1 SOLI D FUEL BACKGROUND OF THE | NVENTI ON [Field of the Invention]

5[ 0001] The present invention relates to a solid fuel. Mre
specifically, it relates to a solid f&el whi ch nakes effective use of
wast e wood, wastepaper, a binder, a formretaining agent and a
caloric augnentation agent. Miuch nore specifically, it 10 relates to
a solid fuel which nakes effective use of wood and paper wastes, a

bi nder, a formretaining agent angh@rgsargsi c augnent ati on agent,
produces as small an anount as possible of a harnful gas or residue
after conbustion, has a large calorific value and | eads to the

suppr essipgorokotie produet ireapeefr roar bon 15 di oxi de, especially a
solid fugl_siitagle for use as fuel for power generation. [Prior
Art] [00651SAFoRy WehIPKEADABE ni zation of |iving, waste products 20
such s|as ywodinwast e, paper waste and plastics are produced in |arge
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pl astic e psed_in power boilers as alternatives to oil and
coal butﬁg\?‘tﬁ‘ caﬁélg% sa?%l that their effect of suppressing the

product i BRrbPr cA¥bobn dioxide is still unsatisfactory. 5[0003]
(0002]

Along with the modernization of living, waste products
20 such as wood waste, paper waste and plastics are produced in
large quantities from domestic lives, production plants,
processing plants, etc. and the disposal of these waste products
is now a social probklem. Most of these waste products are
collected and burnt or buried in the ground. However, the
25 proportion of waste products which are recycled into everyday
gocds or used as energy sources after they are collected is
gradually increasing but still unsatisfactory. Especially
parts of waste wood from old houses, thinned wood and used paper
have been burnt because the collection and sorting of these
30 waste products cost a great deal and the recycling of these is
difficult. Along with the frequent occurrence of a wide-scale
disaster which is seemed to be caused by the global warming
phenomencon in recent years, each country is trying to suppress
the production of carbon dioxide which is one of greenhouse

35 effect gases but it can be said that this is still unsatisfactory.



Meanwhi | e, Patent Docunents 1 to 3 propose the recycling of wood
wast e, paper waste and plastic waste into a solid fuel. Pat ent
Docunment 1 proposes a solid fuel whi ck nmakes use of used paper and

pl astic waste. This solid fuel actually 10 conprises 25 to 100 parts
by wei ght of plastic waste based on 100 parts by wei ght of used

paper. Thus, a relatively |large amount of plastic waste (20 to 50 wt %
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[000C4]

Patent Document 2 proposes a solid fuel obtained by
pressure bonding together plastics, wood powders, bark and used
paper and molding the obtained product into a pellet. Although

25 the amount of the plastics contained in the solid fuel is
specified as 10 to 80 %, judging from Figs. 2 to 4, the amount
of the plastics is estimated at 30 % or more, preferably 50 %
or more.

[0005]

30 Patent Document 3 proposes a method of obtaining a fuel
by kneading 5 to 10 parts by weight of a synthetic resin-based
waste material with 100 parts by weight of a wood-based waste
material and pelletizing the kneaded product. The pellet
obtained by this method has a small diameter of about 6 to 12

35 mm, 1t cannot be said that the calorific value of the pellet



That is, since plastics are used as a binder and a fuel in the solid
fuel s proposed by the above Patent Docunents 1 to 3, considering that
the plastics are produced fromoil, these solid fuels are
unsatisfactory in the effect of suppressing the 20 production of
carbon di oxide. 25 [Summary of the Invention] [Problemto Be Sol ved
by the Invention] [0009] 30Then, the inventors of the present

i nventi onscapgyctedninlensi-ye Studi €940 develkep B .$01id Jislowhi ch
can be used as an energy source capable of suppressing the production
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as a clean energy source. [Means for Sol ving the Probleni
15 [0007]

That is, since plastics are used as a binder and a fuel
in the solid fuels proposed by the above Patent Documents 1 to
3, considering that the plastics are produced from oil, these
solid fuels are unsatisfactory in the effect cf suppressing the

20 production of carbon dioxide.

[Prior Art Documents]

[Patent Documents]

[0008]

Patent Document 1: JP-A 7-82581

25 Patent Document 2: JP-A 57-57796
Patent Document 3: JP-A 62-43490
(Summary of the Invention]

[Problem to Be Solved by the Invention]
[0009]

30 Then, the inventors of the present invention conducted
intensive studies to develop a solid fuel which can be used as
an energy source capable of suppressing the production of carbon
dioxide without substantially using plastics derived from oil
by using waste wood and used paper which have been difficult

35 to be recycled. As a result, they found that, when waste wood



[ 0010] 20According to the present invention, there is provided the
following solid fuel. (1) A solid fuel, which is formed froma m xture
of wood pieces having a size of 1 to §0 nm (conponent A), paper

pi eces having a size of 1 to 50 mm (conponent B), a binder 25
(conponent C-1), a formretaining agent (conponent 0-2) and a caloric
augnent ati on agent (conponent D), wherein the total anmount of the

conponentsdAuddd Ridsr b ct BréReRal 460 By i Gl ansk-ddie: d ahphe @MUY,
of the cogporgnts 0-1,, 0-2 and D is 55 to 85 parts by weight based on
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paragraph {J); favidg N AV ee38e 8280k vi0ute 400, £88: §A%MY and used
15 paper that have had no utility value and must be disposed by
incineration as energy scurces and can be used for power
generation as a clean energy source.

[Means for Solving the Problem]

[0010]

20 According to the present inventicn, there is provided the
following solid fuel.

(1) A solid fuel which is formed from a mixture of wood pieces
having a size of 1 to 50 mm (component A), paper pieces
having a size of 1 to 50 mm (component B), a binder

25 (component C-1), a form retaining agent {component C-2)
and a caloric augmentation agent {(component D), wherein
the total amount of the components Aand B is 15 to 45 parts
by weight and the total amount of the compcnents C-1, C-2
and D is 55 to 85 parts by weight based on 100 parts by

30 weight of the mixture, the weight ratio of the component
A to the compecnent B is 20:80 to 80:20, and the mixture
is compression molded.

(2) The solid fuel in the above paragraph (1), wherein the
total amount of the components C-1 and C-2 is 25 to 60 parts

35 by weight based on 100 parts by weight of the mixture.



(10) The solid fuel in the above paragraph (1) which is 20prismatic
or cylindrical in shape. (11) The solid fuel in the above paragraph
(1) having an apparent specific gravity of 0.3 to 0.6 g/cnB. (12) The
solid fuel in the above paragraph (1) having a calorific value of 20
to 30 MI/kg. 25(13) The solid fuel in the above paragraph (1) which
is used for thermal power generation. [Effect of the Invention]

[0011] The)solrhd Euqhdotubmelar@&@nbbba%e@b&@@r@@ﬂ Qq,efkﬁ&ad@ﬂﬂ ¥h30
used as a neW/ener%y source, especially an energy source power

generation, bFTREREY (46 SPTHRRERT DG, 1%§€H6Béﬁﬁﬂfsgyﬁﬁﬁﬁgﬁ3Q§QQan

retaining ageah aod ga@ab05H0w@ugﬁenbaﬁt@@ ag&hturkn a bal anced
€ present 1nvention ewt

manner . idf pe . of
solid ful? E § gggﬁofnwﬁ g & HvﬁaﬁéFa§§aR§stg?waF FF&P Fﬁﬁt
have sheen di Sp@i@dtbyatﬁﬁld’l‘_eltatel obmpoaeatyCc- 6 Hur edycesmpohantfaH 2 gas
or a harnful e? g gas a large calorific value and |l eads to the
suppressi on o? h ?0 action of carbon dioxi de. When waste wood and
used papeﬁ)arEhbrsbemdlﬁbelsmalthpiabeSeSphambmgpa sneciMher&hneta@d
the pieces arg_us

present i nven%'l 6Hﬁgt]ﬂ5€ Jb? Rgréﬁ%rﬁ]g ; Oél%]&%:’%‘l egk’oll;[ Eleoﬁéjoggé‘ht[ g Hg
bi nders, and the76akéric augnentati on agent effectively serves to
Secyie a(%?rt@hg oAt £Q NeAt cnLheLelY paKLAg LL ReTS! Bhe L mRid a
binder (component C-1) is starch derived from sea alga.
(7) The solid fuel in the above paragraph (1), wherein the form
retaining agent {component C-~2) is natural rubber.
(8) The sclid fuel in the above paragraph (1), wherein the
15 caloric augmentation agent is a vegetable oil-containing
substance.
(9) The solid fuel in the above paragraph (1) having an average
size of 10 to 100 cm® each.
{10) The solid fuel in the above paragraph (1) which is
20 prismatic or cylindrical in shape.
(11) The solid fuel in the above paragraph (1) having an
apparent specific gravity of 0.3 to 0.6 g/cm’.
(12) The solid fuel in the above paragraph (1) having a
calorific value of 20 to 30 MJ/kg.
25 (13) The solid fuel in the above paragraph (1) which is used
for thermal power generation.
[Effect of the Invention]
([0011]
The solid fuel of the present invention can be effectively
30 used as a new energy source, especially an energy source for
power generation, by making use of waste wood, used paper, a
binder, a form retaining agent and a caloric augmentation agent
in a balanced manner. The solid fuel of the present invention
can be a new type of solid fuel which makes use of wood and paper

35 wastematerials that have been disposed by incineration, rarely



10 solid fuel. Since the solid fuel of the present invention
uses a plant-derived binder, a formretaining agent and a caloric
augnent ati on agent w thout substantially using plastics derived from
oil, it has a renmarkabl e effect of suppressing the 15 production of
carbon di oxi de. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON [ 0012]

The solid fuel of the present invention is a solid obtained by

nol di ng arehxtese 10hWRe8 1PRceSr RAPENmFACeSs iR NARls 22Q A dorm
retaining agent and a cal ori’c augnmentati on agent, wherein waste |

pr oduct s BdOBé fdrspdLied Hid dradiskd He PNEPEAR SHRTePE af ke & adhe tissy
pi eces apg theppapeanrorieees. A description is subsequently given of
the ratio of the raw materials and a nol di ng net hod., 25[ 0013 F&%%es
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Thesolidfuelofthepresentinventiénjf;asolidobtained
by molding a mixture of wood pieces, paper pieces, a binder,
20 a formretaining agent and a caloric augmentation agent, wherein
waste products to be disposed of are used as the raw materials
of the wood pieces and the paper pieces. A description is
subsequently given of the ratio of the raw materials and a
molding method.
25 [0013]
(a) wood pieces
Waste wood collected by breaking down old furniture and
buildings such as old houses, wood chips and end pieces from
sawmills, thinned wood and used pallets are used as the raw
30 materials of the wood pieces. The type of the wood is not
particularly limited. When the above waste wood is dry, it is
used as it is and when it contains water, it is dried and crushed.
Wood chips collected from sawmills may be used as they are
without being crushed when the sizes of the wood chips £fall

35 within the range which will be specified hereinafter.



(b) paper pieces The raw materials of the paper pieces are not
only used paper recycled as recl ai ned_paper, such as secondhand
books, 15 newspaper, cardboards and office paper but al so coated
paper and | am nated paper which are hardly recycled as reclai ned
paper. These paper raw materials are cut or severed to a size of 1 to
50 nm The term "size" as used herein nmeans the size of paper pieces

passing througf,a w%cﬁzy%'%Qéng%%iﬂgﬁnii9?%91g%§9nm§é 28 1-£8%9.y The,

preferred size of the paper pieces is mm_ The paper pi‘eces
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but may contain water in an amount of 15 wt% or less, preferably
10 wt% or less.
[0015]
25 {c-1) binder
The binder is starch collected from sea alga containing
alginic acid, as exenmplified by agarose, carrageenan, curdlan
and glucomannan. At least one dried binder out of these or a
combination of a binder and a form retaining agent may be used.
30 The binder is cut or severed to a size of 1 to 50 mm. The term
“size” as used herein means the size of a binder passing through
a sieve having an opening of 50 mm or less. The binder may be
powdery.
[0016]

35 (c-2) form retaining agent



The formretaining agent is cut or severed to a size of 1 to 50 mMm
The term "size" as used herein neans the size of a formretaining
agent passing through a sieve having dn opening 25 of 50 mmor |ess.
The formretaining agent may be powdery. [0017] (d) caloric

augnent ati on agent Sapi um sebi ferum Quercus suber, mllet,
rice, food carbide, flax, jute, rame, kenaf, Abutil onavi cennae,
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Sourcesyﬂt Tlhb“r”' ng. the; sol td f “Pewaé‘%n%n “S ef'ﬂ: 8,Poyer  generati on

facilit ?erm procéesse T es] press cakes “obt ai ned
aft ép mctom]:slrsa{tuecm@cf aufoof rterteufmmq sgan(ﬂ ésre@@sb@hdSapnwnbe used.

sebi ferum Qu rj 0 f

ram e, 20 keng A%EtsCﬁ a{v% re?g“lgn,’ #%’g% fu% d]!\i %%gggg 4% tbl%%md
ef f uses seed gum, declyﬁ)énsmBﬂeﬂ@rgum,Cgpérlagngnmpmlt@sarvamantdmragum,
Mor us bo@[)me{ngﬁm 2 1 1 NRARRI1€, s AIAY S | ﬁq%ﬂla&?saaaksggg?wﬁ ghha,

| i nden, , esparto, sabai’ grass, pinia Zeru
Her mer ocaamkséuﬂaemtqm@rer wrmfarresh, anot gelsir gudss tapapging, Lesust

ryusyg gr r t d y hgy,mao ashgw
Ty 28 e JHET Al LOBR Sec EIGRHOTL OV R PRV G0N Mun A0L8 N 2 RA50R)
cori anderurgnsn afmﬁ mh@argmmsmm@ﬁbrm@feéﬁ@éo Tender st em
broccol i, Br as;%i&éfo%m%%fa h%ng”ﬁ%%ﬂ%mlé 8&%109%&&%&'6&1% GQRBUBKES,

Jat ropha curcas, sugar cane, “Sor ghum 30 bicol or, potato, wheat
O yzasatd i@ 56 Fﬂv‘e @hﬁft‘émr“s’s@?'befaﬁ ussed fhegsdm rr@@amtthwulzwpf

pop! ar, é%ﬁ:ﬁq%ﬁﬁﬁé%ﬁ%@w b 888 o tEMRURPANA e YNV ARG arf BEEHS ng

| unber, sugar Pistaci a chinesis Bunge, cotton, copaiba

Ponaém @ Dirthama, oF ojobd, HiFhdrima B9taidalng agmsy fshs, be\e@stdery -

potato, Saggssum 35 fulvellum sesane, cardoon, avocado, kusabi noki ,
ui nua,

g (d) caloric augmentation agent

Sapium sebiferum, Quercus suber, millet, rice, food
carbide, flax, jute, ramie, kenaf, Abutilon avicennae, roselle,
30 Musa basjoo, Juncus effuses L. var. decipens Buchen., Cyperus
monophyllus Vahl, okra, Morus bombycis, banana, pineapple,
Agave Tequilana, sarago, wisteria, linden, bamboo, reed,
esparto, sabail grass, Alpinia zerumbet, Hermerocallis
aurantiaca, raran grass, morochi grass, papyrus, ryusu grass,

35 Pueraria lobata, Edgeworthia chrysantha, aotan, cashew nut,



10 Cuizotia abyssinica, henp and paul ownia. The fruit seeds of Sapium
sebiferum R cinus conmmunis, Jatropha _curcas, palm sugarcane and Zea
mays or pul verized products thereof are preferred. Qut of these, the
fruit seeds of Sapium sebiferum 5 Ricinus conmmunis and Jatropha
curcas or pul verized products thereof are particularly preferred.
These vegetabl e oil-contai ni ng substances are cut or severed to a

size of d5t0 90 ML, TRE1EAREM 2SI 26T A, UBEdhanel Ny %@%Jt@%m?k€%,0f
a vegetabl e oil-containing substance passing through a’sieve 10
havi ng afi®6panfifig: ofusbakth 6FCFes &2 TAERGER I§66@S 1afe FRICHICY used,

branches rghqbrYRks BRY-RE1 PaBlhalli ot x8se s P94 8hatahaaqmPest | indt sThe
total amount of the wood pieces (conponent A) and the 15 paper pieces

(conponeRECBRUFSCOBMUZLFE PRECEPRY WLGHRE; PrRéfer SHORTSGNEo 4@“@%%@%
by wa& ghbicandri ke disl w@@@t'ﬂt()z%fzat betrbvaden 1eqnpenendwér soviRan,
forn1reta|n|ng agent conponﬁnt -%% and the %$|OFIC augnment ati on
agent (cOAPONRHEL DPSEES Vo188 p IRy REEGREITHrEr €7 HHPYABD H6 560
parts byreweH@bbabasednaBvens]00apatks bymwekghkughrav@ext, ure sek calkl

t he conpopents. The wei ght éatio of tBe cgn%onent A.to the component
B is 20:80'¥5°88: 5579pr efBFABlIy $8P%8°F¢ 78798M1a Pinnathe JGURP3,
anount ofupherbospenentslCi]l dad GaZsi, SskbetopbOapalt Sabyaweight ,
pref§rab%¥ 30 30 55 garts bg mgight, and 25 the a un%.of t he
compdnent “D F&L 18 t 3580 Bar F8TBY el §RPC2PPer BPEBPY 181t 095 BErt s by
wei ght baseégdoohna 18Bypaihschy memghtndf phheowhituael of whichhereei ght
rati o of thetggﬁgong t g%%atg.ﬁhe cgngonent C2is 8:4 t%h8:2 Lor:
preferabY?g%. o 3 97 B 8925 BC S THE 30 ﬁé?gﬁ?era Po 0f FRECTC
conponendudmént & heowoapenent BpsuR0s80i for@; 20icpres ecalhyn25; 75 to

75:25. [ Wihin th ye_ranges he lid fuel of the
b esent  TRGRTRIGrC R Be Rotai Faa oy ae: Aaor AP 4T 00ry PEREET *Sount <
35 ab t heehidides , thdeedbrareepaeheéngedgent anddt he behbr sourtés for

augment at.i on; Agent, {)Pﬁdhﬁl ”%Eda rf%%\if:%jc'lxg 8{«e tneeﬁ’%dorf@g ﬁ?ﬁg\x.
paper becones OSSI% e, an e calorifrc ea ue econes Sta Ice. en
t he t ot dlharmum “pfotheswdock pidees” arahtsherpapera béecds diekbatfoe45
parts byoi’\fiig,héquégge&% o@%tfr%fittshgngi&%%fs’ of Sapium sebiferum,
" Quercus suber, millet, rice, food carbide, flax, jute, ramie,
20 kenaf, Abutilon avicennae, roselle, Musa basjoo, Juncus effuses
L. var. decipens Buchen., Cyperus monophyllus Vahl, okra, Morus
bombycis, banana, pineapple, Agave Tequilana, sarago, wisteria,
Linden, bamboo, reed, esparto, sabai grass, Alpinia zerumbet,
Hermerocallis aurantiaca, raran grass, morochi grass, papyrus,
25 ryusu grass, Pueraria lobata, Edgeworthia chrysantha, aotan,
cashew nut, oat, lupine, calendula, coffee, hazelnut, spurge,
pumpkin, coriander, mustard seed, Carthamus tinctorius, cacao,
Tenderstem broccoli, Brassica campestris, macadamia nut, nuts,
Ricinus communis, Jatropha curcas, palm, sugarcane, Sorghum
30 bicolor, potato, wheat, Oryza sativa, olive, sunflower, soybean,
safflower, peanut, willow, poplar, switchgrass, elephant grass,
Evodiopanax innovans, cactus, lumber, sugar beet, Pistacia
chinesis Bunge, cotton, copaiba, Pongamia pinnata, 3jojoba,
FEuphorbia tirucalli, Zea mays, sweet potato, Sargassum

35 fulvellum, sesame, cardoon, avocado, kusabinoki, guinua,



5 the formretaining agent and the caloric augnentation agent is 55
to 85 parts by weight. This ratio is f?anged by the desired calorific
val ue of the solid fuel. [0020] (f) ndblding nethod 10Am xture of the
above wood pi eces, paper pieces, binder, formretaining agent and
caloric augnentation agent in the above ratio is preferably

pressuri zed and conpressed such that they are closely dispersed. A
net hod i guibioeh at e Wead ipkecBengNdnthpaRapRE 1Rl eCBse Ionale qHatdrioed
t oget her and theﬁghgder, the f.ormretalning ent and the caloric
augnent aSABA Ulg SRO14E i xdd SRS REMEBEAA (i ARRlPue g, Baln,

part ibcul aubyrpeetesned,zcanthad ss oy el seraWeol paadice ss Ghew e Euder
may be used_as am xi hine. The use of a double;screw extruder is
bart 1 cul BEFS SeaRr abbe: GF B6e5pble LgH WiEEHAS TECHIE R e
and extr gdednby themexticuder ifatejoptizedtufricam @ rppudvetiicear paioduid tar
nozzle apd cut .to_a suitable | ength to _obtain ris I [

Oy 1 nar | EAP TR dBatoPBabetuia=T 0o b TR gt (rBe B BB L8P e desi ¢ ed
si ze canobhé-obhabmnednbys@bssentenpideud ameserenédtthe acpliizedof calto

nozzle te,5_to the cut_Len t 11 -(Q)
charactespsPPC §B3%2%$$@s %*Zéol?% ?%%? %?ﬁ%gntﬁgéggl?Eéf%g?go%ft%e
present agehtbda psl30oprefierabl guiratahaet prediby ttheoslgbve moledieng

met Rogd iHQH%h&iﬁ'&bexfﬂ?q %*}agﬁ rlﬂlf'%re%fesiss. dﬁ?kﬁgﬂ!ﬁ}{ %é(éq,ﬁdﬂ&%i Ny
prismatic and”particularly advantageously cylindrrcal. e size o

t he sol i dsédel birsneheh desiirabky mevt belporciBdavavexgge in terns of
vol une. I@glgfparent specific gravity of the solid 35 fuel is
desirably rn the range of 0.3 to 0.6 g/cnB. 12 The calorific
val ue of {(eheceoppdiftueh is stable at 20 to 30 M/kg. Therefore, the

solid fuel of e i.nyenti ri ,
h{éllf'%itgjgfgqfl, B{?nﬁgﬂ OF 11 GBBR éf@éeé{‘(%g R MORY, add€ he

used paper, the ormretaining agen nd the caloric
augrient apaparageacebn (gobaPaAaedB) is 15 to 45 parts by weight,

preferably 20 to 40 parts by weight, and the fotal amount of
the binder (component C-1), the form retaining agent (component
C-2) and the caloric augmentation agent (component D) is 55 to
85 parts by weight, preferably 60 to 80 parts by weight based
20 on 100 parts by weight of a mixture of all the components. The
weight ratio of the component A to the component B is 20:80 to
80:20, preferably 25:75 to 75:25.
The total amount of the components C-1 and C-2 1is 25 to
60 parts by weight, preferably 30 to 55 parts by weight, and
25 the amount of the component D is 15 to 60 parts by weight,
preferably 18 to 55 parts by weight based on 100 parts by weight
of the mixture.
The weight ratio of the component C-1 to the component
C-2 is 6:4 to 8:2, preferably 6.5 to 3.5 to 7.5 to 2.5. The
30 weight ratio of the component A to the component B is 20:80 to
80:20, preferably 25:75 to 75:25.
[0019]
Within the above ranges, the solid fuel of the present
invention can be sclidified by using relatively small amounts

35 of the binder, the form retaining agent and the caloric



5 manner, has a highly stable calorific value and a great effect of
suppressing the production of carbon dj oxide and therefore is

advant ageously used as a fuel for thernmal power generation. EXAMPLES
[ 0022] 10The foll owi ng exanples are provided to further illustrate
the present invention. The foll owi ng wood pi eces, paper pieces,
bi nder, formretaining agent and cal ori c augnentati on agent were used
in the falbpehegresanpbest, 1668) b Mot i ecasy d CopaneRiaAe Thaeed

pi eces (size of 25 mmor |ess e obtained by crushing_waste wood

D ch 2. HEEReSHRET DBYaTHE TS BIR Lon it A i SR bRgones
pi eces obtabhed byhemawheagtbuabeimoX k) Papefodi edeselcanpatanivaBer
The paper . pi eces i.ze,of 25 mmor .l ess) were ohtai ned by crushin
packhge BRS¢ 8 tahdS Pare TSP Ty, S b0 SEPFYe o fhg Dindds,
(c) B ndehe(tonpaorertinGnl) agbotmidttaiencadoadgentugreenpanent RFEG2) s
The bind C n G1).. obt.al.ned by crushin ried,sea al.ga to
a size 0552 %ﬁ?g?gpéé%y(%ﬁgﬁﬁge)&ﬁ Sa§a%%%fﬁ%ﬁggp e%é? qﬁg%gegégﬁﬁe
formretaahongfageméleonponkat s€L2). £88{d) Cal ori c augnentati on
agent (c?gggggnt D) A seed collected fromthe cultivated Ricinus
comuni S an crushed product thereof. [0023] [Exanple 1] 3515 parts
by wei ghffbfmeohdivgnmpenkatd C- 1, 10 parts by wei ght

10 A mixture of the above wood pieces, paper pieces, binder,
form retaining agent and caloric augmentation agent in the above
ratio is preferably pressurized and compressed such that they
are closely dispersed.

A method in which the wood pieces and the paper pieces

15 are pre-mixed together and the binder, the form retaining agent
and the caloric augmentation agent are mixed with the resulting
mixture i1s particularly preferred, and a single-screw or
double-screw extruder may be used as a mixing machine. The use
of a double-screw extruder is particularly desirable. A

20 composition which has been compressed and extruded by the
extruder is ejected from a prismatic or circular nozzle and cut
to a suitable length to obtain a prismatic or cylindrical molded
product.

A solid fuel having a desired size can be obtained by

25 setting the diameter of the cylindrical nozzle to 5 to 50 mm
and the cut length to 10 to 100 mm.

[0021]
(g) characteristic properties of solid fuel
Since the solid fuel of the present invention is

30 preferably manufactured by the above molding method
industrially, the shape thereof is desirably cylindrical or
prismatic and particularly advantagecusly cylindrical. The
size of the solid fuel is each desirably 10 to 100 cm® on average
in terms of volume. The apparent specific gravity of the solid

35 fuel is desirably in the range of 0.3 to 0.6 g/cm’.



13 of the conponent 0-2 and 55 parts by wei ght of the conponent D
were mxed with a mxture of 5 partsBPé/ wei ght of the conponent A and
15 parts by weight of the conponent B,"and the resulting m xture was
extruded by a doubl e-screw extruder to obtain a 5 cylindrical solid
fuel having a dianeter of about 35 mm (length of 50 nm. The apparent
specific gravity (bulk specific gravity), calorific value, chlorine

content and forAered esti Ol SkAkid biry thessst: dyrddme ifsokkawh Bga fretdhed
of this saolid fuel are shown in Table 1 below.  10[0024] [ Exanple 2]

20 part s3ByMiékght TreiHe tonidifeiP 1891 Fus L paf P RRs St Lofveritdon

conponentofdp?iaBd % RaIdtSe hvodgi ght Wed Rageanpenent i FH¥E &cHE Xedn
wth a mxture, of 15 part vvei%]r:]t of the conponent 15 A %nd 5

parts by GeRYALEFRIHE €8 felBr T aRy IR Sl PRGN itk P8 LRgsed
ext r udedmbynar douwhd er sepawyext spdercd bt 8¢ rad ey bhads ieadatselfiféct
fuel having a dianeter qf abog}@%ﬁ1 nm%l ength o .SO@n}. TI%E] appar ent
speci fi cOgrawRyeI b % tgbee&rﬂ Grali Py) SAERPBITFTE VRIARE CORIESHORE
content aAscthdwarmaetendipms2@d ssabidudly fotr thesmsolpavdtiglenatatihown
in Table 51( QEngl [ 0025] [ Exanple 3] 28 parts by weight of the
corrponen]t3 E ) parts by weight of the conponent 0-2 and 25 parts by
wei ght of0oh2] conponent 25 D were m xed with a m xture of 10 parts by

wei ght of the A a r i 0, e onent_ . B,
and the T esul t] g i o ettt FEasa By BBt et st ST F daer ofo
obt ai n atkylprnedséctl isebndiboel having a di aneter of about 35 nm

I th of 50 i e Tty " SO
(1 noLh of %0 ). J0e, 005l speck Lo GEBuL Y, (LK BpesLEice30.
st abi | i tyeodinhhg agpiritdahdeta boel s howment aTdloineagebelvmue 16626]n the

[ Exanpl e- 4 . 4 parts by weight of the conponent 0-1, 16
parts byf(\DN%a}%%%H%SQ%?m?%%géorrponent 0-2 and 20 parts by weight of the
congénenta) 147epdepecpexedcwnphnanii Xture of 30 parts by wei ght of

the componentyf. anddQRAKdS fuk eEght safmt e LONDORRNL Bp.andhgy

resulting mxture was extrude y a doubl e-screw extruder to
cylindrical setighinegl wvRateny epdisieh edsoagibeutwdsl neptdbngd hL5onf

50 nm). The apPRLERtcSPSEidd ot 8V thd BUkK, sPECL fd e 91 AVd ) sawing
calorific valfe,bchl orine content and formTetention
umeer.

20 () Paper pieces (component B)
The paper pieces (size of 25 mm or less) were obtained by
crushing package paper waste and paper waste having a
protective film.
(c} binder (component C-1), form retaining agent (component
25 C-2)
The binder (component C-1) was obtained by crushing dried
sea alga to a size of 25 mm or less (agarose).
Guar gum powders were used as the form retaining agent
(component C-2).
30 (d) Caloric augmentation agent (component D)
A seed collected from the cultivated Ricinus communis and
a crushed product thereof.
[(0023]
[Example 1]
35 15 parts by weight of the compeonent C-1, 10 parts by weight



stability of this solid fuel are shown in Table 1 below. 15 -H
4-44-) -HNH CD (0 C 04 40tn 23-1 p9 CO CO 01 LOU) 00 On 0 0 00

00 00
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15
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25

30

35

of the component C-2 and 55 parts by weight of the component
D were mixed with a mixture of 5 parts by weight of the component
A and 15 parts by weight of the component B, and the resulting
mixture was extruded by a double-screw extruder to obtain a
cylindrical solid fuel having a diameter of about 35 mm (length
of 50 mm). The apparent specific gravity (bulk specific
gravity), calorific value, chlorine content and form retention
stability tested by the following method of this solid fuel are
shown in Table 1 below.

[0024]

[Example 2]

20 parts by weight of the component C-1, 5 parts by weight
of the compeonent C-2 and 55 parts by weight of the component
Dweremixed with amixture of 15 parts by weight of the component
A and 5 parts by weight of the component B, and the resulting
mixture was extruded by a double-screw extruder to obtain a
cylindrical solid fuel having a diameter of about 35 mm (length
of 50 mm). The apparent specific gravity (bulk specific
gravity), calorific value, chlorine content and form retention
stability of this solid fuel are shown in Table 1 below.
[0025]

[Example 3]

28 parts by weight of the component C-1, 7 parts by weight
of the component C-2 and 25 parts by welght of the component
Dweremixed with a mixture of 10 parts by weight of the component
A and 30 parts by weight of the component B, and the resulting
mixture was extruded by a double-screw extruder to obtain a
cylindrical solid fuel having a diameter of about 35 mm (length
of 50 mm). The apparent specific gravity (bulk specific
gravity), calorific value, chlorine content and form retention
stability of this solid fuel are shown in Table 1 below.
[0026]

[Example 4]

24 parts by weight of the component C~1, 16 parts by weight

of the component C-2 and 20 parts by weight of the component
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Dweremixed with amixture of 30 parts by weight of the component
A and 10 parts by weight of the component B, and the resulting
mixture was extruded by a double-screw extruder to obtain a
cylindrical solid fuel having a diameter of about 35 mm (length
5 of 50 mm). The apparent specific gravity (bulk specific
gravity), calorific value, chlorine content and form retention

stability of this solid fuel are shown in Table 1 below.
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16 [0028] <formretention stability t
formretention stability of each of t
checked. The expression "weight

the total weight of pieces having a

obt ai ned by sieving the

sol

id fuel

before siewpng. The formregtentian

500 kg of the soliq fu

from 10 a storage instal

evaluation results are gs f
good nol ded state and rdtai

at the time of delivery
transport vehicle 15(wei

Table 1
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solid fuel
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content
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{cal/qg)

Calorific value

Joule
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specific
gravity
2
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mim
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o

t on solid fuel> The
above sanples (1) to (4) was
ratio of pieces" 5 nmeans the ratio of

size of about 10 cnB or | ess

o0 the wei ghf
was checked by | oading

0.078
0.088
0.068
0.153

6610
6740

27.67

0.47
0.41
0.42

0.48

50

(sample (1))

Solid
Seolid

1
2

Ex.

28.22

50
50
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Ex.

6310

26.42
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Solid
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Ex.

6280
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50
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Solid

Ex.
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reach | oader. The

[he solid fuel has a
hd a certain size even
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Sample (2): The solid fuel has a good nolded state and retains a
certain shape and a certain size eve t the tine of delivery to a
storage installation (weight ratio of pieces: 5 % Sanple (3): The
solid fuel has a good nolded state and retains 20 a certain shape and
a certain size even at the tinme of delivery to a storage installation
(weight ratio of pieces: 2 %9 Sanple (4): The solid fuel has a good
nol ded sfapesgand retains a certain shape and a certain size even at

Lhe L1 LSk LYty 58 2 2hosage Lastathallon (4elglt tatio of
The form retention stability of each of the above samples
{1) to (4) was checked. The expression “weight ratio of pieces”
5 means the ratio of the total weight of pieces having & size of
about 10 cm® or less obtained by sieving the solid fuel to the
weight of the solid fuel before sieving.
The form retenticn stability was checked by loading 500
kg of the solid fuel after molding into a transport vehicle from
10 a storage installation twice by using a reach loader.
The evaluation results are as follows.
Sample (1): The solid fuel has a good molded state and retains
a certain shape and a certain size even at the time of delivery
to a storage installation and loading into a transport vehicle
15 (welight ratio of pieces: 3 %)
Sample (2): The solid fuel has a good molded state and retains
a certain shape and a certain size even at the time of delivery
to a storage installation (weight ratio of pileces: 5 %)
Sample (3): The solid fuel has a good molded state and retains
20 a certain shape and a certain size even at the time of delivery
to a storage installation {(weight ratio of pieces: 2 %)
Sample {4): The solid fuel has a good molded state and retains
a certain shape and a certain size even at the time of delivery

[o

to a storage installation (weight ratio of pieces: 4 %)
25 {evaluation: weight ratio % of pieces)
0 to 5 %: good
6 te 10 %: moderate

11 to 15 %: bad



(4) 25 (5) 30 (6) (7) 35 A solid fuel which is fornmed from
a mxture of wood pieces having a size of 1 to 50 nm (conponent A),
paper pieces having a size of 1 to 5(3L nm (conponent B), a binder
(conponent C-1), a formretaining agent (conponent C-2) and a caloric
augnent ati on agent (conponent D), wherein the total anmount of the
conponents A and Bis 15 to 45 parts by weight and the total anount

of the componentsLAMEDCE:and Dis 55 to 85 parts by weight based on
100 parts by weight of the m xture, the weight ratio of the conponent
A to the conponent B is 20:80 to 80:20, and the m xture is

conpr ess{on mblsddd.d Thelswhich fiseFoamnedrthiag ot aigkairm df waer piactbe

total anmount of the conponen aE%-lS%nd C.2 is 25 %opgo Barts b%/
wei ght based oh 189 part< 5 itght Yof™ HEORPREGPE. 2ThePEBFT dPT BiEFS
accobdi ng to lcdaimy la swheeedh 1 heoaddunh Ofompenentpbhent Bindetb to

60 parts by welght,Pased-of 100 RNt 0% ¥8gNL o2h ! NEILXHYLE: c-2)
and a caloric augmentation agent (component D), wherein
the total amount of the components A and B 1s 15 to 45 parts
by weight and the total amount of the components C-1, C-2

10 and D is 55 to 85 parts by weight based on 100 parts by
weight of the mixture, the weight ratio of the component
A to the component B is 20:80 to 80:20, and the mixture

is compression molded.

15 (2) The solid fuel according to claim 1, wherein the total
amount cof the components C-1 and C-2 i1s 25 to 60 parts by
welght based cn 100 parts by weight of the mixture.

{3) The solid fuel according to claim 1, wherein tThe amount
20 of the component D is 15 to 60 parts by weight based on
100 parts by weight of the mixture.

(4) The solid fuel according to claim 1, wherein the weight
ratio of the component C-1 to the component C-2 is 6:4 to

25 8:2.

{5) The solid fuel according to claim 1, wherein the weight
ratio of the component A to the component B is 25:75 to
75:25.
30 _
(6) The solid fuel according to claim 1, wherein the binder

{component C-1) is starch derived from sea alga.

(7) The solid fuel in the above paragraph (1}, wherein the form

35 retaining agent (component C-2) is natural rubber.



The solid fuel according to claim1, wherein the weight ratio of the
conponent G- 1 to the conponent G2 is;6:4 to 8:2. The solid fuel
according to claiml1l, wherein the weight ratio of the conponent Ato
t he conponent B is 25:75 to 75:25. The solid fuel according to claim
1, wherein the binder (conponent C-1) is starch derived from sea
alga. The solid fuel in the above paragraph (1), wherein the form
retai ni ng agent (conponent C2) is natural rubber. 18 (8) The solid
fuel acc ing,.to_c 1., where th Qric,au nentatl gnt.;

2 Veget abhl ofPbcat Bty Sllidin B Bof i ST T e S Ra P
to claim1l hamipgeahavenaggestzeésok ¥68gtoab06 onB- eauhalnlng (10)
The solid fueg ggggﬁgéng to claiml which is prismtic or
10cylindrical "In shape. (11) The solid fuel according to claim1
havi g an appar ent speC|f|c gravity of 0.3 to O. 6 g/an 15(12) The
solid fu ac a i f 0
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(10} The solid fuel according to claim 1 which is prismatic or

10 cylindrical in shape.

(11) The solid fuel according to claim 1 having an apparent

specific gravity of 0.3 to 0.6 g/cm’.

15 (12) The sclid fuel according to claim 1 having a calorific
value of 20 to 30 MJ/kg.

(13) The solid fuel accerding to claim 1 which is used for
thermal power generation.
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