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Molten ash (clinkerg formed by combustion of biomass not only has a great
impact on the safety and reliability of combustion equipment, but is also a factor that prevents its
use as a material cycle. Previous studies had shown that clinker formation may be suppressed by
mixed firing with the small-sized Bio-coke of the same size as wood pellets.

In this study, the mechanism of clinker formation was deeply pursued by increasing the mixed firing
rate. Specifically, a method for increasing the productivity of small-diameter Bio-coke was found,
and a combustion comparison experiment was conducted in which the mixed firing rate was further
increased. As a result, the following findings were obtained.

(1) It was shown that two semi-automated batch-type small-diameter Bio-coke production systems work
together to improve productivity by 2.6 to 3.3 times over the basic system. (2) It was suggested
that increasing the mixed firing rate to about 10% was effective in suppressing clinker formation.



B X C—19, F—19—1, Zz—19 (dm)

1. HERBYFIOE X

(LGP Y | IR CHEH SNA N, A ZAGREZTEHNT 528 T, WERZ R LX—%
PEER S 2 B Al BE A HUBHE S O LEMERFRB SN TA LYY, & 2 AN, /31 F~ ZADOBREE
TR S IVAERRIK (70 o 1—) 1%, BB O R RMEEEMEIC KR E B % 52 57217 T
o, WERERE L TOERAGHDER & /2o THAIL —J5  Sq 4~ AT, FEOELE
T ETRENTHEL SO TS Fa—27 ZBOREEICT 5 & BREET OB ~DEEFE G
IR S5 2 & TRREEIR N2 OFRBHREEICEIE LS50 & W ) FIRBHE T b6,

ZOX IR REMNL, BRE HIX, SeATAFSE L LT ISPS BHFER 26340108 (28T, IO A
By MEXFERA F—7IZHAT 5 EE 6.0 mm O/NENA A a—7 ZAE8E L, BREE
JRIRRAL D A F7 = K I BSCBRIEIR O A 5016 N A T AR ZE I B D fHA7Z, & 2 Tk, A 4=
— 7 Z{L LTEARESN Ly M EDOIRBEC KV . 7 U U — TR H &5 ATREME 2 B L7208
ARESRLy FERVA R UME) ORAFa—7 2z +3Il85ET5 2 LR TH 72720,
IREEREZRIZEDD Z ENFE LW W) REICE R Lz,

2. MO HB

ARG TIE, TIRORER Vv MESFREAA b—7I2E G 5 EL 6.0mm O/NMEAA A2
— 7 A% R < BT 2 BB 2 HE D | IRBESR A BT & O T BRBE IR SRk A3 L T BRBEE
ROBENILD 7 ) U — TR A R < BRT 5 2 L 2B E LT,

3. MEDHGIE

) /IMEANA Fa—r7 AOAEENER 4
N /], j— T 7 2D %ZIKE/J fi@iﬁ?lllﬁ % Hopper\\\ /,/Raw material Steel piston

Fig. 1\ZR L7e, 72> S ITk# S &,/ /St ylinder | Molding stem
TR 7 R AR IS K S B S 7z JEURL & 7

<J__L- Compression
s W

. Elec. tube
| furnace

F ORISR 7 & % VT, (a)Fe i T, (b) i SN

INEA TR, (AH TR, 2 L (B L = oot ol
ROHAMRINDW, TROE AR | et A e e
ﬁ"@ﬂj/§ /?“K"C%:f(ﬁj’)ﬂé 0)7}))#&“ @Feed M @Compression
BThHv ., EITHETH S ISPS Bt Couti
26340108 THAFE L7/MEANA Fa—o & fan
ETERL ANy FNThH Tz, AHFZET
AEFEMEDIR B2 130D T2, Fig. 2 IR L _ — %A

f: 6 @Kﬁki@%&%@ﬁz L N ﬁkﬁg’/g%@% i Bio-coke
j(,”: (E ;@iﬂaz I*‘% D ﬁ @j,ﬂ: }& %’-@l‘ L 7": R ;@ (c) Removal process (d) Cooling process

‘%: (=} 2\ E = (=] >

%%jé%ggb ;ﬁéi;a i’éi&%ii% iﬁiﬁé Fig. 1 Basic process in batch—'type small-diameter Bio-
L. BEMEARBET S >, 7. AT coke production cycle

TR EWATERTE, MBASHANI -

Compression Holes for thermocouples

THEBFOEFE D ’%ﬁé'ﬂj'é— LN, FTE Steel piston_ <L L~ |2 ¢ 3,depth50
DMFER & —TEIRD L 5 IHHES L X Ty Moldng ot
BEOIE > R %l T BRI 5 0 Motdngsers Bl et
gﬁ 5’?) D 7,:0 - <. ﬁﬂ?‘?&l@ <E {%jﬁﬂ I*% Steel cylinder  -{- '''''' {'jﬁ*?’ T
(2, Fig.31ZR L7 4 — Ry 7 KRoH : o

Bhi I H RS (B A A v Tz ks
JEJTHIE) 28 A L, BlE TR O A8k
DL L Lz, T OMEIL, BT
Ko7 va— Re JETTAA v F THERK
SND, ZHUTE D BT R L A TR
WZBITDMET U ABED N ROVEREN
RELRAT-0, 26O TRRIZEBITS
TEENRZLLHEND Z EBRRIAEN
770

WIZ, Fig.d © X H 1z, BRI 5720
ORGEREZEINSE5720I1c, R
HEb SHmmES L A2 = M X
5 2 DNy FHRUNEAAS A a—7 2l
AT A B L C, g o flyE TR
ZEMRESS L THAE ST 1L
BLE AT AOEELXHZ L L LT,
Z 2T, EENER EOERAED - O
2, FEETRICBITAEEE N E2EN
FCHMIL, T—X o —ICiREk T o
RE LT,

Central guide

100

_ Raw materials

v L
_~ Silicon spacers
-

LA%5—— Brass spacers

Fig. 2 Molder for small-diameter Bio-coke production
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Fig. 3 Schematic diagram of feedback type automatic
hydraulic control system using pressure switch
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Fig. 5 Schematic diagram of biomass combustion
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Fig. 7 Typical example of pressure control situation set to
optimum condition
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Table 2 Results of combustion comparison experiment with higher blending ratio

Rated combustion volume [kg/h] 1.32 1.65 1.65 1.65 1.65
Rate of Bio-coke [mass%o] 0 0 10.0 10.0 10.0
Flue Gas Temp.- Room Temp. [°C] 145 179 181 187 184
CO Concentration [ppm] 223 235 235 225
NO Concentration [ppm] 56.2 554 57.8

Thermal Efficiency [%] 82.9

Photo of Firing Fuel

— B
K Ok
/5

8

826 836.6 781.5 8633

Max. Surface Temp. of Fuel [°C]

Ave. Surface Temp. of Fuel [°C] 795.1 745.6 811.9

Photo of Clinker

Type of Clinker Middle Grain Middle Grain Fine Grain Fine Grain Fine Grain
Quantity of Clinker [g] 3.78 2.41 2.00 246 227
Clinker Formation Rate [%0] 0.229 0.146 0.121 0.149 0.138
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