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1 DESCRI PTION 5 METHOD OF PRODUCTI ON OF NANO MATERI ALS
BY VAPOR EXPLOSI ON, APPARATUS THEREFOR AND METHOD OF
PRODUCTI ON OF NANO- SOURCE- MATERI ALS TECHNI CAL FI ELD
The present invention relates to a nethod for
production of nano-materials, by which nano-materials
can be produced with 10 facility, in high efficiency
and at | ow cost, and an apparatlus therefor as well as
a method for production of source materials therefor.
BACKGROUND ART 15 As net hAESGRFFTHBYuct i on of

nano- materials such as fullerenes and carbon-nanos,

three nethods of a | aser_evaporation t hod
i SER A Ge CReEROAUERGEN COD L Eohcat khpars vaftk Efbrosron,
Deposi ti epparetrbed TharerbeenNhi ¥AeEOD &N OMRODITEL Paget
evapor ati on net hod i;ﬁéyéﬂégﬁﬁgﬂlﬂhfﬁ%ﬁagg by which 20

Cin an e [

graphite heated to 1 ectric furnace is
evaporated by irradiation of a |aser beam of a carbon
di oxi de | aser or an exorgmiNiEerran®d then ful | erenes
and such are produced on a furpnace |nner

i V%l gn a duction
case of! ot iRsdiat Ay COALAPYEPCABEaF® T 01T et ehds ™ aid
nan ardrithes e «akt, abpeds i vhersas natex icdseceh be produced with

diating 25 catal yt. ” tall I n

su%%géﬁggbbghﬁﬁé%{%¥Eécg%%%éiggﬁa?EeQEgt%%%@Tgﬁgﬁg?hgﬁparétus
prioelefoorawelddabya TRkt SPTapscdrsEhgpgel jgource materials
oenerated between el ectrodes of graphite and carbon
atons are evaporated fromthe electrodes. Simlarly
to the above, depending on existence of catalytic
metal, fullerenes 30 andBASKGROUNBSABYE

met al | of ul 'm%&%%%% af%g%g?rsatﬁggo%ndo@dbl%ﬁlﬁ-hgtetr@gls such as

furnace 1 nner wa hod 1s sti anot her )
pfotlet¢nms rathodr by vikieds . thReSPtid%e’s 6f Laser evaporation

catahydi c et c anesAhXedei meaxriydr ocar Borcgas (capdical Vapor
i ntroduced jnto an_el ectric fggﬁ;%gtfr %b600 C to 1000

8B HhY- T hemAdHS! t'tibes e ied BYd8senbl i ng |
car bon wt®NBser|safaramtiiom ofthed dsed paptlscitgon method by which
déggfﬂgf‘gg A%t%;q?acr aﬁggov%gﬂg ano_fellgclfgg!c %iﬁ@gg'ié/c?—:lvaporated
138, " pages - Fpu I'i she y N hon Keizal . .

by irradiation of a laser beam of a carbon dioxide laser or an
excimer laser and then fullerenes and such are produced on a furnace
inner wall. Inacaseofnotmediatingcatalyticmetal, fullerenes
and nano-tubes are obtained, whereas in a case of mediating
catalytic metal, metallofullerenes and such are obtained.

The arc discharge method is another production method by
which an arc discharge is generated between electrodes of graphite
and carbon atoms are evaporated from the electredes. Similarly
to the above, dependingonexistence of catalyticmetal, fullerenes
and nano-tubes or metallofullerenes are generated and adhere to
the furnace inner wall,

The CVD method is still ancther production method by which
fine particles of catalytic metal are mixed in a hydrocarbon gas
and introduced inte an electric furnace from 600 °C to 1000 °C
and then nanc—tubes are obtained by assembling carbon atoms,

Information of related arts is disclosed in Separated Volume

of Nikkeil Science, vol. 138, pages 22-27 (published by Nihon Keizal
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2 Shinmbun, Inc. on Cctober 9, 2002). DI SCLOSURE OF

I NVENTI ON Any of the aforenentioned production nethods

nerely allows 5 a production in a |aboratory |evel

and hence may not be considered an efficient

producti on nethod. Even the CVD nethod, which is now

consi dered as the nost productive nethod, needs a

process for renoving the cataltic nmetal and hence

may not be considered sufficiently efficient.
Ririrdermorigic . topdtes-odoetri ght 20880 riction 10 on the

source material and has a problemw th quality of the
produced nano-tubes._  On the other _han n inert gas

| aser nethod, by whitFEHPSURT A &QQ’%’@“P lled in a

cont ai nefy, ca tighrvekirage iandda rdigheienpetabvdsenarely allows
gaener gt e%;LBX rrpl fé/klagv(gjatec!reftl[e%gﬁsar%]%e&g%r}n%&&%t be considered

nmateril a eco t 0" beé nano-sca
tmemﬂﬁntdmarrto pr@@imnsqtd@medlefc@oﬁe tFreemoste p%‘ibtrrietitélod which is

raductisonrekhod. 1A H@EB%OM&% R¥tREda ntAad aSeFocess for

and an exciner | aser nethod which a short a 4
WY B hlrayS 1 s Bat 4 € gt "5R3 B8Cpr GpBsbas be comsidere
Hovesretientlneseriei dods mave @ rpioatl et that atlgngeestriction

at us i s necessar e t
SBPERESHLaL RSSSL 2 VI %0 BEOIUELLON g STBAL prosces
e%ammtnhﬁﬁat a high tenperature by a | aser

i rradi g %eaeqhégnﬁsnat &aw&%&@ga@o@hgaktﬂéih@d by which an
fugitive part hereof is %reat and an effici

clazbwreG?é ES fFﬁF?ﬂerlﬁbr DA G efployFed f?&oﬁage and a2
rﬁﬂjﬁﬂuamﬁeﬁyuuﬁﬁ B@eoﬁenéﬁatadhqnem@dwﬁvﬁg,elh@tEo@E@(and then
pl‘ %Q Snﬁ E. deE ﬁ’l?%ggd s%ng t&%%%ngﬂﬁ SSQH.ESCtHa%nbggn hitherto
I ne po ers 1S % I cult. %DECI | e prior
mmemﬂ rret hodst chawe tapprobl ewt Rﬁoqy%ﬁlon method. A method

%30%10\9&1\(; aTlsmep[%@Btaﬂcmvaemelx@rimlé&s15@@9 achheyesy which a
in view of tthe above is.intended f

m a
R R i A oA 81 L Ot D "6t PeRaHBe M BT AT G.  Bowever.
attee s n&np@rdat HsvEherefoilerbyhahi <l anaroappbeataksis necessary

Wé 2 %]?Cﬂy Iotr?/I Csarls'lpaelfaf @(io%e%r\}%ref fb Clt%rétsléey methods, the

pro uce Zing a sinple eqU|pne
pF@seTr NiahasHiteor 3 sacdagovancideasa | ow ViR ture by a laser

PhenQENE or3d htelﬁ%ecqw éaueésag hj, £b Nein thes Preseyi tive part
|nvent|on For exanp when .renovi ng deformatio of

a5t e st (tite, ar@ocﬂ“i 7t WL &P GiYs OF T capture 13

Furthermore, a mill is employed for mechanical crushing of
carbon, however, there are problems that it takes long hours and
collection of fine powders is difficult.

Specifically, the prior production methods have a problem
of low productivity.

The present invention has been achieved in view of the above
problem and is intended for providing a method of production of
nano-materials and an apparatus therefor, by which nano-materials
having high gquality can be safely and efficiently produced with
utilizing a simple eguipment.

The present inventors are given ideas from various phenomena
in the course of achieving the present invention. For example,
when removing deformation of a steel structure, cooling water is

poursad thereon. Then it had been observed that the cocling water
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poured thereon. Then it had been observed that the

cooling water 3 did small water vapor explosions on a

surface of the steel and m Il scales of the stee

scatters out with bubbles of the boiling water. It

had been al so observed that the atnospheric

tenperature was not so high. In view of these

observations, an idea that suck 5 water vapor

expl osi ons m ght be enpl oyed for obtaining a material

a5ty erp 1] W@tﬁért‘ﬁaé’Péseﬁﬁ OpLERFred ¥ cHRHe ¢t eerithe steel and
|ni'1LV_L€_Lnts@6$es thtlmer g@@@msdaxtaarrmbb@dwi@m FeApllelsl 89 e boiling

it ot an HaUeRtPR S e td n e R DbV aRT o Sgrmperaturs
baShnOttlmo pa@QentImW\A@mgfstftwda Om@eﬁbséwea @%Fé?é that such

hhcq;erCl\rQng? Ofp S eamd Q§8hh%é BeoPaLBEOAM ARakHeRy a material
that very fine water drops conposing the clouds of

t he
StedfirYhifgme @@réﬁeﬁ|18§eaa#opceaﬁfsél hg BPECBF?EE‘E‘FnbmenLOIS
t he namuq-tmatr@rspalct hadaogetis@dfd© dderyr@senritr collecting the
I nveorté’ngagtﬁeé:& an, afr{)eCI Jfééé:eal l yinﬁggtgrgsgn& g%\{:endtnorf'dea in the
edpl logiigry iveyset Wokh itakanti ghtkyhendhesedesspacanygntors had

ash 4O JIRKE BOWHEr 8r kPt o fide ParteGhes-8Bdin the bathreom. An
subsequently the fine particles are efficiently

ST BA SYE R HOP Wt B £ AR AOTEPRLP A G [Epgeot the stean
Nexiht Wet Bnpespeat £d0 cnpreitiod bercselétnin@ffhd h@anoc-material

BLPToc A0 MaPYT, expl 05an..{ e, BLesent Tnventors had

i 0t he n general, any
change V@ll\@eﬁp$©lal¢ﬁ3(lmr éhﬁnpret%?#ﬁéli@t\f@ﬂéoéls Tpfrfé§§9ﬁ:éed an art

"By «&3k8ca Mﬁ@%pB?a@iﬁ)%lcﬁpﬁseéémj;eﬁ 1naaV\La§§Iﬁ:ly enclosed
tire is a mxture of more than 200 kin

stisteariCeds t9 raks Bﬁgé?eﬁﬂmﬁlgﬁcﬁafﬁéc%Aﬁétaé‘q prgsequently
itharadee tpa f1e A posdlers f 2T iwattar, ¢ spadded byhehettoyater curtain
t lta_yll%reth%at ed fromoutside and then the powder of

ﬁehtl re undergoes chem cal reaction so as to
gener atNexiat @ thapeerbytr bace i oatihedt feheredofinarigdt the water

p&&ﬁﬁmexﬁﬂb\é%@nor Sch@aq)r%e»%stean;@@tto@@naaezat;@rtl ahS:idea in the
%alto( be gener at el&se%e giving rise to such henomsnon
[

"igid 1P %encl Kdce i FPTE &V mixture in

nodersate 1 atanos pheseuot ma vt @npes ahamnechl ama]:&aoﬁ t oOFor example,
200 a%t%nqla pr %%f’x %\éeﬁ%lreaERgﬁv\%Jﬁekﬁ{c?ss%@ substances.

|nventors ﬁad achnl eve an experi nen usi n
cormer @b&lerfyedvéha’abﬂlﬂeclaufﬂcseclwé:e Péﬁ/@eﬁsolﬂa@ev\ﬁmk@ a powder,

Lid € ARd - SOMR Maler Jet ke Podl LdchRehher aMl0e:ave ahd then the
heat ed from the outside
powder of the waste tire undergoes chemical reaction so as to
generate water wvapor by reaction heat thereof. The present
inventors had guessed that nano-materials might be generated by
giving rise to such phenomenon in a tightly enclosed space in a
relatively moderate atmosphere of a temperature from 100 °C to
200 °*C and a pressure of several atoms,.

The present inventors had achleved an experiment with using
a commercially available autoclave. Powder of a waste tire and
some water were pooled in the autoclave and heated from the cutside,
When the water started beiling and the amount of the water was

decreased, the inventors leoosened a 1id of the autoclave and then

an explosion happened therein with a sound of “BONG”. After
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35 Wen the water started boiling and the anount of

the water was decreased, the inventors |oosened a lid

of the autoclave and then an expl osion happened

therein with a sound of "BONG'. After 4 repeating this
procedure several tines, the present inventors opened

the lid of the autoclave so as to investigate the

inner side thereof and discoveted a group of the,

glittering fine particles adhered on the inner wal

ther &of - " Thie {5t ST iventors Tequddtted *é“ei ﬁdifs’steﬂfalmve“mfs
Researd hciGentiel odf tBki petPreteet apeatotanabyzetidwere the inner
g fine t Lfigedt ,

P e b e My AL #5808 N LEFEE L g S8 cictes
fc‘m“ﬂ%?é?d ae feviem expet FeATSOLn H’rﬁ BEEeRPE ingeathirewequested

e%rﬂ?&éf@:[ﬁﬁl?e\%égr@ﬂ C'eﬂﬁ%rr df @hﬂﬁé’@@gf@cltgke ah@l the group
%gaﬁlled in the autoclave, the present |nvegtors

§EoVERa T hamd el drielis Twére Hdher &6 W%&%erlals

SI des dfhd hesbaneriniviethtamd ehcerahyirelahiwsed experiments. In

t I r.t
r ch@%ggg %—Eat PLESENte L \m%e%t% WHad fyurther 154 paving a lot

I nds of the nano-materials varied
debeithi gy o siltled 6 &8Re3PBHAC ABRE| e PToWEIt inventors had

s&xé@@@eﬁd the + ﬂ@@@Lmétgxl@ps WRpes aaﬂéf:a@eoroﬁaottmlesmes of the

i nner a.l.ower surfac 15 t he lid and

LB er af PRt ot i ifsct Ao satm the reflit snventors

aﬁadeﬁuﬂnhanuaiaMQmaredrmbst Rihdw ofiderd ynargp-inleeterials varied
%&%ﬂilﬂ Vo%nt %50%& E@hg§§8fnl bggm@%rf oF_lilP ar %u face of the

tained in the sourcé mater eated so
a%pp@%r beca 3atwPRted Bti@ae cITheA thn%tlé'rd 's@rtager gfurtace of

thee spuae msm %fdcﬁ|tHeS iinfhed GARGiale0R20nef abebBgave .
covere cur ajn and a dlstu%bance

c%/ tljl g tejé ovarles undersl ing the
gi ven td Thé'§afuPariy” f%?% Break T bafantd ying
t@m&%&ﬁtsovehaionaxmnb@ﬁevap@bedxpiﬁslbnwsanZbéisatdcontalned

OLt th@%osﬁqltl:r Co.B ..Ie.g.h als 'ﬁea\‘%&p%%egst Qot}tﬁ'g §§90419§a}?1:d state.

So as to becone a %I ne wder an di sperse
CHeE N 0B 1 ERG faFSpEFsiRg AOEESRUET T2 I #he condition

fd)fleaezl&@%ﬁﬂi@'reldin@@r geeshatchatdr OéuﬁwiroSdrMSa SO ASirbance is

er an final ly bec es ¢ rbon
g T N R R e e
mawbmnr@b@s&eekoﬂssusedcasIaanﬁanmﬁg | N"Eheicdingr@n material is
%)&%Sé’%ﬂ {r?ltﬁglélx%l@g(étjﬂ s%aé'é f%l}@co}ng aw %ﬂf&gﬁénéggﬁg_spersed

car bon and car on compoun .
wrﬁféh%%@&ét téngEﬁ%r%%%P%@SW&%t@ﬁ% gurtain, the fine

ASOeIRAanytideg gielsh at bazWat ef ¥ap0esexpt 0sd ot td@edifle a finer
wat er cur %ln fl&ﬁ% di ffuses, out .an qfé 4ﬁlcondenses S0

a6 0ied "Back 184 Sartr ared-4ra SCrH ngfy Aty

tter c atlsohechubtarkson cluster” is used as a meaning J_ncludlng an
atom, amolecule and a particle, inwhichplural atoms or molecules

gather, of carbon and carbon compound which can react to generate
nano-materials. Accompanyingwith the water vapor explosion, the
hot water curtain first diffuses out and next condenses so as to
comes back to a saturated state. Accordingly, the carbon clusters
do not keep diffusing as simple substances but are captured by
the het water curtain and are more definitely captured by cores
thereof. The hot water curtain diffuses equally from the view
of a start point ¢f the explosion so that carbon clusters having

relatively greater weight gather at relatively nearer cites from
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do not keep diffusing as sinple substances but are
captured by the hot water curtain and are nore
definitely captured by cores 35 thereof. The hot water
curtain diffuses equally fromthe view of a start
poi nt of the explosion so that carbon clusters having
relatively greater weight gather at relatively nearer
cites fromb5 the start point ard carbon cl uster having
relatively smaller weig gat her at relatlvehy fare
cHte& RF bRCLRE %‘tda??ﬂb%‘ilﬁtlus?ﬁérh@fvoﬁnéi retptive y shaller weigns
rlj@ﬂréﬁﬁbﬂf@iéstﬁf@}aﬁéuﬁﬂlcaitﬁib fBosUche atway pdiaitt h@herefore
ki.nds _ ther ry dependln i.St r :
DT o ARG B S TOR PRI haY OFifhg TrLednts cne kinos
|¢h&NHQﬁnvany|d§p@mme®@sgarylséanseparéf@ﬁthy;ﬂqﬂnnﬁﬁﬂg to the
af 1 &, P QAHEIRR é@c%@gﬂ:geééhtt hevkinksbnaspect Bfnddssary to

present 1 nvention thod of production of

SRR et eﬁfheammlﬁrﬁ%éétﬁrxpﬁ@ BcgaBEtance  which is

to be aacccafﬂmmgsaureneaaﬂﬂmtlamcct 8@ aSetpréoemt ainvention, a
Soeu‘rtl%ed 19 %&8 Lca hol%eaargalm noq— ! hce S:.oalirggmopg@J[§J§ r’ﬁlkxig qubstance
pressire” &ssel -to" & dun oi 1 s0 as to b

i wihiarh éguitbithy imunashar E,SO‘-QIIC\ﬁ ﬁgdaa 1d4qsltl{£ﬂr bante ttOofPhTé a source

ergé‘tféfpafl' u%§£§$§tﬁ@ 2% AR bte 0f 1 8n WalRs NAROFessel to around
expl osi on; and naki ng the nano-naterials adhere to

an
iBRe LW PO P eSS vesSA SErEanly Stee . giving a
net hiod-ganddes ﬂfﬁT‘BquSESbﬂ.Bum jtedtel fg dsi golisttt Of £ a water vapor

t%gﬂ? :;egd,s%%rdcxgaﬂaxtl rﬂhae Paﬁgl }ng\%pga?s pe(cﬁ}‘g’esﬁg &o QB inner wall

source nateril a rel eaS|ng the source
naf eneatresmzmveseel hedteaf sstadtley [ hEe MatdogeSgerher comprises

thipugh: an i gl l @tbhenevalMeq ﬁﬁ%&h&ﬂeﬁ@aﬁ §§§9é"ﬁllng apressure
aspect of the present invention, nano- nat.e

7 ockit 1R EpAPSEGS EONBFISbeoh PFESUrE vfé%%eﬁamfomaterlal
aiheatdwgy -deviteel foitdheatbritheaavsose Lehmatehiaal inflationvalve.

(i Sposed a4, RLCISULE YESSehicR GAMM G ARIAS nvention, -

dlspose pressure vesse
r@@@ﬁﬂ@@f@p@@dﬂ@fﬂpég@wmm@% O@ﬁr@sfg-@ﬁé profgasure vessel;

P4 B5S4H Y f%l,c@%rahggeghgl adgau@,eetrw@ém@pe&@pdsged in the
the injection _device, Preferabl t he pressure vesse

| RT 350 &t SEPETS : andP P hiat D5 CH&SEI T RRRAC &N e Pressure vessel;
c&n@;@mxﬁxbtfb¢u&ﬁtiquﬂdmuﬁe(ﬂoﬂtnegmuwadm@va,pn&msmﬁe in the
recel V1?rse'¥rgse S_l(_)u ggarg%% rcﬁlde\p eatM@i ?% £Ja§n tPe injection
dut ocl ave. prefera Iy %otton1 e~ aut ocl ave
|<ée*cmﬁ{ g@ﬂ@cﬁeﬁébﬂﬁcerhﬁé Prteifﬁé?llsf@ulf’@ésﬁét-‘e? iagl apRectpee and the

ClaP4 U 1€ GRVIICR k8 &dﬁpﬂ;ﬁﬁ%@l@@vgegh% ;}Q}Q‘tttl@am §0 ase t@toclave,
artltlon t he autocl ave into an and

Bher™ HArELae FR i OrGraBry e eRG CabUre devr Ee e g roctave.

phatepreferably, a bottomof the autoclave is configured to receive
the source material and the capture device is disposed above the
bottom so as to partition the autoclave into an upper half and
a lower half. Still preferably, the capture device is a plate
having plural through holes. Further preferably, the pressure
vessel is c¢ylindrically shaped and horizontally disposed and
comprises an open-and-closable 1id on at least one end thereof
and plural capiture members in rows being capable of being taken
out and put in the pressure vessel.

According teathirdaspect of the present invention, amaethod

of production of a source material for production of the
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havi ng plural through holes. Further preferably, the

pressure vessel is cylindrically shaped and

hori zontal Iy di sposed and conprises an

open-and-closable |id on at |east one end thereof and

plural capture nmenbers in rows being capable of being

taken 35 out and put in the pressure vessel.

According to a third aspect of @he present invention,

a method of production of a source material for
PRORRICER 67 ‘6T CREPE 1HER0SFAT & F at L tUip@ §8§in at a temperature
dry adi stdg4 Ifirzag 250 esi 0@t ca tenperat aheimpur ary dmge a residual
from350 to 400 G renoying.ap.,|i ity froma . _ -
e o s e S or el Be T D R on-renoving an
oxiiat ¢ TR TR MOk E hgnan L reandee ssanyusdbstmice daopne Fegulating
resdual ssubstances and deoulsabisRdneca OF8dfeSiZBy Ofthe method
t he residual substance. Preferabléé t.he net hod

FIHE RS O SES &ddimg & mEtar POWHEF: BRI EF
DESCRI PTION OF DRAWNGS Fig. 1 is a side view of a

drum type nano- @gﬁ%%ﬁﬁeﬁf@ orl PrARRRGAL US

according to a fir 0 t of the present ,
i nvent iy . 1Risga sAdiesviewedtd dnah v ehoardkent ey peoduction

NanNos FBt et kak o PEodYeLiNA; appamdbHImaRe ¥t @sant invention;
second enbodi nent of the present invention;

: Fig. 3is .
a pl an &i%w of* Suf iTfEr A oF the Tdrufitype YPfs nano-material
Y
naneduet ern abp pr oduch & oorappatatauss aocoerdbaritent dEthe present
Sngg%kigybodinent of the present invention; Fig. 4 is
a plan'view of a cylinder type nano-materi al
productiien appb? ad ulaecorel ngit enalthfFdlefibedi st drum type

OofatdenPresant pi-AMERLLOA: A FGusd dScard @t tW evhe second
of the égg%nder type nano-material production

AR &t ordifi@ 556 Fire AW G -Efbodi ment  of t he

presentFicqventiona Fign 6iks afsehewitindedr awiprg nanc-material

;$P¥é£§kfﬁi9§B§£a§ﬁgecggr@in GQJ§?ﬁé9&f%¢%%qugtﬁ9gthepresent

c
roduction of source material of
nemecmet @l al; Fig. 7 is a schematic drawi ng showi ng a

| at er Step, of ikhe rpso€asS Ot hgeneyhoghd Oreype nanc-material
pro@yctlon of the sourcecg%feria

TS Rt 677 PP P AE % 4 i et o o OroEe SRR TGS °F The
of r ¢ f1en h anorarat e al

Fig. 6 is a schematic drawing showing a former step of a
process of a method for production of source material of the
nano-material;

Fig. 7 is a schematic drawing showing a later step of the
process of the method for production of the scurce material of
the nano-material;

Tig. 8 is an electronmicroscopic image of the nano-material
of an embodiment example of the present invention;

Tig. 9 is an electronmicroscopic image of the nano-material
of an embodiment example of the present invention;

Fig.10isanelectronmicroscopicimageofthenané—material
of an embodiment example of the present invention;

Fig. 1llisanelectronmicreoscopic image of the nano-material
oZ an embodiment example of the present invention;

Fig. l2 isanelectronmicroscopic image of the nano-material
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30 of an enbodi nent exanple of the present invention;

Fig. 9 is an electron mcroscopic i nage of the

nano-material of an enbodi nent exanpl e of the present
invention; Fig. 10 is an electron mcroscopic i mge of

the nano-material of an enbodi nent exanple of the

present invention; 35 Fig. 11 is an electron

m croscopic i mage of the nano-raterial of an

enbodi nent exanpl e of the present invention; Fig. 12

i &5 A ARATGRTHH Gresedsi €L ra§ePEESERE nARBNhateri al

7 of arrienbosli ges « exapdemot rbBecpi eseateidvent nafp-material
Fig. 13 i.s an el ectron.m cr.oscapic i mage. of e .
T bR T BBod nene ELSRRIS of ‘e 5P bsh

i nvent iFory. BhdsRrgelddtisn ancebectrdn imageosicbpe @ano-material
'(g@gfn ol d e ano-Jmhniak = 3nef ,anseabodhyent : exanpl e

of the present invention. BEST I\/&DE FOR CARRYI NG QUT

THE | NVENTI ON  Enbodi nents of the present invention

wi || be deseesireNODE! FORECRRRYIING t QUT NEHE!r ENWENBION

herein er.. 10 An -material .productian. appar .
accor diaE%‘gjcidomaenftlsr%)?nﬂ%éenlf)%%ﬁ‘?rrtle%tlné)’rfenté ghp‘"rrlegle%{% Hecdooa witn
i Te/eartdroTe ISy Eee shrewdnios Piegeitaftprovided with a

pressure ¥gsSeh¢ - 041 § Yl ¥R p - SUL L LYdd8Ig 30 a first
surroundi ng the pressure vessel 2p The gressure vessel ,

2= TROGITRRT tded SRSt HHE Uiy ShEE ¥ d§af %S awR FRd W Hngrovided
theyh af epféxedrani tdseachz obhes bByuneapseof afil anges 4Plinder 3
and 4D ther eQEf eand ebsoslutrsf’a tightened therein. The

p?ue%rs%re vessel® B8 Yeont gured'so that a source

mat er i Alhs5pfessprodictsicdn? ¢fs Phevidemho it &k oplencandpelosable

di?cp%egnﬁh‘éﬁg‘_’;/nare-r%ﬁeiddwg‘%hi Sa Pt Q:thl'gﬁd b‘ﬂ thBads saf &nges 4U
val ve 6, a pressure _20 gauge 7 provided with a val ve, 1
214 i aRPhpeetdth bRdz2l BT LR eh theE Scdpabl 88 gfressure vesse

i njiectbngigated dntbatthe nessuneteessels Zoraproduction of the

tomperature Sensor %“%p%s%r‘e%%%E[Si elief device 10
for pressure rel |.é3f. ,&Ii_qui regulation valve 11 is
connect®dt ¢ ich@d njseprpyadedovztle 8 ik hgslerel® j ¢ pressure

f@%ﬁé\@ﬁ %989§ggg%f@§rae_t\lgl§_@,téﬂaltid’l\_@tcﬁringécﬁﬁﬁnb@ozzle 8 which
introduced from an outside into the pressure vess

; el 2.
Ah® uﬁ%@?b%‘? d@fOflntjﬁété)BEer’”a&:fr’lri AddP Fh% %%%%f]ée oYessel 2, a
beimge r o1 0Sedewsbh A ahidda ke sAdrewee 1 pef tdeoni caf 10hor pressure

.o:ytf’{e .yl iAnP:Leruis ri Su 59;\{&9%911 ét I'}L 25 'E%%e%%%% the injection
| n?ro uction %orc% ‘_?[% or 1nt I'Og‘UC]TI on
nozzle 8 and a hose 12 is further connected thereto so that water
can be introduced from an outside into the pressure vessel 2.

An upper side of the outer cylinder 3 is capable of being
closed with a 1id 15. A lower portion of the outer cylinder 3
isprovidedwith a heat source introductionport 13 for introduction
of heat sources such as vapor or heating gas and, as corresponding
thereto, the 1id 15 is provided with a heat source exhaust port
14. The 1id 15 is further fixed with the outer cylinder 3 by means
of flanges and bolts. The pressure vessel 2 is housed as being
surrounded by the outer cylinder 3 and the 1id 15.

When the 1id 2A is opened, the socurcematerial 5 canbe charged
in the pressure vessel 2. When the 1id 2A is closed, the pressure
vessel 2 can be tightly closed. A side surface of the pressure

vesasel 2 and a side surface of the outer cylinder 32 may be
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of heat sources such as vapor or heating gas and, as
corresponding 30 thereto, the lid 15 is provided with
a heat source exhaust port 14. The lid 15 is further
fixed with the outer cylinder 3 by neans of flanges
and bolts. The pressure vessel 2 is housed as being
surrounded by the outer cylinder 3 and the lid 15.
When the lid 2A i s opened, the %source material 5 can
be charged 35 in the pressure vessel 2. Wien the |id

PR SRCT Sd o e pRESaUTED HoBars 2 BarP BT gt Iyp= Lneerfos
ctioseehf A sndleeswﬁme afy tihelepr eSsuadsovessel £ a@thcaion of

SAé%% LHJ&%%%fgn a %T %%lhﬁg%ﬁng QEX ?egsure vessel 2.

appropri ate prOV| mnth wi ndows “f or cess to the
interidm tthﬁaendé@fn tYﬁé e@@@rméyﬂh@%rp@%%@cmasap&aratus 1 as

fanet t@ﬁseituh@@t th@%lélu%tcle%@rtlaﬂt i A8 c@lfarl'cbt%@tirﬂtga thepressure
preSS re ves I n rU”] e nano er
RS o BBy aPas 2 nen S RS S gto the near

s:mmmaa nmtt&rddalctaomSpohar]gbobo Rtso tbheept esiselrereaesselvessel 2

Znd NG, apgl, ar (fhe heat 'sngpg%% '%o?' bﬂ%o bhe beat

source |ntro ucti on ort 13"so as' to ea é pressure
vessel Thergadsaakl @W@é RAatertal 5 gyeperatef in the pressure

G)@éﬁﬁlef g@ot%ﬁ-rﬂ‘i‘é‘ v@aiﬁé@'ﬁa%@@ﬂll@fzﬂ\@tﬁ’t{%éxt&or thereof and
evapor at.e N ressure \YJ SO a e .

e ot [ R R G G AT PeBF e ana ™ thect fon of being
S;meaxmis of thee heauweeemateriainb55@r e The ancediatli pmessure is
ol.fe d q_leglﬁpoﬁjé/r tp@%s@%&ewatfg£ &H‘:{I{Lﬁ_@ %CZL I:Epg by means of

|nter press regu atéd in a proper pressure,

(ﬁéﬁﬁﬂqge 0.4 iiha A5y ikeand8 -of the pressure relief
eVlCGNE&t ASnNext, pwbghr aaRE@PErN o AR r Ofs Wali@lcteS into the

ected into r ess essel .2 .through th
i soted Luto e bressune vessel 2,8 c s che vacer
comtse tinwiot ot hec sourtde that eriate hadrd ialbotargheopotthen of the
b VJ%%%%'J. 3 §8 Ir'i‘aaé Agdisslupaance: Lo 0i¥end Q 8aturated

sat ur at ed state so a a wat er vapor ex ? osion 1's
b?%fgfhtsoofc?latTﬁe‘f@b%r AP Ah E XBAE Ao 5 Cof PRI SEE.  Thereby,

expd Bskveledifituses Jupvapdod v he dvesseles JHpwdtd ia the vessel
%und The hot. water curtain 5C involves the water

Pt hrfd $HE S carbon cl usters includi ng super-fine
parti cl®s thotnmedtéromitein Gushedlsesr teemai ez alagpr and the

'Jbﬁ:&?%@u‘@%% % Elﬂﬁlﬁegﬁgss TBLELf Ao 290 2 1 NG LGRS MAAL rom the

becone nucl ei, suc I ne artlc es of iron,
e b6 KIS TeF STaRb Sapt 6dCByS {Hes Tchel L6 E6r fpterial

5 includes what may become nuclei, such as fine particles of iron,
the carbon c¢lusters are captured by the nuclei to form
nanc-materials and acdheres tc the inner surface of the pressure
vessel Z. In a case where the source material 5 includes such
nuclei, the inner surface of the pressure vessel 2 function as
nuclei so as to form the nanc-materials.

As the aforementioned description, according to the first
embodiment of the present invention, the powdery source material
5 is put in and tightly enclosed in the pressure vessel 2 which
is capable of being easily opened, the pressure vessel 2 is heated
from the outside, the appropriate amcunt of the water is injected
into the pressure vessel 2 and the water vapor explosion is set

off in the pressure vessel 2 so that the powdery scurce material
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nano- materi als and adheres to the inner surface of the
pressure vessel 2. In a case where the source
material 5 includes such nuclei, the inner surface of
the pressure vessel 2 function as 30 nuclei so as to
formthe nano-materials. As the aforenentioned
description, according to the first enbodi nent of the
present invention, the powdery %ource material 5 is
aﬁt in and ti htI .encl osed n t he gsu e_vessel

RACOTSS cap BFe of*bBFhG e %Fry %-E hed ?EeW6F8§s&Pétaln =€
V@sseiaﬁbdsbye@n@xhéﬁbfrmnpdﬂuexpudﬁxhn tdhe source material 5
SDRLOPLL AL AU Of 41e WALEL bSST ) E6L80 A IR son in &

pressure vesse t e wat er vapor expl osi o
OrENG L thle PrEssidr é€\¢§§§é’ln 2 Seethat ¥hepowddrain SC diffuses

S@MEC& neter iale 9$-2shecemesssuper - fhaetPard€d eSaddr captures
t hot water curtain. 5C ener g ed by the water vapo

oSt T IHE THiice Wit aﬁl t A157eF ¢ eraeﬁ‘i’ndensatlon
ffum¢mnomndeﬂgmwst&ﬂNEEWMary?@prgsummmwr&rbwmmnenlxeformed

ofp aaz‘Phdadnrb frtel %%vwﬁgye h?él%&?é%ﬁ;%g)@'%nﬁa%rcgngés%%out 100

5 out he pressure vesse
vapeh? cébturTég wERhBT dV SPRF setP Suphen f¢He rartargiedseddy set off

rm}anﬁp@{lrag CQMqrhsﬂﬂ@&egu;wﬂoeﬁ wflvishe Watela sVapofiniect the
. hano- car can be fo%ﬂFg' n an at nbs

ere
haa%‘-'i’rn 24t AP ve ;? O T 2era eal%‘-’oﬁfts“f(ifoveS£ Thereby,
"1 odinet walt ter crapos mq:de@@!e@in cannbe rrsgpeat etlleysseice material
ngl&QOb¥thgﬂng Ebﬁe ggy{gciggugﬁﬁlg%g¥gkYﬁ 1%%@°s@%er fine

to I nj ect th apgroprl te anount o wat e
twfp%%%%%rhéf\ré& PE FREPELFUL tHEBAYetFRA tyimatapeously done,

| DL RpsetndSh g fpkbagcthee JoWERR dTRIefd@be m@o practice.
the super-fine gq%tlcles and_capt uring t e super -

pAr 1T CI s by" Y He Hot” Wat Bt c%r?aFHp%E are””
simandanecwsily tdong, tHE cardiomprenamel shicghleyl pndducitiess amount

Q5PQH_¥JQQrB@H QQ?Q%;pEBEQCQH §1ﬂg%ns M@r§Q% dc%ft equipment.

crystallization super -carbon can be achi eve
dﬁﬁﬂy?ﬁf?ﬁﬁﬂP%@d%ﬁeqh%téaﬁﬁﬁﬁeééﬂqﬂ?QﬁhﬂWﬁ&P%ﬁﬂléelyapplled

Of @ ad d~ad Atk 1erushjrg.|éalC&rﬂéQﬂlsQan bg pr oducgd b)é rreans

of a l cQst_e ar bon roduce

o coent N S E ke TR s e er s L e g retud BBeording
a@waﬁee@lrﬁumﬂﬁqdmmdwmbdsthamgqﬂqnnuypentloncan be modified
nangs naterd aly F&rﬁb@‘éﬁ‘iﬂ'e% apRaLaLYs pageor di ngy 9 the

first embodi nent of present | nvention can
modi fi @&quﬁ@gat%éééﬁ&%@ﬂﬁ%ﬁ%m@h%m ﬁlrﬁrmeg@ of a pressure
angksk1 ACEOs ¢k fgs tignlaha seeond iarbedl nents, 18 J1agngeAPhereon.

ofn @ RMESSW £16 is provided with a circular plate 18 having plural

n
achieved.

holes 17 made of a punching metal and a circular support frame
19 surroundingthecircularplate 18, Theinnerlidléisconfigured
to be fixed to the flange 4D. A slit 20 having an appropriate
width may be provided between the ¢ircular plate 18 and the support
frame 19.

Similartothedescriptionof thefirstembodiment, thesource
material 5 and water are put in and tightly encleosed in the
cpen—and-closable pregssure vessel 2 and the pressure vessel 2 is
heated from the outside. After the temperature and the pressure
in the pressure vessel 2 reach appropriate values, the internal

pressure is suddenly decreased by operation of the pressure relief
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25 vessel 2 projects inward and an inner lid 16 is

di sposed thereon. The inner lid 16 is provided with a
circular plate 18 having plural holes 17 nade of a
punching netal and a circular support frame 19
surrounding the circular plate 18. The inner lid 16 is
configured to be fixed to the_flange 4D. A slit 20
havi ng an appropriate 30 wi dt h! y be provided between

the circul ar _plate. 18 and the._ support., fra 9. .

Fer et 7 RBBeEnti pePont o RERTT it Ul as mentioned
tdleosowrce hemgeel tal e&dant wWateewadiee papornegmbbsion. Thereby
tiahhby médpéﬁétganti@exgﬁsm@ﬁ- 053018 PLLSSHNS the vessel
vessel 2 and the pressure vessel V) I's 35 heated from
the¥ishi3isgendaf t &8¢ tHRRel Pemgerat tret kil oChecpriedskt &Y the water
I e ddie eRHessube , VeSS &loud clee@ghe PRI GPEbAL e iMalUgSe rd 1€ further

internal pressure_is suddenly decreased by _operat.ion :

o s B R R RS Er S A 4500 TR Pt et Teaction,
setardted state nasadiistier bednas beentficomed  abovéaadg to the
henceddnd eads hesthe Waler VapoE, exph oSOy tReLERY sdnere to

the hot water curtain 5C explosively diffuses upward

ihe hengesEell oF WRe PTE SOthfdVePRet re 2R6t tivatigner 11d 16.  The
cin dréd 1 HC generateth ndthe iwatelcad Lapekepepkasiyoichieved by
the source mater.i.al 5,q9ntained.th%£ein urt her X
re eatlng operatl n or ceredses 1Il e 1N ernaf rregsure 1n the
undergoes’ aFSéEondar §© eXpr0si on ith "a nanner " of  Thain
reacidwre veRverleBy, Paprndmtecrakgndanobetioramyce materials,
sidmdard ytg/'?:etsheofafﬂ{@”%%trﬂoaﬁ%Qqu%gg PLH oA a-léhecarbon—nano,
formed nano-materials adhere to. the inner_wall of the
;W%%ﬁﬁﬁ%QV%%gblp%a%ﬁﬁcf%%ﬁ?nﬁgpbﬁFd“féPE#H%Sfdnlcank**formEd-
forasd ican B¢ 4gie nahecnal ectal s ganlbetrepedtedits, tablewares
%PQ£%%§§£59& {ggg%%gnQ%_operation of decrease in the

internal” pressure I'n thHe pressure vessel 2. Depending

on ki nd$isofnrhe Sicudeel matreriides, wivartheusliypgdsand the plural
hhﬁxﬂ?np7ngﬁgrkﬁgsh%%cma%%rCQﬁﬁgﬂﬁH@UQE is capable of passing
mat eri al - nano, ﬁlastlc-nano, rubber-nano and so on can

be FT P RS T 858 SE&T Hé CAppPi- 't B2RPERE FFEL B} S transported
aheathd ol pacts, ctiabd pwERayabe oRgtcabdtseald®@ntstirfaces of
Ei%e“Qﬂ?fr'ff% %%.ISTQroyﬂdgd fﬁ f&éiﬁ% Sg!q Zoeag%e%h%nd hence
p ur al ol'es and t he hot water curtal n 565§

capaty to efmpassf hgciemererhronghn ofbres speeinatatiyls compared
thehano-Jmt ¢/ aks hi-ansporhed;2Q-by1the; hot water

curtain 5C may be caﬁtured by both surfaces of _the

i nner MFe16PFRéLFA éy,|§acq%dﬁ%%‘gaﬂgﬁbéegp@g.gﬁgodiment of
hencerekeadsi rivera inDr, et BE fdGidet oproduet k08 Wfrd BAd the water,

qﬁﬂpkﬂg&%ﬁkﬂl%ugqgﬁgg%%rce material 5 are charged and tightly
enclosed in the pressure vessel 2 which may be easily opened, the
pressure vessel 2 is heated from the outside and the internal
pressure is suddenly decreased so that the water vapor explosion
is set off in the pressure vessel 2 and the powdery scurce material
5 becomes super-fine powders, thereby the nano-carbons are formed.
Thereby, nano-carbons can bhe formed in an atmosphere having a
relatively low temperature about 100 - 200 °C. Therefore it is
possible to efficiently produce desired nano-carbons by means of
such a low-cost eguipment without deteriorating properties of the
source material.

In the descriptions above, both the apparatuses and the
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with a case of absence of the inner [id 16. Mre
specifically, according to the second enbodi nent of

25 the present invention, the powder of the waste tire
and the water, for exanple, as the source material 5
are charged and tightly enclosed in the pressure
vessel 2 which may be easily ogined, the pressure
vessel 2 is heated fromthe outside and the interna

ressure. creased_so .t.hat ter, vapor

ST I S S EO8R YRSt R pRenBf ced et OBt T he $3h%e secona
t dreb poiwkery, souecer maherralduch ibaconesdupethéifiest embodiment
p%!\ﬁ’e% éé}%rﬁpyen[)ﬂ%%l%@& %%"rlb%sc%slﬁ%nﬁggeth r. Moreover,

nano- car noons can formed in an at nosphere
hialF rfgwaﬂuor@% reshgd o *%fé?rpcéfréttu EELRBORENT0Bnd Yo apparatus

Gt Thes ef ofdnd teriodiRRSS N6 1 eftdcineat |y produce
desi red nano-carbons b

¥ means of 35 sucq:a Iom#co%t 4

equi preft: W iHout “det BPPOr ALPRY FPOBEPtiBe ghPefatos according
souitte atser eabodimenherdeésteeptnorgbaboventiothahfiggroduction
arP@@:E@& ldﬁ%stl%cé EP@m]a%ypE;@dM‘Pé' g'?ﬁ%\'%%@% d'rfaéf?é Sl ¥rically,

the first enbodinent to the secon mbodi nment
HB%%%%W?O?H%“b?%@ﬁ%?F@ﬁeﬁéﬁﬁébés@Fhﬂﬁ€eﬁﬂﬂéﬁnjeCtl“gSaturated
efbosht MRifor ardot’Be-Bes08d warbodivmr camhbegnor@irmﬂdar to the
t pget her reover, the roductlon thaod o
PR St it A S S LT e o gy st oft by
endoed e uhﬂwweeegonbhﬁe@BpLMsewweﬁnlbe EstpoSSitht glecreasing

t‘oné:gmleggaﬁ.t]:ﬁtM@&Q§s@&%§r%é@1né ‘Ehyﬁgésru%:te relief device

enbodi nent or the second enbdodi nent and any pr.oducti on
r&ﬁho&hﬁlépPﬁE? PRORT ARy of URRRT Endddf it LXmitslons led from
specdfitaklyi 1 ibeatinnga e blyeb 54k Ly MAkesvat-SatSrated state.
hi eved by .inj.egtin sat ted 10 water vapor . or
o L & B R IRELER ToReT F P e tron ehe
enboehimere;iglre wateravaporbyexphosiagrwcaribd oged offter vapor

bYxp 1 54 801 | M the Makeiie he xRl oSl QRogaN; Rerset oOhf
by decreasing _the internal pressure caused by opening

the prdssG¥elReRT ef-YHBYIEE O TH FeTHE Is RUFreB Hiwit St | apparatus 21
LﬁﬁkﬁiﬁiﬁgGﬁﬁhndemﬁk@&kﬁﬂﬁmbﬁd fromd prbreaki DGvention will be

UI| riumcause br eaki ng .t he Qver - s tur at ed
%%e %; %fe E

cr1 erelna er Wi re and 5.
nano- na erlals generaFeg PS Way are

d| ffer éite trémmthe tmoanateﬁrtaksage?mchxcetdtobyapheratus 21 is

af of-ement Laned, V@ﬂnd’ﬂpﬂl f@f:ﬁ%@%'@@d)@% éﬂde%\@{fpl,?ed in such
thereof is shown'in Fig A cylinder t

rﬁan‘ﬁa%a?%rl?%n%r}b‘aﬁﬁqrb?ﬁ%ﬁbé?ﬂa@tﬁ%seﬂ E@eaéeéPaFﬁngSY 22 is
aotdi idkerhad e gobotrhe cpsese Mo dhny¥eds itk nedfl ahe end plates

23R and 231 fastened therseto. The end plate 231 shown in the left
of drawings 1s configured to ke openable and closable.

On an upper side of the furnace body 22, a pressure gauge
25, a liguid injecticn nozzle 26 and a pair of safety valve 27
are provided. To the right of the upper side of the furnace body
22, a source material charge port 28 is provided. Furthermore,
on the right end plate 23R, a temperature sensor 29 for indicating
a temperature 1is provided.

On an outer surface of a lower side of the furnace body 22,
at a position correspcending to the source material charge port
28, a heating device 32 housing a heater 30 and covered by a heat

insulator 31 is provided. The heating device 32 can be provided
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descri bed hereinafter with reference to Figs. 4 and 5.
The cylinder type nano-nmaterial production apparatus
21 is provided with a cylindrical furnace body 22 and
utilized in such a way of being horizontally

di sposed. The furnace body 22 is 25 provided with
flange portions at both ends tgﬁreof and end pl ates
23R and 23L fastened t her et o. e end plate 23L shown

inthe.left o @WIngS|scon ur tobeoenab
airftl °61 68ABF e® Haer-Brae Bt e ri AcESh e source
anqpreesisur & glamg@edzf&eraezln quﬂd tinj ectdon mbzzheaQ&ramllator 31

& HALE &L@@Joet ym¥akyee27 oégnam@f g\iegedm metgl&newhat left,
§b'%ht of the upper side 6f the furnace body 22,

r Eae ngterRsr Mlgezﬁorta 282RSUpR oFFPUEES 35 fOf capturing
FrLHrId'l-@rfafﬂHra,alsoﬂst b@oﬁﬂl@atd enth pl e 28R dedrice 35 1s_ prov1ded
2“”%”8 or 2 for gdl cgtlﬁ a te eratcureC S, sha
low ded *on“3R %ﬁ?é% t[ﬁrsfg 9 PAS g8 JfC e 3T pe
flLﬁrwa@ by a2 ially aheaSpmsmimrnet@r rae%mmmmgert oiameter of
g!z}?e %‘&%‘é@e”}%&ﬁ}'?ﬂ Ghar 9%99&%1@%6;(:1% B@aféf‘gswﬂz%Vdroﬁng them.

housi ng a heater’ 30 covered
RS e el |e§l|§?o§r5déa C?Hébh%aﬁﬁgeﬂd@lf@é‘%‘? CgHn 3pgl put in
ptrroavhsdeda&a b @re2 pned syisde ehathehd uh@agBabods 22080the left
OLeolheat thcg sayrce terl al_ 5 ggarr%ed t.h

re
1S cgseperﬁe hedt T¢ Ef&rl‘;%f can bem%%u??céHIEd from, for

mae'm/l@r the aa’ﬁfpnaqrrﬁertmrd@, ctocthergoiEivhatt teétgungfing metal

thes fé,brd}p\ce body 22, a capture device 35 for capturing

5 nano-materials is provided. The capture device 35 is

pr ovi d@&o%cttﬁoﬁlcfﬁ'HPHEaBFE?élﬁﬂéttéfsuééllW%F"r hesCypkhder type

|rmra>4znarmﬂlau shapRicthast ngesabstent pal liy tﬁ}&md with the

AL A% D] Mo L ATRLETL 0L {e LI a88 AW B20ugn the
rods 34° 7 or suppor ing théem

cﬁapptrmeemdevreel 3Bd e ppalyl 28 @‘ndoehﬁgfulai@e @miyafh@l is tightly

fEﬂo§éH 1ONEQ% fH%n%Q% BQ@%S%%E'@S aéb@%ﬁr&geélyhgegggved the
plate 23 L of | eft ide_is opened. The capture

1SR a3y rgy é‘%nEﬂ?%\ctlBFEHDPFoWeﬁéPree%ﬁplJél":li%ese‘j so that
afam&nmﬂtmom@ eguiGibat upl at € a@hltehedpuncekumgwaebal is injected

qc?%ﬁh Eggdg 55%1(52 éﬁy%L%%t%B I 9 dUtIII fg% nczzle 26
5 Gfano- macer rar pr%
aagyp*ahat:wtzer Vsoperef?mlrwdqm th sefecifol IH}wngesgepsg the water

The 30ukee oaabari aheSnkso chargeds t @r%%ﬂoﬁﬁceﬁpl&%@eadhere to
material charge port 28 and the_furnace body 22 is

ﬂ#ﬁhgpfpegﬁdggdcaR%Rfe B&2ERE %@esgyﬁenago -naterials obtained
appropr fatet s ireld eved, thfeexplosion point are smaller in size.

Since the plural capture plates 33 are respectively disposed at
various distances from the explosion point, various sizes of the
nano-materials are obtained depending on the distances.
Inacasewherethewastetireisappliedtothe sourcematerial
5, it contains small metal powders such as pieces of wires. The
metal powders function as nuclei for the nano-carbons. The metal
powdersattractnano-materials therearcundinacaseofbeingheated
so as to form lumps thereof, which adhere to the inner wall of
the furnace body 22 or the capture device 35. In a case where
needle-like metal pieces instead of the metal powders are applied,
nano-materials adhere to tips of the metal pieces.

More specifically, it is understood that greater energy of
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tenperature and the internal pressure are increased so

that 20 saturation and equilibriumare achi eved. Next,

water is injected into the furnace body 22 through

the liquid injection nozzle 26 so that water vapor

explosion is set off. By undergoing the water vapor

expl osi on, the nano-materials are produced and adhere

to the respective capture plateés 33. The

nano-nmaterials obtained 25 at the farer sites fron1the

eXPl o¥FOR” poiRC Tar ¥ RIAT 1Y LR23EFze° SPRBRTEAR pfurfpe finer

aepidicn filcatseand3mad eat espentd welnnldpspased Btads to formation
i ous di_stances fr t he | st gn poi nt, vari ous

cggé% eaftethe Qhﬁ%b ﬁggépoa §§§rggggfained dependi ng on

t he di gcameednd e dase whHangetrhd vRgstnencifratiegial production

%dreadcﬁso shhg rseyecen MRt eLhBbaimdon®, o ttf@'ﬂr@é’@ﬁlt invention,
netal powders such as pieces of wi_res. The

mal |
P THOREr SOPURTEP O Be T @74 0 "enGaRaRot CaR b te whers
The: netalce plawaaeﬁ_alaﬁt ﬁacthma@ed nat@rited Snderddarmund from the
i S | ted u r. eqf-,
R
d?rlatthﬁes c%}atm@p@(évrﬁélsascaphwae céBes@hepacdmaterials, thereby

negdliendiike geial pirecese i ngsheagdaebribesmetal POWIRLSectively
are apc%lled nano- mat eri al.s adhgretotlps of the

el Pisée &Y. 5T E38pEEEF PEAIFFY, *Pt is understood t hat
gr eat emeener gyecfoulli3:-4 hetwat el y@pore@xpl oseqrd sads invention

t lll%'latd'e%%mg‘iaehhﬁey Eﬁ%lftg?”&%r]?@f‘é é&(‘ée r@odiyaitd'sn.g 6 and 7.
t he et al ers eaads 0 ormati on ? er
arfo uite sef drr@weﬂ@@trerﬂiraﬂosts AcéBfdrnget élPﬁé @§|Pﬁ6@¢55 steps.

: erdnqrﬂn%tgatlerﬁ%@é?p%pg%&i 1215 ts%p@@@aits@&éhslazlls @k eth&bers such
1 r e odl nen 0 resen | nven 0
s T i 2 e ag PTelh GRSl ke and quen.  The

vihere alt e teadace aatenpal 1 5misedhar get sndvashe snoifepetroleun
cﬁ:n:tt fr CHBJ eXlBleo Ol th.n\'/; thg@t gltll ?l:l§antage of

catter. The plu ur cap ture atesag% respective
captalirie ithesé Wahblm%rtihafl §aStﬁ@r@b;¢hfop95Fﬂ%maﬁroducts and

SiZeS% @Eghheleaﬂ@ materd.aloy €88 beotrespest ivelthe environment.

col | ected the capture ates .33. Next, the
T Rar apd i Tl e Pha kit Mehe phettin P2paiS e 11ation
d‘hsmau@ecB?hmMetdemm"m l reffduentetho 3B .gsIn6tardvdcuum dry

'Jlstﬂlaﬁiag% Caer f-oNS f?he% ”%Eﬁiﬁf%Q%ﬁér?élQrQ%‘@S%hemany

st'eps materlals or the source mater
a?reaor}ﬁf@oé‘#?@%uéﬁo as atwekeersitve batlustd Wel © sapsety device

exhauwst adhesbbekcBRAo8HCHY , ThEL and such are removed therefrom
at an 0il collector 40 and distilled objects with the metal pieces
are collected. Residual carbon reaches 60 %. 0il as a by-product
has a good quality and is about 30 %. The remaining about 10 %
is metal. One of features is that the collection rate of the oil
as the by-product is limited to be about 30 % so as to increase
the amount of the residual carbon.

Next, since the carbon black 41 produced by the dry
distillation furnace 37 is lumpish, the carbon black 41 is roughly
crushed in a rough crusher 42 and wire pieces are removed therefrom
by a magnet roll 43.

The carbon black 44 from which the metal pieces are removed

is charged into a double rotary kiln 45 and heated from the cutside
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initial materials are not Iimted to these wastes of
petrol eum products, however, the present invention
has an advantage of capability of utilizing the

wast es of the petrol eum products and 20 it is
significant in view of the protection of the
environnent. The initial materials are charged into a
vacuum dry distillation furnacé 37 provided with a

refl bath 36. .I.n vacuum d illation
B e BREhA i (ParF naferPar SEPRLRer RaTFy. s 2 result,
Orr&ﬁi«:&‘ds sahouudOO i at athexiafibaxd drat herB6rad at]aesalﬁptcye carbon

q?l\@(ﬁ?4%5153§haﬂg ?‘Q}eﬂg ‘??%‘?Jkac’é% %'I Otoq."dr lggpmal change.

are renoved rom at an ol ector
diat ismedd obj BResTWRRIF 1w Wépar:es:seé@ssula%ances are removed.

col I ectred cB@gbﬂma&@ﬂ bearkéae@&h% B4k %o tEhck, za§1Ia45 ls subject
duct S a ood qual [ éy and is abog% 30 %

r ‘?ni‘u gﬁﬂa %116% O/Emf1 “1B%Sof Y Feat arés % EOPPH 47 and
tﬁa&treﬂd}eccméb e:©th>eoa scatreeghatdmeipl EO3® Asat hegrain size thereos

Cattelh S 44 md %%tt %r@%t@@o gfaﬁo 2%4H0 as to
|ncrease e

anount he resi carbon hbXt
si nce t%béaﬁgmﬁdmrﬂ@o@lfp%mab@yeur?ecwaﬂmg to the method

d:Lf_SLBj':JJ&I@&"LQdSh E@&ﬁ@ﬁﬁrﬁ?—é@ﬂd@%a&@rﬂaﬁﬁaﬂﬂlﬁ%@@e@bﬂ@invention,
N a snher

crush h nd wr .
s 3P R bR ot Fat- SR LB Bt trB Tyt and such
ﬁmm&h@owabtaskoﬂ¢wer pmtwhﬁehmtmzeocimm gpickces wle waste tire
Q%Hp%%gu ey %@aEﬂ%dsbﬂEeeam%QQP §lr9$@rYtKu4Qr}§d@¥%sed S0 as

heat ed from he outsid he rotary Kk SO as
t'® PRefREF I chafger PAgck "f@s‘%}'} S aRneck§s AP source material
sbstances alraeloezwa@bz;adlandawcmyﬂdg ﬁchafrﬁab)pﬂé”&nt invention,

b
PO REP BT whic BRERGUE T Bk Cirar SOEr Fo VP Rz which
uinecdgsbary supstednces igeereenvved:an PEhesedr bon dda@biction of

46,4 r%&@ﬁcg%me FRtaEyrnkil o 45 drs sublecta1t0 a thbepresent

crusher 48 and_a vibrating sieve 49 via a hopper 47
alﬁdfeﬁqfé}%ﬁvaébﬁ%§hte@ be P& oo drce rReer &R T0N§of 'hapw in cost
a HHAI gV & Z:%ﬂd}@’ eof is regulated to be not greater

than2 rst oo mthe bove

nccor AFIGTES RS BT hoH A TETR S SRRC FATSY SR Rr 2 relatively
Hend: $enpeearatrer #labubfétthe Comesehy imvwereaw od, hovheich oil can
rlt?esﬁrgk@l:lgér bofn rﬁfé %Eeccphi QQEH;E]Q]_BIEQO{%'Aﬂ thg%f@gé{t invention

d such fromthe wastes of the petrol eum products .
sﬁf&h b atid st @&t iy £arcan Ve (SERaStRE §durecd—400¢ °C, the
read gigradntand ant beSmaapr eeepsed. S@Seoddr priadueadsheo smaller

b blagkwhich is appli ed- 1.0 L0 SQUECe BLET LAy as black
smoke and dioxin by incineration.

As described already, nuclei are necessary to capture the
carbenclusterswhicharemade super~-fineparticlesandmetal powder
such as iron powder and steel powder can be added as the nuclei.
It should be determined depending on what nano-materials should
be produced whether they are added or not.

Although the invention has been described abcve by reference
tc certain embodiments of the invention, the invention is not
limited to the embodiments described above. Modifications and
variations of the embodiments described above will occur to those

skilled in the art, in light of the above teachings.
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15 50 for the nano-material. According to the present
invention, the waste of the petrol eum products such

as the waste tire, which do not have any definitive

re-use, can be used for production of the

nano- car bon, which has a high added val ue. The present

i nvention enables themto prov# e the nano-carbons far

| ow i n cost 20 t han ever befo Former dry

di stil atlon d been h| at.ivel hi gh .
Cenper SEUFE b0t S 800 L HE v EHC P o how REERSGP oS ion.
clarft 1dgel qre€yutedon samcleemeldrz;eddl st ¢ apieon fofcatlly , the water

W%ntexlpn\ée.ﬂto'nogancﬁg pgdé@@ﬂieﬁff%ﬁ;vfdfﬂ a!rpw.%rflatlon valve
t emper at ure of t he 25 equi pnent’s can be

edd: §i Wﬁleérsurﬁb?’éé\?%ll fL’PJ ?%‘éﬁ%gtlbe%‘h%cﬁ |9 GGy tal under
ahaids weﬁab ol of £ und iastot ablr e asudbst ancasy sdchtaSthe pressure

black %Ql%%%rdIOXIn bg [ |nera1|é¥£aﬁs des%;lg%%duced by

Saealy, ndcl & “ar 8" RécesSary 10 ca‘iure Yheeed
01mml§M@haa©emw’a@:er@lmepntﬁmee@ammﬁ wstandapeakxplosion

POVES4 1 30 UGN (RS higkoR 1REWEST tandnst gehr PWHEL &880 BEthod.
added as the nuclei. It should be determ ned dependin

on what” FERGLREEeP T atlss SREG T2 5& 15 oBTiRedC Whet r?é%para uses of
tiey adbe caddedoned notbodintdimighahhiee ioiventeidon has deemle, the

des{%‘%e&é%%"%ur)é &frféee%%e bl %h%e” aj n_ emhodi mep ggs and then
e | nvent nvenfnl on 1's %gﬁ ut H
tkﬂelctemnijltm@np@n@e@eﬁ:ebedlabwey %@ew@mﬂb‘rﬁsr%ﬁd Moreover,

valialdons ok sthe srbediresd s deser phedigbove E\Mrl‘dhermore the

occur to those skilled in the art, in Light OL
SBVE ] SRCIH TGS, 215 SFort &(éﬁﬁlcéloéi’sméyn'é’ﬁhcﬁﬁ 6 arged into the
| ImcicA thigort e Iwat e wapeb explessenyielat! ation

functi %xlccanep(gmgg.!eglg?dchc?'\% %S%pl%c Iﬂq&%{l éfn 1@1 \%t QLscribed

vapor expldsion tan be rovi
ifrfdeditiadit aramigh Wﬁtfﬁrangﬁe§guFegves%ethrcvwfecH ngFigs. 6 and

heat 66s %@@E%oml%rﬂo%lcom@efma‘i;@g £83Mkes d U Q hh€arial obtained
|an t|on valve and em ttin into the gressu

O%WW“&%%E%CQT\%‘P@W&| af s9cah® %8""5 an example

prbdunednbmo mapéurmmgahhednanﬂﬂmatbélabSrceanuﬁxiaM1by the

nhagi Wgriaettrer t%he ro)éiQJCQ:Si'len aﬁjgsga%oarq{w ngoa@cé?&l f% ? the third

0 af'orementi o D mensi o
tqﬁ@qﬁa}rﬁ@ﬁrﬁat efhaf YyrodudtEiorcapparat uskerpfciape (Hee from the

af .qriersnd ﬁ@@ﬁ‘t enfiedi ARAL SLE8D BR aGhanaed th%%resent invention
xanple cite of the capture devjce ¢

Ged 8 POUE by and DHER: TS dri néhape but a long
rﬁhﬁbdﬁﬁkﬂhéwﬁawaryIdenﬁﬁdhﬁgdéhedeﬂnbeNhn@@m@bytha¢.thewater

vapor has an atmosphere promoting growth of the nano-tubes.
Increase in number of water vapor explesion or continuous water
vapor explosion leads to production of further longer nano-tubes.

FPigs. 9 throughl2areelectronmicroscopic images of obtained
nano-materials arranged in an order by one distant from and another
nearer to the explosiocn point. Depending on the cites, varicus
characteristics of nano-materials such as oyster—-shell-like,
cauliflower-like and gathered-nesedle-like nano-materials are
obtained.

Figs. 13 and 14 are examples ¢f nano-materials cbtained by
water vapor explosion set off by pressure relief. Fabric-like

and kall-like nano-materials are respectively obtained.
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further efficient production can be possible.

Furthernore, the source material after the reaction

may be re-charged into the 15 inflation valve so as

to increase yield. Next, exanples of the present

invention will be described hereinafter with

reference to Figs. 8 through 14. Figs. 6 and 7 shows

el ectron m croscopi c i mages of 1fhe source materi al

obtai ned by the aforenentioned production nethod.

Fig. 8 shows an exanple 20 of the nano-tubes obtained
fromthe source nat GNPESTBYALhAPPIAOABRLITY | al

pr oduct r t e
Erbodi rsnpe Fp A aeds eha il Ch P e e el o Py g it aing
fYdRe T hEarekplegdiles 196i- ntha THE G ETo-24Fh eC ¥bt &ﬁnedrcts%uced at a

they pr esent icﬁweﬂéfh]@@raﬂ@ﬁe aabeat Ur @o0koMOtca Because of the
e-11 ke shap 25 thread-1l.i ke

et LTy OO mar Sa0r e b E Rt TR R huRitoproduced

viapor shasmaheadpmspherse, priahofaogl grpwrd ah &heigh efficiency.
egx}gjxes Va!:[ﬂg{lgaqﬁléﬁé%%r‘tl%f V\@J‘fer a\ﬁ%p%aterl ls can be

expl oSl on or conti nuous wat er vapor eX|CI)]| 0SsSI on 8

tr pRRREt P Onchingirg hettEonger rarsLribes thei g@nogmaterlals

t g OUEr - Ar 6 2lteet EENpALEH08GAPH fodiBYL S 10fh Qahst a8 -t ires,
I N an oraaer I st an

30 nano-materjals arr

T R B OrHer = R P P Bo T AG SHT GEPGNSHar it b o8 materials
Cep2ndi imgsdont hecent és, view pdushe phatactéon stfi te @hvironment.
nano- materials such as oyster-shell-1like,
cauliflower-1ike and gat hered-needl e-Ilike
nano-materials are obtained. 35 Figs. 13 and 14 are
exanpl es of nano-materials obtained by water vapor
expl osion set off by pressure relief. Fabric-like and
bal | -1i ke nano-nmaterials are respectively obtained. 16
| NDUSTRI AL APPLI CABI LI TY As bei ngunderstood fromthe
above description, by utilizing water vapor

expl osi on, nano-materials can be produced at a 5
relatively |ow tenperature about 100-200 C. Because of
the relatively | ow tenperature, the nano-naterials can
be produced wth a sinple apparatus, with facility
and in a high efficiency. Mreover, various
characteristics of nano-materials can be produced by
changing cites for capturing the nano-nmaterials. 10
Furt hernore, wastes of petrol eum products such as
waste-tires, used belts and exhausted rubbers can be
applied to source materials
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and it is significant in view of the protection of the
environnent. 17 CLAIMS 1. A nethod of production of a
nano-material, the method conprising: 5 mxing a
substance which is to be a carbon source and a liquid
so as to forma source material; heating the source
material in a pressure vessel t? around a boiling
point so as to be in an equilibriumstate; giving a

di sturbance to the equilibrigg&gﬁﬁge so as to set 10
off a water vapor expl osion; ki ng the

nano- materi als adhere to an inner wall of the

P{ essurge ¥§§1§&£ o (;ﬁ'a%%%& Wﬂd o J’W%HS%Q&P&? the method
claim1l

nano- mat eri al erein the di sturbance
| SR eTton of liquid to the heated source nmaterial.

3. The mmtihofa ehRiadeet h10it10f s & o e- fmtiedd 8budte and a 1iquid
claim %é &¥h rein: the di urb nce is relief of a
ptessi Othe wéated Eéa 20 material. 4. The

nmet hod hafa pregdubti omuofe anatardadaiera gresuckaresdel to arcund
WOered iy d Lk%qults%%r hance k3 16l ease 9&1& €i3RUEES e ;

materi a over-heate state | tOt e vesse
t hr oug@ﬂawq%ﬂ at s e ance. to Sheseain hiwol atsddtgql so as to set

6 Ofl Uty O -ApRAT AL USHRMinSi Rgd a pressure vessel' a
heatin eVIC for heating a source material dis
n t he P aPs %?SQQef“atgﬁlF’EFe%%‘%ﬁe dexi b FEET wall of the

|pq$ﬁﬂurg;WEssaﬂu into the source 30 material so as
tp set fﬁg ﬁ%ﬂ%ﬂ&a fy%QQkig%ﬂlgstn '%ah%emgﬁg§§gﬁeof claim 1,

vessel; a capture device disposed in the pressure
vﬁﬁﬁﬁlna pressure regul ation device for regulating a
pressurithd BistBebPressy enyessebn aNUigbia wwoRhEMeated source

deV|ce tlnely operating the injection device.
3. The method of production of a nano-material of claim 1,
wherein:

the disturbance is relief of a pressure of the heated scurce
material.
4. The method of producticon of a nano-material of claim 1,
wherein:

the disturbance is release of the source material in an
over—-heated state into the vessel through an inflation valve.
5. A nanc-material production apparatus comprising:

a pressure vessel;

a heating device for heating a source material disposed in
the pressure vessel;

an injectiocon device for injecting a liguid into the source
material so as to set ¢ff a water vapor explosion in the pressure
vessel;

a capture device disposed in the pressure vessel;

a pressure regulation device for regulating a pressure in
the pressure vessel; and

a control device timely operating the injection device.
6. The nano-material production apparatus ¢f ¢laim 5, wherein:

the pressure vessel is an autoclave and the heating device
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6. The nano-material production apparatus of claimb5,

wherein: the pressure vessel is an autoclave and the

heati ng device 18 is configured to heat a portion of

t he autoclave, the portion receiving the source

material, or a whole of the autoclave. 7. The

nano- mat eri al production appar %us of claim®,

wherein: a bottomof the autotltave is configured to

recelve the s urc mat eri.al and. t he capture devi

is° aconflsgé‘ldrecg e%} ‘% Bo M SS &s t%lepgrﬁotdoﬁ’et’ §hE portion
anﬂq&ﬂvﬂng|uha)smmr@ﬁp@ﬁthahblandraal@h@iehaffthESauﬁh@lave-

nano- Wh%rhQEO%Qg@JP{éPBI@BQ@E@BH%;&J&&*@S‘%giclalm 6, wherein:
wherein:  the capture device i.s a plate having pl.ural

t hr ough hoFeem of t%@uﬁgﬁba%t@rq%fﬁWFpOq?celve the source
appadatdls aeld ¢hal aﬁptw\h@rcﬁaﬁce gi{e} tilﬁleppéessams@vyets&elbottom S0

Ilndrlcall shape ndhorlzontall ose
i R LR b RS SRR Tl FaZESEg Wb nale.
ehd thé&@oﬁaaﬂdm@twml @aptiupestnemevragatmsr@ﬁ\slbemb wherein:

capabl e ;Qf - pelpg takett qut a%@%a&@nﬁhﬁl@f}gﬁsﬂﬁ%ugh holes.
vessel . 10 nmet hod, of production of a source

ht er i A0 %?n%r%%ﬂ% Pre§UEFiPRSHRATS gt @F icdr M hewherein:
met hod teenpr ¢ séngks vdsyediistdllimy iaalesishadedand horizontally

tc?Jn;_peraet redl gor% ;::fa_g £ from 35%ndt ((): %Os%b E.egool nagc e_lLeast one
JDr ISt far oma resl ua‘? Sl?bsnt ance flor ne
derryd dllh§tl'le|0|fl agd RDuoxi dati oo ewpvieng an U@l\ﬂ%d@fsﬁw yapable of

3HQ§&§“HE%$HWHHE|¥%d b%%'QHaEhéu stanges a@gsgggulatlng
&raln size of the residual stance. 11. The netho

pr oduBEitBRI0t zPré)éiblFééOFFa?Erar SPUEGF PR betiER T diPT BFOdUCtlon
khe1mﬂﬂ0ﬁﬁﬁ&€ﬁaﬁﬁrumi ,CltaienmE@hotihecsipthetnfur t her

conpr i Sd yg—dls% l%q_gll ng esw%t gl: ap%mgngerature in a range from 350
to 400 °C;

removing an impurity from a residual substance formed by
dry—-distilling;

oxidation-removing an unnecessary substance from the
residual substance; and

regulating a grain size o¢f the residual substance.
11. The method of production of a source material for production
cf the nano-material of c¢laim 10, the methed further comprising:

adding a metal powder.



