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Study on low temperature pyrolysis of biomass waste
to produce fuel gas and fertilizer

Biomass waste is expected to be used to prevent global warming and realize a low
carbon society. In this thesis, high efficiency and economical biomass waste
gasification process has been developed.

Chapter 1 outlines the current status of industrial and biomass wastes in Japan and
summarizes the development issues of the waste gasification technologies for practical
application.

Woody biomass waste such as cedar and cypress is one of major biomass wastes,
which is released at sawmills and construction demolition. This is generally utilized by
the combustion in a stoker type or fluidized bed type combustion furnace to generate
electricity by a steam turbine. The power generation efficiency is about several% to
about 19%. In contrast, livestock waste which is the second largest amount of
industrial wastes in Japan is mostly composted, however the large amount of the
composted biomass causes the problems such as excess fertilization and groundwater
contamination. Therefore, the development of an appropriate treatment method of the
waste is desired. In Gunma prefecture, there are surplus compost as much as 700,000
tons per year, and its effective utilization is an urgent issue.

Biomass gasification technology has attracted attention as a highly efficient
utilization technology and has been developed all over the world. The highly efficient
gasification of the biomass waste needs lower gasification temperature because the
waste biomass shows high moisture content and low heating value, however the
gasification at low temperature produces heavy hydrocarbon tar which causes a severe
operation problems such as the plugging of lines, filters. Therefore, the development of
low cost and highly active catalysts to decompose tar is an important subject. Gunma
University has already developed an inexpensive tar decomposition catalyst such as the
Ni loaded brown coal (NLBC) which could decomposed the tar at 600°C, however the
gasification at lower temperature (below 600°C) should be performed for the practical
application. On the other hand, the production of highly valuable materials from
gasification residue is effective to improve the economic efficiency of the gasification
process. For example, poultry manure contains a large amount of fertilizer components
such as phosphorus and potassium, however the ash treated at higher temperature is
mainly composed of calcium oxide which shows too strong alkalinity to use as
chemical fertilizer. Therefore low temperature gasification should be needed in the
case of the production of fertilizer.

In Chapter 2, the preparation conditions of NLBC were studied to reduce the
gasification temperature. Cypress was used as a biomass sample. It has been reported
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that Ni can be highly dispersed in brown coal char by ion exchange of Ni ion and
proton in the oxygen functional groups of brown coal and the prepared NLBC showed
high activity for the tar decomposition, however the amount of Ni is limited by the
amount of carboxyl group in the ion exchange method (The maximum Ni loading
amount was about 9 wt%). In this chapter, the combination of ion exchange and
impregnation methods was studied to increase the loading amount of Ni on brown coal
char. The amount of loaded Ni by using ion exchange and impregnation method was
from 8.6 to 27 wt%. The tar decomposition activity and the chemical and physical
properties of the Ni catalyst were examined.

The 20% NLBC char showed the highest activity for the tar decomposition even at
an extremely low temperature of 400°C. The gas yield of the 20wt% NLBC catalyst
was 3.8 times larger than that of inert sand. In addition, the gas yield was further
increased by introducing steam. XRD analysis and electron microscopic observation of
the NLBC char prepared at 400°C and 500°C revealed that Ni particle having an
average particle size of 5 nm were finely dispersed in the char matrix. Ni fine particles
could be recovered from NLBC by a combustion. Therefore the co-production of
energy and function material such as Ni fine particles could be achieved by low
temperature gasification of woody biomass.

In Chapter 3, the utilization of the residue from poultry manure gasification for
chemical fertilizer was studied to improve the economic efficiency of the gasification
process.

The gasifying residues of poultry manure were recovered by using a low
temperature carbonizing/ashing kiln type possessing the capacity about 1 ton/day. The
investigation of the behavior of metals such as phosphorus, potassium and calcium in
poultry manure during the gasification process revealed that most of these metals were
concentrated in the gasification residue. The cultivation test of Komatsuna was carried
out using the gasification residue. The yield of Komatsuna using the residue was the
same or a slight increase compared with that using a conventional chemical fertilizer.
This result indicates that the gasification residue from poultry manure could be used as
a fertilizer.

Chapter 4 showed the simulation of cost efficiency in two cases such as the
co-production process of energy and Ni particles from cypress in Chapter 2 and the
co-production process of energy and fertilizer from poultry manure in Chapter 3 at a
practical scale of 100 ton/day. The simulation revealed that the low temperature
gasification process could recover the investment in a shorter period than conventional
plants.

Chapter 5 concludes the works in this thesis.
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2-1 &=

ARBETIE, "M A~ AX—)VOREIRE KBS E D=0, A 4 53H#ik
EERIEEMAE DT R~D NI HEF 21TV NI BEENOE DS NT-E
TEMERR I DR A R, BHEOZEIZ LY . BRAE T A SMETREEL,
WZANKR VDT F o ENIYEA T RBSEDH T ETNL 2L, 2
NEBIEST 52 LT, NI BBRPESTHLIET ¥ —0350N05 Z ERH LN
2o TND, BT, ZTON HEHBRT ¥ — 0N F — /L OIRKIRSCE IR L TR
2T D ZENMESNTWA-T], LOLERNS, A & ZHIZ X5 Ni
HE T, N HFERN D LR S VLV EOFAERIEFET 5720, Ni &2 (T
BEICHIINS 2 Z ERHRR N, ZivE T A REIEIC K A Ni #HEFEIS 8-9
WIREE N R K TH-72[1], —JF ., BRITERICEDOHRTH Y . ML
FHELTNDTH, BIRIEICE D NI i 21T->TH, +31C NI Z@Eoiicfr
FCE5mRelrd 5,

Z 2T, Ni HEFEZHEMEE, A 453 L [RFRCHE R OALN~D &R
FE2AT ) Z L CEIRMAE AR5 Z L 2R Ls, & 512, Ni HEElE A
FWTARIR A 2BV T, Ni R & SOEIRE ., AR OBREZ BT 5
ZETF A ETORET AT ok ACBIT 5 P at ARFEREDTZD D
INTA—=Z—REXTHIZEHHNE LT,

2-2 EB
2-2-1 ¥t

NAF<AFRE LT, REAA A~V ATHLHE ) FHRE Lz, ERICMHE
HL7ek ) ®OxFESHER L OLEMEZLZ Table 2-1 ITRT, &/ F3H
Wtk BRI L, B R/ T A FEBRIZ W,

R & L C, SIMNPEBIR TH D Loy vang (LY) k& Wz, LY ROITLHE
TR LN LHESHHE % Table 2-1 (2777, LY (3%, R L, ERITE T,
107°CT 1 h B L= OEFEBRICH W, £z, RO 201D (0. 5~
1. Omm) Z bRHgEAREE LT L7,

Table 2-1 & J F K ONLY [RODOICESHTE « TZE0HTE

“ Proximate analysis(wt%) Ultimate analysis(wt%,d.a.f)

Moisture V.M. ash FCF @ H N o* S
Japanese 8.8 72.8 0.8 17.6 52.8 6.1 0.1 40.8 0.3
cypress
Loy Yang 14.3 457 1.4 38.6 62.5 5.7 0.6 31.0 0.2

coal

*By difference
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2-2-2 Ni HH£ LY R o3RRS 1k

LY R~ Ni OFT, fHEKE LT~ T oI N @wikae v, A4
REEB X OERIEBEICEI VAR L=, FIEOMIE % Fig. 2-1 12, ZOEMAE T
SR,

2-2-2-1 Ni HEHRO/ER

28 %7 =T /K 200 mL &ZREAK 170 mL ZIRE LRI L, RERT v
E =1 . (NH,) 200, 35g & HEHMEmREE= > 7 /L (NiCO, « 2Ni (OH), + 4H,0) 95 g %
Mz, 24 FERBIRLT-, 2Dk, WEIIERIZ X D IE T K-> - ERRE 2 BRE L,
Ni HHEfR S L=, 2 Ni HEHKO Ni JEEE 1T 95— 100 mg-Ni/L Th -7,

2-2-2-2 A ZFUHIEIZ L B LY R~D Ni 0K

A T URHIEIC L D LY [R~D Ni BEF DAL, Fig. 2-1 T (1) O TR
THEFEITo 72, T/ b, Ni #HEHRIC, FE%O LY (REI A, 3 L L
7o BEERTR . WEIIEIRIZ K 0 ER S BEZ 1TV, 15 DAz ERGUR & 288 K1 &
DHED IR LBEFT 52 & T LY RICHEIE L7 Ni ZBrE LT, Ptk oER
At A . ERE T, 107 CT 12 Rz s 7o, Wik oseHokt L,
o3 24TV, 0.5— 1. 0 mm (23R L7z, LA EOFNAIZ & 0 7ERk L 723084 LY-Ni
L L7,

2-2-2-3 BERIEICX B LY RA~DNi OHEE

EIRIEICE A NI HEFA1TH) 2L T A AU B L il L, k0SB EEIC NI
ZAHEF U772 LY-Ni 238 U7z, SiRIEIC X D LY JR~D Ni OHEFOLA X, Fig.
2-1 H O Q) DO TRERTHEEEZTo7=, T72bb, %O LY KIZ, Ni #HEf
WRaEMx, 1 BB Lz, 20k, BT 52 &7, BREETHFRE .
RS A VTR FEFRE T, 107°CT 24 WBRRRE L, w87, wioak
2t Ly BT ATV, R 0.5~1. 0 mm (KL L7,

2-2-2-4 Ni HIEEDOH|E

ESLL 7= LY-Ni @ Ni $HE5R(%, ~ > 7 /L) (ADVANTEC: FUN210PA) % FV > CTRA
Be X, REEBLOIRSOEENLRD T, EBRFIEIILLTO@EY THDH,
PR R ORI T 1 B S SR EOKS Z AR SEZ LY-Ni 2410112 1 g
=Y, vy ZIVFIZ AL, JIS M8812 AIRDIKAL FIEIZHAS X 500°CE THIE
IREfE] 1 IRFFAC AR . 815°C & THEFEM 30min THIE, D% | RefEIfREF LA
BexAT o7, NI ITZERFHK[TREET 22 L TNIO ZGL 2 ENTE D,

LT (2-1) 725 LY-Ni(d. b. ) 1g D Ni OFHEFFRZ RO 1=,
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. N Ni & £(g) -
Ni HIERE (wi%) - x100% (2D
i fHEFR (wt%) N (g)+ B ERE (g,db) /

[lﬁYngbmW“] /;KIhQNKOHh-MQO: )
coal (NH,),CO; =1:1 [mol/mol]

+ 29 wt% Ammonia solution

+ Distilled water

4
\(NH3)6 *NiCO; solution (pH=11)/

(2)

Drying at 107 °C Ni loaded brown
24 h coal (LY-Ni)

Fig. 2-1 LY /R~® Ni fHEFIA

Filtration

Washing with
distilled water

2-2-3 F—)WEERDFIE

Fig. 2-2 IR BEEBRER B Sama WV, B 2 T ORGSR L 0 AR L
TeNAF~v A2 —)VOUSEERE , AR Lol z2 D CiTo 72, RIGE O k
R IT AT — UGS % 1g ZRE L, TESMIIIFRAR U 7= Al 3—
3.5 g ZRRE LT-, gD FEICIZZ— LV T v 7L LTHR Y — /LA FE L
T2 No W APRE R, FEFZ BN L | 450~650°C T 1 BEfIRFF 252 &0k v,
fRE DO RTILEE (F v —1b) Z1T-o7c, AEEORTLELE ., TEIF 2 2RI T 450
~600°C IZPRFF L7RHE T, EBED A A~ 2% 10°C/min T 900 °C £ THIET
HZETHAA T ADRGEEAT Tz, LB TAA A~ ZAOEGRIZ I 0 %58
LTRSS (Z— LB LN R) 1L ERE CHE S - = 2 @i L,
FOSENOEE # —/VIENHA T —/v b T v 778 L OUKEME & — VRN
N7 w7 EN L, REICHT ARy 72BN Lz, HANy 72X [EIY
LIz AL, FAZa~< 777 (GC-TCD BL A X a3 — X fF& GC-FID)
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W—J: D\ Hz, CO, Coz, CH4, CzH4\ CZH6\ Csts\ C3H8\ i_C4H1o\ n_C4H10 @ﬁj\iﬁffﬁ—")
oo ?ATYAF ¥ —BIOARTY— I T v TSI —/ (EEZ—))
XENEEBNRBEL . THAE T ANy FCEINL TR n~ v 7T 7 (X
5'/:1//\»—&'{7“% GC-FID) THM&EAIT>7z, K7 v 7 TRIRSATZH —/V
(g X —V) ITEERKRFFFTHOI L, ZN6D0T —Z N HIRFBIN K EH
Ml7, £/, /W T~ AENGFEIREIZ 30 kPa DKZER A BA L, [AkkD R %
1T95 2 & T, KREKBERABRZIT o 7o, T AT LOKEME S — Lot OFF
R S N N e

Thermocouples
‘( 7 Feed gas
HE: @ *q
?‘1?11-—/ = 7 N\
" Biomass sample (1 g)
Steam generator / B
D]Stl“ed P AVAVA'AYAVAYaTaveS
——(0 000000~ :
water asais il ¥ \aié- First stage
— — .
\
Furnaces
Second stage
Quartz reactor Catalyst bed
\, ‘/ (25 mm high)
%"’5' = GC

Product gas

Ice-bath tar trap E
&
:t{

Fig. 2-2 [EEEE Bt
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2-2-4 43#F
2-2-4-1 T R5HHT

AR AT A L OMIREE 7 A 1% GAS CHROMATOGRAPH GC-2014 (5 ¥RBUf/ERTHL) % H
WCH ARG DEN « EEEAT- T2, ERHT AR OBREES A D CO, C0,, AL
IKFEHT AL, A X v arn—2—EHasIOKERA A fbktids (FID : Flame
ionization detector) ZHWT#T L7z, Kotttz Titlonrnd,

[CO\ CHy, CO,. CoHy. CoHg. CsHg. CsHg, 1-CyHio. D_C4Hlo]

v T AN, (20ml/min)

EA B : 100°C

717 2 ¢ Sunpak—A, 3.0mX3. 0mm(50~80 A v =, SUS)

717 KR 2 50°C (6min fREF) —50°CH> 5 150°C (20°C/min FH-17)
—150°C (18min £REF)

s FID

RBH#REE : 150°C

AZF AP =T A 1,

A LT AP = : 400°C

[H,]

X U7 A Ar (20m]l/min)

FEADREE © 100C

775 2\ : SHINCARBON ST, 2mX3mm (50~80 A v 3 =, SUS)
7 KR 60°C

s TCD

FRHEHEFE © 200°C

2-2-4-2 KEEMEEZ — VO3

KTy THROKEMES —LOSHIIE., SAEWKRSZH (BERERR,
TOC-VCPH) Z FHWN T, AR T - BERR AR 38 DR FN T do 5 42k 3 (Total Carbon,
TC) & MEHIAERSE (Inorganic Carbon, 1C) DT ZEAT o7, KM —,
SF ) AR RFE (Total Organic Carbon, TOC) 1. TC & IC /2B D7 (TC-IC
%) Lokdond, BREIOKRFEREIZTC & IC OBREREZHWTEHE L,
TC OABHER L. 10.4mM 7 X LEEAKFE D U 7 AA i U CREZEEE 2 1000mgC/L
OIERER A AERL L, IC OREYERRIZIL, 41. TaM (RER/KFE TS BV 7 AL 41, 6mM R
T b U U LZEETHI LT 1000mgC/L DIFHERZER LIz, T 6 DOFAR
YR 2 10 5 L7otai &2 vy, BB OIE ORTICHR ER 2 ERR LTz, 2 OFE
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D, RS 100mgC/L ThHT-. Z DO 2 2 A58 1T EHAK %2 5ml
A= By FEHWT 20512352 & THIE LT,

2-2-4-3 RBENIZOHH
WA T~ ZRBEECTH D &/ FIE, B/ 7 2 k0 WA 39, Fr—,

HE X — v, KWL —ZHET 5, &2 TREHH O RFE & (Biomass—C) %
TCROMENOGEM L, £, BOMRICBIT 28 ERMITONTY IKEE
(Gas—C, Soot—C, Char-C. Heavy tar—-C. Light tar-C) Z:x k&5 Z & T, JFElH
B DRFILI (Carbon balance) ZH T 5 Z LK D, L LR, K%
BRcix, fikiiEiz LY-Ni Z2iH L TWbH 7=, BRHEKDKRE (Frv—) &t/
XHEKOKRE (79) ODBERKRETHY . b FHETTOIERLRREES
METDZENTERV, £OH, UTIORTERERTIE, 770HEG%
PR ERFBIN S &~ T,

2-2-4-4 XRD Z5#r

filit D FE S AEE A . XRD (RIGAKU #E# SmartLab) 2 W CHat L7, REHIH
5L A 7 D HLERT K OB Ly XRD BIEFIA T % 7 4 b 42T, XRD
WMEICHE L7, XME LT, CuKafit GEEIE 40k, ik 30mA) Z U, E&
W Tdeg/min X U v MEIZFEEK (0S)1 deg/min, HAL(SS)1 deg/min, 5
0.3deg/min, DKM TRIEELITo72, £/, HBHNAZNI FH# LY FRLlos
F Scherrer M (2-2) Z FIWT Ni L FRABH LT,

D=KL/BcosO (2-2)
D fEeh T8
A X R (1. 54056 A)

B : [EIHTHR D ENE
K : Scherrer %% (0.9)

28



2-3 faRLEBE
2-3-1 LY-Ni it 3 v iz v ) S8R/ 0 AL ER
2-3-1-1 Ni HEFEDOKE

Fig. 2-3 12, & / FEAGHRIC NI fARFE DB /2 25 LY-Ni it & U CHWZER
D, RFENEB LT ANEZ T, HEOTDIT, EEMED 20O T —
2 H P TRT, Fig. 2-3 (a) IR TRBINED , IS & HEE L TLY-Ni &
bz T, BEXY—NANED L, TANENEMLTERBY, LY-Ni Tk /¥
@Tﬁ%\é/\ IEENDZ — X L THEIEEEZB L TWDZ EB oD, &6

. EOWETEMIT NG HEEIKFE L, HEE 20 wthd ik b &V 2 —/LViCETE
ﬁfz%ﬁ T b, 8. 6wth LY-Ni TiX, HE X —/L20% HA28%ThHDHDIC
RL, HEFENZ 20 wt% LY-Ni Tk, EEX —/L 4%, H A 36%E 72D, fHEf
BEOHMZE, SETEMER M BT 5, —ji 27 wt% LY-Ni /% 20 wt% & Lhige L.
BHEZ— NN, EEMETFTLTWD, it HEEEZ£<$+52L T,
Ni DEENEZ Y NI REENBD L2 EICERTLZEEZLND, S HIT
Fig. 2-3() IR L= A AR L | LY-Ni Zfilfft e U CHWS Z & T, EITH,
COMEML TEY . b mEmWEMEZ /R 20 wth LY-Ni Z W 72BIE, I &k
B LT, HINEDN 4.7 %, COULEMN 2.5 (5L o7, DLEXV ., A F L A3Hk
CERIEEMAA DY TR L@ NI a2 A7 28 RABIE, ek 4
VAL TCTIREL U 7o b e L BV — VTR R R T 2 E B BT
Trol=,

LIS R RT, & 2 OB R/ 7T ARk 5 IR E B L UOVKARE
ADFEIZHOWTIL, b &2 — /VEETEED @V 20 wt% LY-Ni 284 L7,
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100

(a)
ANNN
o\’? 80 in light tar
E. in heavy tar
=
2 60
=
2
f= C in product gases
5 40| e 2z o : -
o e 2 2 i
2 i : iz 22
= 20 : ; 55 555555 : Zi—C in cypress char
© RRaise e 5 R -g 2
2,:: PEIS e [-‘ 3 :.:. ,:a'-:i S
0 i i fzz] etesecs | T
Sand 8.6wt% 12.8wt%  20wt% 27wt%
LY-Ni char ‘
30 | (b)
\
25 | \ N
C:'C:; & %
20 | —] N
CH, R
cm—&\

15

CO—

10

N\N

Gas yield [mmol g-1-sample.d.a.f.]
(=) W
IJI
//
- =

Sand 8.6wt% 12.8wt%  20wt% 27wt%
LY-Ni char |

Fig. 2-3 722 HEFED NI #HEF LY [REZ H WO RFINT & T AU &
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2-3-1-2 Z— LB IREDEE

Fig. 2-4,Fig2-5 1=, F72 5 (400, 450, 500, 600°C) T 20 wt%LY-Ni %
ATt ) X280/ 0 AL LB O RFBIE S LOH AN EERT, O
T2 DT, AETEE D 721D &2 O T=BR O SEBREE R & O8O T,

Fig. 2-4 1R T L 212, & W56, 400~500°C DR FEFIFH Tk, BHE
H— 35%, BE X —N 5%, HAN IN%BREOEGTHRAELTEL, REMN
IRFUL SN FAE T BT D72, — 5, 600°C Tk, HE X —/V 13%, BE ¥ —
N 14%, HA23%&7e, BEEZ AN L, BEX—/VE T AZHE#R LT
W5, UL, IREEENIESZ LT, EEY VOB T X TR
&, LVBERDICHRIR LI-Z ENEZBIND, Fig. 2-5 DT AURDFE R
6 D2 W28 A OB 600°C TliE, L WIRVWEEE TH 5 450-500°C
DOEA LI LT, Hy & CO DILENEEIML TV 5,

Fig. 2-4 \ORTIRFBINZ LV . Ni-LY iz W5 Z & TOFNoiEEICE
WTH, b e L TEHEXY —ADBELIBDLTEBY, DO AEDKIE
WML TWd, 2Lk 0 Ni-LY fillfEix, 400~600°COWTILOIREIZIBVNT
HE WS E A R 2 E D, o, Ni-LY il A2 7354 T 400°C
WCBWTIE RO EE X — /L RRAEL TWHN BEIREZ 450C L 35 2 & T,
BHE Y — T 1% ~EHDT5, L LR S SEIRE % 450CLL EIC L ThH,
HE X —NVOEICEIZ RN -T2,

Fig. 2-5 \ZRTHIBEICBIT AT ANED 7 7 7 L0 LY-Ni filtlltz -5
A IBEOHIMIENT ZAESHEML TS, BT, Hy, CO BREHML
TEY ., EIEE 450°CTIE, H, 16 mmol g, CO 5 mmol g TH>7=DITH L.
WEIRE % 600CL+5Z LT, Hy 25 mmol g, CO 14 mmol g CTHEIM L 7=,

PLEDFER IO A A &Mk & EiRIEE A DOE TN HEFEZ1TH Z &1
£V, 400~450°C &\ 5 FEF IR W BB IR E T & — VA3 13143 AR T RE 72
Ni JHEFBRAEEZ RS2 2 LN TE 72, —FH, PAREOBENHIE, XY
EVEETH — VB ZIT) FWEE LW ERBH LN o T,
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2-3-1-3 KEKEINZR

Table 2-2 |2t / FEGfR/IT ACRFIZ 1T D, IRFBINSCF X O AULEIZ%F
T ARELRIRINOEN T RS, Z OFE # — VSV 1T 20 wt% LY-Ni 2 Iy,
BB IL 450°C & LT,

RFBICLOFER D, ERFHK OKEKMEL) L L, KEKEZEAT
HZLT, HEY L, BEX—ALBITHD L, TRADOEIGHEMT L2 L
BB MNCIoTo, S DICHANELR T 5 & KEKOEAIZLY H, CO,,
CH, 23EI0 L, CO 23D LT, ZAUFKRRLRDEANIZL Y, FREIRT, AN A
VAL = VOKEBERLE, KET A7 MOEBLOA X 2 — 3 VRIS
1T 5670 FZEx65(8],

. Catalyst
biomass tar + H,0 ——"—

hydrocarbons+H, +CO+CO,+CH,+C (2-3)
Water-gas shift reaction:
CO+H,0—5 H,+CO, (9-4)
Methanation reaction:
2CO+2H, — CH, +CO, (2-5)

PLEED ., v FEGMRFIOKAREEATDH LT, X—NLEBLOTAD
WENEITL, ¥—NVEEXEHDIE, oEn LINENSONDZ AL
W L7z,

Table 2-2 CEIEFE 450°C20wt %LY-Ni DRFZINT - H AU E ORI - )

Flowing gas N, N,/H,O
Gas yield [mmol/g-biomass, daf] H, 17.3  20.7
CcO 5.3 24
CO, 85 136
CH, 33 47
C,-C, 01 0.
Carbon distribution [%] Biomass char 39.0 39.7
Gas products 414 496
Heavy tar 1.4 0.5
Light tar 0.9 0
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2-3-2 Ni filifit oD Syt

3B AV O Ni B AT T B LT 5 720, Fia Al E - BaMER
#BE2 (TEM) B L OXRD HIEZFT- 7=,

Fig. 2-612400°CH L UN600°C THIALEE L 7= 20 wt%LY-Ni ¢ TEM 4 % 71597, 400°C
CTHPLEE L7230, LY v —~ b U v 7 2928 nm BREO K& S TH—
2B LT NI R S VD — 07, T v —AARIEICIE 10 nm F2E O 00HK
72 Niki - HEIZ STz, 650°C THIALEGECIX, 450°C TORELE FIERIZ, T
Y—~<brU w7 221, Boom BRED Ni R F-0MEEL TWAEN, F v —ohsE
It nm FREE O Ni R38R S e, TRV ETLBELEE A S< 356 2
& T, FY—AREIIFET 2 NI R EEE L, HRET 252 &AL TR
27,

Fig. 2-T 24V (400, 500, 600, 650°C) THIALEE L7~ 20 wt%LY-Ni & XRD
777 ANEBIN Table 2-3 12 =7 —XRELVHEH L7 NI B2 57,
XRD 7 m 7 7 AL LV APLEHREOHME & B2, Ni [TR|ES D E—27 7
FHAL L TRV, BULEIZ X0 Ni Ki-OBENEITL TV D Z &Rz 5, Ni
DOE—7 L DEH LSRR E CoMm 22k LTh ., pilEiEE D
HNE &I NI S TERDMER L TE Y | 400°CH 5 650°CIT BTALERIE A £
HZET, I m”259m &, BXF2MHBEEORETI LT
Zaxs

Fig. 2-8 |24 HEFE (8.6, 20, 27 wt%) > LY-Ni (AALEEIEEE :450°C) @ XRD
a7y A NVERT, SRMEEFROBEIMIED, NI [RBESNDE—7 D4
B2 Z 0 . FRIC 27 wttHFFalEt Tl v —7 B — 7 SR S 7z, Table
2-4 O = 77— AL EH L7z NI fidsF8IE, 8.6, 20, 27 wteD il ¢ 2
L. 5nm, 5 nm, 7 nm THo7-, Lo T, 20 wthF TOLEHEFFTIL, Ni O&f
LITEZ S0, 27T wihDBBEHRT 562 L TCEBEORENEXHZ &N
bbb,

EIROT /FERRERE TR, BN ER, EEROERNH D, Ni ik
Tid, HERNERNTHDL A AV WAEDOERNTH DN, il LCHHAT D=
DETLELE L THBET 5 TRIZEW T, fimkENROND Z L0617
HRNTHDHEERT AL — EHFREICI D 0HIBEENEEL WD EEXILN
Do
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Fig. 2-6 RiALFRIRE 400°C (a), 600°C (b) 1281 5 20wt %LY-Ni @ TEM [#Hjfg
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Intensity [a.u.]

. -

Devolatilization

temperature: 0O

650°C ®
600°C h

.

200%C AA
| = o
400°C / \ :

20 40 60 80

26 []

Fig. 2-7 ZIREETD 20 wt%LY-Ni XRD 7’12 7 7 A /L

Table 2-3 £ IEFET® 20 wtU%LY-Ni Ni #& gk 728
BTALERIEEE (CC) | 400 | 500 | 600 | 650
Ni #&dh 728 (nm) 5 5 7 9




® :Ni ®
=
S, | Ni loading: @)
O
b 27wt%
= i Nl
Z [ 20wt% _J\J\
(D] P,
0
E: 8.6wt%
P e e— ) S

20 30 40 50 60 70 80
20 °]

Fig. 2-8 BIALFRIEE 450°C TOEMEFEICBIT A XRD 72 7 7 A )L

Table 2-4 RIALEEEE 450°C CTOLAHEFEICIIT 5 Ni fEdkhi 728
Ni fHEf&= (wth) 8.6 | 20 | 27
Ni & fh 725 (nm) 5 5 7
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2-4 WS

A T UM L ERE A LIS TN R R AR (N1 & ¢ 12.8—27
wt%) Z B L ZNRESR DA A AR D I TR U 7= ikt (N1 fHEF 8. 6 wt%)
LD bEWF—LVWEEEZRT 2 EEZHA LT LTz, FrIZ, 20 wt9%Ni fHERE
RF v =D bEmWEBEEEZ R L, T3S 4ok L ERIEZAAED
HEHZ LT N R FRAGEEL-EE N HEFELHINTX -2 LICERT S &
EZohD, IHIT, X VHERFIZKEROERINT 5 2 & T, RIFMN & g
LT, Z—v&EMEB L., D OFAREREML TEY ., KERKIBMBPEZT
HHZEEHALMZ LT, EHAMICEZD L, RENA AR TH O LEHIK
DE—EUEGATHWS Z & BLOWENE G TomEb HKAKZEAT
HZENFT LN, KERLAERHK TS A ANRT 2Nt Z ENBESN
LIz, ZITHOLNTHMRIZEE CTh D, kT 58 4 BTIE, AERNA
<~ ZADKIEH AL L D=1 ¥ — & Ni ki 0 7 0 v ADBRRB T 5
Bt ARBFERETHY . ABETHONWHEIRE, TARNEE T A —H—
D—ERE LTHEM LT,

ZE 3R
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3-1 #HS

H1ETHRATEY . KEHEOYW BEWOER) (TEEEFED O CHEH &R
2FBHIZZ, ZOERDI L, 0%LL ERHEEILINTWD DD, HEEZME S
BHEERZNR LN TWA 7D, HEHE O 30% B T EHIC#M T Y | EREEE
DIRRE L 72> TV D HUR B AFET D, DT, &FESE W OFF]HIEOBR
DRDODOENTEY, ZOFO—>L L THAUIT L DRI A DRRHL 21T 6 4
Do SHIT, BRFEHARBENOH AT 0 A2 HILSED20120%. T AL’
23 B @A IR L 2 BN S5 2 L BB ETH D,

F T, RETIE, SEHESOHO—oTHY ., BEES (8%, Vo, H)
WL GENDHBEBITER L. BEN AT X 2 /M 2 0 I L O 205k
WSO HEARE AR Z BT 2 2 L B E Uiz, BARMICIE., BEERE,
AFEAEZEB O 2 ITV, FRCHT AMEEED, T B ) EEZRET DR THD 0
T LADIBREZAL LIRS TH D U OEEEICOWTER Lz, ERICIX
Ni/ALO; fi i 2 IV, FHIEH AMLRFZ AT H X — L b FRIREZIT o 72, £ 4 A1k
BN OEEEIICE L CZ. BE L o7 e A2 MH L THBEKEZIER L,
A=Y F M LR R EZIToTc, ZNODRERNLHELNTNT A—X
EHABRO T v ARFEREICH W,

3-2 ER

3-2-1 e

ARIFFRTIX, "A A~ RAFEFEYE L CHIEa A AN (HC) 24/ L7, HC X
B AR, FERMEELICE Y 2 RA MELTE b DTS, Table 3-1 (2 HC @
TS, TTHEOTE, KR L OB EE R, HC OKOERDIE Ca T
» D,
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Table 3-1 #HE L HRA NHC)D LESHE « JCEONE « KRR - FEEE
KT wet N— 2 F DML dry X— R

Sample HC

Proximate analysis (weight percent, wt.%*)
Moisture 18.00
Volatile matter 55.24
Ash 38.87
Fixed carbon 5.89
Ultimate analysis (wt.%, db.)

C 25.56
H 2.94
N 2.39
S 0.49
Si 0.37
Fe 0.18
Ca 21.36
K 3.42
P 2.20

Higher heating value (HHV, kl/g, db) 10836

3-2-2 filifit

i@ Ni/Al:O3 (NO.C13-4, A — Ko I —fiflf & v Nkt = v 7
FrsR 0 202 HEY%) BN AR AT 22— VedERgE S L THWE, H
WE D T2 DI FhEETEME O 72 W IED & [RIERIZ H W o, TS Je T N/ALLOs it 13, 1l 5
& BRI 0.5— 1 O & LT,
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3-2-3 EBRFIE

3-2-3-1 BREESITAR

B BEHTEERE (TGD-9600s. 7 /L3y 7 BT (8R) %M., HC OEE &L/l
ZRE L=, HC0.1g 2 7 /L = 3l F L =iELA 5 900°C £ T 10 ‘C/min THIE L.
Z OO EREE(LE LR LT,

3-2-3-2 BEo U RR N OBSRIH Z LR

I VARA NOBGRE  ZOBICRAET DX —NVOKEE1T 5 72, Fig.3-1
R TEEE SR B W TEREZITo 72, Kb (N 20mm, £ X
900mm) O EEICIE HC o7 1 g Za%&E L. FEIIZAEEL L CTHRD
Ni/Al;03 (NO.C13-4, A — 7 I —flifft > v N BRI Stt, = v 7V #ERER 20
T2 HE%), b L IEF —VEEIEEO W &% Lz, ASESENE T v
TN ATEBBESL, TATME T, 20 C/min T 650°CE THIE L., REF LT,
Z D%, EB% 10C/min T900°CE CTHIRT 25 Z & T, HC OB REIT T, B
OSRIZ L0 i SN R IE. 650°CICIREF S - i@ A @@ L, Ay — L
N7 w7 KB N7y LT, wEBINCH ANy ZITHE LT, KEKWER
BRClE, BUbgs EBE LV 50 mm FOEY (1T 6o L v EBHRED 100°C
IR 30 kPa OAKZMGT 5 Z & T, RiROBMRRER & RO FIEIC LY
117,
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Thermocouples

e
J NI Feed gas
'IL—;I l—i’ x E;" gj';'\
=_ I N,
| Biomass sample (1 g)
Steam generator )
Distilled oo 1
, J LU '}_h*‘*cz_,_ sz First stage
water Sy =
e I
| N
Furnaces ffﬁ
Second stage
Quartz reactor Catalyst bed
N, (25 mm high)
&= - GC
g Product gas
Ao
Ice-bath tar trap |- ®
—%
&% %

Fig.3-1

3-2-4 SirbFiE
3-2-4-1 H RS

[ 12 Jig it a8 X B SO

R A%, B EE R A (TCD) B X OVUKFERA A {biitis (FID)
(GC-2014B, RHHERT) 2247 I7A4 v OH A7 v~ N 77 7 &2 HNTShH
BriL7e,

ATV TORNS, ROGEE—NVWEZKIBICL DK T v A2k
TV T HALVEE L,
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3-2-4-2 XRD &#7

X BREFT AR (XRD; MO3XHF22, ~ v 7 A = 2fkEH, CuK o .
40 kV, 30mA) & HENH ARKWAERES (BELSORP-MAX, HA~L -196C
WIKEH) &, BEF v —B L OKOEEMTOZDITHER L,

3-2-5 a<=VIFABTRR

HE1 b OBIEKA « RIGEEICL D RESINT-EBEIKEHNT, <Y
T HAEFEE, KR VRO R OMREIT -7,
Fig. 3-2 IC#Ek X, Fig. 3-3 [CHEBEN B EH 2R,

551Ly@%ﬁmm-mmxpﬁ\%ﬁx&~x@&mwmf —Fm R
AT3m OEmIThY, KRN0 OBELBEE 11T, 40kg TH D, FHIZEHEH
IZF VBT ZEIFICERATE 5, MBLEX, BARE, Lo OREREE, $1
VPRI K OVAERICHRE T E . RIEZIT O BRIE. AR, oL Bl A
<L, FAUFo@EmBREMZAELS T 5, Bteda 20 226 40 ke F T OHiFH CTH%E ]
RETHD, MHAF /LA THY | BUR & EY D ISRV D, F/b AN
(% 300 mm THK & 1500 mm, AR S PRI AT TEFER? H 5, NERICIEER
PR ONTE Y, WEITRPEEIN N O RAE - IKIES LD, TR LY
OHAMTHEEa fe—r IR TEBY, ZNETALEEE L THEMHLE, T
VIUTT ZACIF I & DB R TT AT RE 2w ) . N—F I L D kBE s &, W A{LH
DR L LCHRIHT 52 L TOlE oL o RIBHEBERIF O 50%RES = /o
A N L CTEETCE HIRIET AMLIFCTH 5, WRKDT7-O, BT OEEFRITIRAT
L, ZRIBAIZELDEREHY . TAICTRY HIND T AL, EFRTREITHE
F0., BREOZRWEBER T A LD, TALBEZ 600CE L, BELFT L
T AP R A L. FRFEIKORE AT o 72, H ARz W\ Tl S 7z ik
PEA 21X, Ni/ALOs e T S v, HALIFICHER T 53— F Ok E LTz,
X =) b T T Nb 7L BELEIREZB o7, BEEIF & [A U RETE YL HEfE
b+ FRIAHERETH -T2, T ETIE, BAYOMERMIZE > T, &, JKO
RGBT H 2 e N TE D, WENMZESTHZ LT, HBER, WHEKEHZE
KTHZLTHERKELHETS, ZOLITLTEBOBIERKZHE L, LR
BHEREE Uiz,
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Table 3-2 (X H&E 1 b Om—& U —F L AURIET 2L OEELMAHITH 5,
HACNFIRE & ALERRF R 2 32 8 L, 4 BFRRGMECEfRR L, ¥ A LREE 7=, &
) 1 5 3 Tl T ABIFIRE., MHEFFMAZET LT ¥ — VHERIT D 72 < Eiig
TO T TIVTFAE Lo o, EERSMEE]T 41280V TE T ZBIFRE %2 800°C
ELTzE 2 A, HAMEIRE CTh 2 BEIKITITIRE I V> T L0 1.3% TRk vy
AN 46.2% &AL LT, JEERSAEE] 512 W T, A ABAFIRE 480°C Tlk, HBE
JRICIZIRIE V7 I 87.2% TRt LS 7 A 6.5% ThH Y, [RIETH 2T 5 Z
E TRV T DOTRETH AMUIRIE TH DBWIEIRIEGFT D2 L 2R LT,

Table 3-2 H&E1 hruo—% U —x Lo X0 2R LIFEEESAEH

RG] 1 2 3 4 5

77 ACHF IR C 690 | 500 | 500 | 800 | 480
RLBRIRE ] 53 45 15 | 120 | 60 120
L& IS vol% | 2.3 | 25 | 2.8 | 89 | 12.7
fisk 45 A A A fu i

2 — )V HEFR 2 2 2 % %
RTINS T L | wt% - - - 1.3 | 37.2
iy s | wt% - - - 46.2 | 6.5

358X, V7 xRy b (1/5000a) 12, BRI £ 3 kek Lz, a~Y
FOMEERERE N N—P—K=20—20—15 (15 ke/10a) & RI%EIZ/RD L H1C, 1R
v MZD& N—P—K=04—-0.4—0.3(g) &2 X O ITHE L7z, U U BRDIEREIL,
FTRCEHKERE L, BEHSORBIZOWTIIHZ CHEE L=, (LRI e
BARREL LT, BEKAFEA LY IR L OB 2T 72, BREERLT-
AR 188 3.0 ke LRBRIEEIZ R VIR TEI KWV BTV VRV Ry MTHRE LT,
RNy NOTEAZEEZER TR OETK, a~vY T2 1Ry 4720 500, 10
Frsi- v 3KOIFE L7, (3FE%, B AFMOEBERREMAE L, EFOE. 1
IO 2 R ZBPTHEIE, RBEFOVWEKREZ I AKZL, 1Ry b4 5K
(TN DS 15 HIR SRR 21T - 72,
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3-3 MRLEBEZE
3-3-1 BEDREENIT

Fig. 3-4(a)iZ, HC O FIREGMERIC IV GO NT-AEEHR L EOMy
(DTG) #ift%r9, DTG #ifR T, o0\ —223H 0, 1 E— 27138
200°CThEE D . 290 C THRAMEIZE L, Z D% 500°CHHT F CEERD BV,
200C7 5 500 CE COEER AT, BELZ 33.8wtlh THY ., T HC H D%
PWEOFRAICHKT D, ZNEOBGORERIT, ZODFEER AL A~ A
DSy, ~Ikrar—R, B —RABIWNY V= E2EETH I LI Ko THE
THZLENTE, 500CLL FOEEBERIL, —MWNIZ, 20O EEREMREFD
ERicL2boEZLNDI,

Fig. 3-4(b)iZ. HC OFIREMEIRFIZHAE Lo W A2 R7, BEBRENZ &1,
200°CH 5 500°C ORI TIE, HmANTHK 5% DFFEIN L EEELNRH D . D% 10%
DEBEZEN 5z, 660~T80°COMT 21.6wt% DEENFI L TNDH, Zih
X, FRROXGDITREND LIICHC HIZEEND RN T LOFRIZE D
bLDOEEZBND,

CaCO3—Ca0+COsz (3-1)

— . ZORERTOERREET AL, CO Thotz, Zhid, REEHIL VT LD
BRIC L0 AR L7z CO2 23, TREORB-DIZTRT L IICHC Fxr—EXIET 52
ETCO Lol Bx b, —MIUICKB-2DOKINE, SRIBEI-E
BEID OB (600-780°C) TITHEIT LAV, LA L5, ABOKIE TR
Btz CaO MFEET D7, CaO OffEAIC LY . REB-2)DOKISBMEE (~
780C) THEITLI-EBxOND,

C+COz — 2CO (3-2)

EEEEMEEALERLNZR 500005 650°CTHILE, FHEIITT FILF—
IR DI NT L A E T AR & T2 ) WA A - 0 e S T2, IRIR
HAICHE LTZIREEZZbND,
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100 0.8

(a) 3
& & 106 =
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= N
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3 104 =
20 =
é) 20 | M \_) 1 0.2 ::;o
2
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0 HMM 1 0.0

150 300 450 600 750 900

S] H2 a CO COZ CH4 4 C2H6 (b)

Gas yield (mmol / g db)
SN

0 L ..

100-300 300-500 500-700 700-900
Pyrolysis temperature (C)

Fig.3-4 ## o RA MNHC)DOEEEL(L & AT A

3-3-2 BWEDBGIRIT A hE
Fig. 3-5 12, HC Bk ¥ — VBB FEERICE T 5, NI/ALOs il 2 W= 85 07
AN EZ AT, HANEZ LT DL, KEAKOEANIZLY, He, CO2 3L,
CO B LTnd, ik, K@3DDOKMET AL 7 NRIGOEITIZE Db DL
s,
T, TAICFREKICEWT, BHAE ETIE, BEa VR NOEEKS P ORSE
D 95.4%LL BT AR S v, Al B2 e RFENHERE LT, KRS, KIS
PHOKRAER A MAE LT REIZIE, RN T AT AR S v, il Bic b iRF5E
HERE DS I o 72,
IO ORBRIZIENT, KFE LRGP EDER T A L L TRLNT,
H20+CO—Hz+CO2 (3-3)
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12
mH, OCO NCO, B CH, C,He
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g | (a)

Gas yield (mmol / g db)
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2 | h
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(b)
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Pyrolysis temperature (C)

Fig.3-5 NiAlOs fillift 650°CIZE 1T D EFE = LR A ~(HC) DB i 17 AL
7L A R @), K AR IR (D)
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HRH T VIR A N BB TH A LB OB T AR 2 Tt OR@-DITHEn, H
L7z, Table 3-3 IZRtRMEREZRT,

U7 AN B=(E R T A DIEVE)/(GEFE 2 AR A M2 L OFEEE) X 100(%) (3-4)

I &2 L7e6 (Case A) &bl L, Ni/ALOs fitfi 2 3% Z & (Case B)
T, AT AORBAEITBLE 1.9 50 6981.5 kd/g-HC & 720 & H AKX
64.4 %IZEEINT 5D Z ENRHLNZ/ 572, 30 kPa DKZEKEZEANLZHE (Case
C). AT ADIENGEIT 71870 kd/g L 720 | W AL 72.6 % £ T L L7,

Table 3-3 &M EIT DARY A BN I EVE & T AR
(CaseA:JIh,Ar,CaseB:Ni/A1203,Ar,CaseC:N1/A1203,Ar,30kPa steam)

Case A Case B Case C
HHYV of product gas
= 3701.2 6981.5 7870.5
(kJ/g-HC, db) ’
Cold gas efficiency (%) 34.2 64 .4 72.6

3-3-3 BE DB/ T AR DRt

Fig.3-6 |2, RWELD HC & 900CTF ¥ —ft L7 HC ® XRD 7' =u 7 7 A )L &R
T RO HC Tl CaCOs & Cas(POL: IR E I D B — 27 MR ElEL S 4172, 900C
TF ¥ — (L LB TliX, CaO & Cas(POy): IZIRE SN D E— 7 LS, Ca
DFEEBRESBULHIZ L 2B L T\ D, Zhud, BB XD RNV T LD
it R (CaCOs — CaO + CO2) WHEAT L7z7cd & B 2 bitd, £7-., Cas(POy:
DY —27 1%, B EZITS 2 TRV PRgICEigE NS, Zhud, HC PITEET
DAY LSBT IREER TR SN D BRICIRER I V> U MTHifR S HL, U VBRIV
VU LB LT EEZBND, Table 3-4 ([CHWLERKE D HC IZIFEET S Y
VIEEROEE AT, 900CE TEE LT HC H Y T L% 87-95 %fi
FEERELTWDLZ ERN gD, ZuT bk X5z, Calc LV #EREDO P XN
v 7 EN, BET Cas(PO) 2R LT=T2d EEZLND, Z0OXK ) ITEHLEELD
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HEIZIIPAREINTHDED, BEELTAHTHLEEZ LD,
WEILWEFOY A%, ZHEEEY CBAIL TN TEALTZ 7 A ULy
U A, IR b NI L FEA LI AKEED Y VR 2 & e Y (35-41%) DR E
Th 2], AELEY (58-65%), L L T7 4 F U TH (3],

@

HC 900°C char

O CaO
A CaCO,
D Ca3 (P04)2

Intensity (arb. units)

20 (degrees)

Fig.3-6 ¥ 2 A A2 F(HC)DRLLF & 900°CHIMLFED XRD a7 7 A )L

Table 3-4 FBEECTCO HCH DY U IFIEE

AL ER IR 2 (°C)

E=4]7)

500

700

900

U (g)

2.2

1.91

2.08

1.99
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3-3-4 BRENALEREW OEEIZR

HEI R NI, FERRER (BER. V) ZREER (Vv UL,
YA A BE) . WETHE (R #En, £V 7T Y) aEleTo, HERNA
ELTHEASN TSl AFETIE, HE1 Fror—2 1 —% 10 URIR T X
LIFIZ X 015 NI FREIR 2/ NMAEABT O OLRIEELE L CTHEA L7z, Table
3BICHHIK 1, HEIK 2O FERBEHREZ T, Vo BVIZBNTL, BEK L,
FRHIK 2 L BICRAREDORE Lo TWVWD, ZORERE S LT, BT ALIEE
e LT, B#K 1, 2 & L, Table 3-6 [ZRT LRI E U o N— 2 TR L 2 5D
Lol I EEHZIRAS L CHEAR L 7=,

Fig. 3-7 ICXER LINEOVHEZ T, EBEOLAERHI LT, 71
TIE 10%REE/NESL 720, BT A 21BN THE 10%REERE 2o TWnd,
Fig. 3-8 ITHINE L a8 A ~d, o 71 Tlidk, EEOLRIEEHT S LT 20%
ThHY, 7N 2T 10%EOFER L 72 >7-, Fig.3-9 1% 156 HMAEF L-%ZD
AV FONBERETH D, RERBB D T E TORBBIZD ED T, HIFREE
DX REEZIR LT, LR COa <Y ;& kg L CH MR AR OEIT
AT b,

Table 3-5 FHFIK 1, 2 OEE /2Ly
HH N P:0s | KO | MgO

IR 1 2.91 | 13.41 | 11..22 | 4.24

K 2 2.05 | 13.86 | 10.98 | 3.97

Table 3-6 &ABRAEELD Ji i &

AR AR i S £

{LRABEFGEYE) | % : 1.90(g) - : 2.36(g) HhN : 0.5(g)
P71 fiZe : 1.64(g) FHIEK 1 : 2.89(g)

PoTN 2 WiZe : 1.50(g) FHIEK 2 : 2.99(g)
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. _al AN

Fig.3-9 o~ Y+ OAFRRK THOMNEBI(A5 A1%)

BNTEER, WEIZHOWT, fLRER, 71, 72tk sf
BEMEZITO. BN ZER 2N ERRE LT,

BEEREICHW - a2~y FOEXERWET —# % Table 3-7, WEHET —#
% Table 3-8 |Z/RT,

fRREIC T, FHWMNE D TROUNEHEL, t MEICT—RBICHWON L FE
KHEB% & L THEEZHIE LT,

f W E R R % Table 3-9, t BiER R4 Table 3-10 (2R,

FERELT, XEE, WELELLIZR L THIERERI YT 1, T2
THENICK L, AEAE 5% % LRl>7cecOfFELZRLTHY, o1, W
VTV 2T AREL & BT o= ST DA E R R E W FER DG S
iz,

TN T2 TR, AEKE 5% % TRl REEHY L7720
a<YFICRTHEMCER DD L VI FERIE LN,
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Table 3-7 =t~ F DEBERPENET — 4

X 7R (cm)

NO L RAE VANV YT 2
1 26.2 23.4 25.7
2 20.3 21.2 23.7
3 27.8 18.8 21.8
4 28.5 20.8 23.2
5 16.5 24.5 27.2
6 26.7 26.7 26.0
7 25.4 26.8 27.2
8 24.6 24.7 26.7
9 23.8 23.4 26.3
10 24.3 21.1 25.5
11 19.3 21.8 26.3
12 20.7 24.5 24.3
13 21.8 15.5 26.1
14 21.4 17.6 21.2
15 13.2 13.6 20.8

Table 3-8 2~ ONEHET — ¥
I & (g)

NO LA VAN | P T2
1 20.9 15.0 17.0
2 15.6 9.3 14.5
3 23.4 7.7 9.6
4 22.6 9.0 13.2
5 4.5 14.1 15.4
6 22.3 20.9 16.4
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7 20.6 15.2 21.2

8 14.0 14.1 19.8

9 14.0 8.7 19.4

10 12.5 10.3 14.7

11 10.5 16.0 18.8

12 11.4 15.0 16.3

13 11.8 6.0 16.1

14 9.7 6.9 14.7

15 2.7 3.6 11.7

Table 3-9  f F /&R H
IH A P(F<=f) | kg fE HIE
H il K e
E 3 LA VAN 0.367 > 0.05 ETH
Es LA VAN 0.008 < 0.05 | FHETRW
& VAN T2 0.018 < 0.05 | FEZETRWN
I bR AERE P71 0.122 > 0.05 FETHL
= UApdevas P72 0.005 < 0.05 | “E/ETRV
P71 VAN 0.067 > 0.05 N
Table 3-10  t B iEfk 5
IH ERE A P(T<=t) | bt AE I
H gLl K
E 3 LR VANV 0.239 > 0.05 AEERL
ES LR P72 0.052 > 0.05 FEERL
R P71 P72 0.006 < 0.05 AEZEDY
I (9pares P71 0.080 > 0.05 AEARL
& LR T2 0.216 > 0.05 AEZERL
P71 VAN 0.002 < 0.05 AEEDY
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3-4 fEE

HEDORIE AT 2B T, T AR 450-600°C DEH A E T 5 Z & B3 o)
o7z, THRO Ni/ALOs filtii % Fvy, IR 650°C TH — /L OKAERUWE %17 - 72
BB, 126%DEH ANEER/ROND Z ENRHLNI -T2, iz, BEFOH L
T ATEREITEVLENR I L 0 ey | v T AT T T00°CLL R Tl CaCOs,
ZNLAEORER T BKERIC L D Ca0 & LTHAET D Z ERHL MR- T2,
F2. VU DOREDIZBEDORBEA LY MRS, VBV T A ERD
72D B RIEARIZBIT D) VEAROZITIZE AL RN LRGN o T,
BHEIKE W a~Y T ORERBREZIT o 7ok R BT E & i LT,
R a~< Y FEBFENRE R L, BT 25 S0 5 &AM iE T & 5 LR IEEE
BINBonsZ 2PN L, ZOH ZEEEEN O ORERHEE BRI XL Y | K
WA AT e AZB T HREERRES M ETDHEZEZXOND,

25 3Lk

[1] H. Yang, R. Yan, H. Chen, D.H. Lee, C. Zheng, Characteristics of
hemicellulose, cellulose and lignin pyrolysis, Fuel, 86 (2007) 1781-1788.

[2] S. Sato, D. Solomon, C. Hyland, Q.M. Ketterings, J. Lehmann, Phosphorus
speciation in manure and manure-amended soils using XANES spectroscopy,
Environ. Sci. Technol., 39 (2005) 7485-7491.

[3] B.L. Turner, A.B. Leytem, Phosphorus compounds in sequential extracts of
animal manures: Chemical speciation and a novel fractionation procedure,
Environ. Sci. Technol., 38 (2004) 6101-6108.

[4] N.S. Bolan, A.A. Szogi, T. Chuasavathi, B. Seshadri, M.J. Rothrock, P.
Panneerselvam, Uses and management of poultry litter, World's Poultry Science

Journal, 66 (2010) 673-698.
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4-1 =

TR F AR ENL IR AR E N A A ARE FE/NA A~ A % 224l 75 filtt % F
WTIRIBT b T 52 LT U —o i H A& RE L. T 2B D & &
MEA L2 [T 2 7 a2 TH 5, KRS AU K DB A /BEEENERTEHIF
FEZ mE AR LT, ERICET 2REERE LT 70, BEmMIZIZ, 7'm
TADO|MBEB I OART 0 22 HW eV X —R5E L MEHREZ 1T O HET
TIVORREZATV, RFHEFAL &2 B R E RO 7 =27 a2 N OBLED
5. BREBEEICH T D FHEIC K HHEEIESZ e L,

4-2 REBEH AT e R

IR T AT X BB A /B REMEA BHOFPE 77 v B X D RAkICmiT <, &
Shb7utv A% Fig 4-1 177,

NAF AT, ZAR v R—IZIFE SN, 74— X —%I L THAMUIF I
ANEND, HAMEIFICEANSNTIZ A A~ AL, BVpfiE L, AL T v —RH
WIND, HAEFEIZ, WEERGEEE FE L, TAF cRlE Sz T A
X, RS K0S &S, YA 7 v S TRIFE S L R ENEAR O P I E D BRa>
. AR BN U TREIICH AT D CREBIZHWNONLS, A {LIF
ERBEIF I TR ENEAAR CTH D EEM P ER T 2 TH 5, B OEERE & bIich
AN DL, HACFRIE DT v —DNERBEFICBEI L, BBES D, Z ORREE
Bz X0 EWIMEE I, BREEIF D AEIF A~ 8 U T Eewb 3 7 A LIFE D
IR L 70 AP AL A~ RN T 5, £lo. ZORBEEIX, T X
{ESFH ORZELZRRBEF H O ZBZRZOMBIZ BRI SN D, HATZ P DHEEL
LEQ[ITEIZHWLS Z N TE, =X AF—MICHNY LT rER LD,

b X P AR AR SE CH WAL G T & 5, 22l TIKIE T H &NE
P2 R T ARIFRICTRWE ST =y v % 20wt ff L 728 R it 2 v 5
&L IR R K o T R X R AL ALBE 9 2 = & A O D TRV = » 7 L4
BRI & LTI T X B,

PRBESF DN O DK Z EEHE R 2 & & LTIV HT Z L TE 5, HBETHIURL,
FEEHEEHC 725 DT, 22 CTHRY M2 KITE L, k2 TE 5,

T v —DRFEA TR ET D5/, TAFcllESNTZs UV — T A%
BEfF CIRBES D Z LT, BEBICHWOLNDITALEDNT UV RIZL ) =R LF
—AM LR EMRETH N TES, LR —F ANRD Z
EBEG T, BRBEF IZHBYREI S —F 2 BT 5 2 &0, ARIMNEZRZE RN
AR OBJRE NI T D L bR G727 n A TH D,
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RERERIRENIER

{ERH ZLRE - HEHET DL . -
” sup| o KF AR EE O TR
— « [— mwEE { o5, (> 5000kw i
g J— FFFjJ =
RENAFTR(E / F) > DRI BN

LENAF < R(BHE)

NI 820100 R ) }" T Wi?%ﬁ—»
AmIAV
N r > | wa 5C
2 A
Rysi— fih 3 | <—>I<F =51
_)ﬁ;(ﬂ:ﬂiﬁ i’kﬁ'ﬁﬁc BES—F abiETE s —> BAE- SR
BE_| BRE e Rk —> EHEH
NHEF8 i =
_+ B/ —4
ERTEEY 1 1
= s
B \‘ ¥D
KESR SRR %C e <§ﬁ
AhIH LA H 2RE
ZENi BER>{LREREE

Fig.4-1 WHMESRRENE IR T 2LFETE - MPEHFPE 7 v & X

4-3 BEETNVEFHERM

IR AT AAAT K D IRBET A /BERE VM BIHOFPE 7" 1 & 2 & W3 W%ﬁ%b
TRIVF — EMBHEGE 21T 9 FEORFEEZ R 2700, FERFMHE
F L% Fig. 4-2 IR E LT,

NA T~ ARBHTEEHZ L, NA A~ 2AZRELE LTHAL, BB LZAE
BT E, HAEREITAMY & U TR A~IRGET D EE L T5, DLTIOR
T MEINAA A~ ZADOMEASRE, REDOT =7 aAMTH, WA
X, TAEEEZAMYE L CORIGEEREBIZLIDIDDTHD, F-o. —HY
720 O EXHOZEEZO R (F/H) &35,

X

O A A~AWAEEE (H/H) = BXH (4-1)

BiRENER (/b)) 3 A~ AR Hff

H:HE& (b /H) NAF~ADOfEHE

@WZ7r=v7axhk (H/H) = HXE (4-2)
E:Zv=vraxkt M/ b)) SNAF<AfEHEL %D
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oA
@ HfifETEE (M/F) = LXD  (4-3)
Ll (R /R) A ALk oA &
D:BFEH (F1/ 1)

® 7efE (H/B) = A/3.6XFXHX (1-G/100) XC  (4-4)

AN A F~ AREHEA ZE BvE (MJ/ V)

C: 7 Bl (H /kw)

FIENHE (%) A OSE . 1 ANHE XK EH N
GIEXHCHER (%) NAA~AREHRF TORERICKT 5 HHED

—HY720 RO (M/R) L FEFBE B T(H /)X FFlE s L,
FRIOA T FrAaXA MMP/F) 22 LSIE 1D ORERINEEE (H
/) & D (OXI-M)

A=V xaAX MK, EEIFER THEL LIcE & 1EHTZ D OFREEIIL
SHADK/J L0 RETIUE, BFICEEEDRH Y | K/J /DS WGEE, FEME
72 FEREIZIEEL R,

BRI IE, RN O ERRR EEMRT 508, KRENRHE & LTH
WHNTWDFERFMO FETH DL, —BNCNAA T~ ARETOA =¥
A Z MTxE L COFREREIFERIT 7006 10 L FbitTnb, EEIZON
TIE, 20 M OBHEEE I NS D03, F OO0y OFEF TRE RN T
XORBECHITFERGLERD T —ADB DD,
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BEHF> DS —X
INA A RRE FEBEAMI/ k>
R E:B M/ k>~
OHxB M/8

FHKBIhHF%
A/3.6xFxH kwh/H
TREHEGCY%
Ax F xHxG/100 kwh/H
Ay Lk>/B INA F v R FBRR
ARFEE:DM/ b >

FEH
Fe A% :CH/kwh
@®AxFxH x(1-G/100) xC /8

FrvZoaRMa—=FT4 VT4 - ANFH)

aX MEM/ b

@LxD M/8 @HxE M/H
-O+@+®-@®= MA/8
R | BERE ®xI-M > K/) EXEM4EHY
WEEIR & ®xI-M < K/) J|EMLAL
A=y I)LaRXR b+ KA
AvF+r2aR b MA/&E

Fig.4-2 HERBEHEREET L

4-3-1 A F~RADEMBHE

HEICHWA NSNS, F~ AL, b/ F (Table 2-1) & B# (Table 3-2) & L, K

7 10%E LT, REEZIT- 72,
b FICB L TlX, Table 2-1 O E oA

(d.a.f) & TEIHHEDIKIT

V. JuFRoHriE (d.b.)

L ERE Hy (MJ/kg)

ZEH L, @R EE H M /kg) 2R 7, I L

Tlid Table 3-2 OILEHHE (d.b.) KV, BFHEAE H, MJ/kg) &Ko7,

IZLLF @D Steuer D (4-5) L 0 BRH L MJ IZHNHE L

726
Steuer = H,=8100 X (C-3/8(0))+5700 % 3/8(0)+34500 (H-(0) /16) +2500(S)* (4-5)

Fo ARAFEEE M) OFHE L LT, W RERERKSER, H: BEAUEKEy
R Lok, ToR(4-6) LFHHEL, MJ Q$MT£& Lf:o

H,=H, (1-W) 600 (9H+W)* (4-6)

(" “BEsEWBERlFE—F i & XA, KBEIE, P. 124, P. 126)
b X DOFEEM LA EE A Table 4-1, BEDFHESA: LN REE A
Table 4-2 |Z/R7,

b/ FOmAMREREH X, 21.3M]/kg TH Y, HIEIL 7. M /kg £ 72D,

I & LTKGy 40% EARET % & IRALFEEGEIT 10. M /kg TH D | Ak
BEA IRy 10% & LT, IRALREVEIL 17. M) /kg TH D, ARITRAICIE
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6, 000kcal /kg T 5 DT, AIRIZEEAIUL 30%FREFEEE TR,
HREDLE . K5y 10% TIEAZREEIL 6. IMJ/kg THY ., ARED 5% H 3
BHEME, ZHUE, DA T LR EDIRS NS N EICb kT 5, =R
F—JHE LTHHSIZS VWO, 20X 5 ICRBAENMEWVC &N RKERBH
Th b, RIET AT v 2T, JKOIAAIMIEDR &< 2D DT, Ko 0%
W2 EIE, Al E L TOMRGBINADEINT 5 Z L1285 0T, #REFEm R
RELHHETHEEZOND,

Table 4-1 t /J FOFESLM IR REAE

o L. 1&AT
RFE | KFE | EBF | mim | BHE JK Koy B
TN
wt% MJ/kg
d.a.f 52.8 6.1 0.1 0.3 40. 8 - - —~
d.b 52.3 6 0.1 0.3 40. 4 0.9 0 19.9
ER
47.1 5.4 0.1 0.3 36. 3 0.8 10 17.7
BErA
Giks%Z) 31.4 3.6 0.1 0.2 24.2 0.5 40 10.9
Table 4-2 FHEDOFF M LB FEE
AL
T == Fo = =y S 1% 4y
e K& B fiss | FeE IK K73 P
wt% MJ/kg
d.a.f 35.3 4.1 3.3 0.7 56. 7 - - -
d.b 25.5 3.0 2.4 0.5 41.1 27.5 0 7.0
KAy 10% | 23.0 2.7 2.1 0.4 37. 1 24,7 10 6.1

F7-. b %% LY-Ni20wthfilf 2 7= H 2 IV E: Fig. 2-5 Z W T, 4
AFEENG L I T AR RO T2, TAFEBEITIUTOX@A-7) L0EHL, MJ 12
BN LT,
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H A FEE MJ/Nm3) H,” =3035 (C0O) +3050 (H,) +9530 (CH,) +15280 (C,H,) ** (4-7)
(" “BETEMIHERINA—FHE L 3R, KR, P. 129)

FHEAE R A Table 4-3 12”9, b /&80 L. 600°COKEIRE T
LY-Ni20wt%filt i T D¢ 77 A 5h#31% 0. 60 & W5 EF 21570,

HHEIZB VT, Table 3-2 T, SCEIREE 650°C THIR D Ni/Al,0, filt i 2 AU
TKBRLKIRINT 72.6% E WV H B H AR EZHZ TN D,

Table 4-3 & /J X OB/ SCE AT A L i T A 5=

bt/ % (d a.f)

SCE L 600°C

HH mmol/g—sample vol%

d.a.f

CcO 10 20
H, 25 50
CH, 3 6
C2+C3 0.1 1
CO, 11.6 23
Bt 49.7 100
7 A FEEE (M]/Nm3) 11.5
77 A MJ/kg—-sample d.b 12.7
Hy(MJ/kg d.b) 21.3
A AN % 60

4-3-2 BREMREORMRE

FEETNMIBWTHEBRT D37 A—4% Table 4-3 (TR T, A A~ A&
NIRRT, ATTECRE LB L Az, o A4~ R AL, SE5%FEM
ITRELH OBEFEMRARE T v 7L nH 2 E T brr720 1,000 735 2,000 [
THDHDT2,000 & Lz, Bk IE 12,000 & L=, FEEEMIL, EHEE
B HIEEIC K0 BRERFEAM X 13 M /kw OB & 72 B, RFIH B D% 6
FEEEN 2,000kw LA 72 5 32 . 2, 000kw AT 78 5 40 [ & 72 %, BT %A
A F~<~ATITHTH S,

HWIRGEHEM TlE, =y XAV EEWITERAMY & LTRSS Tns k
Y720 60 M E L7z, LY-Ni BmMBEHT 5= 7 VRN, FEEREE
MOIEEME = r s> ZFRERPOIEINT 5, WEHRE= > 71> X FERITE
¥EREFEY L L CUEE LGOS, ARIOREITITINE L Ty, (BEE

65



BHECEE & 72 2413 20 ked¥ 1, 500 FHRRE TlRFES LTV D, 2~ FTIEERER
ICBWT, A L BERKITERLTIEE 111 TholzZ LB RZEDOMIEN
% ERE LT, BEKDY 20kgl, 500 FTHRFETE 5 & LT 75,000 H/ k> L 5%
ET D,

T =7 ax ML, BB OREERETEM LS TIT—#KAIC 15,000 F/ K
VTHh D, FHBERNE L, BE{EAEA TR TIL 5,000 M/ b BRI
Do NEE | ACABRERCES R EONEE | P A TR O AR H A A%
VUWRFER ORI IR I EOWEFELESEN G END, KIET A8 W T, BE
BHERIT, WH AR XIFEBEDRTROOND, & XFOBT AERIT, 60%,
FRHEIL 72.6% ZH W\ 2, HEENEIX, WA D05, BERBENPKE
VIEERNRB W E S, — KA 22 05 4T% DB TH D72, 47%%
W, NA A~ AFEHTOESH CHERIL, BEREICHTLH7 7 FOHE
BEL LI, A A~ ZAHEIZ20 Fy, 100 b, FERIBE) H 30X 330 B &R
E LT,

A=V ¥/NVaARELT, HE 0.1 brONEREERIKIIEFZX—AIZ, H
20 hoy 100 BATAT =T v 7 L, F oA FEEICTRLOMK 25
U7, 4% Table 4-4 (ZR”9, HE20 > T3{E 1,500 5, 100 h> T
15 BHTHoT, WAV UREKRIT, "A AT AHELA—T— YU
TN L0 kg 25 E Lz,

Al E & LT LY-Ni20wt%fiiiiiz 5 Ni &g RN & BHBEK ORI E LTz,
E/FICBWTE N BBEDOA L L, HIETIL N @B & B FTKOENE L,

LY-Ni20wt%fi gk DVEFEIZ L » T, Ni &EImIEin s, 2T, EBRELFE T
ENECREAERT S EMREL, B X0 3 [FOEES LY-Ni 20wt %l 2 {4
L., 20 1%MEFEL, NI &BFIREIND EEEL, HE 2 X3X0.2X0.01
TRMH L,

FHHEJRIL, Table 4-2 \Z&H DK 10% D & & DIKGy 24. T% 05 |
70 0.24 hrb Lz,

AUFFURAAA NI A= X NLITARND5-10%THAHDT, FRMED 7%
EARE LTz,

BRI L b

Table 4-3 FHEMETNVIZBITAHNRT A —F —FEHK
R | THE i R E
A RS G A GI/ b 3| [ffAF:10.96] | HBHE K 10%)
RN FE B F A AR R 17, 7G) 6. 1G]
B NA F A M/ k> NA | Riftksr:12,000 H 1, 000 [
N <K ] F A R EAL 12, 000
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C e /5 Hh M/ kw 13, 32,40 [ /kw 17 [ /kw
DI | AfliikseHAl | 1/ k> A4l 600, 000 [
Ni 7]
D2 HHHIK 75, 000
E A=A M/ kv A 1,000 F{~15, 000 [
oAk I A
F IR % 28. 2% 32. 9%
IR 21k
G BEXHCHEER | % THEE )/ E & X 100
H NAA~AH&E | hv/H 20,100 ~>/H
I A MRl B %% H /4 330 B /4
J e a1l i A
K L= %)L ~v/H 6 {56,500 5 | 191{% 5,000 5 H
A B Fl=E 2%
L1 | Al H & ko HE& > X3xX0.2X0.01
Ni
L2 | HwEK - 0.24 b/ b -
o
M AT R H /4 A= %/ A kXT%
=7 QN
Table 4-4 IKIEHT 2B T MEkE
A T~ ARV 20 >/ H 100 > /H
NG BR it B e AN~ ik 4.2m X 4.2m X 9m 6m X 6m X 15m
BAR v =& 25m* 120m°
THEE ) 40kw 240kw
BaiAp 216m* 600m?
IR 80ton 320ton
PER T A & 8, 500Nm’/hr 42, 500Nm’/hr
LEEAMAE GREZT) 318 1,500 75 15 &M
H AT LD IR 1MW 2MW
AT Y IR 3{& 5,000 5 M 4 {& 5,000 5
TRER 6 {& 6, 500 7 19 & 5, 000 /5 M
I > B 3,325 FH/ kv 1,950 5 H
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4-4 FER
4-4-1 b FIZBIT B EERIELK

WA, BERBEM CORBEME LT, T =07 a3 R Mk 5 KEREIL
FHOBRMEZ R LTz,

Fig. 4-3 ICMfM DO FRBEHAM D 7 — A x4, BEFEIFESE 10 FLAN &
HE, BEOLTIXII0FEL LB, A=y /LA MNEERETD L7
BNV EEEZEZ D,

Ni GBEZMRETE D LD e, RIS AE 10 FLNE LIEGAT, 7
=V a A N 4,000 5 5,000 TS A~ AREMEEST L2 L THEE
& LTHONET 5,

20 R & 100 b DO —ATHIT 5 &, 20 N DR, FERIFEED D
WD, REENREWEE XS D, ZiuE, 20 b TIEFEEN 2, 000kw LA
TCIXTEEMAELY 40 FHE 72D . 100 k> TIIFEBED 2, 000kw i 2 5729
f%fﬂﬁ%ﬁﬂ‘ﬁé i (e

Fig. 44 \CREFRBEM DFEBHAN D 7 — A &R, %éﬁﬂﬁﬁ%lmium&
#ék&mF/ﬁﬁfi4%/kwﬂx%%ﬁﬁ#éﬁ%&ﬂb%f%éo
N HE T, f%@ﬁ?ﬁ?y:yﬁthﬁzmmH&T&wﬁﬁ%%ﬂm
ik LUVMERE & 720 . WiBh&S 0N EEN D, Ni &RIRGETE D EEE, 7
Y= a A 35,000 225 6,000 FCHRE R 10 FFLIN T OEE 23 C X
R

A Tk, 20 b o/NEIEE, @Ea%BEM T 100 ~ U HIELL ECToOEM L £
LWeEEBINS 5,
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BERIRFE F

e e e T e T e e e T e S = S S |
o 2 NMNW R N WD O

L R e L T ¥ N L L~ = A TR B v < I X o

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,00011,00012,00013,00014,00015,000
Sy—»4azxk MA/bv
— e (535 ' 2 AL 51 20ton F2E 40P +NIERFE
- 0= {5 5 2L E i 20ton FZE 40
&35 4 LB & 100ton FTEE32 F+NifR 50

(BB R {LEEH 10000 TE32H8

Fig.4-3 MM THOT =7 ax & EERIIFER
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ElLFR F
[ R e = T
(=] = [ [S8) E=Y [Sa R -] ~J [s2] o =)

=

L 2
S

¥

[ R T = S VS B i 6 R B =)

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8000 9,000 10,00011,00012,00013,00014,00015,000
Zy=—vyJazxbk M/
—— {5 H XL IEE20ton TEE13F+NIER TS
—me= {51 2 {LEE20t0n FTE 13
el {535 77 A L FEE 100t0n 72 E13F+NIER 7T

-l {57 XL EE100ton T E13M

Fig. 44 HEBRFEMTOT =2V ax b L EERIER
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4-4-2 BEIZRIT ZEREEINES

Fig. 4-5 ICHEDOHEAICBIT DT =07 a A b L HERIVEL %277,

20 by 100 FrOHEIZED BT, FEEMAONI BBRTEOATIE, BKEF
AR 10 FELINICIT e B 72, BBEIK A RFECTEX H L XX, 20 FUHIETH T
Y=V aAX Na 11,000 [, 100 h oHAETIIIILT =227 a3 X N & 15,000
MELTHERTEHD, REEEZAETHEF A D,

ART7AEAZBNT, BELHEHT L2 LT, BREESKEICN LTS L
WMo Tz,

REFEAL L T A EBG GHEH SN 8B # L, BE30/)°5 100 5 o Th
Do FELWIEOFEELHY, 2EEATOVRACTHERA LRV L8525
., BEOMHEHAEL LT, 20 X/ IR0 EZE2z 0N, 2
A O RTREME L LT, MM OEHANZET b s, BRI, IUE = &2 MED
OBLE B IEEMIR 25D 2 72 BN EIT/ NI 72 5, R IERERE IR
DI DBRBEHOIRITEEE L THOFEHATE 20T, BELBEMEAT o R
TRIFFICAEE CX D A[REMENR H D, A7 vt RTBW T, B & Mk 2068
L7e BB ORGIEE R Lz, ZOMR% Fig. 4-6 [T, MM OH 2L
L7 a Ll L ¢, BEZMEHAT L2 LIk, WERINAERIL S 5 10 4
Wi T RFEMENE BT A ERNbD, BEMORATERNILUARTH D,
BERGNIET 75— A2 < WM EBEORIFFLITZ DR T 1E X
%, RO ThH D MEMAH 2R~ REET AT o FE~EHTE
a3

RAEREORE R, KT rERIZBNWT, BEKEZRFTETE DL LI A4
v ARBEBEEORFEEREICN ESED 2 ENphoTz,
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7z

2 AN 2

e e el e e = T
[ R e " T 7S T i ¥ B A L N R+ « B Ve i e

S = NW s~ WD

) )
W
My

CELELFLLL LS ESF S &
% N i

% A Ky Tt G v AN Qe =% '\’0\ '\"\\
ZyZ—ysaxbk H/bv

E)Oton 2 E17E + NifRF7E + IR

£ 100ton 52 E 177 + NifR 55

Z100ton o =175E + NifR 7 + Ik

Fig.4-5 WWBIEIIBITHT =7 ax b LEERIVEK
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[ T T S e S Sy S e

S L7~ B SU & o I = U B o o T e R

PP MU AR

[ R = N 7~ B S & ) B o LR B o s T e

QD N] \) N]
S & & @
\\ a ﬁj nJQ :>Sj e o

S QD 2D QD N N

AR AN NN AN AN
Sv=vZaAtbr H/bFv

—o— KB # 21{L20ton 20 |

—# KB 2{20tonEE16 EfRHA4 L ~

—o= (KB H 2{t20ton BEE12 + v REAHKHMS + ~

co@es (KB 2{L20ton BES } EEMH12F

e {E 15 7 A AV 20t0n [ X H120 b v

Fig.4-6 FHELMBMERICBIT LT =07 ax b & KERINEL
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