METHOD AND DEVI CE FOR PREPARI NG HI GH TEMPERATURE WATER VAPOUR RICH I N

ACTI VE PARTI CLES USI NG PLASVA FI ELD OF THE | NVENTI ON [ 0001] The invention
relates to a nethod and a device for preparing high-tenperature and active
particles-enriched steam by using plasma, and nore particularly to a nethod
for preparing high-tenperature and high activity steamthat is used for

i nproving gasification intensity in the process of gasification and
conversion of coal, bionmass, and garbage. BACKGROUND 01 THE | NVENTI ON
[0002] Steamthermal plasma, used in the gasification and conversion of
coal, bi oneESHODANBITOYECE ¢OR PREPAYENCGHIGRST EMPER ONURRVWATERY and

adj ust the proportion of an effective gas of H2 in a syngas, thereby

enabl i ng t he synd@d@URAUEH HN A(EF st PABJUCEESEMRING RLASREAfi ¢ use. The
technol ogy of steam gasification based on the thermal plasnma has been a
focus in the research field in the world. A conventional nethod of steam
gasi fication enploys steamas a working gas of the plasma. |l owever, the

st eam has, oxi di zj i1t whi ch accel erates the el ectrode consunption to
a certai%”&égggétﬂgﬁgehhbléé%vice life of the electrodes is shortened.

Thus, the devel opnent of the plasma gasification is greatly restricted.
[0003] Paen] Thppiviahirelatche a Mtthdd9dda dehesiodhsphogatdelateiehade hd
preparing a syngas by using plasma pyrolysis and gasification with

hydr ogen actCieparteias-estielzath sseamebywsinkg Mepngpasnd Howepagrcularlyeo exictliodifalg st eam
accel erates the consunption of electrodes to a certain degree, thereby

shor t eni RFPAHRE @8?“\%%"%"1‘%‘“6%1lgﬁﬁéﬂ\éﬂye%%“bﬁ‘é‘sts used for improving gasification

intensity in the process of gasification and conversion of coal, biomass, and garbage.

BACKGROUND OF THE INVENTION

[0002] Steam thermal plasma, used in the gasification and conversion of coal, biomass,
and garbage, can improve the gasification intensity and adjust the proportion of an
effective gas of H, in a syngas, thereby enabling the syngas to meet different
requirements in specific use. The technology of steam gasification based on the thermal
plasma has been a focus in the research field in the world. A conventional method of
steam gasification employs steam as a working gas of the plasma. However, the steam
has oxidizing ability, which accelerates the electrode consumption to a certain degree, and
the service life of the electrodes is shortened. Thus, the development of the plasma

gasification is greatly restricted.

[0003] Patent Application No. 0112993 1.2 has disclosed a method for preparing a syngas
by using plasma pyrolysis and gasification with hydrogen, CHy, and steam as a working
gas. However, the oxidizing steam accelerates the consumption of electrodes to a certain

degree, thereby shortening the service life of the electrodes.



SUMMARY COF THE | NVENTI ON [ 0004] In view of the above-described problens, it
is one objective of the invention to provide a method and a device for
preparing high-tenperature and active particles-enriched steam by using

pl asma. The nmethod enpl oys a non-oxidizing gas as a working gas to produce
hi gh-tenperature plasma which heats vapor steamto yield high-tenperature
and active particles-enriched steam thereby preventing the contact between
the steam and the el ectrode and prolonging the service life of the

el ect r odey N ity g¢heme of the invention is as Ibllows: a method
for pr epgrui ng a?%ﬁ:ﬁﬁgrrpgggitgﬁre and active particles-enriched steam by using

| asma, conprises the follow ng steps: [0006] 1) preparing a steam
gelectinéoﬂﬁéI%Ymﬁé@éWéwoﬁ%ﬁ&%R?%M¥PW@nga%@§“%§JaﬁW@pﬁﬂWQHQQQQHRDni2|n? t he
wor ki n 4nto i gh-tenperat ure. pl asma wor ki n di um by using a plasma
genera?o%ﬁig#:1?836??%Q33?a¥@%iWﬁ§“P é”éTﬁﬁmF@Hb%%&gg¥%eplasna wor ki ng
medi um i - hQdh MR m ! T Nt erature
i oni zed g%@f%%ﬁhgﬂfgﬁﬁﬁﬁé@#ﬁ{%gﬁﬁgﬁggggﬁggﬁg%ﬁ?%g@%ggp?%?%rfggggge vane
i nto thewvhilghg banperaluu kightaapergengaharwliath Reati abospeatofy9sidal | owi ng the
steamto contact with the high-tenperature plasma working medi um so that
t he steahighgdempenad: anddicket parttledertrmhédsteananhaeliyi prevapeng thelceﬁtaanr i ched
st eam 008 he working gas in step |) is ionized into high-tenperature
pl asma L negn & etS@ﬁ‘ﬁ‘é\“Qtﬂ%Fregecé*ﬁ)d%é@%@‘éhmgl,ﬂ@@‘@ whdcellde 0btheklasirodhe pl asma
generator. [0009] Preferably, the working gas is nitrogen. [00101 The
hi gh- t enfE0a] TeodniphiashEmaef tké et SR followt:@néhod for 'pﬂ’]g@l(?ﬁged into the
high-tenPerature steam generator at a speed of between 30 and 100 nms. The
st eam i shighjtevpediuiarnd attie frirgHet-empbeddicanebs teanplgens camprise@thea speed of

s. A
bet ween ?ol%rv]v(iing?’s(%epg

[0006] 1) preparing a steam; selecting one or several non-oxidizing gases as a
working gas; ionizing the working gas into a high-temperature plasma working

medium by using a plasma generator; and

[0007] 2) injecting the high-temperature plasma working medium into a
high-temperature steam generator to form high-temperature ionized environment
while introducing steam through a rotary guide vane into the high-temperature
steam generator at a high speed for allowing the steam to contact with the
high-temperature plasma working medium so that the steam is heated and

activated to form an active particles-enriched steam.

[0008] The working gas in step 1) is ionized into high-temperature plasma having a

temperature of between 3,000 and 12,000 K by the plasma generator.
[0009] Preferably, the working gas is nitrogen.

[0010] The high-temperature plasma working medium in step 2) is injected into the
high-temperature steam generator at a speed of between 30 and 100 m/s. The steam is

injected into the high-temperature steam generator at a speed of between 5 and 30 m/s. A



mass flow ratio between the high-tenperature plasm working nmedi um and the
steamin the high-tenperature stea. mgenerator is adjusted for enabling the
steam at an outlet of the high-tenperature steam generator to have a
tenperature or between 1,000 and 4,000 K. [0011] Between 1 and 4 annul ar
gaps are arranged at intervals on a housing or the high-tenperature steam
generator; part of the steamis guided through the annular gaps into the

hi gh-t enperature steam generator by a pressure conveyor and forms a |?W

t enper at : YRS & | ~&he high- ratur m gener at or
For pr ot ceet peratigoha AL i ot bR TR At By P S HRAER

hi gh- t emmigs kighHien sdr2am sganrefeat@for isadfiskatibf @aBhSthe d@im LOLR]efodayi ce for
preparing high-tenperature and active particles-enriched steam by using

pl asma, dughpteinpesiurasipiragmergenieoharoa tenrarchtiae il diwt@mpedtedndried(Htieam
generator. A high-tenperature plasma inlet is arranged at a central part of

one end Q9fftheef -&n'lta%m%ﬁqﬁﬁlglrﬁip RAMASRET 31852204 2 FITHNLGRL €S W th an
e pla

outl et of the plasma generator-” ma generator 1S ovided with a

non- oxi dihzghrgn@astirabeim cAerannphiabf &b e@hiihated tﬁr@@pvﬂe%ﬂulhgg@w round the
hi gh-tenperature plasma inlet. A rotary guide vane is disposed inside the

annul ar dttedm high-tampef00¢4jcamipendraighby e peswat ureegireadfgenarlavor conpri ses
a housing in a gradually enlarged step structure. The housing conprises
bet ween ICTBRfGUACYRGSIMGh sppliiPhihe ah-Prapeipiuamyen sroeie doaveteqtiang

adj acent steps of the housing for allowing the steamto enter the

hi gh- t emperial drederableant gearipuointo the AgghasRybtiaiurdags aarrganygcted to a
pressure conveyor. [001 5] Each of the gradually enlarged steps of the

housi ng &fturakag stdagh- t enper at ure st eam generator has a length of between 300
and 800 mm [0016] The annul ar gap has a radial width of between 3 and 15

[ 001?@0 1’%‘?)&%‘/@9?@1‘ p(?‘f;pa}ing higﬂl{gﬂbér%ré a%daaéti\f/eolga!rl.(?&@s:—enriched steam by
using plasma, comprises: a plasma generator; and a high-temperature steam generator. A
high-temperature plasma inlet is arranged at a central part of one end of the
high-temperature steam generator and communicates with an outlet of the plasma
generator. The plasma generator is provided with a non-oxidizing gas inlet. An annular
steam inlet is provided to surround the high-temperature plasma inlet. A rotary guide vane

is disposed inside the annular steam inlet.

[0014] The high-temperature steam generator comprises a housing in a gradually
enlarged step structure. The housing comprises between 1 and 4 steps. An annular gap is
arranged between every two adjacent steps of the housing for allowing the steam to enter

the high-temperature steam generator. The annular gaps are connected to a pressure

conveyor.

[0015] Each of the gradually enlarged steps of the housing of the high-temperature steam

generator has a length of between 300 and 800 mm.
[0016] The annular gap has a radial width of between 3 and 15 mm.

[0017] Advantages of the invention is as follows:



[ 0018] The net hod enpl oys a non-oxidi zing gas as the working gas, which has
no corrosion on the plasna generator. Besides, the steamis introduced

t hrough an individual inlet, thus, the steam does not contact with the

el ectrode, thereby prolonging the service life of the electrode. [0019] The
steamis introduced into the high-tenperature ionized environnment in the

hi gh-tenperature steam generator through the rotary gui de vane di sposed

i nside the annular steaminlet at a high speed, so that the steamis

i nstant | ' ontacts with.the high-te rature plasma and is heated
and act i %@%ﬁ%ggﬁggPﬁwagngéfPGé“ﬁ%?1%%Fgéﬂgﬁ?ﬁgwg§a%ﬁ@§ﬂﬁ“?ﬁ8 mass fl ow
rati o betwggflod HethBip8Rmh QEReHBE WeSid®, 82 TRaMAS KidgusmRdh Iy RdiniNGaf €am i n

t he high-tenperature steam generator is adjusted for enabling the steam at
t he out | etlepfhusibe ficgh doenmpecattan evithitteaele gederiadrey prolonawe tlee deeriger at ur e of
bet ween 1, 000 and 4, 000K, thereby neeting the requirenent for gasification.
Part of tHheokiheglsstradegui ded t hrough the annul ar gaps into the

hi gh-t enperature steam generator and fornms a | ow tenperature water filmon
the wal | (0619 Pee hieghid i@FDAIRY HiS 1 IRIRAMBRBANM Rhit@EnRFRhRAT QR BRI EF
DESCRI PTI ON OF Tl LE DRAW NGS [ 0020] FI G is a structure diagramof a

devi ce f dighpempamiungstbing herteenpethatugh eheandregtiderenpdispoel éssidenthé ched st eam
by using plasma;, [0021] FIG 2 is a cross-sectional view taken fromline AA
of FI G fMmigctqappinlef afm idgh gpaed, s tet dressienaisinsteally wirned angdicentagts vthl i ne

13- 13 of FI.G g. DEIAIL D DES IPTI?N(FF_THE EMBCDI MENTS [ 0023] As shown in
FIGs. 1- 47 elylsmrestyr plasma gy syt gid 1Livpied it 198 hipetidgt i ve

particl es;enr.l! ' nises: a nl enerator 1,
Do & i OBl R, e e P B R R B P o e 1 et 4
i's arrangeikiab ndeeidndahe fadh iPhe ANA-BRAPe@iurd N@NLARrAQTPEL AlsY Br St €am
generator 2 and comrunicates with an outlet | b of the plasfma generator 1.
The pl aserabjiepdreataam d thesoypleovt e dighitthpaatn@rstaand ghingiang tgasveianl et | a. An
annul ar steaminlet 3d is grovided to surround the high-tenperature plasm
inl et 4. tompestuiep! heivgen VAR ar 4.80QK sihesbr mepéiatbe tdgeirameniifer st eam i nl et

3d. Th | inlet 3d i i th ] 3 vi
2 annul S BePey R e G e iid Mg OhF Bl dadh Bl Por ated pl ate of the
annul ar ﬁ?g%@tgx‘nbajaﬁk Sm genreﬁa%rea%ﬁg‘glﬁ}sgaﬂ?\tg%lkﬁéat&fe Y& fﬂlng%{ l%lg gﬂﬁ Lature

st ea_m gener at QI’ for outputting t enperature an
parti cl esheanighi-ehgdradlrea8@m generator for protection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a structure diagram of a device for preparing high-temperature and active

particles-enriched steam by using plasma;
[0021] FIG. 2 is a cross-sectional view taken from line A-A of FIG. 1; and

[0022] FIG. 3 is a cross-sectional view taken from line B-B of FIG. 1.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0023] As shown in FIGS. 1-3, a device for preparing high-temperature and active



[ 0024] The high-tenperature steam generator 2 conprises a housing in a
gradual ly enl arged step structure. The housing conprises between 1 and 4
steps. Take a 3 steps housing of the high-tenperature steam generator 2 as
an exanpl e, the housing of the high-tenperature steam generator 2 conprises
sections of 2a, 2b, and 2e. Annul ar gaps 3a, 3b, and 3c are arranged

bet ween every two adjacent steps of the housing for allowing the steamto
enter the high-tenperature steam generator. The annul ar gaps 3a, 3b, and 3c

are connegted to .t.h ressure cqnveyor 3.through nozzles.3al, 3bl, and 3cl
pr ovi ded%\% tfcgeséeﬁlnl%lfears eé‘fanvki’y_t 18 ﬁ?sél% eCtRVEr Y. Lf%s@ TCIRLOL 36‘1% % he gradual ly
enl ar ged p$ Iﬁt@ﬁlp@ﬂcattﬁ@ﬁeﬁﬁgéﬁé?ﬂopi A mEthenqﬁx-g}tﬁ%%ﬁata%@t @&%ﬂ&;g@ pefator has a
| engt h or between 300 and 800 mm The housing is made of a fire-proof

mat er i al .ceh@0 P61 oThie adniflilarhigapntpasmuae s@athaknorvudt B agdf cdnahiveerties3vignd 1S mm

[0027] A method for preparing high-tenperature and active
parti cl eshentetdbend th Basmabgenagiaid. phearlpwuna gavapkdrdds prowisled olithawi ng st eps:

0028] 1 i t | ecting. or several non-oxidizing gases

oo ’a ot kRSB B 1 F RS SE ilc  c®Pe

Ki R di S I - A inLecting the
Pk 0 AT, 10 S SRR A LZEL sl

gener at Ofsich ihief $a.NihgAnk RAREA Wl 3d ehthAeHicRBY Wik AFRRtuhblveyd ¥ yigduci ng
one part of the steamthrough a rotary guide vane into the high-tenperature

st eam generatwar cavitypahi ginzgpasdd. 6 ampratdtonpadoruiee phitedithd mnobnttaah wi th the
hi gh-tenperature pl asna mnrking medi um so that the steamis heated and
act i vat edei& §reRrassnig@nioydetd e hoghetemparaiusp slgang tgerarstor for outputting the

high-temperature and active particles-enriched steam.

[0024] The high-temperature steam generator 2 comprises a housing in a gradually
enlarged step structure. The housing comprises between 1 and 4 steps. Take a 3 steps
housing of the high-temperature steam generator 2 as an example, the housing of the
high-temperature steam generator 2 comprises sections of 2a, 2b, and 2¢. Annular gaps
3a, 3b, and 3c are arranged between every two adjacent steps of the housing for allowing
the steam to enter the high-temperature steam generator. The annular gaps 3a, 3b, and 3¢
are connected to the pressure conveyor 3 through nozzles 3al, 3bl, and 3¢l provided

with annular cavities, respectively.

[0025] Each of the gradually enlarged steps of the housing of the high-temperature steam
generator has a length of between 300 and 800 mm. The housing is made of a fire-proof

material.
[0026] The annular gap has a radial width of between 3 and 15 mm.

[0027] A method for preparing high-temperature and active particles-enriched steam by

using plasma, comprises the following steps:

[0028] 1) preparing a steam; selecting one or several non-oxidizing gases as a

working gas; ionizing the working gas into a high-temperature plasma working

5



[ 0030] The working gas in step I) is ionized into high-tenperature plasm
havi ng a tenperature of between 3,000 and 12,000 K by the plasnma generator.
[ 0031] The steam conprises: an unsaturated steam a saturated steam a
super heated steam and a m xture of a steamand the air or/and oxygen.
Preferably, the steamis the saturated steam [0032] Conmon non-oxi di zi ng
gas conprises: Ar, N2, Th, CO, and C414. Preferably, the non-oxidizing gas
is nitrogen. [0033] The high-tenperature plasma working mediumin step 2)
is injected ig}eg. tmhg r?sii%:?-t]eggeratur e Steam generator at a speed of between
30 and 100 m SCHRECSTREN PEPLPLEIEY it o the high-tenperature steam
generator at a speed of between 5 and 30 mls. A mass flow ratio between the
hi gh- t enper at (#029pPrisiratingthk hivh-températmeapldsmdreokinzanadium e a

hi gh-t enper at F{gf steam generator is adjusted for enabli ng the steam at an
outlet of the "WJATPERYETATAT Enetay e furdHal-GmRemtlg iR ized carFR N lr e of

bet ween 1, 000 A4 ) ] n nd. 4 annul ar .gaps are arranged
at intervals (\)A}r?;lﬂtg “emﬁg‘a‘ég (r)l?f’{%'?@(ﬁﬁlé"ﬁﬁéa\éﬁ&f%%:arlg?l r%m%%veaé%ng(éﬁ]eer ator. Part
of the steam hghQehp@sutd QU bRt rANNHAIsp&RANS: A11thGngd ME siahidhs t enper ature
steam generator by a pressure conveyor and fornms a | ow tenperature water
filmon the wedidtacvfvithhike hightent@Enparcaiasme vedrkiapmgdner at that thosteqm ot ect i on.
[0035] Each of the gradually enlarged steps of the housing of the

hi gh- t enper at h@aéeds"’t“%é‘ﬁﬁl\g?é?fbtpaf@ma‘h%lvaPﬂlélﬁkgﬁﬁmmheﬁéﬂemen 300 and 800 mm
The annul ar gap has a radial wdth of between 3 and 15 mm Exanple 1 [0036]
A wor Ki ngo@as TN wokindgtisZ@step M 1@ idHiS-ih@MPERipERnR fafBa RAYINY the
tenperature of 3,000 by a plasna generator 1 and is injected into a

hi gh- t enpenEraive of beareg2060 atdl2, @0at ba tlepdathaggend@ton! s, so that a 3,000 K
of high-tenperature ionized environment is forned. One part of saturated

steamis [é(gtlf @Hé’&@é?n E&ﬁ@%p a?lrllrl]%M{egrsteﬁ&eggﬁt{ula{egtstegt% Q EL&)\élh%gtgd\M th a

rotary guide vane i1nto the high-tenperature steam genérator I'n the form

of a rot skymf AW Bixtde Spﬁﬁﬁalﬁfan&@lemr%r/aﬁcﬂlgxyt%%ﬁ. 5ERAMMC MRLRGHSs Wet h the
hi gh-tenperature plasma. The other part of the steamis guided through

annul ar eipetedaica®b, and 3c and into the high-tenperature steam generator 2
at a speed of 5 nls and forns a |ow tenperature water filmon a wall of the

hi gh-te 1.QEf; r Ol R Qt.egt iQn. the I gh-t erature
pl asma %gﬁggﬁﬁhﬁﬁﬁ}%ﬁ@%&%&’ ﬁl@relgf%ag{’%l %? ,wﬁh%lﬁsgﬂ‘é%lséa}%lggg’ttggpst eamis
m xed andoicoxidagisSeawiid lrbf@. hi gh-tenperature plasma, the steamis heated
and ionized to be high-tenperature steamenriched in active particles

e steam after the

ti tive H_ active 0 and HO-. and IT,..02. ). The s
§chlt;/gnEoéot%gggﬁeglﬂltgli\{g?mﬁfl%gleltpxa%mﬁi@g‘%HﬁgflgﬁnU]rséepsgt)é%lwgeﬁg’ﬁé’?lﬁt”b? 2 has the
t enper at Hioh.1@hpekatal0sdbm &t DSl bEEL et SPARIBOTWEE THakRaA i9asi fication

devi ce for gasification.
injected into the high-temperature steam generator at a speed of between 5 and 30 m/s. A

mass flow ratio between the high-temperature plasma working medium and the steam in
the high-temperature steam generator is adjusted for enabling the steam at an outlet of the

high-temperature steam generator to have a temperature of between 1,000 and 4,000 K.

[0034] Between 1 and 4 annular gaps are arranged at intervals on the housing of the
high-temperature steam generator. Part of the steam is guided through the annular gaps
info the high-temperature steam generator by a pressure conveyor and forms a low
temperature water film on the wall of the high-temperature steam generator for

protection.



Exanple 2 [0037] A working gas CO? is ionized into high-tenperature plasm
havi ng the tenperature of 5,000 K by a plasma generator 1 and is injected
into a high-tenperature steam generator 2 at a speed of 70 nmis, so that a
5,000 K of high-tenperature ionized environnent is fornmed. One part of
saturated steamis introduced through an annul ar steaminlet 3d provided
wth a rotary guide vane into the high-tenperature steamgenerator 2 in the
formof arotary flow at a speed of 15 nis, and the steamcontacts with the

hi gh-t | ot the s i s qui ded t hr ough
annu ar Ba! a8 G R N RN b houd o thERT S S bBher ot or 2
at a spegeh@itorhd¥aSeddlof l%i@@enagolo%‘ﬁ/d%@@rﬁ\%{.q{hgﬁﬁlﬂﬁtﬁghzxé;a‘a{sf%dﬁjgwﬁd?ﬁomll of

t he hi gh-tenperature steam generator 2 for protectio

hi gh-t enpetvatuBengllisma i s abundant in ionized active particles, when the
saturated steamis m xed and contacts with the high-tenperature plasm, the
steamis heated and ionized to be high-tenperature steamenriched in active
particles (active H20, active I-1, active 0 and HO-, and | r, oH 2 ). The
steam after the reaction at an outlet 5 of the high-tenperature steam
generator 2 has the tenperature of Egamplg IK, and can be directly transferred
into a gasification device for gasification. Exanple 3 [0038] A working gas
Ar is i ondoBefAivRInBigBING RIBIELEL ifothi PH-BSIFRNAY bRSmA &y it SRS AL Bre0f 12, 000
K by a plasma generator It and is injected into a high-tenperature steam
gener at opf 2088 Kebyspdeuhadent@®r hasd isiojectedtinta a hizh0®Mpikante fieagh- t enper at ur e
ionized environnment is formed. One part of saturated steamis introduced

t hrough &FNCEHMLA 8rd speekah30nm/stsodbatsdi0dedr higktenperasigrignigad de vane into

Speca of CHORRER HkrRHOR BN Bl vt biiroBor] G fuhfaralar o pl s
The ot heg; d . I, j . 3a, 3b, d 3
navi ng 2 heal 0T B e R b B P8R8, T o 2

a speed génetdlond B tBOrh@TARotErY W hE PERS AN R rArthd dtdih eshdidiewngl | of the
hi gh-tenperature steam generator 2 for protection. As the high-tenperature
pl asma i thedighmgamperaime plapnz dtheadter pat phtht sehress guitheithtongh amtuliraped st eam i s
m xed and contacts wi.ith the high-tenperature plasm, the steamis heated
and i oni 2P ndyte Hdgpotlesiysh-sampesatuigisieam gsnepionadat ¢ spead of Yavpandt i cl es
(active H20 gctive 1]f ac%g’\éﬁ 0 and IE‘&' ng_141,. 0+2). The steam after
the reactBR 2A9W SIRSTAN G VAT JEmqRet g -ql%ﬁlﬁ TUPRAPUCSERN GoREI%Eor 2 has

t he tenper. - 0f 4 K I, y: L. ferred into a

gasi 11 cary o g AT AR R B PR, b BTkt AR SR S

hi gh- t empasaihk ke sieiaMageR eliRé PindWontabe wiBOhibRRerdicRatlRPahAuak! y desi gned
for preventing the steamfromcontacting with the el ectrodes. Therefore,

t hose t egthaih édicatsd ledrigize &a beinigh-ogmoriuiexiegarengalselsin astivarpariamdszi ng medi um
and adopt i.ndividual inlets to allowthe sfeamto enter the

hi gh- t enf&H %t ]Id%@ agtiwlh drEMe Pand G mid i aPr il bhsteane Rlerghorcaeiiangihag cope of

the i NVERN PR of the high-temperature steam generator 2 has the temperature of 1,500 K, and

can be directly transferred into a gasification device for gasification.

Example 2

[0037] A working gas CO; is ionized into high-temperature plasma having the
temperature of 5,000 K by a plasma generator 1 and is injected into a high-temperature

steam generator 2 at a speed of 70 m/s, so that a 5,000 K of high-temperature ionized




CLAIMS 1. A nethod for preparing high-tetnperature and active
particles-enriched steam by using plasm, conprising the follow ng steps:
|) preparing a steam selecting one or several non-oxidizing gases as a
wor ki ng gas; ionizing the working gas into a high-tenperature plasm

wor ki ng medi um by using a plasma generator; and 2) injecting the

hi gh-tenperature plasma working mediuminto a high-tenperature steam
generator to form hi gh-tenperature ionized environnment while introducing

t he steam.t.h . & rota ui d ane,into.t.he high-tenperature steam
gener at or@ ’%‘p&‘ﬁ%ﬁr‘éﬁ"%“ﬁéjegx? g’?’l% %ﬁa}o/wqﬁ(b“? gf%lss‘{“é%cﬂﬁc%thb%%éetanwl"l“h t he

hi gh- t enRRRAtKNEE3PHBSTB] WAL K rBﬁr}f@FaéJvrQné Bhib H@Hi%ﬂ%nﬁ%&%ﬁé %%alﬂeat ed and
activated to forman active particles-enriche tea . e met hod of
claim 1, gehastac drthe &ami ot atrbaty fi6e adsgebd gl TRS/si MhdShe€Bednh chfadiORiged into
hi gh-tenperature plasma having a tenperature of between 3,000 and 12,000 K
by t he plhedngh-tperperatroplas®a. Tkt phodf oF schaiispdidat thiyugb hamadatgps zed in
that the working gas is nitrogen. 4. The nethod of claiml or 2

char act ePitz8H a0 3¢ #ukinto the high-temperature steam generator 2 at a speed of 7 m/s and
forms a low temperature water film on the wall of the high-temperature steam generator 2
for protection. As the high-temperature plasma is abundant in ionized active particles,
when the saturated steam is mixed and contacts with the high-temperature plasma, the
steam is heated and ionized to be high-temperature steam enriched in active particles
(active H,0, active H, active O and HO", and H, 0" ). The steam after the reaction at an
outlet § of the high-temperature steam generator 2 has the temperature of 2,400 K, and

can be directly transferred into a gasification device for gasification.

Example 3

[0038] A working gas Ar is ionized into high-temperature plasma having the temperature
of 12,000 K by a plasma generator 1 and is injected into a high-temperature steam
generator 2 at a speed of 100 m/s, so that a 10,000 K of high-temperature ionized
environment is formed. One part of saturated steam is introduced through an annular
steam inlet 3d provided with a rotary guide vane into the high-temperature steam
generator 2 in the form of a rotary flow at a speed of 30 m/s, and the steam contacts with
the high-temperature plasma. The other part of the steam is guided through annular gaps
3a, 3b, and 3¢ having a width of 10 mm and into the high-temperature steam generator 2
at a speed of 10 m/s and forms a low temperature water film on the wall of the
high-temperature steam generator 2 for protection. As the high-temperature plasma is
abundant in jonized active particles, when the saturated steam is mixed and contacts with

the high-temperature plasma, the steam is heated and ionized to be high-temperature



the high-tenperature plasma working mediumin step 2) is injected into the
hi gh-tenperature steam generator at a speed of between 30 and 100 nis;

the steamis injected into the high-tenperature steam generator at a speed
of between 5 and 30 nis; and a mass flow rati o between the

hi gh-tenperature plasma working nmedi um and steaminto the high-tenperature
steam generator is adjusted for enabling the steamat an outlet of the

hi gh-tenperature st eam generator to have a terrperature of between 1,000 and
4,000 K har cteri th

bet ween f? nd n4lcéer?n”dflé{}vegogltécgfleg?%gﬂv?Hﬁég%‘: (va{h ia‘h‘f"@QZ/ Cgﬂ@na ghm% hg of the
hi gh- t enpegatiherst Ga 'i’éagﬁ&?étaa'h%rutletw tf?eal'ilg h8 @e?alﬁte%?emn' ’é{ogﬁ%ag hrough

t he annul ar gaps into the high-tenperatur am enerat pressure
conveyor tlendmbeanse af 3,000 K, and can be directly transferred into a gamﬁcatlon device for

gasification.

[0039] Steam inlets of the high-temperature steam generator of the invention are
individually designed for preventing the steam from contacting with the electrodes.
Therefore, those technical schemes that employ non-oxygen gases as an ionizing medium
and adopt individual inlets to allow the steam to enter the high-temperature steam

generator will fall within the protection scope of the invention.



CLAIMS

1. A method for preparing high-temperature and active particles-enriched steam by

using plasma, comprising the following steps:

1) preparing a steam; selecting one or several non-oxidizing gases as a
working gas; ionizing the working gas into a high-temperature plasma

working medium by using a plasma generator; and

2) injecting the high-temperature plasma working medium into a
high-temperature steam generator to form high-temperature ionized
environment while introducing the steam through a rotary guide vane
into the high-temperature steam generator at a high speed for allowing
the steam to contact with the high-temperature plasma working medium
so that the steam is heated and activated to form an active

particles-enriched steam;

wherein between 1 and 4 annular gaps are arranged at intervals on a housing

of the high-temperature steam generator; and

wherein part of the steam is guided through the annular gaps into the
high-temperature steam generator by a pressure conveyor and forms a low
temperature water film on a wall of the high-temperature steam generator for

protection.

2. The method of claim 1, characterized in that the working gas in step 1) is ionized
into high-temperature plasma having a temperature of between 3,000 and 12,000 K

by the plasma generator.
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3. The method of claim 1 or 2, characterized in that the working gas is nitrogen.

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

the high-temperature plasma working medium in step 2) is injected into the

high-temperature steam generator at a speed of between 30 and 100 m/s;

the steam is injected into the high-temperature steam generator at a speed of

between 5 and 30 m/s; and

a mass flow ratio between the high-temperature plasma working medium
and steam into the high-temperature steam generator is adjusted for enabling the

steam at an outlet of the high-temperature steam generator to have a temperature of

between 1,000 and 4,000 K.

5. The method of claim 1 or 2, characterized in that the steam input into the

high-temperature steam generator is a saturated steam.

6. A device for preparing high-temperature and active particles-enriched steam by using

plasma, comprising:
a plasma generator (1); and
a high-temperature steam generator (2);
characterized in that

a high-temperature plasma inlet (4) is arranged at a central part of one end
of the high-temperature steam generator (2) and communicates with an outlet (1b)

of the plasma generator (1);
the plasma generator (1) is provided with a non-oxidizing gas inlet (1a);

an annular steam inlet (3d) is provided to surround the high-temperature

11



plasma inlet (4); and

a rotary guide vane (7) is disposed inside the annular steam inlet (3d).

7.  The device of claim 7, characterized in that

the high-temperature steam generator (2) comprises a housing in a gradually

enlarged step structure;
the housing comprises between 1 and 4 steps;

an annular gap is arranged between every two adjacent steps of the housing

for allowing the steam to enter the high-temperature steam generator; and

the annular gaps are connected to a pressure conveyor.

8. The device of claim 8, characterized in that each of the gradually enlarged steps of
the housing of the high-temperature steam generator has a length of between 300

and 800 mm.

9. The device of claim 8, characterized in that the annular gap has a radial width of

between 3 and 15 mm.
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