[ DESCRIPTION] [Title of Invention] Bl OCCOKE MANUFACTURI NG METHOD AND
MANUFACTURI NG DEVI CE 5[ Techni cal Field] [0001] The present invention
relates to the field of producing biocokes using biomass as a raw nateri al,
and particularly to a biocoke produci ng nmethod and a bi ocoke producing
apparatus, which enable industrial mass production of bio-cokes which can
10be used as substitute fuel for coal cokes. [Background Art] [0002] In

vi ew of gl obal worm ng, reduction of CO2 em ssion is pronoted. Especially,
15 in a steghsbRepsigyy coal cokes which are fossil fuels are used as fuel
and reduci ng agents at conbustion facilities |like a Cupola furnace and a
power fur n&Eisle offnvemtionkti on facilities |ike power boiler, fossil fuels

such as cogiortkisaMYUPALTERENE MEFHSS ANISMARETFA CPURYRE DEVRSE fOSSI |
fuels are a cause of global warm ng froma perspective of CO2 em ssion, and

thus the use thereof is becomng nore regulated in 20 the view of
pr ot ect 5 ng [Tdeen@hobRldjenvi ronment. Al so from a perspective of fossil fuel
dr ai n, therﬁxfz a need for devel oping a substitute energy source and
putting sué dlibstitute energy into practical use. [0003] It has been
pronoted to useTht prEsst Weatiotlo€atdsab tat fRld ofoprodticiagbibkdfusiddbbioess
em ssi on igsgpgﬂgtqa%Pthgwins%eay ?f fosgjl fuel . Bionaa&»és n 3} aPic
matter attirbBuf®d To° phot BE) REHESAEDS (o i RSCq e ghes e P tar ,angr% 458 ant s,
crops, andprkiduchemprasites, Byichroeklsshdgsttinbsass ypdsctidn b lnpaslesfvolric ueh , it
becone§0pnghp%ﬁagQﬂghhhkgg?q$pgg§§d%§.an energy source or an industria

: u

raw materi a I's contri es to an environnental preservation. 30The
bi omass can be transforned into fuel by drying the biomass to fuel or by
pressuri zi Mg RbABINAL0 @ fuel pellet, or by carbonizing and drying to fuel

inasolid fo%g1or liquid form However, in the drying nethod, air ratio in
the dried H%%ss renains | arge and apparent specific gravity is small
thus making it th {ieiwCiflglotad whoF@anHp 8Educibn SF 008 eslisdlorf W8lrombtdas Eepsviafy, f uel

I's not lé/er Yn %f sftiee(z:li i% Bst];*grco!ellogoq(egiwtic Ca%e ggsglaf?lggogrtea&siegnasO{ueftag{l a}%gﬁcing
agents at combustion facilities like a Cupola furnace and a power furnace. At
combustion facilities like power boiler, fossil fuels such as coal and heavy oil are often
used as fuel. However, these fossil fuels are a cause of global warming from a
perspective of COz2 emission, and thus the use thereof is becoming more regulated in

20  the view of protecting the global environment. Also from a perspective of fossil fuel
drain, there is a need for developing a substitute energy source and putting such
substitute energy into practical use.

[0003]
It has been promoted to use biomass which does not affect on an amount of

25 CO2 emission in the atmosphere instead of fossil fuel. Biomass is an organic matter
attributed to photosynthesis such as ligneous matters, grass plants, crops, and
kitchen waste. By processing these types of biomass for fuel, it becomes possible to
utilize biomass as an energy source or an industrial raw material. This contributes
to an environmental preservation.

30 The biomass can be transformed into fuel by drying the biomass to fuel or by
pressurizing biomass to a fuel pellet, or by carbonizing and drying to fuel in a solid
form or liquid form. However, in the drying method, air ratio in the dried biomass
remains large and apparent specific gravity is small, thus making it difficult to
transport or store such fuel. This form of fuel is not very efficient for long distance

35  transportation or storage.

[0004]



[ 0004] A nmet hod of processing biomass into a fuel pellet is
disclosed in Patent Literature 1 (JP 61-27435A). This nethod includes the
steps of adjusting noisture content of conmm nuted fibrous particles to 16%
to 28% by weight, and conpressing the material in a die to dry into the
fuel pellet. 5A nmethod of carbonizing the biomass (destructive
distillation) is disclosed in Patent Literature 2 (JP2003-206490A).
According to this nmethod, in oxygen-depl eted environnent biomass is heated
at 200 to 500C, refﬁnﬁbt 250 to 400C, thus tpr ﬂuce o)

rocessing 16 1130 et Is 1£cioesccw1 aten{
charred conpact el I"Oness. Bﬁgf 10HofeVEr Peaccor £0 he hod
di scl osed ﬂmmﬁamenﬂ(ﬂPﬂﬁrﬁﬂﬁﬁé)lfﬂb$0nah®1ushpbe¢bssemswﬁmdﬂﬁuegdmw%um

conpact i ngcorpc@%@{sg&gmimle%mu&t ,{a}e@'tasle)topﬁ??vbaymv;gggﬁgﬁlvr&aﬁ%&%@ém%a' ue

is low, which is not suitable as according to t
destructlvéh%F@¢$$¢a?@dheﬁ%@%@ﬁ“ﬁﬂ@dﬁ@bﬁﬂan Patent Literature 2 and ot her

referenges, progessalddirQiRsshiNas AP 'b?orf(éﬂsu@eé%?uéct%l dlgm%mnlés WRIREE S ed
bi omass but, still has Ioggﬁ(gerent specific gravity and |l ow cal orific

val ue in cOApFAtildtratuge ¢ SIE4992) - g AsePTAEE tpah)érmﬁap%mé%ywnw#% to

coal cokes enWﬂbrﬁheﬂtSbﬂaﬁIas§hl$ thaddea étOZ@Mb@tHODtG ,Ephetirakl9ats0cakesood, AAQ6 1o
Recently, n alternative to g§w$6%g|ocokes are being studi ed based

on 20 PatEHF?C?€éV8?ﬁF%“§Ch&”e o R&358 produced by pressing and

heati ng bi 60095 raw material for a given period of time and then coollng

the bi ogass rawyigt.cl) lecohﬂ nf tﬁ‘%}‘?&?ﬁ%ﬁ%ﬁ%&%n PG PLESE L BRI 5o

heating conditions are s e pressure and tenperature’range
i nduci ng théﬁﬁﬁ%ddeﬁbﬁwb§va@ma@ﬁﬂ&eﬁﬁ@@$¢bﬁ@éeabw5@h@ﬁnakmhammbnhmghwé 25

cel | ul ose gﬁglhlegtg\;glgeyglgal Whiches RN Meldntess Ri.pmass to induce the pul verized
bi onass to react at a om1tenperature whi |l e nalntalnlng a structure of

cel I ul ose and | Mgrpaventasesrébig othgi deishigcve distllatippamithed disglopel FaPeent or

pre-sem - caieetuzed sl beheiBbie@bncel NpiddbsseddYomsRakLd &@rmgﬂa@ms’smeﬂ Sthan
est abl i shed and bi oke wi.th E¢€L%sardness and high densit

The pul¥er PPREPCHIGMRLENTS hdis ORI g Fravoard hrole & aﬂgc
hem cel | ul oslee ih 0O@F3rison to coalMibkbs.t Healsedab G rRE Mdss oM pn@darto thed cokes,
above- |dent fied o ndi, t.i.on ulo§q)be|ng a fiber conponent of the

e
ul veri zed "BirEnEsS F%mﬁﬁeﬁ%%f p%ﬁ%é%%%gs d&nd devel ops adhesion ef fect,
p

and free wHI086] contained in the pul verized 35bi omass induces lignin to
react at a |ow R@éﬁﬁ%ﬁ&é’ﬁﬁ aift%%pdtﬂga fotc%afggk%g,tbjl golgégql% b&*&% studied based on
20  Patent Literature 3.

The biocoke is produced by pressing and heating biomass raw material for a
given period of time and then cooling the biomass raw material in a pressurized state.
The pressurizing and heating conditions are set within the pressure and temperature
range inducing thermal decomposition of hemicellulose or thermal hardening of

25  cellulose and lignin within the pulverized biomass to induce the pulverized biomass to
react at a low temperature while maintaining a structure of cellulose and lignin,
thereby obtaining a semi-carbonized solid matter or pre-semi-carbonized solid matter.
In this way, reaction mechanism is established and biocoke with high hardness and
high density is produced. The pulverized biomass is mainly composed of lignin,

30  cellulose and hemicellulose.

[0007]

With the reaction mechanism under the above-identified condition,
hemicellulose being a fiber component of the pulverized biomass is thermally
decomposed and develops adhesion effect, and free water contained in the pulverized

35 biomass induces lignin to react at a low temperature keeping its structure under the

above-identified pressurizing and heating condition, which acts with consolidation



above-identified pressurizing and heating condition, which acts with
consolidation effect synergistically, thereby produci ng bi ocoke with high
har dness and hi gh density. The thernal hardening reacti on makes progress as
reaction activity spots are i nduced anongst phenolic nmacronol ecul es
contained in lignin or the like. [0008] 5FIG 8 is a table conparing

physi cal properties of biocokes with those of other fuels. The val ues shown
in the table were obtained in experinents, thus should not limt the

present i méﬁ@é_ﬂs?ﬂergistic_ally, t’ﬁére%?%%‘ddcglgt lblgc&k%%l?h h holpzﬁfﬁmes%san(afhi%lil 8%9%@, are
apparent specific qraV|ty 1.2 16 1.52,” naxi num conpressive strengt to
200MPa, heg"ﬁle\mr@@ e rdeing re@ytiRy makies progrersAToRR Hitpneactizity spete airhittarcethess

and conmbustilhgfigtenoMbinaeroRlBREIdsicBSta@ie AL R OFBRS 18N € apparent specific
gravity O. %ghO.G, maxi mum conpr essi ve strength 30MPa, heat val ue 17Ml/ kg,
|

al so show ferior performance in hardness and combusti bl eness to
bi ocokes Proper Fi@s iofa @l cqinkeim ghydRPapeiferSRest Bib&kes aviht shode 8Sother

I e M VT M M TR
Consequent liyit fhetpremdnt ibvotoke is a functional substitute of coal cokes but
52, ovoke, pongaty 4 4Bl 33,8 LA Loy ISRk TR,
1.52, maximum compressive strength 20 to 200MPa, heat value 18 to 23 MdJ/kg, also
10  showing excellence in hardness and combustibleness, while properties of wood
biomass are apparent specific gravity 0.4 to 0.6, maximum compressive strength
30MPa, heat value 17Md/kg, also showing inferior performance in hardness and
combustibleness to biocoke. Properties of coal coke are apparent specific gravity 1.85,
maximum compressive strength 15MPa, heat value 29MdJ/kg but biocoke still shows
15  superior performance in combustibleness and hardness.
Consequently, not only biocoke is a functional substitute of coal cokes but also

biocoke posses a high value as a material.

[Citation List]
20  [Patent Literature]
[0005]
[PTL 1]
JP 61-27435 A
[PTL 2]
25 JP2003-206490A
[PTL 3]
JP 4088933 B

[Summary of Invention]
30 [Technical Problem]
[0010]

Bio-cokes are still in the experiment stage. Patent Literature 3 does not
disclose a detailed structure of a pressurizing device, a heating device, a cooling
device or the like and a control method thereof or how to produce biocokes in a short

35  amount of time and efficiently.

Therefore, it is an object of the present invention to provide biocokes producing



JP 4088933 B [ Summary of Invention] 30[ Technical Problenm [0010]

Bi o-cokes are still in the experinent stage. Patent Literature 3 does not

di sclose a detailed structure of a pressurizing device, a heating device, a
cooling device or the like and a control nethod thereof or how to produce
bi ocokes in a short 35anpbunt of tinme and efficiently. Therefore, it is an
obj ect of the present invention to provide biocokes producing nethod and
apparatus whi ch can produce bi ocokes efficiently and in a short anount of

time. [ Sol yidiRty Lrﬁd Eﬁ&ﬁjaﬁfg wﬂcﬂoc;ligi]produce biocloﬂ Vétgi\é\éegh tal?l i‘%bams/he rplé%l?)l &5, a
first aspect of the present 1nventioni1s a iret hod 0 Ero uci ng brocokes in
whi ch pul véftiped bionass is fed and pressed in a cylindrical reaction
cont ai ner having a bottom part, the pulverized biomass in a
substantiagaﬁ-packed state is pressure-forned while being heated in a

t enper at ur ?%hﬁ@%§h&n§ pressure range to obtain a sem -carbonized solid
matter ®r joogikem - carboni zed solid matter and then cooled to produce

bi ocoke. The nethod of oduci n he bi ocokes nm %nclude, but is not
i ted to a 11 i CSER BRI P 1 ha s LbstEpel Ghe Prewal fbRen 1 a
pul veri zednistioniasSpioduting hieakes om widet pulverizedhtbridsers ¥ophas yrogeld e a
U et e ARAP LA R 3 G0, DL U B G 1
pressure rawgeantgaily packed state is pressure-formed while being heated in a temperature
10 range and a pressure range to obtain a semi-carbonized solid matter or pre-semi-
carbonized solid matter and then cooled to produce biocoke.
The method of producing the biocokes may include, but is not limited to:
a filling step comprising the substeps of:
feeding the pulverized biomass to the reaction container; and then
15  pressing the pulverized biomass in the reaction container by lowering a pressurizing
member from above the reaction container at a pressure lower than the pressure
range; and
a reaction step comprising the substeps of:
pressurizing the pulverized biomass in the pressure range by increasing a pressure of
20  the pressurizing member to the pressure range;
heating the pulverized biomass by means of a heating device to the temperature
range and keeping such state for a prescribed period of time to form a shaped matter
of the pulverized biomass in the reaction container; and then
cooling the shaped matter by switching from the heating device to a cooling device;
25 an ejecting step comprising the substeps of:
reducing the pressure of the pressurizing member; and then
releasing the bottom part of the reaction container to eject the shaped matter having
been cooled.
[0012]
30 In the first aspect of the present invention, in the filling step, the pressurizing
member is operated first in the first pressure stage to press the pulverized biomass.
Next in the reaction step, the pressure of the pressurizing member is increased and in
synchronization with this, the heating device is actuated to heat and pressurize the
pulverized biomass in an substantially-sealed state in the temperature and pressure
35  range of obtaining the semi-carbonized or pre-semi carbonized solid matter. After

keeping the pressurized and heated state for a prescribed period of time, the heating



a reaction step conprising the substeps of: pressurizing thc

pul veri zed biomass in the pressure range by increasing a pressure of 20the
pressuri zing nmenber to the pressure range; heating the pulverized bi omass
by neans of a heating device to the tenperature range and keepi ng such
state for a prescribed period of tine to forma shaped matter of the

pul veri zed biomass in the reaction container; and then cooling the
shaped matter by switching fromthe heating device to a cooling device;

25an ej ect iy e r e substeps of:..reducing,the pres t he
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obt ai ni ng nhﬁmseﬁkfwaw@@mmzeﬁnamnaﬁﬁasemh“@a@b@mwn@dus@hqﬁcnaf&E@pr£$her

keepi ng the‘p ?SSU{IZG and(ﬂ ated state f (prescrlbe p riod of . tine,
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the heating ' devi'ce i BUIWETheY %t ReP €Y |?‘|g TeWr a8 % PEof Rigesurzing
pulverlzednbmﬂwassthhﬁﬂbng$hﬂﬂamhthhaunumgmmhﬂepmesmuraz@@eshamentbﬁﬂueby

pr oducm‘ng Mi' E(Qiptﬁgmggst ter Oiesm&ofn%kl%gétl In. conpade e BN dowtn@f"zegr essurizing

menber eat1 ng devi'ce an e Coo vice are controlled in
conjunctlo 01$ us, it is possible to produce biocokes in a 5 short anount

of time and ef ficiantine S&LH ttﬂggqesgblee &'t%%%éss%zﬁlg%ﬁ@ﬁbelgm Bn $lfoGnt B used
and t hus, bulk density I's her hand Yy usi ng unprocessed

bi omass, i therrgusriasd baoméﬁsgélqd@aébpéﬁacé@ﬁtcanwer mmbe/é?tecfieﬁ ip e pphstep

aspect of bhpropsias Rk pumvee«meuomomme il M@rm@eﬂepbbfofm&gl éqtpﬂ?e3§ﬂgaté})t of ow
pressu#g by the pressuri zi t he I|n ste t hus
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t he react i presswoitiag mermigan e tibownsttz@ hmd@® b3 khe filled pulverized biomass are

within a set pressure range and a set amount range of the filling step that are set in
advance.
By this, it is possible to produce biocokes of the same size without measuring
20  an input amount of the pulverized biomass before inputting to the reaction container,
thereby enhancing a product value of the produced biocokes.
[0014]
In the filling step, the amount of the filled pulverized biomass may be
estimated by detecting a position of an upper end of the pulverized biomass fed in the
25  reaction container using a position sensor or by detecting a period during the
pressurizing member lowering from an initial position to the upper end of the
pulverized biomass.
By this, it is possible to detect the amount of the pulverized biomass filled in
the reaction container. Particularly, detection can be preferred with precision by
30  using the position sensor, whereas the device can be produced at low cost by using the
period of lowering the pressurizing member.
[0015]
In the filling step, a number of times of lowering the pressurizing member may
be counted by a counter in the filling step, and after completing the filling step, when
35  the detected number of times is lower than an expected number of times of lowering

the pressurizing member expected in a normal operation state, it may be determined



In the filling step, the pressure of the pressurizing nenber and an anount
of the pulverized biomass filled in the reaction container nay be detected
in the substep of pressing the pulverized biomass, and the substep of
feeding and the substep of 15 pressing nmay be performed repeatedly until
both of the detected pressure of the pressurizing nmenber and the detected
anmount of the filled pul verized bionass are within a set pressure range and
a set ampunt range of the filling step that are set in advance.

By this, it,is,possibl r.odu of .the same size w thout

measuri ng Eﬁﬁth "SR Egﬁ %h dF%ﬁ% }ﬁ% @ﬁ?ﬁﬁﬂn%ionass before inputting to
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det ection glan b?}; ref er, ed wth preci s#)on by 30 using the position sensor,

whereas th & LU ¢ pr‘?sﬁl}ﬂ@é’@ B PYdw cost by using the period of
| overing tb®Iipt essurizi ng menber . [0015] In the filling step, a
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st at e, Ssu that the pressurizing member failed to lower properly
due tol%ccﬁ?‘? g%ﬁf‘ethﬁf eS‘&B%\HPHH}IPWYSWP%e‘i hlét}tﬁ‘i%]éﬁ% i“keidﬁ’g}nrrenber getting

st ugk near the imkkk Iﬁanﬁdietmeea@cnh@meeaﬂgah&ﬁnm Jiranefiff anit {s Lsedp@sShdl €
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I|t|es r|n ssurl Iver ed bi omass. in a
i mpl o nan ALy TRAU e hg P 1B HBET b 11 e L oP UBHEH] A b e Brogeth i ng
menber. [ OQb&H rapidly and switching between heating and cooling of the pulverized biomass
can be performed smoothly.
20 [0017]

In the ejecting step, the shaped matter may be pushed and ejected from an
open bottom of the reaction container by lowering the pressurizing member at a low
pressure.

By pushing and ejecting the shaped matter of the pulverized biomass by means

25  of the pressurizing member, the biocokes which is shaped in a consolidated manner
within the reaction container can be easily ejected.
[0018]

A second aspect of the present invention is an apparatus of producing biocokes
which may include, but is not limited to:

30 a reaction container in which pulverized biomass is fed and pressed and which
has a cylindrical shape with a bottom part;

a pressurizing member which pressurizes the pulverized biomass in the
reaction container;

a heating device which heats the pulverized biomass within a temperature

35  range and keeping such state for a prescribed period of time to form a shaped matter

of the pulverized biomass in the reaction container, the pulverized biomass in a



10l n the above nethod of producing the biocokes, the heating device and the
cooling device may be a cooling/heating nmediumcirculating unit which

i ntroduces one of a heating medium and a cooling nediumto an outer

peri phery of the reaction container so as to performone of heating and
cooling of the pulverized biomass, and in the reaction step, the heating
medi um may be circulated for a set period of tinme 15and then the heating
medi um nay be replaced by the cooling medi um In this manner, the

I / heat t t heat d
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matter e pushed and ejecte an open t omo e reaction
cont ai ner theé\ﬁéludu Fpret $eanipvephpaigeidzohig mretrﬁ@eao it togprp dygepthe sbaped matter of

By pushi ngtanguieb8sdd Mmhde shaped matter of the pul verized bi omass by
means 25of the pressur|2|n menber, the biocokes which is shaped in a
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[00181 A 5eQaBd] aEPEGhieH cbiBolRr £58BLsukd @ thi Oﬁeb&lr%gamwru%d)f

pr oduci ng b| kes ch ude, but is Ilnlt 30a reaction
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35r ange andhiddepi ngthsudhe sredserd oange, phe sorivdyedd pepmask bémglrmessed dormg a
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P within the pressure range in the second pressure stage, and the heating device may

be controlled to operate at the second pressure stage of the pressurizing member for a

15  prescribed period of time and then switched to the cooling device after the prescribed
period of time.

[0019]
The apparatus of producing the biocokes may also include:
a pressure detecting device which detects the pressure of the pressurizing

20  member; and

a filling-amount detecting device which detects an amount of the pulverized
biomass pressed in the reaction container.

The control unit may perform a control in the first pressure stage such that
feeding of the pulverized biomass and the pressing of the pulverized biomass in the

256  reaction container are performed repeatedly until the pressure detected by the
pressure detecting device and the amount of the filled pulverized biomass detected by
the filling-amount detecting device are within a set pressure range and a set amount
range that are set in advance.

[0020]

30 The filling-amount detecting device may be one of a position sensor which
detects a position of an upper end the pulverized biomass fed in the reaction container
and a device which detects a period during the pressurizing member lowering from an
initial position to the upper end of the pulverized biomass so as to estimate the
amount of the filled pulverized biomass based on one of the detected position and the

35  detected period.

Further, the control unit may include a counter which counts a number of



substantial |l y-packed state being pressure-forned by the pressurizing nenber
whi | e being heated by the heating device within a tenperature range and a
pressure range in which the pulverized bionass is processed into one of a
sem - carboni zed solid matter and a pre-sem -carboni zed solid matter so as
to produce the shaped matter of 5the pul verized bi omass; a cooling device
whi ch cool s the shaped matter of the pul verized bi onass; and a
control unit which controls a pressure of the pressurizing nmenber and
controls sw tchi bet ween t he heating,device and the. coolin evi ce., The
control “unti sy ORI S DR R GEY R FREr bR E PR el T s
10 first pressurieingtmgmbehitod cogrdelgvstdpeiny Bespreesur aange menden vdeoonds
pressure s i i i.t:hi he . eri.zed.hi Ss
bei ng pres?g Qg%@#ﬁgm%?rﬁ%ﬁga?ﬁ£t%ggé§§§¥qéégconé5?%@?1?%h¥h%c%§1g?&QH@
pressure statpstednenmesrnyf tienisgpwes thanzewrl empackidnnwhberpafaimer ef lowayjagithe t he

second pr egsalsBrisinddfe mpdIdxhbh&e N8RS hhEh AP SR JTBXaRe controlled to operate
at the second pressure stage of the pressuri zi er for a 15prescribed

ng menb
period of time aHEPERBATswWHiCheRiting t%élceo@in#nggaewq%@gafdteéwet MAYpriesct i bed
per: og of bbmg/}[eaeﬁag]machemaamnﬁgﬁgsuﬁft_ \pmﬁuﬁmguc\tl\eﬁambidda@ok@&iﬂgaﬁleahﬁ@
i ncl ude: . . pressure, detecting device whic etects the
pressure o?niiﬁecoﬁlﬂlé%gﬁsf‘g‘i‘ g‘ba’éﬁu%ﬁﬁ’élpgeré'nﬁqge reaction cpnipiney 50 Afhe perorm
det ecti ng de¥pLleatimgcinddeblces of thn paiveuiztd dbiontdse. pul veri zed bi omass pressed
in the,;peaction container. The control unit may performa control in
the first pressure stage such that feeding of the pulverized bi omass and
t he pressi hydwhtageeupBiffpetsiof brvebtiomlass in the 25 reaction container are
perforned [gpgptedly until the pressure detected by the pressure detecting
device and the amount of the filled pulverized bi omass detected by the
filling-anount Hettdetpisgeieinvertion einnithhifilias séep. pihes praseurizingemamden iset

anount ranggerkbal fiak en HiR! fidsh p AAV@RCRagd 0208s BQ Thvchizbl bRATDUNExtdBEREL | NG
devi ce [y be one of a_position z?n or which detects a position of an upper
p int

end t h&” puFAsF PR edteBi dffes 8r9sae PEeSHgHec Srhsiers dRereasdevitfe i ch
detects a pgidhoshiditidmgithhhigrids husiizg dgvide i ectubdetol gt ahaprassulriak tthal
to estimate the

position tg fvgelzu %ermgnsdinofant hu s urll Yal i'Zee e bis ES2iRin. Ba x6 rature an
hmount of  DRESFETT CLBETY ST i*ged e BHiaLy fraleda SBHE oRetBy B comEpakyss
positi on antkstlm® range of obtaining the semi-carbonized or pre-semi carbonized solid matter.
After keeping the pressurized and heated state for a prescribed period of time, the
20  heating device is switched to the cooling device to cool the pulverized biomass while
still maintaining the pressurized state, thereby producing the shaped matter of
biocokes. In this manner, the pressurizing member and the heating device and the
cooling device are controlled in conjunction. Thus, it is possible to produce biocokes
in a short amount of time and efficiently. Further, the biomass of a small grain size
256 1s used and thus, bulk density is low. On the other hand, by using unprocessed
biomass, it requires a large reaction container. However, in the first aspect of the
present invention, the pulverized biomass is pressed at low pressure by the
pressurizing member in the filling step and thus, it is possible to input a larger
amount of the pulverized biomass. As a result, the reaction container can be
30  downsized.
[0022]

In the filling step, the pressure of the pressurizing member and the amount of
the pulverized biomass filled in the reaction container is detected in the substep of
pressing the pulverized biomass, and the substep of feeding and the substep of

356  pressing are performed repeatedly until both of the detected pressure of the

pressurizing member and the detected amount of the filled pulverized biomass are



35detected period. Further, the control unit may include a counter which
counts a nunber of tinmes of |lowering the pressurizing nenber when
switching the pressure stages of the pressurizing nenber, the control unit
stopping the pressurizing nmenber when it is determned that there is an
abnormality during the pressing in such a case that the detected nunber of
tinmes is |ower than an expected nunber of tines of |owering the
S5pressuri zi ng nenber expected in a nornmal operation state.

Furt her nore,. .t ting device and,the cooling device be

cool | nol hediithl B 8 P EHEE AN IR RPN RRET TR LI %0 st st ng
medi um andia aslgehéeng Thewi Uit apaasiblute mrpdudephiecokesfoft the p@aetsizen widouai ner
so as to p r - j - . . i : IO 10

[ Acvant ageque BT oo doy RIS Bh AR P Bhal R i EE S OISR 10
in the fil CPHgiretdperabfienpredsgpipzedngt nelvpof thespropoesedtierokés: st in the first
pressurg stage Farhe£sin tHeefiftHgv ez etk RLRIBE S theXH1edNp d1D&rizelOhibRASS 119N
step, the pressurq{ﬁl t he pressur|24ng menber. i s increased and in .

synchr oni z AT BAH WHIGR e 3 Aestiamed syersriced of heprlygtieay! higmpgsieddndhe
pressuri ze rédeeioputonesinge dishi OmBHSsitibn adnSdOSE Ayt Hadebting ealpetost Airengnithéli n

the tenperature.and pressure ran of obtaining the sem -carboni zed
pro-sem  cAIBORIOE BEFPE JAYTARS TR o REGR AGTHE Fi B8 dPPec ana! Rt ed
state for aupesset bibethsper Tivgs, Gf it pnwsible e ea20y Rieadck nhe ddling @miosns Wi tthhied
to.thel§9°§5ﬂ8ﬁ9&¥£ﬁﬁm59 cool the pulverized bionass while stil

mai ntai ning the pressurized state, thereby producing the shaped matter of

bi ocokes. [¥W2Bhi s manner, the pressurizing menber and the heating device
and the cool i nngmabf,echarc%oﬁp%maqugeﬁkemn?Qﬂkwa%gqrhit 104Sed be the nRRSRE D! €
to produce biocokes in a short anmount of tine and efficiently. Further, the
bi omass of d&Viehard the egolingjdegice polhus, thepulyprizechbismaps pae Beheitey of sodledy, On
the other kandy A usitaInt BRIWRLASSAENRI QABSSling bf (RAMINESzA Bidkhass £8ABE 1 ON
contalﬁgr. Fgmevgg, i n the first aspect of the present invention, the

pul ver i 2edPBi O T ¥ WYessed at | ow pressure by the pressurizing menber in
the filling stem andejehtisg stdp, ithe phssddoin@tie® is REhedahdle@etedaffomnin @pet he
pul veri zed, hio As a.result.. the reaction,container. can be 30downsi zed.
Poosoy o AR i Fetebotebapt " By BRFHLE e B T nf Betfrs Pha Bikber
and the anpassumwsf fthespul weposdde Bbormbs djedtl éd bincdkee wlsialtis cthapedhtiai mer

s det ect egh iy d i SHBSLPR: Mo BILALAG, 1S, Ayl ver | zed bi omass, and the

substep of feeding a e substep o pressing are performed repeatedly
unti | th of the detected pressure of the pressurizing nmenber and the
detect ed amprtDREripfign bt biKAnRYI veri zed bi omass are

[0024]

[FIG.1] FIG.1 is a cross-sectional view illustrating a structure of an apparatus

of producing biocokes in relation to a preferred embodiment of the present invention.
25 [FIG.2] FIG.2 is a flow chart showing a process of producing biocokes in relation

to a preferred embodiment of the present invention.

[F1G.3] FIG.3 is an explanatory view of an operation of the apparatus of

producing biocokes in the filling step in a preferred embodiment of the present

invention.

30 [FIG.4] FIG.4 is an explanatory view of an operation of the apparatus of
producing biocokes in the reaction step in a preferred embodiment of the present
invention.

[FIG.5] FIG.5 is an explanatory view of an operation of the apparatus of

producing biocokes in the ejecting step in a preferred embodiment of the present
35 invention.

[FIG.6] FIG.6 shows a hydraulic circuit of a hydraulic pressurization



within the set pressure range and the set anmount range of the filling step
that are set in advance. Thus, it is possible to produce biocokes of the
sanme size w thout nmeasuring an input anount of the pulverized bionmass
before inputting to the reaction container, thereby enhancing a product

val ue of the produced biocokes. 5Further, in the filling step, the anount
of the filled pulverized bionmass is estimated by detecting a position of an
upper end of the pulverized bionass fed in the reaction container using a

position s r| d.durin the r ssur|2|ng menber
| ower i ng f ?x%r%nf?garhlglglr%?%felgﬁlon g%fﬁngg %odlmen&pgt ed)rgg n[% Iéveﬁlullover i zed
bi omass. THEE.7lit i sF%gsslhbWe at fystears stlryctdeQ ef:thetahie)ai‘atluls iofigralvowgtbigfokehe

10pul veri Z@&h@b&ﬁ@ﬁﬁ -a ¢d gﬁgg‘/he%tln%gae{ir%g gé’x{n irf P L ?erl ng&gb({@gleh'{n

circulating unit 1s used as t evi ce an evi ce
Thus, the 6ﬁﬂWéFP%@EUHWGﬁﬂ§s can be heated or cool ed rapldly and swi tching

bet weens he@ticngl and Er9BiNY ShphheivehyQ ok 5%6@1&@%@%9% be 15 performed
snoot hl y. In the ejecting step, the shaped matter is pushed and

ejected froman open bottomof the reaction container by |owering the
pressuri zi ifesaEptiet oBEmbodi@wnpglessure. Thus, it is possible to easily eject
t he blOCOkﬁg)g?ICh is shaped in a consolidated manner within the reaction
cont ai ner & Brief Description of Drawings] [00241 [FIG1]FIG1 is a
cross-secti onal Awreforrdd esbodinieng of the rpreseut enoéntaom apfparost bs descrifed in

ProanciBa BLARRSER LRl &5l B {ofp RLALEWEAREID A T3R80 SIS REESERE

i nventi on. is a OW-Ng & process
bi ocokes i Hnlea$ paytishlarty @pq@rf@ﬁieFirne@lseqnbomahﬂmls,oa‘haph,elt@r@s@m p<|>Sﬂ'M@Wt auuh

[FI G 31FI G jike §uIEKP rﬁQﬁ)terfeM a‘é'1ﬁWst9£t1@e“or9§’%étd09'i‘mﬁ’éatmeof‘w@@{o% l&? tlﬁé(
produci ng bi ocokes in th ling step 1n a preferred enbodi nent

present i nbEeRigRVention.

In the present invention, biomass used as raw material for producing biocokes

15 is organic matter attributed to photosynthesis. The biomass may be ligneous
matters, grass plant, crops, agricultural matters, or the like. For example, biomass
may be lumber waste, thinned lumber, pruned branches, plants, agricultural waste
and kitchen waste such as coffee grinds and used tea leaves.

[0026]

20 In a preferred embodiment of the present invention, pulverized biomass whose
moisture content is adjusted to a prescribed percentage of moisture content as needed,
is used as a raw material. The pulverized biomass may be biomass of a small grain
size such as used tea leaves and coffee grinds without being processed or biomass of a
large grain size such as lumber waste which has been pulverized to a prescribed grain

25  size or smaller.

In a biocokes-producing apparatus of the preferred embodiment, pulverized
biomass in a substantially packed state is pressure-formed while being heated in a
temperature range and a pressure range to obtain a semi-carbonized solid matter or
pre-semi-carbonized solid matter and after a certain period of time, cooled while

30  keeping a state of pressurization. As a result, biocokes are produced. The above-
described temperature and pressure ranges are set within such ranges as to obtain
the semi-carbonized solid matter or the pre-semi-carbonized solid matter by inducing
the pulverized biomass to react at a low temperature while inducing thermal
decomposition of hemicellulose and maintaining a structure of cellulose and lignin

35  within the pulverized biomass. Specifically, in the above-described temperature and

pressure ranges, hemicellulose within the pulverized biomass is thermally

.10.



30[FIG4]FIG 4 is an explanatory view of an operation of the apparatus of
produci ng bi ocokes in the reaction step in a preferred enbodi nent of the
present invention. [FIG5 FIG5 is an explanatory view of an operation of

t he appar at us of produci ng bi ocokes in the ejecting step in a
preferred enbodi nent of the present 35invention. [FIG6]FIG 6 shows a
hydraulic circuit of a hydraulic pressurization nmechanismin r relationto a
preferred enbodi nent of the present invention. [FIG7]FIG 7 shows a system

structure qf the apparatus of . produci ng bi gcokes equj,pped w.t :

ool | ngl hede T ReRRaEn o (1Y g Al S o et ar B B ElcuPiomies 1« ne
present i nwentlyeampbiekldBlighi, GlBulbs andclompia¢latibsee chart of properties of

bi ocokes. ﬁ&%ﬁ ription of Enbodi ments] [0025] A preferred enbodi ment of the

present invention will now be described in 10 detail with reference to the
acconpanyi ng dr &wbagjs. strectiige jaft Bredddocohernmpdncing haitpagatives of phet prefdragd y

SPeCi figd, e@b%@n@ﬁ@exﬂ@%@& ii&'ré‘ﬁereﬁ!&@Q@FId}tl.s Ffﬂ}.qté.h\é%sgﬁé 'bidc&fb%}ﬁ'&ﬂlcri
i ke shall be interpreted as illustrative only and not limtative of the

scope of tRBPHREXehpraYiRgeryiipAricalyeadiionmoakdrtr 5 ehichdhe rpiverasshigwass as
raw mat eri al if QHuRe@dUgi HYuPhAGRKESE thd FehSioQlFRMASerMbtRbpat § [d Rutiaed to
pho;osyntheg%s. gge QLoqgaﬁégay b?LIi negus nag%ers gr ass plapg, C%QPS,
agri cul t ur 57°°hit e VGt ppge Il FdH oy rart of dhadeachie) BatAiter
wast e, thi ajeedng paties is praniédl br gjeethds, biptckat havimgr beeul dhapad. VBiRt @aattich
kit Che?O Wa%ct)n aisn%%r} fas‘seq%?pfpfe ewigﬁ ianﬁiésat%%ddel'\lr§c%dw}tligﬁl hleg svae Scbntggp gp lhe reaction
container 2 to a prescribed temperature and a cooling device which cools the content
having been heated. The heating device and the cooling device may be one
temperature-regulating device. In the preferred embodiment, the temperature-
regulating device has a double tube structure configured such that a jacket is
15  provided around the reaction container 2 to form a cooling/heating medium path 4
between an inner tube and an outer tube. A cooling medium or a heating medium
(hereinafter referred to as cooling/heating medium) flows through the cooling/heating
medium path 4 to perform heat exchange with the pulverized biomass 11 filled in the
inner tube, thereby taking and receiving thermal energy. A medium inlet 4a is
20  arranged on a lower side of the cooling/heating medium path 4 and a medium outlet
4b is arranged on an upper side of the cooling/heating medium path 4. The medium
inlet 4a and the medium outlet 4b are connected to a cooling/heating medium circuit
which is described later (see FIG.7). A mechanism which includes the
cooling/heating medium path 4, the medium inlet 4a, the medium outlet 4b and the
25  cooling/heating medium circuit and which regulates a temperature of the reaction
container 2 by switching between the cooling medium and the heating medium is
called a cooling/heating medium circulating mechanism.
[0028]
The ejecting part 5 has an opening that is the same in diameter as that of the
30  reaction container. Below the ejecting part, an ejecting device is provided to open
and close the ejecting part 4. The ejecting device has a bottom cover 9 to cover the
ejecting part 5 and a hydraulic ejection mechanism 10 to control releasing of the
ejecting part 5. After completing the reaction step within the reaction container 2,
the ejecting device drives the hydraulic ejection mechanism 10 to slid the bottom
35  cover 9 and release the ejecting part 5, thereby ejecting the biocokes from the cylinder

2. Over the reaction container 2, a pressurizing device is provided to pressurize the

.11.



20l n a preferred enbodi nent of the present invention, pulverized bi omass
whose noisture content is adjusted to a prescribed percentage of noisture
content as needed, is used as a raw naterial. The pul veri zed bi omass nay be
bi omass of a small grain size such as used tea | eaves and coffee grinds

wi t hout being processed or biomass of a |arge grain size such as |unber
wast e whi ch has been pulverized to a prescribed grain 25size or smaller.

In a biocokes-produci ng apparatus of the preferred enbodi nent, pulverized

bi omass in_a, substantially packed state.is pressure-for whi | e bei

heated in BUI'EHEE Zkflﬁ?léssr ang& 4Ny §‘epr°§]§§%i"e2r thdfe ptrSSCSg)[%gi Rregsure: it

seni - car bopresedrigiokidvivatihdnder a pressseizingcpisbaniazedssolitk mentber) Gnddaf t er
a certain I o] i .00 i 3 i Ngwa e. .

pressuri za{?l ?%}r?gﬁﬁsgrgggruggaﬁ? 19 xh%glgo éAsesar(seegpﬂ*r(lgg%%eg.he@}ee%%%zg;ég- oot ihed

t enper at ur érigerl byreesssseriziangekndare’ setrewptobita isubh reagigescaasainer 8btBid t he
sem - cag boni,g8d1i8Obl s ISR PechBfishI & SSRUTEA! Bon g RAIRO kG AL LT 1Y

i nduci ng the pulverized biomass to react at ow ténperature while

i nduci ng t RESSRANZa8 cohpeyi T ohheoprasemiieas [Pittes & andtheaprreaiiting calinderdct ur e
of cel |l ul ogg @RdidllyGirdhg3@Withte tdaetiphbyBhinged HcqYTBSSri-SREFisTonC@lowk¥rs I N

t he above-descri bed te(r)I;Ferature and pressure ranges, hem cel| ul ose thin

the pul ver % @82hsmaedon Parhof Hhe P§actpiceR5HEed 2andhe PEFHsHIIFLE HEGRLY 1% o
t hermal | y bpdrdble.to hindnfuih Vier preechrhiedrnstss forsa pRistlilyedogpipaseddingd. [Fugthen,a

cel lul ose and. .hem cel Lyl ose. [0027] .A basjc structure of the. . .
b1 ocokLL: pPBaHes Rkt riihe wvied B AgRal F a8 b R bl Meatrarexiin S i n
ref erence toloBgudinaF| Grettishobssetlhen bawcokestipy oo iratgadprarsatamsit lothavd ng a
cylindrical, .Jeaskil gisggxpgai ner 2 to which the pulverized biomass 11 is
inputted. At an upg r part of the reaction container 2, a hopper 3 is
provi ded t §028kei ve t he pul verized biomass 11. At a | ower part of the

react i on cont ai PR hédradic @r@&ﬁki@&i&@%ecﬁaﬁi§mp8’, QK!; @?gréﬂicedj@c@foptrﬁ@chghgﬁpkes
havi ng_ been shgged. The reaction 10 container 2 is equipped with a heating

t
devi celwni ¢t 2R dhe coplingtheatipe gredinm qrsatatiogmecdarismaie @npgllad by aseriBed
L errpe(rj at % enandoa (I‘ﬁfj)|cblﬂ@old@M;|§QQOVY§ic6ﬂst§tQ@é(§oﬁ @%i@@@&ﬁgﬁtehawmlg ingedes a

eat ed. at eyi a .cool i ng devi ce : one .

t enper at ur §-P bgg?‘u}%gg/{ ﬁgﬁ‘é&ﬁ?’b‘g?nﬁa&a tHE 3P B f éﬂ’?e" ngﬁggéitrfz)ﬁtgr‘ihﬁé includes a
t enper at ur eounegQul @it ampa devérc2ha¥ha cdontsl @01 ubents irichheareof conds gfusweerisgich
that a jacket | 5 .praovi.de u he..reaction container 2 o faorm a.
cool i ngl hedlt P sl B BRSSO B Y PR P R SR ot o LR o
cool i n¢P nedddetoctsa Heemtliof gimrediaumefdrdredicnafrbler referred to as
cool i ng/ hegfghgp nedi um) flows through the cooling/heating nediumpath 4 to
perform heat exchange wth the pul verized bionmass 11 filled in the inner
tube, thereby tBKr-Aghawe apexampingt 2 hedrplicsirsrigp! the hsdiayhicipapsuriagtions 20
arranged OmeghdOWRI BhalepRhtihP8i1GOpLAL HRAL h RenIRE by Pahp 74 ARctudphEdi um
outlet 4b |s arran%ed.on n upg% si de of the cooling/heating nmedi um path
4. The mediUiPCiMFPRTFAP AT ARE ' HRERUSM BUEIPETOBIRNSHS Vabit Bt Pl e ylates a

cool i nzd heatpphy swdumtm «fi kE&i bparhtiel bB. desCr i bagddaatier c{roei€ bétweé). tihe

mechani sm whi.ch incl udes t cool i ng/ heat.i ng_medi ath t he ium
et aa PR H PTG a B S P sa S kg SuliRiey by et EATE 7 8H
and whi ch pegidedt e$ha preanper dtthe @pefatingeil sadtel prittontsaletete®bpy medstichi ng

bet ween t hgen%910175 an%ﬁgﬁ Ppé's atnraethla%%kéc@egi %gipggéfgge %%L}&)Sge@to the control 5

cool i ng/ heat | n% medi um circul ating mechani sm | he“ej ecting part
has an opewiitdOPRata pressure of she pressdiiamstrastond. t Basedopn the pressure detected

30 by the pressure sensor 75, the control unit 100 controls the electromagnetic valve 78
to adjust a pressure of the pressurizing piston 6.

A pressure stage of the pressurizing piston 6 has at least first and second
pressure stages. In the first pressure stage, the pulverized biomass 11 is pressed
during filling thereof at a pressure below a pressure range in which the pulverized

35  biomass 11 is processed into one of a semi-carbonized solid matter and a pre-semi-

carbonized solid matter. In the second pressure stage, the pulverized biomass 11

.12.



30 reaction container. Belowthe ejecting part, an ejecting device is
provided to open and close the ejecting part 4. The ejecting device has a
bottom cover 9 to cover the ejecting part 5 and a hydraulic ejection
mechani sm 10 to control releasing of the ejecting part 5. After conpleting
the reaction step within the reaction container 2, the ejecting device
drives the hydraulic ejection nmechanism 10 to slid the bottom 35cover 9 and
rel ease the ejecting part 5, thereby ejecting the biocokes fromthe

cyl i nder 2.ha%erbeglrl1ergs§a 1tSi on co.nt(?i ntgar a ressuri zi ng device is

provi ded t o préssur Pze the PIpuivErT Zed b oty P H* A% he cylinder 2 to
a prescri bé@3dtessure. The pressurizing device includes a pressurizing

pi ston (a pressyti zj r). 6 uli G.nre i,zaty O hapi sm 8
(see FIG 6). Thgglpr%e%%&?fg?ﬁghﬁ s%ﬁngﬂﬁggggg‘i \%eﬁlﬁé Zﬁg§%s§gr i g?ﬂggc%ﬁ nder
7 to reci predagdephing Haeqispc tirgHaidontragchanism isTeeplaiBedyidruglirpece to FIG.7.

pr essur j zatgyousi AR GHaRb Mt da€idl| AL &8 nA UL 38 tife ISR Ee kEdlng device
pressurizing cylinder 7. The pressurizing piston_ 6 and the pressuri zing

cyl i nder 7C°&p eORtginy gl y“‘&?’i‘léﬁgeé@mwl‘tyh afe spiehiet Hons cift apgseible tReuse a

pressuri zi agplpightcating hoWRMhs ciQuiteaf at hefdend @ppupgirt. Ofn tUhe ERBGEMORtIng
contai ner 2. The Prei?% ri.fli ng .piston 6 is o erabl(la,l to maintain the

pressuri zed P §7FY PRETH] BiFep ar tcostng Ahe Resting MEUMy 10 posi ti on
sensor 20 may b&hpmedidednlio4danéche andddsh tolublat ob of the ner&s®UEdnzAIAGr Plasd ON 6
in a longi j.nal, direction based on an extending and .retracting anmodnt of
R A o G R g S i
t he hydr auk¢dingjheeting nmadichanirswit A5 ig Goafighret ebyc oohbingith @atiatigenedilium
circul ati op; i ol by - i t.ro
nit 100 | S eanort i e e, Latuey, EheTRRh, WG ge s BT a
RAM and an™eA@m pisstipadae Thand dnendies ypta a toatipgmadarmiratiradese 42 @éodm er
101 and a tigmg Aldiunml BeLGAURENS1Q1 2 COLBL-Fag WeE Afpdstdas Gf hewRmi Ng

t he pressurj zj.ng .gl iilon 6 of the hydraulic pressurization nmechanism 8. The
timer 20109°6eERS L period of time of a prescribed control. 100301

FI G 6 shows an Exahpiten®ieadivhy détaiih lige ARris dbinedfeditbe kpadingthédium tank 31.

pressuri zati on mechani.sm , The erating oil is punped from.a tank,76 by a
D 77 and S RePT TR HE ses ERCT IR i Reali B i gl P 326 o Baild
el ect r omagaetenpevahive of 8hatieahing egediate haging2beenuppled. aveferaldy Nheas is
operating gil.; raul i I.r.cui an.th | ectr L& .ye 78
and the. pr ouiieliTechy RA QY fin Bl Gl RELIE R bR B SOGROTRANEb b dle, 0
pressuf@® ofthe prnkopereasingthsi safelty. t Ae puddtt $ide of $heldteatingdnasium Fm&ssliie

sensor 75 @cﬁm@_c@@cfgaQB&M&atﬁi@%éﬁ@mds%%gglﬁge PGk PlEsSHLE vhfelqaputted to
the control unit 100 as a pressure of the pressurizing piston 6. Based on

the pressure det'édt®q abgee shyuithee: dreiegfreatias e reactiqmenéyaey & thaihtee100

control s theyelagedsr ragaeld ere/ adeolldd P cRElIHEL tie REASSULRIA mtf®ard the
pressuri zi

i ston. 6. A pressure stage of fhe pressurizin isfon 6
has at IeagéJat e wpdigmy t%’éléo{ir}da?)‘fetggﬁrr Ehes?‘%tg’ég.'mleﬂl%éf’ici”rts’ts free ulgye tfé‘f age,
t he pul¥er hegthgimedimas fahki S31pr ebs ecoddimgitegtih | Inddguh heupplly dinea 40, esbar e
bel ow a pressure range i.n whigh the pulverized 3 iomass 11 i.s pyocessed
"hto"one’ of SIERck AR Felhal a4 G RS RRne™), BB Rt GotRubhiEET T
mat t er. | nanhheslenomg - pedssurcenst lage42.t he pul veri zed bi omass 11 -

[0032]
The cooling-medium return line 43 is connecting to a cooling/heating medium
30  exchanger 36. The heating/cooling medium exchanger 36 cools the cooling medium
by heat exchange with cooling water such as clean water.

Preferably, a cooling-medium tank 35 is provided on an upstream side of the
cooling/heating medium exchanger 36 in the cooling'medium return line 43. The
cooling-medium tank 35 is capable of cooling the cooling medium at least to a boiling

356  temperature or below, preferably to 80°C or below. The cooling-medium tank 35 is

preferably provided with a stirrer 35a. This suppresses a temperature change of the
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havi ng been pressed is pressurized within the above pressure range. 100311
An exanpl e of the cooling/heating mediumcircuit 30 having the

cool i ng/ heating nmedium circul ati on mechanismis explained in reference to
FIG7. 5 By using the cooling/heating nmediumcircuit 30, the
tenperature-regul ati ng device can obtain high thermal efficiency and
safety. It is also possible to use a cooling/heating nediumcircuit of a
different structure. In the cooling/heating nmediumcircuit 30, silicon oil
is used as the cool.ing and heati medi.um _The diiuminlet 4a,and th

ot um ot PRSPPI O, A p e i ma NGB R, ofiEhy S3nfRSp e
cool i ng/ heatdling peefdrmened.r cuit shown in the drawi ng. The cooling/ heati ng
medi um ci reui t§af ARk SHLERDYLGANPLAENG oPuRaRlLAS FBAN £l e thleand
heati ng-mediumcircult. e nedi um out? et IS connecte 0 a medi um

ej ection | "4& @lvesrid Hrdaf€ hescimradled theatichdrore dhe heatitammadivim tandosidado a

cool i ngs meghdoliak Wit e n# iRl toilN88 tNBYooYidk e dfem db SROEEH A P meRRim
medi um 15ej ection | heati ng-nmediumreturn line 42 is

I ne 41. _ The heat. ] _
connect ed tka3haatithysnidai Gpfitsmedam cirpet ie frmed- eldiewsspkingiredivum dank
ﬁqm pped V\Ii3_5,hth@hch@l@ig€]ieba3ﬂn% rﬂéﬁirﬁld&&:hﬁﬁg?&‘ %%Fletdﬁlgﬁﬁélﬁ&:tﬁlgtlﬁémlﬁfrﬁ%dgpﬁy Bhe t ng
eat|ng nme u aVvil n en co ed. rerera / as | S l.e roma
gas cyli ndgb’ e SAbeALRg TROPD Hash e ERChaR Y a%?bﬁﬁ? eflHER G t he
tank to ensurdltang thateiing risdliontdeairndinke4Df t he heating-nediumtank 31 is

connected to a i.ng/ heat i.n di Hm supply,.line 40 via a.three- al ve
I T (g P R e
cont ai ner goolinjgbheptine enadaym vakvie $048 usaidasiBredregtingnieviod heditheocooling dedte t he
heating megjum.tiovaind dobendaat g kgl n S fer 2. Th

heat i ng- medi um Ci I’@%lﬂll t s “?or rr%a g%ly thﬂg%%% legﬁtltlh%q{g?réet. ilﬁucr%n%%n?(r 31, t_lhsé
cool i ng/ heltd Py vaEadurmaphly i hepdedior codled ravodly ragiinadtdbing batiieembpaling 4

(the react w6z RS pLlveritdiehiFREELUN &intifd § 2B rieA&nddirand the
heati ng- n'egdéjgg]nr eturn line 42. [00321 The cool i ng-nmedi umreturn
i's

line 4%°| ecting to a cooling/heating nmedium 30 exchanger 36. The
heat i ng/ cool i ngAngdtds Exehanges b3oka@ohs rélacios a0l the gpaRdiddneBYodiedht is

exchange w tpllal(:%glii Q% vat er ﬁﬂ?g as clean water. _ Preferably, a
cool i ng- me& M F ARk '98I0S° K bVided on an upstream side of the
cool i ng/ heat i ngArfesi s eX¢hapgersS36 4 fillingestepol linng stepdi 1L the edntrel drine@od 3.
The oo DR U S 25 SRR, R0l SO
cool i n§f nedicluainaritke 3Bydrgupe efressabizgtipn onpchadism t h amdsthe rhedr8gi. ejFhiign
suppr essespR LSRG’ abuie GhaRgeaOfwiiheas the cooling/heating medium circulation
mechanism. In a step S3, the counter 101 is reset. Specifically, it is set to X=0, x
being the number of times of filling the pulverized biomass 11. Meanwhile, the
pressurizing piston 6 is arranged at an initial position Ho above the reaction
25  container 2 as shown in a stage (i) of FIG.3.
In a step S4, the pulverized biomass 11 as a raw material is inputted into the
reaction container 2 from the hopper 3. Next, in a step S5, the pressurizing cylinder
7 is driven to lower at a low pressure by the hydraulic pressurization mechanism 8.
The pressure of the pressurizing cylinder 7 when lowering at low pressure is set to a
30  first pressure stage P1 being lower than a pressure of the reaction step which is
described later. Meanwhile, in a step S6, the number of filling is increased by +1 in
the counter 101, i.e. Xo=Xo+1. When lowering the pressurizing cylinder 7 at low
pressure, in a step S7, it is monitored in the control unit 100 whether or not the
hydraulic pressure P of the pressurizing cylinder 7 is higher than the prescribed

35  pressure Pi. In such a case that the period of pressurization detected by the timer

102 has passed beyond a preset prescribed period when the hydraulic pressure P of
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cool i ng-nmedi um at the outlet of the cooling-nmediumtank 35, thereby
enhanci ng the cool i ng performance. Wth the above structure, during
cooling of the reaction container 2, the three-way valves 45 and 46 are
controlled to switch fromthe heating-nediumtank side to 5 the
cooling-nediumtank side to circulate the cooling nediumto the

heati ng-medium tank 31 and thus, the cooling-nediumcircuit is forned by
t he cool i ng- medi umtank 35, the cool i ng/ heati ng nediun1exchanger 36, the

coollng/hetln rrelum ool i ng/.heatin

(the react ?on 1(g:'!'}Sn g S]?‘?d%r 15 r’r§(§l q‘ﬁréﬂaerbﬁi‘eowelsgrhbeﬁﬁe%s%ﬁe HERE, ¢
cool i ng- nedé¢tumy &t drenstbp 16 43 riviOthe mlaassslrnargn@mndtahé tododvemgPt*aEfartalbl}g thedi um
circulatio t C ' I ChIL te 143 ed
s the heaty ng ey s ook VbiciCAR GBS e AREL LT SO b, kB0 dhe
pul veri zed sthi tonddE 21anq thetiiyeset @aetcribed penedaisrvet tdzten‘ﬁhergldSt he pul veri zed

bi omasss 11[dg34heat ed or cool ed rapidly and swi tching between heating and
cooling of the @ul veri zed biomass 11 can be perforned snoot hl y. 15[50033]
A process of prBaUEr REhesitsEdkEss ch & @satharthe pering obpemerredion AstRstfebt i

expl ai ned ke tiafeer ETZCEaé Passk®.2yond the pre%ef |p'i“§§cr1§§&@)eﬂf)d tWR nPIRCRFE a il

filling ste p S1, thecntrol operates . tq start

filling op8 eﬁf’ﬁ“ﬁ?nﬁ fﬁ‘eap?lssé’ﬁl%‘?g % ﬁ)}ﬂgﬁiﬂeff(’f %E}P'Faﬁ‘i'e§‘fﬁ‘be§(?rie??éllr% iy t he
hydraul i ¢ ftlessambwat éfothe pateaiviesd rhuﬂnmdl timehdydicaivh icont@jirestd Briet@ethhins Sm
10 is ar the copling/h atln |umC|rcuIat|on mechani sm
In a sf%ep Q%thggm@c?ﬂlz blofﬁfsqg rg% (?né“ &cif e ZIey it is set to X=0, x
bei ng t he nunbeThofeteckes obthe fillinigragmure qﬁuhveml@edecﬂ)bms 111is phfarmbd | e,
the pressupigiipg piston 6 is arranged at an initial position Ho above the
reaction 25contaj ner 2 as shown in a stage (|é of FIG 3. In a step
S4, the pul veri ZbiPpsibiasenspt 29sdodeqtag nesttion diofiag wnmsutend fithe putveeized

reaction cpihaisBel fl ful ARbARicAARBREANNG 2. Neden, #tRs et b8Phedvhet & or not the
driven to lower _at a | ow ressure by the

E;gfgﬂﬁ ! B%@%%hl:p?’?g{o?éﬁlmﬂ%ﬁ’?ltgﬁ?Spreﬁﬁ’é 15#%%@?%“%151 thetlgtBssuri zi ng

cylinder 7[oseh | owering at | ow pressure is set to a 30 first pressure

stage Pi being n pr.essure of th eact.i on whi ch. is
described | at ergﬂ%naﬁhﬁg'l ghe; %ﬁglgstaé’bo%é fﬁ% n%%%?zeaf %F)%I‘P%angl j ay be

i ncreased bgtimdtei rbytdmeecct'mgm peridDduyring ehe XGsXiding hrembdr@aemieniggtftren the
pressuri zi 7 r S (N |0 in
Phe-cont r ol g ERUET ] ufine APLETSHSGne L IBrobEBiohes bl lBnTBRYHE:
pressufl zi heg- c;lmthtﬁefrasv, ﬁhg Hﬁr@ﬁeirurmgaﬁhetmesqymgupn me&jn@@pﬁr bysting fRMm tha
such a Casﬁnﬁlg'laﬂosit% neEd of &Hpepreﬁ§§{"[§ (?o%m%‘ 98 e LD sBYsek tﬂ@rlgd Fer o2 has

passed beyond a preset prescribed period when the hydraulic pressure P of
the pressufteRiSffgitdyidetraarined vhethst onpghde 4@&%94 Rerigs Ede ppbeigatsrdbanthe pi

t he processethpetiddng, Tort he step S5 to drive the pressurizing cylinder 7 to
| ower. Preferab the first stage essure Pi at which the pulverized

bi omass is presfégahﬁsnnﬁaﬁﬁerf i @ ﬁ’g‘gs&?pp?’% iy sepgpr1 Fvdhe PGt he Prigthe
prescribhedppesirtdng snasbert 6 lbearisgdemas; &l G034 lis poss1b1e @ deheet ohdhenlihand,
in such a t hat ri.od of .pre o] tected by t 102
has passedgﬁgﬁ%naﬁ VeI'1rZQ§ HOBR Sessc:l?l bgaﬂbcélref%’a ‘?ﬁ%&mtnh@mhyﬁr %re?eiréedpr“élé}%ur e
P of the ppreswsimi i ngneyhe Rdstiod spssoni2§hehetdaarthe ldevipe esicbe pedluoeesslove Pi,
a fi11ing aupphsok th0feAt ¥PbIERTl; PhOPRISATihDplg Beact ion container 2 is

detected s
[0036]

30 As shown in a stage (ii) of FIG.3, when the position H of the pulverized

I'S

biomass 11 in the reaction container 2 has not reached the target position Hi (H<H1)
or when the period T during the pressurizing cylinder 7 lowering from Hi to H is
longer than the set period Ti (T>Ti), it is determined that the filling amount is
insufficient and the pressurizing cylinder 7 is driven upward in a step S11. Next, in
35 a step S12, it is determined whether or not the hydraulic pressure P of the

pressurizing cylinder 7 is greater than the prescribed pressure Pi. When it is
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10t hat the pul verized biomass 11 is shaped into a target size. The
detection of the filling anount of the pul verized bionmass 11 is perforned
as bel ow. The position sensor 20 detects a position H of an upper end
of the pulverized bionmass 11 fed in the reaction container 2. Then, it is
determ ned whet her or not the 15detected position His not less than a
preset filling anount H, i.e. H> H . [0035] Alternatively, the
filling amount of the pulverized biomss 11 may be estimated by detecting a
peri od durln% the p %es§ur|2|n om t he |&%t|al 03|t|on

o the dBREPTEAIPE DY PRPETorr e 1 et @y b e e Ferb e iihe oo
102. In thicglikse, up\hadpei{n odntatasti wheh heipdassnined f<Fonthweproerss Gefupnete ng

fromthe ightial, sq%uﬁg)awg pumrfzgggma%g 19084 doagbhahnedadaaianes, as a

set perio eterm ne Her "or t ect ed
period T i gnAghe é}ﬂé@t%?p pfide mrheuggingtinder Tof S41' Etfrql beyandtihrepentpdnePucthy

usi ng t!‘ﬂe RORIatd 0B é%ﬂ%ﬁrlsoétoﬁgb% BRLd ok -ﬁy@}!{ 'h@gprtegseurezﬁ R’ @S ShHek&irlng
menber 6 ovverln% rom Hi it 1s posSible to detect the filling apount

of pul veri SEPBT Inkrsemes erepde ihag) the |pyescalé€deef986ﬁrec%lna%t}m Biiae rrap Wit tth
preci sion bf/t}ié%d]@erizﬁﬂ b5 dsl 10 eGSO ot 36w e VMG H @RS phdiBt HRMIgGEnduab e

produced at Iowc st using t erio | oweri.n ressurizin
pi ston 6. [00361" %‘%WY%‘? ’gr’é‘ rﬁg@egﬂl’&? step@tas g%ﬁgﬁ F BB RIPEReH of
t he pul ver bt et bioase \&fthmrt inl@ssdreagchn ofipwonhauntest thehadvardtedrisanhedll he

target ;position. Hi H<H1 erj od, T dur t he pr ssur zin
Cy| i nde@ 'bFfore 1nput£1 r%a 1ﬁn confau?ereér ﬁ:‘hathetlhteh Seomassp F (girg%i
it is detepme nedsetdh@md tlhe; bulkl cﬁmgltans)dmt iGn thesether haedltbyammlng heprocessed

pressurizig nﬁa)ég'ﬂg%'éa(%hn oflEdiY & Hf&‘é@hgm'h i ar%fzxeph?]cﬁe NgXleq b?b@ﬁ%eﬁ% ep

S12, it is determ ned er or not t (gres ure P
pressuri zi iy &gl fikiner stepj sthgré‘alt"éli‘lzqdhézlipm%?é pr esestbett prresyerareiby Waen it

is deter nbﬂé%gulpﬁng plsﬁolﬂefiprégﬁe&%sr et Y& NRsdillet AL 1§§L§pa5l:h;getroa1q51hﬂ/teof hge
pressuri zi ng. cylinder gward In contrast, when it is determ ned P<P1,

t he pri')%esgu]rvéflﬁ“i’drlgmfné‘sfllm Aepresilty the igaetion ‘FPé‘%‘BPK/bSrdrOZ"é’dlzﬁiiormss 11 again

as shown i fom7stage (iii) of FIG3 and the filling step of the pressurizing
i nd 7 of 5 db d ted..S h ted t

ctopped once RO R dF Sul e BPEATrE BeBrot Ha spellis rag CY T Aaapeyesd

becones gr eaherss tthans rérehpd escrarbadilpng asonet, Phe anetethad viankdsi thg seppldto H of

the pul ver H%t%g?qﬁl OVU?%Sc%exlg'r I?(ﬁctgg%lsl %%}“ o% foﬁ\]?lﬁ ??F V:[epl%e 1%%1%%3 {iéte!:te@% %ﬁ%unt

Hi . ormn
to pr o%mcecmlxﬁ@mk(élsxmfs lpbﬁet@aln@esqrz@rﬂwd tmamberreéﬁlhngn@(aanlm ﬁ‘p@t a azmwrhtat of

the pul verikged hiQMass lie prescribed number of filling, Xa, it is assumed that the
pressurizing piston 6 failed to lower properly due to occurrence of abnormality such
as the pressurizing piston 6 getting stuck near the inlet of the reaction container 2
and the device is halted in a step S10. In such a case that Xo is not less than the

25  prescribed number of filling, Xa, the process advances to the reaction step. In this
manner, the number of filling the pulverized biomass detected by the counter 101,Xo
is counted by the counter 101 so as to detect abnormality during pressing the
pulverized biomass 11 easily in real time.

[0038]

30 In the reaction step, in a step S13, the pressurizing cylinder 7 is driven
downward at high pressure to lower the pressurizing piston 6 as shown in FIG.4. By
this, the pulverized biomass 11 is pressurized at a prescribed pressure range Ps
(second pressure stage) which is required to induce the pulverized biomass 11 to react.
In a step S14, the pulverized biomass 11 is heated in the prescribed temperature

35  range by circulating the heating medium in the cooling/heating medium path 4 of the

reaction container 2. The prescribed temperature range Pz is set to the pressure and
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10 before inputting to the reaction container 2. Further, the biomass of a
small grain size is used and thus, bulk density is low. On the other hand,
by usi ng unprocessed bi omass, the reaction container 2 nust be made | arger.
In the preferred enbodinment, in the filling step, the pulverized biomass is
pressed at | ow pressure by the pressurizing piston 6, and thus, it is
possible to input a |larger anount of the 15pulverized biomass 11. As a
result, the reaction container is downsized. [0037] v%en it is
deternlned in th S8 t.hat. filling.anmount. .of th ul v ed bi pmass
15 has reattBr PRt v ERgE e BR 1 es e e TP EBe Sy e b Sat G pEp. So
t o det er m hemwhkBtles aod ligmtin tvshdnntthbemlm‘nzfed Iblidmgest hBrgfedabby ithe drdseobaks s

detected by the. &Qﬁggy@@c Sjtﬁ 5?6%6' $nd BSSe IB ﬁtﬁ{l’, ral §§SC£eittB§qd§' ”%gofeCOf

filling, Xa. Fn

case t ess rescrl rof
filling, XZhe pulviesized bigmads tlhatltltlhehq)re@ssm pcmtmlgepﬂss vaigaingiliedhe dbavewer
properly dH@m&&e@%@&kﬁﬁ%&?a&ih@Q@@%EﬁkH%ya%H€Qm%§l&Pﬁm@reﬁéﬁﬁméhﬁg Wheif on 6
getting stuck near the inlet of the reaction contalner 2 device is

halted in @%t@bu-‘stﬁthq wlgden inotuae thhpulvesizpd bt?é‘tasﬁééslstrﬁ%ﬂﬁtftlﬁ%d irp the
prescri bedapsithRkcr@ed frebdudted Xad HeR dR £ €651 BEVANGESutES) WiRBedCHBEH Oib

step. In this manner, t.h r of filling t ul verj zed hi ona s detected
by the couﬁ?‘ﬁ?s fgfg%ly{l &(,r mt;l)gqimﬁy L ui‘t?ﬁﬁf"gﬁ’ %@alss bié% magniging

abnor nmal i tybdmrdelqlwde;ﬁehmm‘ebenﬁuieueerdl gatk b 00as 60 hilinagsi | In arstarpe&ls,hu me.

[ 0038] OIn rea tep S he . pres uri zi | i nde 7
ooari WEn Bolitemn RGPV BRe HERuck @ B Rk ing hESPESEHIM Fifafit b

shown in FisGovker. BPnthithe Hda@wuhwhumze’dcﬁh@ctm%rim ip vpr, etfbsucrqotlegi’haettnm
prescri bedm%'aﬁﬁxgld{r@u a@g%g&agﬁ%%ngﬂﬂéﬁﬁsﬂ rﬁ tﬁg q}%ﬁ)mg}{l&&}ufﬁs’co t%]gl“!:'ogl?ﬁig to

i nduce the pulv rized bi onass re veri zed
bi omass 11medigsq gt Q‘}rftulh‘@lcm ‘efsﬂ‘}? p%éulgtlet?ﬁpemdﬁp dhe C@%lmaﬁgetlbg nt,eldtltm path ng

the heatingingdidpsid the 6RAINGLNEAL] NB JFBA %p@tm&e%ﬁeb% @e@&ﬁ §pn

container 2. The prescribed tenperature range P2 is set to_the ure and
t enper & ur &' F%tttﬁé)rmmtcﬂlq rpieggneHemnarcHatohpssrd i 8P sF t%%enﬁhe i#&ni ng
of henmi cel halinse caddlatio PeRiow it liver, tthe cpdhMeibh 28dhbicosmagS meRiel ef afobyed t he
prescri bed ‘% ssure ragge P2 |?hZeset 8 tng 25MPa and the tenperature range is
set to 115% CCCSTREVHICY & P BISE®, 11 within the reaction contai ner
2 is maintHioBed in the above- 5 described pressurized and heated state for
a set period of For inst.anc the radi us 9 the- cyli 50mMm
t he pul veri zed |%lge ecuff Steép ﬁ%lanst%%? \ré@%ntl nthe above: &Ielg%rrz sy%fap@?%glé%eﬁ zed
and he2t edasshaven ofIGLY and 126 stémBiBdhe Whdralis ejephien ntehlearisi 1@518 dfivemgo
cylinder i g;d50mmottdie CQHJ hé%@le@s@%@%;e%t‘m% %agpbnt ﬁb}&e%l' stIeBeS2O the
above-descri bed pressurized heat ed state 60 mnutes. In a
step S15, PYesswiipipg cylérdarnd wedritsyy tonlewer abp lq‘wlaﬁerméq PBh Awt theHocokes

heat i ng- medd YyradeicsC Wl aitd RACRES cOaindr QVAS shotimea tfige (9 AF IFNG-5TeBiyWhls, the

ci rcul atIOF_ E@%ﬁo@ |}31 over Wge cool i n /he ting me |um i rcul atlon ,
mechani sm P8 tienBkich g she ’I’i‘e%ttc??f@ G RS (RHEROENe] 554 F U P eT
start 2j rcedrdlbd @ilpfejdcteal. cool i ng medi um to t he cooling/ heatl ng medi um pat h
4 in a step S1 I n manner, si ar. t t he abo e case, determined in
a step S17 15 wﬁelt‘ﬁglrle o h ttept%é lSléljetji ﬁ’f Eherrcoﬁl%?ttltge pﬁ% o ?1'5

over. Onceptehgurgcnng pm@n@demmedlhymhle azbsntmnnpemso@dmt&s owathed tah@wmvwaedj Ihatlt on
of the coold po. gR %kﬁ'ﬁﬁlb dsAPREd. aWhe%h@heDéQe%gﬁ%zﬁgV&%%s 6!t NBCRILERL NY

step. 100391 In'the eje ng step, In a st pressuri zing cylinder
7 is depr edetiwaddimQthesprshowiring cHindes 7amdr1vnnato értffeﬁlesztresswrwengqg/@tomﬁ ic

ej ectign NECRANLRIBLQ inSa Adp’ 882 § A8 lbbfiSmt A POLLUMLAVE!a BB S eheare the
ejecting part 5, Next, in.a ste S20, the pressurizing cylinder 7 is driven

to | ower aRTesSWERiNHPEEUYP ds tl‘éfe%a% hnotiwatft]ént)%%kfee 2 gfep rduc dBen v hee
reaction csthailRgéraZiodSstelWhinBnd iSin@eledith tBé chltmluniBYod I 8 stdph&2Ritheokes
19 which i c?pe?‘gggegs sltgppaedclgnasgtlei) %%%ed\xﬂ‘l%n t (ra n\é\'}'rglal (?petrgt?ox{ St%gtct)glrﬁiacgr}g %ioper
inputted to the control unit 100 in the step S25, the process returns to the step S3 to
35 reset the number of filling times and then the filling step of S4 and beyond is

repeated
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25can be easily ejected. Meanwhile, in a step S21, it is determ ned
whet her or not the position of the pressurizing piston 6 detected by the
position sensor 20 has reached a downward limt of the pressurizing
position 6. Wien the pressurizing piston 6 has reached the downward limt,
the pressurizing cylinder 7 is driven to |ift the pressurizing piston 6 30
at low pressure in a step S22 , the bottomcover 9 is closed in a step S23
and the pressurizing piston 6 is lifted to an upward end thereof in a step
S24. Then, [yfy@n a normal -operation stop command is inputted to the control
unit 100 in a step S25, the operation is stopped in a step S26. \Wen the
nor mal - oper at i ol sheoprefmrherabedimaat, firafpint thedilling stive, dwrtresiuriziig pisO § n
the step S2HopdrhfdPMOGRSSrst @&@9& kQgl he p§és%pch§%umr§§a ¢ghadsnA . NWRREL, Of
filling tIﬂES and then the l'ing s? and beyond is repeated

[ 0040] TeAciHe shief B @de%*ﬁﬁ%dfifnéhﬂ prﬁ?%tzmgn pestenf § 1 1si ARCredssp, it he
pr Fssurszud l%n(}[hlr&h@zftl(ﬁl ivsthopediagesdt the Heaanglxﬁ&ﬁu@rt@%urc@oﬁﬁgag@athfg i%@ﬁ@n the
pul veri ze

n the reaction, step, essure of the
pressuri zi K hb??? BFesguiee ?%L%aa{“s%‘a H"ﬁver eg HEPASS AT fg‘i f%ﬁtw EAPPIEYIR o
t he heat|ngnnndaunbwmduhawuﬁ@fmn@hhehﬁmmghmaﬁhmmnmwmhm4muﬁeﬁém$&umbﬂ@ahnd
heat the pulyeri,ged DLpTARs L 406 LeqchLon sontakner.im, Lhe. L anperatyre
and pressure range to o R Ba C PERTIELP D SR FE Presemi ccar r'zed
sol id matt ef timaf tleg Cdoélegihngtlnaenqdn@sswch Zed %tsntbhhtééioed thedt heas:nfg)meélum to
prescr ﬁ@edtlﬂﬁrcbaglgoﬁnetd'lm tot Iagolcﬁfy 'pﬂg/ep&@& 'kﬁ%ﬂ%dkﬁ%% p?tltlliﬂ xﬁafn%a gI Qﬂeed

fromthe heating nediumto cooling nediumto coo e pu veri zed
bi omass whPFees$tizqd stghe ntherehyngradvsingr tes ahaneddmstiar oof hineokedyl%r dauidiing

t he shaped nfé&hbﬁ"th@ﬁydl‘aﬁﬁ@bﬁ'e%sxlﬂzathd?l ﬁl@éﬁanﬁ@ﬁ‘ BC%he Hyr&?athchJ@dﬂo'nCmechanlsm
pressurlzaib ﬁ@ hani sm the hydraulic ejection nechanism 10 and . the
[

cool i ng/ he dﬂ?Bﬁg%ﬁﬁﬁﬁldﬁﬂﬂﬁ@héﬁFg 9P e MCERATHET 84° i FPRERetinkt i on
by the Cont:cmjhncunmt b;&fﬂﬁb ccTﬂw& uhit 108. PUB&S, bk €s tposdai1e thd CiroBu @C Bloeskek Mnda
15shor 5 DUn. %fu£ n%Qd gl erl)gptly [I ndustrial Applicability] [0041]
Wth the bi ocoResS pr OdUct AG” SpParatus in relation to the preferred 20
enbodinent it is pOSSIb|e to efficiently produce bi ocokes havi ng high

har dness a ich can be used as an alternative to coal
cokes. Furpﬁdnggﬁ%gsgﬁ%%ﬁt s produced according to the preferred enbodi nent
can be uself Oééfa heat source, a reducing agent or the like in a Cupola

furnace or a blast, fine na&@coi{% p?od%@ﬁl' nQap'iSQPi{BQCEI&” S‘Jelgfmﬁm th ”be'féﬁf& ure,
and can be used as a burnin such as a power and sl aked

lime, 4hd gPBefiment ifds apssal edﬁueﬁwﬁ%‘/ pmsluﬁ? @m@l@ﬂ«fpheevs@s mhsbwélﬁ@%aw t he

bi ocoke. high density which can be used as an alternative to coal cokes. Further, the biocokes
produced according to the preferred embodiment can be used as a heat source, a

reducing agent or the like in a Cupola furnace or a blast furnace for a casing

manufacture or an iron manufacture, and can be used as a burning fuel such as a

25 power boiler fuel and slaked lime, and also as a material utilizing the high

compressive strength of the biocoke.
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[CLAIMS] 1. A nethod of produci ng biocokes in which pulverized biomass is
fed and pressed in a cylindrical reaction contai ner having a bottom part,
the pulverized 5 bionmass in a substantially-packed state is
pressure-formed while being heated in a tenperature range and a pressure
range to obtain a sem -carbonized solid nmatter or pre-sem -carboni zed solid
matter and then cooled to produce biocoke, the nethod conprising: 10a
filling step conprising the substeps of: feeding the pulverized bionass to
t he reactigﬁ éﬁﬂ% i ner; and then pressing the pulverized bionmass in the
reaction c % by lowering a pressurizing nenber from above the
reaction container at a pressure |ower than the pressure range; 15 a

reaction syep COFPLLSI AT EFod%gl 3 BRTIQL  inPLRE: ”“ﬁz'e{‘%’edt 55‘90 WL VEr fogeghy

bi omass in the ressure range i ncreasi ng a ssure pressuri zi ng
menber to mh@sbf e saurcelindmepe ; rehefaqn ngnftahearphﬂweglazédtt@nomst}w pHbgnigedf a

heat i ngs deyi sk %W@uﬁs@ﬁ%@aﬁﬁiw&e@%ﬁ%@ gﬁ‘g@ukeeﬁ)ﬁ)fn ) xﬁ}eﬂ\ehbeﬁhgth%atfegrmaa

prescribed period of time toforma shaped matter pul veri zed bi omass
in the realtPeiyabyRtransernd rRyeshan raps iOn@jJtmea strapedbemirederolisymatiet ehi ng

fromthe head-bdigi-G@¥bfhiLed Qoldl @RALdrNSnHeNEL o018 o 278iu@] BietdkRY tB &fkthod
conprising the substeps of: reducing the pressure of the pressurizing

menber; an8®TRERBel easing the bottom part of the reaction container to
ej ect t he shaped matter having been cooled. 20 2. The nethod of producing

the bi ?&Okes %Cfﬁﬁﬁg%t%g c%r%p%ilsg'lig%% 'substeps of:

feeding the pulverized biomass to the reaction container; and then
pressing the pulverized biomass in the reaction container by lowering a
pressurizing member from above the reaction container at a pressure lower than
the pressure range;

15
a reaction step comprising the substeps of:
pressurizing the pulverized biomass in the pressure range by increasing a
pressure of the pressurizing member to the pressure range;
heating the pulverized biomass by means of a heating device to the temperature

20 range and keeping such state for a prescribed period of time to form a shaped
matter of the pulverized biomass in the reaction container; and then
cooling the shaped matter by switching from the heating device to a cooling

device; and

25 an ejecting step comprising the substeps of:
reducing the pressure of the pressurizing member; and then
releasing the bottom part of the reaction container to eject the shaped matter

having been cooled.

30

2. The method of producing the biocokes according to claim 1,

wherein in the filling step, the pressure of the pressurizing member and an
amount of the pulverized biomass filled in the reaction container are detected in
35 the substep of pressing the pulverized biomass, and the substep of feeding and
the substep of pressing are performed repeatedly until both of the detected
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wherein in the filling step, the pressure of the pressurizing nenber and an
anount of the pulverized bionass filled in the reaction container are
detected in 35the substep of pressing the pulverized bionass, and the
substep of feeding and the substep of pressing are perforned repeatedly
until both of the detected pressure of the pressurizing nmenber and the
detected anount of the filled pul verized biomss are within a set pressure
range and a set ampunt range of the filling step that are set in advance. 5

3. The net hod of produgi t he bi ocokes .accor di | ai m 2, ereip.in the
Tl ng st op, PHBREBLuEe GroTHE R PG| Vbt D G Haebonet Sbriprabbil by
detecti ng a posiverioed bfonans appeithend safpreh@rpvdnserandedsddiaanags rdred of hhel O

the reaction ¢ontai.n S| . position sensor or by detecting a period
during the pr%ggﬁ$%§$%ﬁﬁﬁgggg%nfbﬁ%%%%g froman initial position to the

upper end of the pulverized biomass. 154. The net hod of producing the

bi ocokes according to claiml or 2, wherein in the filling step, a nunber
of tines of lowering the pressurizing nmenber is counted by a counter in the
filling stép, anbhapediodbrprdacingghe hiocpkes dcperdingely claieh t he det ect ed
nunber of tines is |ower than an expected nunber 20of tines of |owering the
pressuri zi ng nber expected in a normal operation state, it is determ ned
that there is%afi"aBndr 2l ifﬁk}ng Ft¢heteupRPRRpt %Fegﬁ?‘ﬁg’.ul‘?,“fjﬁé HeRadd 1of
produci ng t heelinendas deedingianghsitiorCdfainMigper end of the pulverized biomass fed in

10 the reaction container using a position sensor or by detecting a period during the
pressurizing member lowering from an initial position to the upper end of the

pulverized biomass.

15 4. The method of producing the biocokes according to claim 1 or 2,

wherein in the filling step, a number of times of lowering the pressurizing
member is counted by a counter in the filling step, and after completing the
filling step, when the detected number of times is lower than an expected number
20 of times of lowering the pressurizing member expected in a normal operation

state, it is determined that there is an abnormality in the substep of pressing.

5. The method of producing the biocokes according to claim 1,

25
wherein the heating device and the cooling device are a cooling/heating medium
circulating unit which introduces one of a heating medium and a cooling medium
to an outer periphery of the reaction container so as to perform one of heating
and cooling of the pulverized biomass, and

30
wherein, in the reaction step, the heating medium is circulated for a set period of

time and then the heating medium is replaced by the cooling medium.

35 6. The method of producing the biocokes according to claim 1,
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wherein the heating device and the cooling device are a cooling/heating
medi um circul ating unit which introduces one of a heating nediumand a
cooling nediumto an outer periphery of the reaction container so as to
perform one of heating and cooling of the pulverized biomss, and wherein,
in the reaction step, the heating nediumis circulated for a set period of
time and then the heating nediumis replaced by the cooling nmedium 356. The
met hod of producing the biocokes according to claim1, wherein, in the

ej ecting step, .the shaped tter hed an ecte om an, gpgn_bottom
c] oL L1 St oD SoREC. B Lt S USES,a0d, o ech o {1020, a0ED ol
pressure. 7 Anpapbatrt@rhuﬁ" thé rmomducz:bngmhnrd@olos&rmgrrhé ipstdsgriziag rmeashdroat a

cont ai ner ﬁﬁ$éﬂ”9 #verized bionass is fed and pressed and which has a
cylindrical S th a bottom part; a pressurizing nmenber which
pressurizes the pulverized biomass in the reaction container; a heating
devi ce yhich heats the pulverized biomass within a tenperature range 15 and
keepi ng such state for a prescribed period of tine to forma shaped matter
of the pul Veri zednBrodasss eiprofiecinghioeqksn cewpriginger, the pul veri zed bi omass
in a substantially-packed state being pressure- forned by t he pressurizing
menber whil e bei ng. heated by qb ng degice mrtg(? tenpgg gnﬁ%range
and a pressuré’?&ﬁﬂﬁlFﬂ“ﬁHWEﬁn EFESLAIBasAde doG anthposaes e 65" one
of a semi - 20®a§b@phﬂ@ﬂmﬂ@haﬁewahbﬂﬁmamdpampre sem -carboni zed solid matter
so as 0 produce the shaped matter of the pulverized biomss; a cooling
devi ce " whi ch cools the shaped matter of the pulverized bionass and 25a
control unit ere*sua:an'tg oksibar phéadspreeswizet hbe pnbssined blon@.SﬂBﬂﬂ&r reglon
controls switg g1 between the heating device and the cooling device,
wherein the contro unit controls a pressure | oaded on the pulverized

bi omass to a first pressure stage which is below the pressure range and a

second pressuy&e30nglRoRe \eml&hhta%s Whi PiRefil&l PORSSYULEHERRIEmpLAGuRUlYEE | zed
bi omass_being pressed during filling I1n the reacting container in the first

pressut® st agénérlfaettiés HYch pake &r@s@arqrﬁt@d RfR o tinMetopfrra suhered Agéter 91 t he

second pressuklge $LuRGLze@MIbmass in the reaction container, the pulverized biomass in a
substantially-packed state being pressure-formed by the pressurizing member

while being heated by the heating device within a temperature range and a

pressure range in which the pulverized biomass is processed into one of a semi-

20 carbonized solid matter and a pre-semi-carbonized solid matter so as to produce

the shaped matter of the pulverized biomass;
a cooling device which cools the shaped matter of the pulverized biomass; and

25 a control unit which controls a pressure of the pressurizing member and controls

switching between the heating device and the cooling device,

wherein the control unit controls a pressure loaded on the pulverized biomass to
a first pressure stage which is below the pressure range and a second pressure
30 stage which is within the pressure range, the pulverized biomass being pressed
during filling in the reacting container in the first pressure stage and being then

pressurized within the pressure range in the second pressure stage, and
wherein the heating device is controlled to operate at the second pressure stage of

35 the pressurizing member for a prescribed period of time and then switched to the

cooling device after the prescribed period of time.

.21.



wherein the heating device is controlled to operate at the second pressure
stage of 35the pressurizing nenber for a prescribed period of tinme and then
switched to the cooling device after the prescribed period of tinme. 8. The
apparatus of producing the biocokes according to claim?7, further
conprising: 5 a pressure detecting device which detects the pressure of the
pressuri zi ng nenber; and a filling-anount detecting device which
detects an anount of the pulverized 10bi onass pressed in the reaction
contai ner, wherein the control unit perfornms a control in the first
pressure stage such that feeding of the pulverized biomss and the pressing
of the pulverized biomass in the reaction contai ner are perforned

repeat odly gunt i | pine BLESRUTS SRLGEhSTyRY 1R LN (PLERTNT & RbACH! Mgntleyi co

and the amount o verize onass

filling-amoempriglegecti ng device are within a set pressure range and a set
amount gange that are set in advance. 9. The apparatus of producing the
bi ocokes according to claim8, 20 wherein the filling-anmount detecting

devi ce i s oneaoPregsgssietesting elesise whickhdefeetsctly argeura icbribef PEFSWIFHRF end

the pul veri zed,chiepassi fed in the reaction container and a device which

detects a period during the pressurizing nenber lowering froman initial

position to the upper end of the pulverized biomss so as 25to0 estimte the

amount of t heaffillingethnpatnteddtz@chgbdovias svHias @dteats aneamburdthef elet patvedized

positigﬁ and the detectgghpﬁfiod 10. The device of producing the biocokes
g ,

accord to RIPHasS presse e reaction container,

wherein the control unit performs a control in the first pressure stage such that
feeding of the pulverized biomass and the pressing of the pulverized biomass in
the reaction container are performed repeatedly until the pressure detected by
15 the pressure detecting device and the amount of the filled pulverized biomass
detected by the filling-amount detecting device are within a set pressure range

and a set amount range that are set in advance.

9. The apparatus of producing the biocokes according to claim 8,
20
wherein the filling-amount detecting device is one of a position sensor which
detects a position of an upper end the pulverized biomass fed in the reaction
container and a device which detects a period during the pressurizing member
lowering from an initial position to the upper end of the pulverized biomass so as
25 to estimate the amount of the filled pulverized biomass based on one of the

detected position and the detected period.
10. The device of producing the biocokes according to claim 7 or §,

30 wherein the control unit comprises a counter which counts a number of times of
lowering the pressurizing member when switching the pressure stages of the
pressurizing member, the control unit stopping the pressurizing member when it
is determined that there is an abnormality during the pressing in such a case
that the detected number of times is lower than an expected number of times of

35 lowering the pressurizing member expected in a normal operation state.
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30wherein the control unit conprises a counter which counts a nunber of
times of |lowering the pressurizing nenber when switching the pressure
stages of the pressurizing nenber, the control unit stopping the
pressuri zing nmenber when it is determined that there is an abnormality
during the pressing in such a case that the detected nunber of tines is
| ower than an expected nunber of tinmes of 35l owering the pressurizing
menber expected in a nornmal operation state. 11, The device of producing
t he bi ocokes according to claim 7, wherein the heating device and the
cooling device are a cooling/heating nmedium5 circulating unit which

i ntroduces lone ofhadheat ifpgoduwiigithednctobecanbidigs tvadaiunyt o an out er

peri phery of the reaction container so as to performone of heating and

cooling of the pulverized bi onass. _
wherein the heating device and the cooling device are a cooling/heating medium

5 circulating unit which introduces one of a heating medium and a cooling medium
to an outer periphery of the reaction container so as to perform one of heating

and cooling of the pulverized biomass.
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