling the charcoa
at the charcoal outlet of the carbonization furnace to 60-280C and

t hen conveying the cool ed charcoal to the charcoal storage bin (12).
9. The gasification systemof claim7 or 8 wherein a mll (13), a
charcoal slurry tank (16), and the high-pressure charcoal slurry punp
(17) are arraggechcen a pipeline froman outlet of the charcoa
storage bin (12) to the gasification furnace (20) in sequence.

10. The gasification systemof claim7 or 8, wherein an input gas
supply pipe for the conmbustion bed (7) is connected with an air

pi pel i ne1.6) , TRnghstiReichl dysted dfSRen 3%r 8, WRITBMSh i Pt SARRSIY bR (GG
combustion bed (7) is connected with an air pipeline (6), and the air is used as a

combustion-supporting gas.
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