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Abstract

From the tree felling through the timber production processes in the lumber
industry, a large amount of waste products such as bark and wood chips is
generated, and the growing environmental burden due to limited processing
capability and unsuitable processing is problematic. To reduce the amounts of this
woody biomass, new and effective methods to utilize it are required. Gasification is
a promising technique for utilizing biomass waste. Because woody biomass shows a
lower caloric value than that of fossil fuels because of its higher oxygen content,
gasification of biomass at a low temperature is essential for increasing cold gas
efficiency. The critical problem of low-temperature biomass gasification is the
generation of a large amount of tar, which impedes operations by blocking pipes and
filters. Therefore, the development of a highly active catalyst for tar decomposition
1s necessary for low-temperature gasification. Thus, the aim of this paper was to
prepare a new adsorbent with a high metal adsorption capacity from woody biomass.
Furthermore, the catalytic behavior of the new nickel-loaded adsorbent char in
biomass tar decomposition was evaluated.

In chapter 2, we describe our attempt to develop a copper recovery method
from iron chloride etching waste liquid using brown coal and woody biomass. In
addition, the metal adsorption ability of brown coal was compared with that of
woody biomass. As a result, iron was completely came by the separation removal
when iron chloride etching waste liquid was added to ammonia water and filtered.
Moreover, it was revealed that copper could be recovered from the later copper
component solution by immersing brown coal or woody biomass. Under this
experimental condition, the copper-loading rate of brown coal was up to
approximately 1.7 wt%, but that of woody biomass was only approximately 0.5 wt%.
The low metal adsorption ability of woody biomass is a problem.

In chapter 3, the comprehensive investigation we conducted to determine the
effect of chemical treatments such as vapor phase oxidation, liquid phase oxidation,
carbonization, and hydrothermal carbonization on the metal adsorption ability of
woody biomass is presented. In addition, we tried to develop a metal adsorbent from

woody biomass. At first, the effect of vapor phase oxidation and carbonization on



nickel loading was investigated, as was that of liquid phase oxidation and
hydrothermal carbonization. Information on the oxygen functional groups was
obtained using a Fourier transform infrared (FT-IR) spectrometer with the diffuse
reflectance method. To determine the chemical states of carbon, nitrogen, and nickel
in the biomass samples, X-ray photoelectron spectroscopy (XPS) was conducted. The
nickel-loading mechanisms of the biomass samples were investigated. As a result,
an adsorbent with metal adsorption ability as high as 8.3 wt% nickel-loading rate
was fabricated by carrying out the following three treatments: (1) potassium
carbonate solution treatment, (2) heat treatment at 250 °C, and (3) nitric acid
treatment. Woody biomass treated with microwave irradiation at 200 °C in 0.1 M
HNOs; showed high metal adsorption ability, with a nickel-loading rate of
approximately 9.0 wt%. This adsorbent, made by liquid phase oxidation and
hydrothermal carbonization, had the highest metal adsorption ability in the
samples. Moreover, the nickel-loading mechanism of this adsorbent is the form not
to take in ammonia.

In chapter 4, we discuss the application of the new adsorbent described in
chapter 3 as a catalyst support. At first, it was charred in a ceramic electric furnace.
An X-ray diffractometer (XRD) was used to determine the crystalline structure of
nickel in the char. The nickel particle size distribution was evaluated using
small-angle X-ray scattering (SAXS). The surface of the char was observed using
field emission scanning electron microscopy (FE-SEM). As a result, the nickel in the
char was present as nickel metal. The nickel particles were highly dispersed in the
char. A nickel surface area per char weight of the nickel catalyst made by vapor
phase oxidation and carbonization was approximately 24.8 m?/g. This catalyst was
expected to show the highest activity for biomass tar reform in samples.

In chapter 5, a decomposition test for biomass tar using the nickel catalyst
made by liquid phase oxidation and hydrothermal carbonization was performed in a
two-stage fixed-bed quartz reactor. Here, the catalyst was heated to 600 °C. An inert
material, i.e., sand, was also used as a reference for a non-catalytic test. The carbon
distributions and the yields of gases from cypress decomposition were calculated
using a total organic carbon analyzer (TOC) and a gas chromatograph (GC). As a

result, the catalyst showed high activity for biomass tar decomposition, converting

i



it to gas. The yields of Hz, CO, and total gas obtained with the catalyst were
approximately 5.2, 2.8, and 3.5 times higher, respectively, than those obtained with
sand. Gasification of biomass at a low temperature is possible using the nickel
catalyst made by liquid phase oxidation and hydrothermal carbonization.

In this paper, a nickel-loaded catalyst was developed from woody biomass and
shown to have high activity for decomposition of biomass tar. This catalyst shows

potential for helping in the utilization of biomass in the future.
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COOH + Na* - COONa + H* 1.1

SO3H + Na* - SO3Na + H* (1.2)
E BRI R X VLD A A IO EGIRBEREIEREN L W0, SRWETE
WE, Ko T KEAS A~ RA A REMEDO GIRFEEREAZEAT L LN TE
TE, BWEBRAEREEZ AT DN A~ AHRBEM ZERT 2 2 ERFRETH D,
A F~ AEOFEDIERFERER &2 fEIEAT 5 51k E LT, KB X ORMIZ &
DI LA X OURIBAEE A T b D, KETIL, A A~ ADH b, #—/L DR
5. BREABEKR, RENA A~ A, S, I AOFRIIOWCRIER Z BB L 7-
%, AHFEOBEENEERT,

#£1.2 REMRAA T~ ZADEKEK L IFEEE()

" . aIKE SRS

7% IAFTRTE [kg—H,0/kg-wet] [MJ/kg—dry]
KRB SAFR 0.2-0.7 13.4
EHEIR 0.9-0.97 18.3
BRI HiKEiR 0.9-0.98 19.9
BEHKTF 0.15-0.6 20.5
A NA 0.2-0.6 17.5
RILRYTY 0.2-0.6 19.0
BER TI—T35R 0.1-0.7 18.7
VIVA L 0.2-0.7 17.6
RAAYFI SR 0.3-0.7 18.0
i AT LT 0.85-0.97 10.3
RTATAA 0.85-0.97 16.0
AVYE S 0.3-0.6 20.1
Ha 0.3-0.6 19.5
- a—AY) 0.3-0.6 18.7
AR EA) RIS 0.3-06 195
FAYHRE 0.3-0.6 21.0
ARXHHY 0.3-0.6 19.4
il 0.03-0.13 17.6
BIEY) B (<) 0.05-0.3 20.1
fEHbH 0.05-0.15 15.2
Fie »ﬂJ/«(iﬁ%Fx" 0.05-0.1 28.3
J—AEaRBR 0.05-0.15 14.0
Bk —R IR R 0.7-0.9 20.8
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1.1.2 H 2B 3{bEK e

NA F~ 2D T AT 2 E2b G % TIoRd (19,

- JPRJsE
C+0,-CO, (1.3)
Hy +50; > H,0 (1.4)
- R4y
C+20;,CO (1.5)
< FAENF T AL
C+Co, - 2C0 (1.6)
- IKRMETT 2 Ak
C+ H,0 - CO +H, 1.7
- KF#1k
C+2H, - CH, (1.8
- 7 MG
CO + H,0 - CO, + H, (1.9)
- AH Ak
CO + 3H, —» CH, + H,0 (1.10)
U7 A=A
CH, + H,0 = CO + 3H, (1.11)

1.1.3 BT AR

HAJEDTFAF L, A AHECTHIT 5, ZOFEHNE TR

BN AL = LR Z N 5 E S AR X 50 D FEF i DF

R LA DI ST D A (1.12)




1.1.4 HR{LERCRETHEZ—L

NA TR H AT B & —BACRFEDH ARy & & bIT, Bix B AmIC
Lo THRESND ¥ =V INVERT 5, 208 —Vid, SREERE S EH, Wi T
HARIECTH DI, LnL, BEUFICARIND &, BOBRIEICELT 5, A
1% 200-800CTH Y, @ FIRALKFIZE R, F—I/LOFEIL, T AR ZIET S
T, Ei, HAMCEBROBECER L, BUE B L UMROME, Bari xR
b, AN EBRETDEDOFEERET LLERD D,

1.2 #—1VDKRE

1.2.1 MEHFRE

=)V OWEBREGIE L BRERE, £ 141T7F, A7 TN, HAZBAILTH
AMEEE T, AT O 2 —/v A g L CHRIFICA L S &, 28 L <301 &5
LTRRETL2HETHD, EXAEERIT, WHICA LS E Y — 2B L, #EX
ZRMLTRET L HETH D, 7421, IEICE LS o2 — vz, kL
THRETLIHIETH D, BMTEWS —VBRERZERTE RN L2, WHIRED
RERRETH D,

122 B kB0 TF7oF% 7

B XD T vX 7L, TAREE 900°CLL BIC EF T — Va3 2% &7
ToX T TIRAYERF UBE LA FT L BLOT VIV EEHESETH — V%5
T DT IR0 TR TRdD, EHHYH 100%IEWX —/VEREETH (14,
LU, @7 7 v ¥ 70, BB CHIRT 2720, TARFFOZRLF —D—
HEHEETHZEDRRERBETH D, £lo, T AXA=27 TR 7%, @iy 7%
V7L R LTI | BRI LR C & S8, BB mAl CHMNE L . HEREN N
REVWZEDREZRHETH %,



#F 1.4 X —I)LOMEFRETEERER(I4-16)

YIBMBRERE EFES
JRS 50~90 %
1
u 7 20~40 mg/m*-N
‘ 60 %

i WA JAY

HER AL 20~40 mg/m*-N
FEEXRIIN 150 mg/m°-N

(BE¥H) 70 %

-
IRIRAATIN w95 bk

~ 0

EREREES resea

ElER R FIF 5 B 2R 30~70 %

BEI4ILAE 76~94 %

D12 0~50 %

FIEI4ILZ(FD) 50~97 %
FEIERIR#L 50%

1.2.3 fitic X 5 5f#

iz K D 2 — NV fRC, B T o R v J L EERIZ, 1EIE 100% D ¥ — VEREFR DG
bb(14), F£i-, MBLIHT AMROFFEEIZ LA THY . @R 7 v ¥ 7 Lo N
RETHAZNEST 5 ENARETH D, ¥ —/VREICHWO A ENZIX, 7Y
B TR ) PSRRI, = VR, =y SV RERAE SR D D,
TRV EJE - T AT ) AR R AR, WRERF IZ BV TIRENMESA L LTHWS
b, £lo, BB TH LA A~ A2, BEHEEAD LIFRIETHWLN S, BEfE
OWFFEL Y, TAh) HEEREETL e~ A NeEHTLZ 8T ¥ —VENET D
ZLMHRETHDH(I7 18, UL, WEEAEE L THW LS. B, bR
L%, Fo, REHIRA, BRI 5546, IR L CTHAE, HRIHT 2 HiEE R
HVEDRD D,

= TOVRAMEE TR, R O = U TEMERREE S LT <, BEEOfE LY =
DT/ T VA Z— VDS RIZEB W TEWEEZ R (1929, LinL, =v
rVRAREL, R TH D Z LR TH D, £ T, =y VRO 2 2k
A B8 L < HIRICRFAER Ch 28R aE iz, = v 7 AALRHE AR O @5
W 5(2320, = v 7 VHFHERAMLL, HAREIC= v F KL F RSB T 5 2
SRV, =/ TR TR EVEE R EE(2), E . A% oM 5
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NI D = AR 2 B T & 28582 FF2, LA L, BRITE AR LR
T, BREICARME R ENRERBETH D,

=y IV ReRBMENT, = oV RARE & FIRE, TEMEAEE, AT SN, TE
PERIE L LT AT =7 500 YT A RTVTLA Qe EOASESRE, a0 b,
Fa =2 L Lot High, £V TT o T URERDD, KL LT, Bkt
U LRENTHLIN, o2 ) o IRRERLT WD, b A FICHE L THN
bid, =y TN RERABIT. = VRS YD 2 — L DRI IS TR &
<L HELIZK WETEATWHWA(ID, LnL, WO TEMiThHs Z ENRKERFRET
b5,

1.3 &R &A R

1.3.1 L&~ v F o T BRIK

TV MERBIE TRIZBWTHWO NS = v F o ZHRICITHEALE R, LR, 7
NNV FHD 3TN H D AL LB VIEEORmWEEET v F o TR RS K< HWLR
Do ZOWALERT » F U VRO G E FICaRT(28 29,

FeCl; + Cu — FeCl, + CuCl (1.13)

FeCl; + CuCl = FeCl, + CuCl, (1.14)

Fo. HH TGP S NS bk v F o VB O A . & 1.5 1T 7, Hfbgk
Ty F U BERIT, ZEROSE G0N, VA 7 VENTREEINLD, UTA 7 ADBK
eI, b8k v F o FBERTPICER L S0 2 O S BMIRET 5720 TH 5,

# 1.5 HAbEkT v F o T EEIR ORAL

D% =E
by 30~60 g/L
B8k 450~500 g/L

A 90~110 g/L




1.3.2 BMEM=— v T N> X FK

FREREBER SIS = T VEIEE TR T D 6 o & TR T, EMR = 7L > T RN
HAnbinsg, ZoESEf= v 7)o EEOREE TICRT(30, 31),
Ni%* + H,P0; + H,0 - Ni + H,PO3 + 2H™ (1.15)
H,PO; + 2H* + e~ - P + 2H,0 (1.16)
o, HEITHEN L SN D EM= v 7V > EBEIROMLE, £ 1.6 1TR7, 1
BE= > TN Do ZFERDOL < 1X, PR RZICA T » Va2 BRI LT-1%., #HO COE
ENn5(39,

#1.6 HEEM= Lo X FRIKOHMA

D% =E
=L 3~10 g/L
KREUEEE  10~30 g/L
EHEFRIE  20~40 g/L

1.4 REAA A=A

1.4.1 RENRA A~ RADEHEL BRE

RN S AFES N D AN A A~ ZFEBHZIL, AMAFEOBRICRIEY & L THELID B D
LA AT RAFEREZRBNE LEEDE L TEHELND DD 20030 5, AL, Brk
B R RIS K A AR, AMIN TR0 DIEBEH . AR
DIRBEME Ch D, BB L, IREIREER, NA A~ RAEEHE O B4R, i - X%
T b, RMAEFEDERIZRIFED & L THEONDRENA I~ 2054 & L FIHEORD
. X 1.4 123 7(39), Pk 28 4 9 AR STz [NA A~ A% FIHEE FARE i
TIXARHIZEA N2 DN T BUEOF T EAY 800 J7 k 1Tkt LI 9% CTh 2 I HF 4
TR BT AFITHI 30% & T2 Z E N HIETH 5 (39,
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[ =mnza nAR | | |
M5 - HHRREH S |
(FMRER 800 T7k-) | | | | |
(9%) . . : i
_mHTAEEg | |
(FRERE R 640 Tk-) (97%) | i
HirR A ' '

(FMRER 500 AR L ' '
'._9-4'::"-:-_:' I I

0 2(30 4IIIJD GI;ZICI &(ID 1 .UL:ID':J:TH.«Z-

1.4 KRENRAA~ADAREFIFEORN HEH) (39

1.4.2 RE/A A~ 2 DK

AARDOREM R AM O E, £ 1.7TIRT, Artiln—2 L, WERERELIC X
HRPEICIESNWEHGETH D, U 7 = RIS LR L RS 2 ER LT,
Tlrue—2A+A~AI L —REEOEEL2Y . Arle—ANnE -l — R %
ZZLBIWTER, BLREAI AR —RAGEERT(35, 36, £z, V /=137 F—
VAR K DMEICEDSWEERRTH D, T2%HIEIZ LV § T O oK) Z M N
KR, AL LT D5 | FRERIREE 250 3% AR, Bk, RS 2 E& L7(35-37),
PHEER & IRBER 2 LT D &L RIE DN, VT = RELAI AR —ARDR0,
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F 1.7 HAEOREN LA OMK(36)

7L
a—JL- Rk FRAEIL a-EIL

A =
HiE “E;/’]’ Rty ¥y b=z O-2z "’7[5/
’ A ER [%] [%] [%] '

[%]
E/x 0.48 5.1 5.0 69.3 473 29.6
#HEH XX 0.72 2.6 7.3 73.3 48.6 32.3
FHhIY 022 4.1 7.0 65.8 43.6 26.1
77 0.43 1.0 19.4 84.0 53.8 235
LEH#H 375 0.61 0.5 16.9 78.2 50.3 21.8
S5h/N  0.24 2.0 215 76.8 56.4 17.6

1.4.83 KENA A~ ADEBRERE

REAA I~ AT RBRERZ A L, WKT OML e dA 4 2+ 5, BifEo
WLV, BRERWDZ LT, WRTOA 4 BLOA A HOBEBRA A D
B, BREDFEETH 5(3842), Fiz. BB TEHNDLZ LT, WKRTOHA 4
BXOH RITOLAAL AUV EOEEFA A ORI, BRENTRETH H(43-46), L)L,
KRENAA I~ 2D BWAERRIL., 51 A RHBIECME R & Hlg L TIRWZ &K &E 72
MRE T B 5 (47-50),

1.5 A ZF~ A DLZFHLE

1.5.1 KAEER b

SAERIZ, A Z b 2 (B8R, “MbRFE., 4 %) RSP TIET %
BIETH D, BREOIEL Y | [REED U U L& HEF S W7o A1 & BRIk TN
THZET AV UL LTEE A EARRET 52 EDNARETH 5(51, 52,
Z OO S TITRT(59),

K0y + CO; & K0y, + CO (1.17)
KyOy41 + C & K0, + C(0) (1.18)
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1.5.2 AL

WAL IX. AR & BRrErAiR (RElR. Wilic%) MBI 28METH D, BEEOHF
TR0, B E BT CNENT 52 LT, ILARFVHEESLE FeX U2 EATH 2
EMARETH 5(54), Z DOIBLOMEREZ X 1.5 IZ/RT,

HO
HO
> OH
] COOH
W

X 1.5 AHERIZ X DAY DR LR (54

1.5.3 kit

RALIE. BEE D22 WGMEH D WIIEH IR WE F CH 2 BT 2 8ETH 5,
NENA T~ ADYE . 200 CLL N TREG DKRPZEFET D, 200-400°C T, FEAERL
o ThbrErE—R ~NIBLR—R VT =UNGRT D, Fi, OfRERY D
FPEE, BEEPRESBDT D, EREGERIGIE, 450-500°C T T35, BEfED
LD REH Y U LEHFFSETABEAS A~ AEERPTNAT L2 LT, &
FEREEL T Z ENARETH 5 (59),

B

1.5.4 KBYx1L

IKEVRALIX, BREEO KBS P CHEY 2 BT 2 8EChH D, KENA A~ A
DYE, FT~I VAR —RADONKSREPIEE D, EOBRIBED EH L Ebic, V7=
B IO — ZADNMKGIREPEITT 5, Elo B LTI 2, BREDOIE L D |
KENAA I~ A% @IREEO KRG T CUET 5 2 & T, FMATRERELZHOTZ
ENFRETH 5 (56),
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1.6 XFEDO B ENE

WA T AN RAPNC TR X =255 72 0I21E, RIRTOT AR MHATH 5,
LU, KR TOH AL TIE, 28O X — VNV ERK LEE O iEizDREE L 0 D
e, 2 —=NERETLHIOOFELZRFTLOILERD D, TOFEOHT T, Mz X
DOEN RO IRNTH DL EEZ DD, ZOEBIE, 1TF 100% D ¥ —/VEREFEH
B, TAMLOFAEIZ B A TH Y, @7 7 v ¥ 7 LV ARWIRE TH R 2 0UBLC
LML THD, Flo. Ai@E 2L BICEDRBEAFIRIC, KENA I~ AL RE
L, D% — VBB L UTHM - RBESELZLICXD . RV INOER
ZIENLATRE CTH D EZE X bILD, ZOFIEIL, =R/F—HEIN/NE L BifE e EE
WiEThDHEEZBND, LnL, KEAA A~ ADBRBERAERIL, 51 4 BB
Rt & I L TIRWZ E R KRERBETH 5, REAA A~ ANTA T AWM D E
FERELZEAT L ENTEIUL, BWRRRAERE AT 231 4~ AW RBEM %
ERG 5 Z L RNARECTH D, ZDHIEE LT, [REEN U U L EHRF SEIAE AL 4~
A% ZRRAVIRFE T TMNET 5 2 LT, KEm bR L ORIb R T S, SRR ERELY
BATHZENAIRETH D EEZLND, Fo, KENA A~ R & @ikE LD ¢
PR 5 Z & T, MR b JOKBURIb A TS E, BEERELZEAT L Z LN
ARETH D EEZ LD,

KL TIE. 2D DB 2 v RKEAA F~ 22 5 3 5 @ UoE Al o B
S aihHlc, £lo, I LRGSR =y T v R S, 7 — VB E AR
& LTORRRIEIZOWT b igEf Lc, AFREOREIX, 2 255, 1 DHIL, KFER(L
B L ORAL, ARER L3 L OVKBVERAL DAL 2 LB 2 & RS R DB IC W2 Th D,
2 O EIE NEAS A~ AL T D@ RBBAEH % & —/VUCE MoK & LTS
L7eRTH D,

52 FE T, R XIORE AL A~ 22 W, Hb#ke v F o B D O O]
WIEDBRFE 2RI, £, IR EREAS A~ ZADeBBRAERL i LTz,

%3 E T, KM b L ORI, AR LIS L OVKER LS. REAA A~ A D4
B AR RZT B DWW LT, £/, KA A~ A& R E T 58 BWAE
N DB 27k T T2

HABETIE, 3 ETHER LR REAOMBHA~DIEH 2R AT, £3. EX
BRIFERNT, Fr—{b L7, 20%, XBEPTEEEEZHWT, = v 7 Lofbseikie
BLOR TR EFM LT, £2, F v —OF Mm% BRI AT TP CHIZ

A

i

g
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L7,

W5 ECIE. EEBER BRSBTS L OUKERAL & BV TCE
WL Te= vy VR A AV, & 2 OB RARR X — VEUE SR 21T - 72, fillit)g o
BEIX, 600CTH 5,

1.7 2% 3CHk
1. ik 28 HEJEFHEE pEEFETEYEL] - PRI B R E Tk 26 FE/E FEig (BF

Zhk)  (2017).

2. HARTRNVF =R, N7 v I N7y z (F—At, ed. 2 i, 2009),
pp. 523p.
3. D. L. Klass, in Biomass for Renewable Energy, Fuels, and Chemicals.

(Academic Press, San Diego, 1998), pp. 51-90.

4. WG PES, Wi df~ == 7k, (FREFES, ed. 4 )L, 2005), pp.

246p.

WG~ 7 U 772 —2016(2017).

MINERAL COMMODITY SUMMARIES 2014 (2014).

HERRIBEWHFLEN D LD (2014).

BEIL AL, N A KL F— 2GR - FEREH A ~TriF T (FRACHIER, 2001),

pp. 167p.

9. WHIERE, o A~ X5 < 21 Ad— F 0 F— - MEIRIE L Do X CO2 #HEH]
(T RIZTES. GRALEIR, 1998), pp. 128p.

10.  WEH, NS A VX - =R F— - B (T A B ——, 2001), pp. 536p.

11, AR@msER, ST GRAttihg, ed. 2 3 iR, 2002), pp. 288p.

12.  fEFLHE, BRZRLVX =50 Ny Ffv X T a2 Ry, (F—A
#t, 2012), pp. 521p.

® e o

13. C. Li, K. Suzuki, Tar property, analysis, reforming mechanism and model for
biomass gasification—An overview. Renewable and Sustainable Energy
Reviews 13, 594-604 (2009).

14. S. Anis, Z. A. Zainal, Tar reduction in biomass producer gas via mechanical,
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EBo2E By F U TRRERAWEZRBIR EARE NS A~ RADE
B ERED R

2.1 #=

FTBAEZIT KRB R NWERDO 1 O TH Y | FHCERERESCEBRELOEM L LT
ZLFHEND, 2. TOWBTT & LIRS ORI LA T TH 525, JTELIL
FIZBIT MDA EIFAD L, EOREERITN 39 F & RiAEN D, Ll #iil
TEHIRDO IR B, SOFTEITFE 2 LRAZRT 2, £O—T, 7V HEERRE
TRERIZBWTHWON D=y F o ZRIITEALER . BALHR, 7B U RO 3 FEEN
b, EERVBEOSW SRy F U 7B R D L HWL A1, 2, ks
VT U TBERIL, ZEOEEGLN, VA 7 VST REEIND, VA 7K
RIRRIE, ALk > F > BRIk RO 2 FRE OB BIRET D120 TH D, L
MU, Sk F U VBIRIZT E=T KEMA, EaET 52 & T, $kx bR E
TEX5EEZ2DND, ZHUT, TUyE=TKIZED , SRTILED ZFER T 228, SAiLsh
BEKT DT ThH D, TORDOEEAERIC, SRWAEHZIRE - TREET 52 &
T, WZEINTHZENTEDLEBEZOND, AWFETIE, @RBEHE LT, BKkE
FORBEAAS A~ 25NV, BRI, 2L OFBBEREELZA L, GBBAERIE
(3-6, Fiz. NENA A~ AL BBRAERE AT H(7-1D, ZHFFSEBR S L <
FIARE AL A~ ARSI EDZLICE 0 RZFEY D OEEINARETH D LB X
bivd, £, HZHEF S EBIRE LORE AL A~ AT, KB L OWE D7
<, BEFORA ZETHREE L TRIHTE D EE 2D,

KBTI, BIRIB L ORENA T~ 2% e, Hbgke » F o 7B D> B ORI
LD Z AT, FTo, 8RR ERENA I~ ADERRAEREZ R LT,
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2.2 EBR

2.2.1 &¥b

7Y bR TR L PR S ks > F U VBRI 2. 7EEEK T 100 £l
FIR U=, 20 100 54 Rk A, LI WES L5304, R U723, Hikske v 5
T BEROBIBIREN ., FEFIZRWDTH S, 20 WES O&ERES L O pH 23 2.1
(RS, £ ARBFSE TIEL 0.5-1.0mm (2B iV Vol L4 — A& 7 U 7 P& Loy-Yang
Bk (LI LY &5T) 28 BWAEAIE LTHW, 20 LY 3Bt TE50rE,
TEHEOHHEZ TN 2.1, £ 2.2, £ 2.3 17”7, £L T, KEAA A~ (DI
WB Li29) baRWER & L THW, 20 WB T, $HEERKRO AR &2 iifgic X
D 2mm LA FICHE L7 DO TH D, WBREIOMNEL, TESIHE, wEOWEEZN
FhX 2.2, £ 2.4, #2507, Flo. 2O WB OENREEVEIT 4,976kcal/kg TH
b, 22, F23, F24, £25 L0, LYBLO®WB I, Kok L ORE SNV 72
WEWO KB EAT D,

# 2.1 WES Oo&EEERS LW pH

Fe concentration Cu concentration H[-]
[mg/L] [mg/L] P
872 742 2.3

is' Ly
-

e .-.-..".:.. | e

X 2.1 LY i Eos 8l
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# 2.2 LY OTESHE [wt%]

Moisture Volatile matter Ash Fixed carbon™

13.5 40.9 1.0 44.7

'>:<By difference

2.3 LY OtHEOHE [wt% d.a.fl

C H N S o*
68.5 4.8 0.55 0.32 25.8
'XBy difference

2.2 WB B D8

# 2.4 WB O TESTE [wt%]

Moisture Volatile matter Ash Fixed carbon™

30.0 59.5 0.1 10.4

'XBy difference

# 2.5 WB OILHEOHE [wt% d.a.f]

C H N S o*
47.5 6.47 0.17 0.01 45.9
'XBy difference
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2.2.2 SkDLyBERRE

WES FO8k%E DBtk ET 5720, T UoE=7/KEHW-Z, Tk, BEOT o E=
TARIZKF LT, SRR 2 T B 08, @dsE R 2 Ak LRI ER 2 E 2RI 3 5
= Thb, £, WES50mL (2% LT 0.2-20mL ¢ 28%7 > & =77k (Wako) % #s
ML, 1R L, 2ok, WSlEEE L, L & IRIRICTBEL 7=, ILRIEAE
BARTES G L7c#%, 100°C T 2 ez U, Hoitt O O &% B K CHl
E LT, £7-. WESS00mL (2% LT7 > E=77K (10, 20, 50mL) Z¥AML T 1
[FTER U SR & 0Bl U715 IEIRIC ARG K Z N2 T ILIC A AT » 7 L3 0BHIR (LA
R, JIEIZ S10, S20. S50 LFtd) AERI L7z, #lx X, WES500mL+7 > € =7 7K
10mL DAL, S10 TH D,

2.2.3 SDENR

WES % L < i3#khHig (810, S20. S50) 50mL 2, LY £ 1g & L <X WB §J 2.5¢
ZiRiE L, HWILCATERM (0.5, 3. 6, 12, 24 Fff]) HFE L, 22T, REOEE
1%, 80°CT 1 KEMIHZfE L= L EDERETH D, T D%, WIS IEIRE L OWES% L, 100°C
T 1R L7, DR, SAAHHEF L2 LY H L<iZ WB Z CwWLY & L< % CWWB
LELT,

2.2.4 pH OHIE

AHFFEClE, ~/VFKERF (DKK-TOA : MM-60R) %#fif L7=, ZOEEDOIEMHE
WX H T AEBMCTH D, T AEME AN ENERTEETIE, HE0 00 pH 23D
BCONTEERZH TR ENRLETH D, AR TIE, L 5 pH R

(Wako : pH1.68), WMV AlstE pH %R (Wako : pH6.86) . fREEHE pH fEUERK

(Wako : pH10.01) Z#IEIZEH L7,
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2.2.5 ICEDoHT

W THAE T2 T 0E L, X BEPTEERE  (Rigaku : Ultima V) ToH#r L7z,
F 7o, ERE TIEMEE (Hitachi High-Technologies : S-2100A) % W C. IbEMm D
M =T o7,

2.2.6 FEHES T T A~BNDIOERZ R0

BHE (S10, S20. S50) D@l L OSREZ, FEMEE T T A~IN0tn
PrigE (SII: SPS1200AR) THIE L7z, #isriEsRi LUK, ThZhnLL T O

2R VRO, Z T, dioBERIT, WES ORE AL LT, BHEF 25 -
TOFNIG 2R, Fio, BERRE, WBHRTO&RIRE ((+8) AL LT,
REHEIZE ENDHOEIG 2 F T,

Cu separation [%] = ——wconcentration 4 2.1

Cu concentration in WES

Cu selection [%] = Cu concentration x 100 (2.2)

Cu concentration+Fe concentration

F7-.450mg ® CwLY b L <134 500mg @ Cuw/WB %, 0.1M gl 70mL (ZiEE L.

1 RFERER U R 21T o 7o, £ 0%, Wnllm 217V, T8I 0.1M flfe 2 Iz T
100mL (24 A7 v 7 L, it OREHITHOMMHIRIEE 1T o 72, 2 O R E
Z 1 oOFEHIHRT L CRF3MIFEVIK L, 100mL (2 A AT v 7 L= iR & i o
7T RIS WEERE T LTz, SARERRE X ORI ERIZ, 22l F ok
R VRDT, 2T, SHERRERL, AR () oEEAZEHEL LT, sk
FOEGEFRT, £, SENERL, KRR OF O &EZEHEL LT, @ERERIC X
D B S ROEIG &R T,

loaded Cu weight

Cu loading [wt%] = X 100 2.3

support weight

loaded Cu weight % 100 (2.4)

Cu recovery [%] =
y [ /0] Cu weight in solution
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2.3 FERLEBE

2.3.1 $kDyBERREER

2.3 |ZIRIR D pH L kB OE REOMGRZ RT, pH 23 7 LA FO#PATIE pH © k
FATEN LB OB &SN L, pH 23 7 UL EOHIP Tl pH @ EFICEVIEE OE
BN LTz, F72. 10 ULk pH Tl IMEHOBEEITIZE A EE L7, HH
IFULTF DX 2L E NS, WES @ pH 1% 2.3 LBEMERIE CH DN, TrE=T KD
WINZ X0 RO X ITHlilA Ao B LOBKA A DKk b e LT L2 &2 5

o,

Cu?* +20H™ = Cu(OH),
Fe?* +20H™ - Fe(OH),
Fe3* +30H™ - Fe(0OH);

(2.5)
(2.6)
(2.7

LUy pH 23 7 UL EOHEMIRE O 6 RAD &5 IKERALER O —FR M EE R 4L
L. EERENRD LT EZBND,

Precipitate weight [mg]

Cu(OH), + 4NH; — [Cu(NH3),]?* + 20H

200 T T T T T T
180 L i
4 @
O
100 | o ]
O o%
O
BO L ] -
] O 1 ! 1 1
0 2 4 4] 8 10 12 14

pH [=]
2.3 IO pH & LB 0’8 &%
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Flo. INHORIRTEROBOEIC b FENTZ, WES IX FeDikiktaz 23, WES
2T =T IRERIML pH BREDS S Fe2 Ik S Fe* O\ aiamkic 2k L
7zo F7o. pH BFHEMTOHE, 13 A EOHA 4B L OSRA A T % 6k
L. WROEITEATH-7-, £ LT, pH BEEEOLE, WROBIXT 772
VR () A FNCHEKTHIHFOERE LT, 2O DOEILDORE %X 2.4 IZRT,

2.5 1%, & pH (3.9, 4.5, 8.2, 11.2) DM D XRD % —>Th b, X 2.5
XV, 7TrE=TAKOTIMC LY FTIREIL FeOOH) 234 Uz, Fe2t 23l & Fest
B L, ZOBRWBHERK LI-EE2 bNb, RIZ, pH O ERICHEN, KT T 4
H<4 CusCOH)s WAEU T, NI T EA~ANEFZ L GLIM L LT, ke v F
VBRI E TN DA A OB LEZ NS, LvL, pH BNEEMEDS
A FTHREH FeOOH) D v —7 84K LTz, D%, pH O _EFIZHEN, T T X2
~£ CuClOH)s D& — 27 HiHK LTz, Ziud, WEDORSBEENS, 7L T 7 A8
B LTzlediZ B x bid, K 2.6, K272, % pH (4.5, 11.2) (31T HILE
Yo SEM g%, ZhEiund, X 2.6 1%, R&dh FeOOHB LONT T X h~H
CuzClOH); Dl fF D& — 27 2B L 7=k D> SEM B Th o, K 2.71%, EHH0D
=7 bBlSNT, TEL T 7 ARTH D EEXONDIEENDO SEMETHDH, =
O SEM &I, AldbtiE OEIC L 2 2 IFBLI Sz,

# 2.6 1%, FEHE (810, S20. S50) DEFEERS L OGHIERINELZBH LR TH
%, 3 2.6 £V, pH BHHEMEOLE . SIEIEIX 100%TH Y | Hlbgko v F o 7 BE
WIZT =T KRERMURSIIEREZ T+ 5 2 & T, $ka w2 nlibREfETH D 2 &
ZI ST Uz, F72. Si0BERIT pH 28 10.0 LLEIZBWTHE 0 B L7z,
ARFEBRRMC BT D pH 13 10.0 TH Y \WES ZJHAEL LT 79% DN S5 2 T AL
L7z,
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pH [-]

2.4 WD pH & D%

I I 1 T

Py L J ..
U T 50 PO S
| |
@FecO(0OH)
M Cu,CI(OH),

Intensity [-]

i pEl1 2
e

20 40 60 80 100
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* 2.6 SROITEERR L TR

Solution pH [-] Cu separation [%] Cu selection [%]
S10 9.6 62 100
S20 10.0 79 100
S50 10.5 82 100

2.3.2 #BIRZ AW -8R D EIINER

X 2.8, X 2.9 LY ZHWWdREINEROFERETH S, X2.81F, LY DEELLYE
LT, HESNMOBGEERT, Fo. K 2.9 1%, LY =RIEATOZEHE H O D &
BHEMEL LT, LY 2LV SNz ioBGE2£ T, BEFEOMAEL Y, Eikiie v F
VU BERIZT =T K E IR LABR A R1E LT85 6 K 8.5wtw DHHHRI=R TH 5 (12,
19, LinL, K28 L0, REBREIFICB T, SHFRIIHRK 1LTWwt% TH D, Zi
ITREHE OO EIZX LT, LY OB AENBER72OTHbH, £, 2.9 L0,
WES OBAMEIILERITH 0%727235, S10, S50 DEFA 90%LL EOFEIRTH 5, Zh
IR D pH NEWVIEE, KFBA A EEBA T DA F U N LT N2 T
EEZBAD, £ LT, 810 DA, HHRERH 30 /228 W TR ROHBIRTH D |
PP 2 3 e, 12 FER O B ERENEAME N Uiz, TAUIBEERRER OB
pHMEF L7272 eE2 o5, IWINLTET U E=TKEDZV S50 Tk, D X
D 7RI RO T2 < FE—ETH D, BRESBEFRIZE L2HE. 16
FIFLEE CABMEFEN T 5 &L OB O L — 5T 514, 15, LLEDOFERNS,
Bk A Sy BERR B OIS AR 2 RIET 5 2 & T, 90%LL EOFMEIATEETH S =
EEPOMI LIz, £ LT, HEPRFRIX 30 000 1 R RENKE CHDH Z L2 5
T LTz,
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2.3.3 KENA < R &= DRI

B 2.10, K 2.11 1% WB Z AW 72HREIVEROF R TH 5, K 2.10 1%, WB OH=
HEMEL LT, HEFSNIMOBI G2 KT, £o, K 2.11 13, WB RIERTOFEHE T
OO EAZHAEL LT, WBIZX Y EIRSN-HOEAEZRT, X210 LY, WB O
SAHFEFRITIR K 0.5wt% TH Y LY D 1.7wt% i LT, 3 0D 1 FBETH D, 7=,
X 2.11 £V, WES OHASRHEILERITH 0%7253, S20 D4 T0%FEE OFREIIE T H
%o ZHUTBIR DA & FIRE, KIEKD pH BEVIEE ., KBS A L E&BA A DA
TP ERT WD EEEZ D X5, £ LT, S20 DA, HFLERR] 3 FFiIZE
W T T0%FEEDFEIETH H, KENA I~ A @ RERIRICRE L2564 K
FRECTEBHEAEN AT 5 L OBEOMI L —8T 5(16-18, U EOFERNG ., #&
%y BEBR B0 ORE FHICARE A A~ ABIRIET 5 2 & T, T0%FEEE O )3 [T AT §E
ThoHIEEWLMNT LT, £ LT, HEERFHIE 3 K25 4 R ENRE TH D =
EHHBMNT LT,

O WES
05 . . . o 5
o U -
04 0 .
g
2 osl |
[wl]
=
=
85 o2t -
=
2
01k 4
SENSTNe O
] | 1 1 |
0 5 10 15 20 25

Contact time [hour]

X 2.10 HEHREFR & SRR O B% (WB)
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2 WES
100 . . . SR
20 b -
2 L]
= 50 = -
= 1
=
8]
]
o 40| 1
]
]
20 -
] r) T ! ! ! ':_:'
0 B 10 15 20 20

Contact time [hour]

X 2.11  HFERRH] & SRR ORISR (WB)

2.4 &S

BRI LORNE AL d~ R & Wiz gk > 5 2 7Bk D> b OFIRIE O B % %
Rz, Fio, BRERE A A~ 2OERREREE LR LT, TOME, Hikgke >
F U T BERICT =T KA URSIIER A 35 2 & T 8k A 2RI R L RTEE T
boZ LEPLNC LT, £, SEDBERER OF S B IRICHBR £ T2 IIARENA 4~
ABRIETH LT, SAEEINARETH D Z E LW LM Lz, AEBREMHFICBVT,
KENA T~ ADOBBEWAEREIL, BRO 3 GO 1BRETHD, LIeRn>T, KEASA A
~ 2DV BYCERENIBETH 5,
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Jit, 2011), pp. 263p.
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BIE AKRENXMAREREBLETHEBERER OB
3.1 %S

2RI, NENA A~ ADOERWAERIT, BRI L TERWZ EEZ LML
2o ZHIT, KEAA A~ ARITEENDA AV RBMEOEMBERIEOEN DR
DTHD, Lo T, KENA AV RIA T RO EHBETEREZEATHZ ENT
X, BWERWEREA T ONA 4~ AHKREMZ/EMT D5 Z ENARETH D,
A T~ A EOHEDICEIFRERER A MEICEAT 5 ik E LT, KB L ONRMEIC
K DACALERES X OVRAGALER A BT i s, KARER(kIL, A2t T A (BRFE, —
BRAbiRFR, A %) FERH CINBAT 28IECH D, BIEOHIEL D | REED U 7 A
R ST A A R GIRFEFRTNET 22 T, ) LS LTlE, A
W a b 35 Z ENARRTH H(1, D, WAL, A& BRI, s
L) PCET 2EECTH D, BEREOMIEL Y . AW EMBT CINET 52T B
LWARF VSR X U2 EATL 2 ERAERTH DI, £72. mibiZ, BENZR
WERIED 2 VITIER IRV E F TR 2 BT 2 BETH D, BRIEDOEL Y | R
1) U AR SEEARENAA A~ AEERPCTNETHZ LT EMEFRLRY
ERT Z ENATRETH D (D, KEVRALIL, SR EEOKENGIE T CHIEY 2 083 5
BETH D, BAEOMIIEL Y | KEAA A~ R & mii s EOKRSEME T T+ 52 L
T, BREEREEZHEOCTZENARETH LD, KIED D U AEZHEFIEZAREN
A F~ A% ZFRLRFE P TINS5 2 & T, KAEIREEB L ORI EEIT S, GBEE
RETBEATOHZENARETH DL EEZILND, £To, KENA A~ R & Eikm O
Ferf TR 5 Z & T IR bR L OVKBER AL Z AT S, GMEERELBEAT D
ZEMAETHDLHEEZEZLND,

RETIT, T DD, KE A A~ 2D LB KETHEIZ SN T
et LTc, Flo, REAA I~ A& 32 &R WAEFI OB FE 27T,
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3.2 EB

3.2.1 &k

H2mLFEREIC, KEASA A~A (WB) 2HH L=,
3.2.2 BV T ADHEEF

WB ~DO A Y 7 LOMEIZ, REES Y 7 LKIFIKIZ X DEEE (40 55#s) 21
oy A A A HRIEE FIW T B I, R BIERN E W2 TH D, ARRELEESZE DY
B RSV U APHTHT D720, @BV R 2SO enEEZX D, REED Y
U LAKBSIROFHRFNE, BV U LAOERBEFIE, BLXOH U v aHEROREHFIEZE

PLFIZRT,

3.2.2.1 REEH U 7 LOKIEIK O R

BEAEDRFFEL D | A A U AW T, MERIK OWRERENIZE . L0 %< ofil
AR CE 206, D, fAFEKR LD b LIRE ORISR 20 2 LER & 5,
IREET Y O AOEMREIL, 112.1g/100g /K (25°C) TH 5(8., £ 400g DREEA U 7 L
(Wako : fE7K) & ZRBKIZEN L, 1L OREES U 7 2K E B Uiz, ZORED
U0 LIKEHEDT ) 7 LRER KO pH 2% 3.1 1877,

F 3.1 WAV T LKEEDOA ) T LRER Z U pH

K concentration [g/L] pH [-]
207 12.9

3.2.2.2 GRIKICEDRENA A A~DAY T L OHE;

R U w7 S KERHKE 50mL K 8g O WB 258 L e C 4 R # L7-, = = T,
WB OE &%, 80°CT 1MLz D ERTH D, TDO%., WaliEiEk L OveE
L. 107°CT 1Mz L7, Z oL X/ERFIEAK 3.1 1277,
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y
Stirring
4h

’
Filtration

A 4
Washing with
Distilled water

A
Drying at 107°C
1h

y

K-loaded WB

3.1 #HVYvLHEE WB O/ERLFIE

3.2.2.3 B U U LAHEFROE H

RSNV v LoEE, B U LHEE WB ORIMNIKAFFERNS 7 7 X~
DHEHEZ X VHEET D Z & TR L., BRI FIRA FRRlcnRd, 1 U U LHE
WB % 70mL @ 0.1M f§E2IZiRIE L, Wi C 1 s Lich &, Mol s Lz, £
LT, ZORFOIEIKIZ 0.1M il %1% T 100mL 12 A AT v 79 % Z & TRtk &
B, ZoBMEEELZ 1 SOREHI LT, 2RV IR LT, SBHKEZ FHEE S
7T X 3N oA EEE (Hitachi High-Tech Science : PS3520UV-DD) T4#rd 5
LT AV U LHEERERDI, AV U LAHERIITRONXTHAE L, 22T H
U U LAHERRIT, WB (0K) 0B EZ2KHEL LTl ) v L08&E2ERT,

__ loaded K weight

Kloading [wt%] = ~Woweight > 100 (3.1)
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3.2.3 KENA 4~ A DETLE

3.2.3.1 XtHfR{bE L UL

1) 7 LHHEF WB £7213 WB %2, BXE I (Asahi Rika : ARF-40KC) % HW\ T,
AT E DIRFHSIRE (200, 250, 300, 350°C) F£ TMELL ., Z O T 1 REERRE LT,

Z OERERF OREFHIENIE, BE=a > Fr—7— (Asahi Rika : AGC-S) #HW
oo £, AEE (EX :500mm, WL : 36mm, EX @ 4mm) ZGE E L THOW
Too VG ANIREEFT AETNIT AT THY | JiEiE 100mL/min Th 5, ESLEEL
DOkt 1M fHE (Wako) 50mL (ZiR{E L, Hild T 4 Bl Lz, Tk, W&
W LOWEFZ L, 107°CT 1 Reflezle U7e, fHRRALER 2 -2 BRI, Al & LT
WD) U LERET DO TH D, FRLIZAB OIS 2 £ 3.2 177,

# 3.2 ERIL7-EOKE 1

Heat treatment conditions

Sample Treatment

Gas Temperature [°C]
H(250) Heat and HNO, co, 250
treatments
KH(200) co, 200
KH(250) K loading, CoO, 250
KH(300) heat and HNO; Co, 300
KH(350) treatments co, 350
KH(Ar250) Ar 250

3.2.3.2 WAHER{LE L UUKERAL

WB 9 1g #filifis (Wako) 20mL IZiR{E L., FrEDOIRE (150°C £ 721X 2000C) 12k
WTC, A 7 vl E2iT-7-, 22 C, WBOE&EIL, 80°CT1HM#zELI-LEZD
HETho, AW TIEL, ~A 7 midhn#diiE (Anton Paar : Multiwave PRO) % H]
W7o, FHEEEEIX 10°C/min TH U | FrE OIRE TOLRFFRFREIT 1 Rl TH 5, £ D%,
5l ds JOVEE 42 L. 107°CT 1 Wz Uiz, 1R L 72R0R OME 5, RHIRRTR L

PRI, RN OREES), WB D OEERD F4 % 3.3 127”7,

><T¢f
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# 3.3 R L7 Et ol 5 11

Nitric a0|'d Temperature Pressure Weight loss
Sample concentration o
[°C] [bar] rate [%]
[mol/L]
M(150) 0.1 150 153 33
M(200) 0.1 200 324 59
M(1M150) 1 150 16.2 80

3.2.4 = v VOHEE

REb~D = IV OIEHT, R = v TIVKIRIRIC X D2 &RIE (A &ZHiE) =M
Wiz, A A ik a2 OB IS, SR BMERmWed Th 5, k= v 7 /LK
WORHFIE, = r VOGZEMRFIE, L O0=y 7 VRO HFNEZ LU IR
B

3.2.4.1 ffE= v 77 L IKIRIR D iRl

— RV RIEEIR = > TV Do TR O = v TVREDRB L E 3-10g/lL THHZ L%
KEZ T, K Blg OfiE= v 7L (I1) SARH (Wako) %ZRKEE/KIZHENL, 1L O
fife = v 7 VKRR 2R Uz, il = v 7F VB WTZEEIE, NiZt O o o Z—A 4
Y THDHNOIH 1 NDREA AN ThHD, BHEOHEL Y | kD% S0~ &
QPO 55 DREA AT, A A R EIET (9, ZOMI= v 7 VKIFKRO= v
JVIEEE R L O pH &% 3.4 17T,

7 3.4 WHEE= v I VKR D = > 7 VIRER KO pH

Ni concentration [g/L] pH [-]
10.3 3.9
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3.2.4.2 GIREIC L ARE~D = v )L DOIEEF

TR = » 7 L KRR 20mL 12 28% 7 »F =77/ (Wako) 50mL # ¥ L7z, Z DO
?» pH 13 18.4 ThHolz, TORGEIRIC, WEEZRIELER T 4 BHFHE L, €D
%, ARG X O 2 L, 107°C T 1 BRIz Lo, LARE, B 2 130508 (WB)
(= o VEEEF LSS NYWB O XL 9IRS,

3.2.4.3 = v/ VHEROEH

RSN =y v oiEiX, = v F VRSB OB IR 2 F 855G 77 X~ 30y
HOMHEIC KV RES 5 2 & TR Lz, BARNZRTFIEZ TRRlornd, = v 7/ R
Eta 70mL @ 0.1M RERICIRIE L, FiIR T 1R L=o L. WaliE#EE Lz, TL
T, ZOREOIEKIZ 0.1M il Z Mz T 100mL IZ A AT v 73 2% Z & TR %5
7oo ZOMBEIHEIEEZ 1 SOREHIX LT, 2[E# D K L7z, SR E FHEEE
T AFENSHAITEB THN T2 2 & T, =y F VA RO, = 7 /LHERR
ITFROXTHE L, 22T, =y 7 /VHEERRT, HAROEREZ KL LT, HfFS
Ni-=v VOB G %=E£T,

Ni loading [wt0p] = [224eANLWelght 45 (3.2)

support weight

3.2.5 &#r

3.2.5.1 EEZ{LOHIE

71V U LHE WB ) 50mg A3kt e L, BEEST AT o7, AR TIX, BRI
(ULVAC-RIKO : TGD-7000RH) #f#i[f L7=, #i@A AZOWT, EPTRISAT AR L
U=V H2AE, EFE2 M0z, g, £55 68 100mL/min TH 5, ZDIRHEE
T, FTEDIRE (300, 400, 500°C) F THIR S, AR L7z, FUREE X, £ 10°C/min
Th o, TD%, PKISFEDLFRICH KDY | EEBASRNBEZE LItk RIST A
TR AZH)0 Bz 7=, WX, 100mL/min Tbh 5, KT A~ 2 721 Ok
KRAAET VI =T LNy 7~ 5 pINE LT,
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3.2.5.2 YA A Dot

WE LR AZ A n~ F 777 (GL Sciences : GC-4000) T/t L7z, #k
BRE AT, 2EEADOKXA L7 NEAATHD, DBEEITI I T A%, FBE DT LT
o, ATV LVAMOEI, IEVERE SR LT, Miiasid, KERA A AL
Do Flo. BT LA EKRBRA T ALBEIROMIZ, A% F A ¥ — (GL Sciences :
MT-221) 207z, AZFTAF =3, =y 7 AAEEER L TiREERFL IO
TEUIRFE R A S AT D T LI KD KFRA A AR TOERESHT & TEEIC
THWEBTHD, F¥YVY—HAT VI 2HEA LT, £/, BARERIZ 1mL T
o5,

3.2.5.3 alklE i DEIE

AR OBIZRIC, EBRRHIEERSE FHKSE (JEOL : JSM-7800F) % H\ 7z,
WB B X OWER L 7-50HE, EEMNMRWEZ 2 o570, A4%2K 10nm =2 —7 1
YT LIehEREBEOBIEZE LT, BEDOAEFIIT, A—F T/ ra—F—

(JEOL : JEC-3000FC) %l L7=,

3.2.5.4 HFEmEAENE

BET KmfEOHEICIT, @EET A « QWA ENELEE (BEL JAPAN
BELSORP-max) %\ 7z, EHEH AHT 200CITRHNT 1 BEREIRTLE Z L2tk %
FHAZ TTK TRAE SELHATRD T, AL, oo RlE il iLE (BEL
JAPAN : BELPREP-flowI1) Zffiffl L7-,

3.2.5.5 EREFLAIHT

B BAL T Y T LB IBA L. BRERESIT 21T/, AWIZETIL, 7— U %
HRAN I BEEEE  (Nicolet : MAGNA-IR 550 SPECTROMETER Series 1) % fifi [
L7,
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3.2.5.6 L Fil G IREED 3T

R, AR, BHFR. = v VOB AREO ST, EE o EE (JEOL :
JPS-9010MX) Z# 7=, HFRIIEH Lo 72, £7-. Cls OB — 7 O\ E %
284.4eV |2 AW DB IE A Ehit L2, REBLOBBEOFERENS, O/C DR HZET

D7,

3.3 ERLELE
3.3.1 —EbRFE E AW -SR]

REETT V) U LR ST A T RRMLIRSER TINS5 2 LT o U U Al
ELTE, AEMEZRILT L ENTRETH D, ZOMILOEEEZ TR (10,
K0, + CO, © K,0,,1 + CO (3.3
KyOy41 + C & K0, + C(0) (3.4)
TELRFE E O SHBCEIC LY LR R U IEICRE SN D GIREERER A N
A A~ BT B 120 DREBERMRET & LT, BILIEER A~ 2ADmBBEREEICKL
ETREZHONCT LI, R ZHWTAH Y v A2 L7 WB OFEEXR
FEOREE LTHE L, U 7AHEE WB OL U U LAHEERE, K 52wt% TH D,
F9, ARFFHRE 300°CIZEE L CoRRAK 3.2 12~7, BIERLEI B 60 2110, K
JoH AL BRPOIRIET ANZER Lic, Y 7 AR S LTS, ZBbRFBICLD
Fefb vkl & AT, ROS T ANERN ORI ANTER SNk, BEREIIENT 552
bivd, X382 kv, EEOHINIBR S, WIZ, REFHRE 400°CIZBE L TR
RAEK 3.3 17T, WERLEDGH 80 731210, RUSH A& ERINGRIET ATEET L
7o 3.3 LV, REHRE 300°COHA LRIk, EEOBMITBMN Sy, REHE
B 500 CIZRE L CORERA K 3.4 12733, HIEBRLEN B 80 1412, RIGH A & a4
ORI ANZER Uiz, ZDREET ANZEL LTz 80 %L OFEEWDFIZONT
BERLTEbDOZEM35I1T7RT, X385 LV, HTOEEOEIMABIMILT,
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3.2 HVvLHEF WB oEERDEROZEL (300C)
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3.3 BV vLHEF WB OEERHADROZEL (400C)
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ST AL RN IRFETANER LIz TAI = LNy 7125 RIEE LT
PR AZET A v~ N7 T 7Tl Lic, R(B3EV ., I U 7L flliis L TEx,
TEMLIRFEIC K DB E UL, PER T AP BLIRFENEENDITT TH DL, F
P IR FB L O BERFBOE— 7 DNEZFTARD2D, HAva~x 777 T
IRET ADRN AT oTc, T OIRET AD %23 3.5 12, #REZM 3.6 5R-T, BT

DZFE L TZDIE, EERTH D, BHER T KBRA T A TH 5, BT LH
0 & KFERA A bR OMIC, A ZFTAF—ZWOF1T7=, LoT, FHET A% S
HrL7ese. BT 2y DIEF T, —E{bRFE, A X2, ZBLKFEDIETH D, M
3.6 XV ARERKMETITBWNT, —ELRFEITK 1.6 9%, “BRLERFEITK 9.6 77%
IR END Z LW LN LT, RIT, R AL T A v~ 87T 7 THHr LT
REK3.7TITRT, K37 10, —BLKFR TR ST, Z2EO LRFEIRE S
iz, Ko T, REEHTAFIC—BILIRBITE R0,

BULIRIRE 300°CICBIT DR T AZ, WA u~ N7 T 7 THHT LTIZfER %X 3.8
(R, 3.8 k0. FEFITINS e —bIKF DO — 7 2B LTz, BULBLEEE 400°C
BRI A HAZa~ 7T 7 Tt LIfERZX 3.91RT,K3.9 L0,
—AbIRF O — 27 B LTz, £, BULEIRE 500CIZHB 1T 2R A%, HA Y
B~ 7T 7T LR A2 X 3.10 127, 310 L0, HlH R & 2 —E{bik 3R
DY — 7 Z B LT, FEHIREIZ BT 2 —M(bRFE Y — 7 OmfEZ R 3.6 1177,
E— 7 OmEEN—BLIKFOREZRT, K3.6 L0, BUIEIRENEGWIE, LK
FOENZ, DF D BNHIREN ST Y, ZBLRBICL2BEDEDR B DR
Lo LIz T, “MLRBFAR T CAME AT 52 L2k, DU TRl L
TEE, BbT22 26N L, £, ZORITELBNEE ITEKFT 22 6

BT LT,

# 3.5 TEUET A DSy (%]

5 3 3 3 3 3 3 Balance
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co

CH,

co,

/) —

0 2 4 6 8 10 12 14
Time [min]

3.6 HAZwu~ ~ITTIZKDHIEUET X D43

\

co,

0 2 4 6 8 10 12 14
Time [min]

3.7 WA v~ T T TR DREETT ADIHT
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co,

0 2 4 6 8 10 12 14
Time [min]

3.8 HARIZwu~ 77 7IZLLPHAD5HT (300°C)

co,

0 2 4 6 8 10 12 14
Time [min]

X 8.9 HAZu~ T 72K BHHEHZD55H (400°C)
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co,

co

0 2 4 6 8 10 12 14
Time [min]

X 3.10 HARZu~x 7T 72X 5H0AD58 (500°C)

% 3.6 HEWIREICBIT 5 —bRFEL— 7 O

Temperature [°C] Area [-]
300 173571
400 423969
500 824478

3.3.2 [MHBRILEB L ORILZE AW =& B ER DB

DEWEE = o 7 VAHERR A E D,

2 bd, £, AKRDGH.

SARER LR L ORAIC I 2 BVAERIR E & = » 7 VI EFRROBIfR 21X 8.11 12”7,
Auv=aehd, KH(200), KH(250), KH(300), KH(350) Tdh 5, ko 7=H, WBIZ
= rNVERE LA & SRR TR T, K811 K V| 250°CEL PR\ T, AVLERiR
L2yl 250°CEL EICHB VT, BYLERED 57 &
EBIC= Yy IVHREMET Le, ZOHEBE LT, 4 4 U RO G IR B REIE D)
FENRE 2 HiLD, RIFFETIE, BE~D= > 7 VOBEHZ, GRIE (40 Z8ik) %
M, KoTL BEAED=y I APMEFRAE (L 48 ICh Vs &%
B L% 250-500°COFPAIIN T, HIVR S U ILN R
T 201D, RKENA A AT DB LE—2ADLE RIS, X% 280°CLL EOIREEIC
BT, BANVRF RISHEITT 5(12, Lizdd-> T, AifFEOREHZBNTH, &
DERIE I NR X VEOPRNPEE B2 b5, K311 L0 | KEBRSEMICBWT,
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250 CH il 7 BMLEIRE CTh 5 Z L =B BT LT,

wIZ, NI/WB, Ni/H(250), Ni/KH(250), Ni/KH(Ar250) = v 7 /L% | X 3.12
(2R, 118,12 X v . NVH(250) & NVKH(250)D = v 7 MHEFERO TR E W, 72,
Ni/KH(250) & Ni/KH(Ar250) 0 = v 7 VI ERITIEE L EED LR, Lo T, &%
BHREOM EIZX, B Y v BEOZENKE < TRRFBIZLDKMERIITIZEALLE
FERNWZ EEZHALMNI LT, NYWB O = 7 VHERERE 1.0wt%23, NYKH(250) 0
= v 7 VHRERRK) 8.3wt%IC A L2 BRIE, KAEMILIC L D2 BB EREROE A, %
LIC L D EMFEEREROEAN, EREBMD O 3212 bnsd, £, KMERIICLDE
B BRI D EAZ OV T, NIVKH(250) & Ni/KH(Ar250) D = v &7 VR & W CH
HAMRECTdH 5, NVKH(Ar250)0 = v 7 VHERRIT, § 8.1wt% TH S, &I, RIkIZ
LD EMBEHREDEBEANICONT, TOEEL x LT5, HEEDIZOVT, KH(250)
DOEBEJDHELR 54% % HOTHEIHATRETH D, Z OHEERWDHFIT, AiLERTDO WB D
HENEETHD, ZNOLOHERNEZHETEOEAE FITRT,

100

%

pul

=
%

1.0 x 22 % x x =83 (3.5)
8.1 100-54
1.0x 1.02xxx 2.2 =8.3 (3.6)
x = 3.7 3.7
X o T, KH@250) D& B AREIZ. WB 254 L LT, KRR ki L2 B Ereiko

T

ALV 1.02 5, RALIC K 2 EMFBEREROBEANICI VK 3.7 5, BEHIICK
DEI22fZcm EL=EEZBNS,

10 T T T T T

Ni loading [wt%]

2 untreated N
sample

200 250 300 350
Temperature [C]

3.11 BMLPHEED = v VHERRICKIT T
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KH@50/EH- D 7=, OB Y 7 2K, @ b FFZFESH TD 250°C
HALFE . QORYEELEED 3 SORHEE 7 o —F vy — h %X 3.13 1277,

MNi/WEB

MNi/H(250)

MNi/KH250)

MNi/KHAZE0)

0 z 4 ] 8 10
Mi loading [wt%]

3.12 U v LAHEER I OFRMKN = v 7 /VHERRIC T8

WwB K,CO;aq HNO;
Y A
Stirring Stirring
4h 4h
y N
Filtration Filtration
A 4 A 4
Washing with Washing with
Distilled water Distilled water
\ y
Drying at 107°C Drying at 107°C
1h 1h
y
Heating in CO, v
250°C 1h KH(250)

X1 3.13 KHE50){EfL7 o —F v — |k
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3.3.3 MAHRRILE L OVKBYRIL &2 VW= & B W AR DB %

M(IM150)DE % % [X] 8.14 128k, X 3.14 XV, MAMI150)IZENR > 7= 1 fD#HD
L OMIRETH D, AL LOKBYRIKIC K D RN EIT LTcTed B2 b b,
WIZ, 0.1M il % F 2356 OKMERM LR L ORAKIZRIT 2 BVAERRE & = » 7 Ll
FFROBRAZIK 3.15 ([Z-T, AWZalEHEL, M(150)5 L M(200) TH 5, L7z
D, WBIZ=w VWV EHELIEGAEZ A Trd, K815 K0, BBLBEEN &I
E= o AR NEV, NYWB O = v 7 VHEFRK 1.0wt%2%, Ni/M(200) D= v 47
JVHERRA) 9.0wt%C 5 U7 EIR L, WAEEM bR L OVKEURIKIC L 2 B ERRIED
BAHERDO 20125065, £ AR LI K OUKERIKIC X 5 B eEE R
HEOBANIZHOWT, FOREE x LT5, KT, BEREIZOWVWT, M(200) 0 HE &
VEK) 59%E W CTHMAEETH H, Z OEERD I, AiLERTO WB O/ )3
ETho, ZhWOOERZHEITELE XL FITRT,

100

LOX XX ——==9.0 (3.8)
1.0 X x X 2.4 =9.0 (3.9)
x=3.8 (3.10)

£ o T, MQ00)DEBWAREILZ, WB A 5#E L LT, iR kI XL OKERIKIC
PR EREOEANIZL VK 38ME HERDICE VN 245 ICm ELEB 26D,
Fo. HOTZHBEOIRED 0.1moVL & W2 AR L X 0 KBVR L DD K &
WeEZ NS, MQOOIER 7 v —F v — h&[X 3.16 IZ77-7,

3.14 M@OM150) D
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Ni loading [wt%]

10 T T T

8 i
6 i
4 L .
2t urtreated 8 7
| ___smoe .
0 1 1 1
150 200

Temperature [C]
(4 3.15 APNREEN = v 7 /VHERRIC RIT TR E

WwB HNO,

\ 4
Microwave reaction
200°C 1h

v
Filtration

A 4
Washing with
Distilled water

y
Drying at 107°C
1h

Y

M(200)

3.16 MQOOfEH 7 7 —F ¥ — |k
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3.3.4 = v )V HHEEE

WB £ XU NYWB IZ2WTO FTIIR A7 MK 3.17 12T, [AERIC, KH(250)
B L OYNVKH(2501Z DWW T 3.18 12, M(200)35 L Y NYM(200)IZ DWW T 3.19 1277
T, BEEOMZEL V. FTIR A7 MLcE W T, C=0 fEEHE 1500-1800cm™ (25
T 5019, M3.17 LV, 1740cm™, 1660cm™?, 1600cm, 1510cm™* O —7 X, &4l
ZHh COOH, C=0, C=C BLWC-C, C=C \cHkTHLEZOEND, NYWB IZEW
T, COOH ot —Z7 3% L=, X 3.18 XV, 1710cm™, 1600cm™, 1510cm™ O t°
— 7%, £ £ COOH, C=C B LU C-C,C=C IZH*¥kT % L&z b5, NI/KH(250)
IZHB W T, COOH DEB— 7N, ot —2 &g L TIKF L7z, 3.19 kv,
1710cm, 1600cm™, 1510cm™ ® &—7 X, =124 COOH, C=C B LW C-C, C=C
ICHRTHEEZ NS, NI/MQOOIZEBWT, COOH O — 758N, o —2r &
g UCTIR R Lz, AR T, BB~ = v F VRS, gL (1 4 2 k)
ERWZ, XoT, IVEXRVEOKFBAF L L= T NA T OZHIZ LD | JEH
2L, COOH Ov—7MEME T LIZEEZ b5, BRI, GRIE (453 Hh
B Ik R ARS8 A . [AREO COOH O v — 7 5 E O F 238l S5 (14,
15),

C=C

Mi/\WB

Absorbance [—]

1800 1750 1700 1650 1600 1550 1500
Wavenumber [cm ']

3.17 WBEB XU NIY/WB @ FT-IR A~7 kL
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Absorbance [-]

Abzorbance [—]

1800 1720 1700

1620 1600

Wavenumber [om ]

3.18 KH(250)% L O Ni/KH(250)® FT-IR A7 kL

KH(250)

MNi/KH250)

1250 1500

Wavenumber [cm™ ]

M(200)

Mi/W200)

1800 1720 1700 1650 1600 1550 1500

3.19 M(200)F L O Ni/M(200)®D FT-IR A7 kL



WB 8L NYWB ([25WTD XPS 227 kL (Cls) %[ 3.20 (TR, REEIC,
KH(250)3 & Y NYKH(250) 122V T X 8.21 12, M(200)% X O Ni/M(200)12-2\\ T ¥
3.22 |- T, BEEDIFE L D  XPS AT M LZEBW T, COOH DA =R/ F —I,
288.8eV ThH 5(16), X 3.20, ¥ 3.21, X3.22 LV, COOH IZHKT 5 v — 7 LB
Ene, 6,6-F A 2D XPS A7 hMUZBWTC, fioe—27 LoEALDIZLD,
COOH O v — 7 MBI E NN ORENRH 5(17), £ > T AMIEOREHI BN TS,
6,6-T A 1 OLA LRI, oY —27 EOEARVIZE Y, COOH O v — 7 REHIX
nineEEzohsd, £, WB, KH(250), M(200) D45y 1M 1T M7=, 6,67
ARDEITWEDBEELT L LT LW EEZ BND,

WB B L NIY/WB 22\ T XPS 222 kb (N1s) %[ 3.23 1IZ7-d, FEEIC,
KH(250)3 & Y NYKH(250) 122 TIX 8.24 12, M(200)3 L O Ni/M(200)1Z-2\\ T [¥
3.25 12”9, X38.23 BEL UK 3.25 LV, Nls O E— 7 [ Z@BHI S n/avy, X 3.24 k0|
399.6eV Ot — 7 (X, NH3lZHKTHLE 2518, L>T, KHE250)IZ=> 7V
ZHEFESEEHEG. NHs bRRICHEFEE SN EE2 61D,

2888 eV
COo0H

Intensity [—]

%

MNiANWE

2495 290 285 2380 275 270

Binding energy [eV]
3.20 WBBILO'NI/WB ® XPS A7 kL (Cls)
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2888 eV
CO0H

KH(250)

Intensity [—]

Ni/KH(250)

295 230 285 280 215 210

Binding energy [eV]
3.21 KH(250)35 X OV NI/KH(250) > XPS AX7 kL (Cls)

Intensity [—]

Mi/M(200)

295 230 285 280 215 210

Birding energy [eV]
3.22 M(200)3 L Y Ni/M(200) XPS 227 kL (Cls)
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Intensity [—]

N ANE

405 400 395 390 3685

Birding energy [eV]
3.23 WBEBLONI/WB O XPS A7 kL (Nls)

M5D)

"

— 3996 eV

= NH

@ 3

[

@

E

Mi/KH2E0)
| | |
405 400 295 290 285

Birding energy [eV]
3.24 KH(250)8 L O NVKH(250)» XPS A< kL (Nls)
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M200)

Intensity [—]

MNi/M(200)

405 400 395 390 385

Binding energy [eV]
3.25 M(200)% L O Ni/M(200)?» XPS A7 k)L (Nls)

WB 5 L O NYWB IZ2oW\W T XPS 227 kL (Ni2p) %X 3.26 (2R, [FEEIC,
KH(250)% L O NVKH(250)(2 2T 8.27 12, M(200)F5 & O Ni/M(200)(1Z-2W\ T ¥
3.28 IR Y, X 3.26 LV, 856.0eV O — 7 @I L=, BEEOHZEL D . Ni(OH)»
DA TRLF—IL, 856.0eV TH (19, M 3.27 LV, 856.2eV O E— 7 ZEIHI L
2o BEFEO#FZEL U | [PtBro((NH)2:CHCHs):l [Ni((NH2)2:CHCH3)2](C109)s D& = F
X —L, 856.2eV TH5H(20), M 3.28 LV, 856.3¢V O — 7 Z@lI L7z, BEED
F7E L v . (P205)0.40(V205)0.60)0.90(Ni0)0.10 DfE AT R /X —1L, 856.3eV TH D
(2D, L2 L. X326, X327, ¥3.28 DE—7 DA T HRNLF—DHETHRK 0.3eV
ENEL L AETFREEIRBOENEZFHITE RN EB X HLD,
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8560 eV

Intensity [—]

NI B

865 860 855 250 845 840

Binding energy [eV]
3.26 WBEBLO'NI/WB ® XPS A7 /L (Ni2p)

e KH(250)

— 856.2 &V
E

0

=

o

=

Ni/KH(250)

865 860 855 350 345 840

Birding energy [eV]
3.27 KH(250)3 X 08 Ni/KH(250) > XPS %<7 kL (Ni2p)
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BEEDOBIIEL V| 8BRIC= v 7 V2R SE2G6 0L, ToXNTH D9,

2COOH + Ni%t* - COONiOOC + 2H* (3.11)
BEEOIZE L0 | BRICHZHEES -5 0L, ToXTh 522 29,
2COO0H + [Cu(NH3)4]%" = COO[Cu(NH;),]00C + 2H* (8.12)

AW T, BEHEARTOBERIZIB W T, = v F/VIXEIZ[NI(NH3) 12T O THFEET D
EEZLND, 22T, n=4, 6 ThHD, FT' IR OFER LY, INARIFVEOA A%
HUZ XY, =y ARSI EEZE XL OND, XPS OFERLY, =y L EHEX
72 KH(250)i28\W T, NHs b RBRICHE Sz & B2 Hi1D, WB 35 LU0 M(200)
IZBWT, PHREND =y Z VHFEERED 1 % TR,

2COOH + [Ni(NH3),]?* - COONiIOOC + 2H* 4+ nNH, (3.13)
KH250)I28W\W T, THREIND = 7V HEEED 1 5% TIORT,
2COOH + [Ni(NH3),]** = COO[Ni(NH5),]00C + 2H* (3.14)

KH(250) % fit il (R~ IS 35 & & 2 NHs NRK & 72 0 SR BAET 57
REVEDN B %

e M200)
856.3 eV
A
2
@
[
g
=
Ni/M(200)

865 860 2iels) 800 845 840
Binding erergy (V]
3.28 M(200)%5 L T8 Ni/M(200)0> XPS %~2Z kb (NiZp)
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3.3.5 1ERL L 7= & B EH D Hk

WB., KH(250)., M(200)?> SEM 44 X 3.29, ¥ 3.30, X 3.31 I2FnZHrd, BE
O LY . 300°C TAEBVLERZ 7=~ > i%, EENHW(G), X 3.29. X 3.30.
3.31 LV, 20X o il =2y, E7-, KH(250)3 LU M(200) D FE % £
3.712F &7, KH(250) & 0 M(200)D = v 7 AARFFERIN @28, A A 58k o
GMFBEHELEOBNZ N EEX NS, KH(250) L0, M(200)? O/C JFF 3 EW O
T, 20O EEEZ LD, £z, KH(250)% L 0 M(200)0 BET HEmfE L, i
T/hEW, ZoBHE LT, BILBHEE 200C &KW ENBT 5N 5, @5 BET
RS A HET D54, AT EIX 4000CTH D, La L, KH(250)F L O M(200)
DORMFRENZL LN EFE X HLD 2000C TR AT - 7o, AN A+ ThH -
T RIREMEDN & D,

5.0kv LED

3.29 WB ® SEM 4
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5.0kv LED

5.0kv LED

3.31 M(200)» SEM 4
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# 3.7 KH(250)F X O M(200) D #5:

Ni BET Total Average
: 0/C surface pore pore
Sample loading .
[wt%] [-] area volume diameter
0
[m%/g] [cm®/g] [nm]
KH(250) 8.3 0.37 1.09 0.00377 13.9
M(200) 9.0 0.41 1.57 0.0141 36.0

34 fE

SRR LI K ORAL, BARER (LIS K OVKBVRAL DAL FALERA | RENA F~ A DEJF
AR RIETHBIZOWTHRE LTz, Eio, RKEANA A~ 2 %R 3248 Al
DR ERRTZ, TOFR, ORBEH Y 7 LKFRLE, @ “MLRFBEMK T TO
250 CEVLERL QREEALERD 3 SORTERIZ LY | = v 7 VHERRE) 8.3wt% & V9 &
W B ERE A FF ORI ERL LTz, $£7o, KEANA A~ 2% 0.1M MHERIZIRIE L .
200CIZBWTY A 7 BB IET Z LI2 LD, = 7 VRN 9.0wt% &V 9 5
WEBRAERE Z R oS A 2 ERL U 72, 2 OWMER LR L OUKERAL 2 AV CERL L 72
SRWAERDOEBRAENRbELS . T VBT 2EERV= v 7V TH 5 72
W, BERERE L TRVANTHLEEZDND,
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BAE KREAMA LS T2 &BEER OMEHREE~DIG
H

4.1 ¥E

REED O M AEPE £ TOMEE TR SORIE 72 EOL BEDOBEIEM M KA L, ALBHE ) D
RS0 1 D) LR L RIEEAM OB K EORMERHH, 2O DORENA F~ A&
BT 2720, B LWAESRAEORBNEEND, TAiX, TOH72EMO 1
DTh D, KENA A~ RTBEEHEN LW ALAEIR & ik U CREE DMK <,
BRI EFNT =2 G52 DIIHRIR TOHT AMEAMAEATH A1, 2, Ll KR
TOHAMETIE, ZROZ —NVPNER LEE OMER CEIROEE L 25720, Zb
RS D miE MR RS L E T H D, BEEDOHITEL V. = v 77 v I Tl
B =V DBRIZB W TEWIEEZ/RT(3-6, Ll = 7 /L RAlEE, i) @<
HoZENMETHD, £2C, =y 7V RO =2 MEREA B LT, HIRICRF]
&R Ch D8R % ATz, = v 7 VHEHB IR OWME 13 & 5(7-9, = v 7 Vi FHE
IRARGY . HAREIZ= v TR E T 5 Z &Ik, = /T v Jfil
BEX Y EIEPE A RF D, E 7o, % O B A IMIE D B = > & VKL 7 % [E]IY
TELR AR D, LU, BRITARBEALLT | Bkl R mE 22 2 E R KRE 20
BTH D,

KRETIL, 3 ETER L IZEBRER OB ~DISA 2R Az, £9, EKE
W& HWT, Fry—fbLie, 0%, XBREFTEEZ VT, =y 7 Lo 7iRiEs
L ORI Lz, 72, F ¥ — ORI A2 BRIGHE AR S FIFAME CBlR
72

4.2 EBR

4.2.1 F¥ —D{EHL

55 3 W C{ERL L7 NYWB, Ni/KH(250), NY/M(200)%, #EXE RS (Asahi Rika :

ARF-40KC) # MW T, FHSKIEE 600°CE TMELL ., 30 HEFi L7, ZoESKER
IFOREFRIEIC X, IRE = b —7— (Asahi Rika : AGC-S) Z#Hw\Wi=, F7-. &
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P (X 500mm, NEE : 36mm., EE :dmm) FSEE L THW-, FiEb A
7T THY | FEEIEL 300mL/min THh 5, NYWB F v —. NIY/KH(250)F v —.
Ni/M(200)F v —DOfERIFIEAZ X 4.1, X 4.2, ¥ 4.3 I2FNFHRT,

422 =X NVEBROE M

F v —LATR OB O ERB L OH 3B TR Lic=y 7y VR Z WS 2 & T,
Fx—D=y TVERRERD, =y FVERRITROXNTHELEL, 22T, =
Y INVERRIL, FTr—OBERELEL LT, BAT L=y VOEIGEERT,

Ni weight

Ni content [wt%] = x 100 (4.1)

char weight

4.2.3 53¥T

FRL7F v —HICEEND =y F O oHIc, X #EHTEEE (PANalytical :
Empyrean) Z i H U7z, X #RIETEEE 13, Z 8 & mERAEE B 725 XA E
B LHIES D T =A A —F | X PR 2 M0 23 8CEE . AR L mE LR S8
TRLER T D HIERCERIEE R E D SN D, T=A A —Z %, HIE BRI K > TIEHA
A=A A—=F L/IARELT = A A =2 O 2 A HEN 3T T2, = v 7V OILFARRED 5y
Fric, IRy T =F A —=Z 2o, £, = FIVOR RSO, IMEEEL=
=FA=Z e, BELREL, RIFREMM O H CAHBEEE O 7 — U =B TH 5,
BELREOREZFHE LT BTNV T4 v T 47352 LT, KRS MORE M A6
Th 510, Z 2T, KFBEnfiz Dvlnm &2, =y 7 /VRiA D5 BE ORI O 7=
O, Fy — O & BEFRIEEAEFIEMEE (JEOL : JSM-7T800F) THIZ L7,
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wB

.| Drying at 107°C
Ni(NOs),aq NH, - 1h
A 4 \ 4
Stirring Heatingin Ar
4h 600°C 30min
A 4
Filtration Ni/WB char
A 4
Washing with
Distilled water
4.1 NiYWB F ¥ —O/ERLF)E
WB K,COsaq HNO; .| Stirring
4h
A 4
Stirring Stirring a
ah ah Filtration
Y z A
Filtration Filtration Washing with
Distilled water
2 A 4
Washing with Washing with v
Distilled water Distilled water Drying at 107°C
1h
A\ y
Drying at 107°C Drying at 107°C v
1h 1h Heatingin Ar
600°C 30min
v Ni(NO;),aq
Heatingin CO, \
250°C 1h NH, Ni/KH(250) char

4.2 NV/KH(250)F ¥ — DO {ERLTFE
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wWB HNO; .| Stirring
| 4h
v
Microwave reaction A
200°C 1h Filtration
v v
Filtration Washing with
Distilled water
A 4
Washing with ,
Distilled water Drying at 107°C
l 1h
Drying at 107°C |
th Heatingin Ar
600°C 30min
Ni(NO;),aq [
h 4
NH; — Ni/M(200) char

X 4.3 Ni/M(200)F v — DO /ERIFIE

4.3 FERLELE

4.3.1 REAA < 2 OfREE K~ D5

Ni/WB F ¥ — OS2 #i% (X15), XRD /X% —> SEM #&., = v 7 /VRi 785
fizlX 4.4, X 4.5, X 4.6, K 4.7 2FnFrhord, £72. NUWB Fvy—D=v /L
SRR, K 55wWt% TH D, X 4.41F. NYWB F v —% 15 (RITHR U= e msds
BThHsH, a5 L0, Fr—HoO=yrVIEEIKETH DL, F v —(bRIZHAET D
KFRL—BILIRFRFEDORICH ALY | = T AAFT U RBEIRIIN, =y T VERPIE
RENTZEEZBIND, 4.6 XV, R AWK = v AR 128 B2 Hiv, F
Y—REZEHE L, W47 XV, o=y RO RE SiF, 12K 3.0nm
Thbd, WBAD=> I VOMFHZ, BRIE (LA ZZHE) ZHAWied, /734
AD= T MERL TR SNTZEB A OND, A T RIEICL D =y V2 X
WiteRE T ¥ —IbT 5 L. FRICT A D= 7 Wk T3k &5 (11, 12,
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4.4 Ni/WB F ¥ — DX (X 15)

G000

o000

4000

3000

Intensity [—]

2000

1000

20 40 60 80 100
26 [ ]
4.5 Ni/WB F ¥ —" XRD /34 —>
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x100,000 1.00kV UED

%] 4.6 Ni/WB F+—» SEM #

0.25 . . . T

0.2

015

0.1

Dv [nm ']

0.05

| |
0 10 20 30 40 &0

Particle size [nm]

4.7 Ni/WB F ¥ —D = v 7 )V 554
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4.3.2 [AEBMLE X OURILZ AW TERL L 72 & B W& A O A&~ )5

Ni/KH(250)F v — D M Ei%R (X15), XRD /~%— | SEM &, = v 7Lk 1
Bofi X 4.8, X 4.9, ¥ 4.10, ¥ 4.11 I2FnEhard, £72. NVKH(250)F v —
D= rVERRIE, K 14.Twt% T 5, ¥ 4.8 1%, NVKH(250)F ¥ —% 15 fFIZHEK
LR TH D, K49 k0, Fr—ho=yriIEREIRETH S, KX 4.10
L0, 7R AWK = ZURKRL 712 L B 2 DAL, Ty —REICE S L2, K4.11
XV, ZO=v IR ORE XL, EIZKN 4.0nm THDH, KHEZ500~D =7 /L
DHFHC, EFIRE ([ F k) ZRWE), T A XD = v 7 VKL 1 DS
InfctEZ DD,

4.3.3 BAHERILE K OVKBYR(L 2 FIV TYERL L 7o & R e F| D R IR~ DS

NV/M(200)F v — D FEMEHE (X15), XRD /<% —> | SEM &, = v 7 /LK1
B A 412, K4.13, K4.14, K415 12EnEhord, £72, NYM(200)F v —
D= FVERRIL, K 16.5wt% Th D, X4.12 (X, NY/M(200)F v —% 15 fFIZHLK
LIS FHAMEER CTh 5, K 4.18 1V Fr—HF o=y rVIeRBkETH 5, X 4.14
L0 AR AVRIS = S AR T2 E B X B, Ty —REESE LT, X14.15
L0, o=y r R OKE &1F, EICHK 5.5nm TH D, M(200)~D = 7LD
HEHIC, GiRiE (AU HIE) WD, 7 A XD = v i VK ISERR &
nicEEz b,

AR

X 4.8 Ni/KH(250)F ¥ — D F0aME% (X 15)
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Intensity [—]

F000
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4000

3000

2000
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] I I 1 1 I
20 40 50 80 100

28 [ ]
4.9 NVKH(250)F v —@ XRD /3% — >/

x100,000 1.00kV UED

4.10 NVKH(250)F ¥ —® SEM 4
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Dv [nm ']

0 10 20 30 40 B0

Farticle size [nm]

4.11 NUKH(250)F ¥ — D = v 7 VR0 A

X 4.12 Ni/M(200)F ¥ — DY 22aME S (X 15)
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Intensity [—]

000

Go00
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26 [ ]

4.13 Ni/M(200)F ¥+ —® XRD /3% —

x100,000 1.00kV UED

4.14 Ni/M(200)F v+ —® SEM #
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D [Am ]

0 10 20 30 40 50

Particle size [nm]

4.15 Ni/M(200)F v — D = 7 VBI040

4.3.4 R LTz = v 7 VRARGED LR

= TIVOEREL, 8.90g/cm3 (25°C) THH(1Y, = v TV EFRBLN=y 7L
B0 D, fikll (v —) BAEENTZVO=y X LVORERHEZEH L7, N/WB
F v —. NVKH(250)F v —. NY/M(200)F v —DFEZ & 4.1 1T F &7z, BEEOHSE
L0, = 7 UHHERR 9. 2wt% DBk & 600°C TF v — (LT 5 &, EITH 6.5nm D= v
TR ISR S D (14), E£To, ZDOF ¥ —D=v 7 VERRIL, £ 17.0wt% TH
D, fll (Fy—) HAERERYTZYO=y FVORKREHEEMNT 5 L. K 17.6m2/g
Thd, £ 41 L0, NVKH@50)F ¥ —D =y 7 VIt EHBEN K bELS, = v 7
BBt L v HEv, Ko T NYKH(250)F v —i%, A A~ AZ—/LOREITE
W CIERIT BRI Z R T rTREER & 5,

F£ 4.1 = VRO R

Sample Ni content Ni particle size Ni surface area
[wt%] [nm] [m*/g]
Ni/WB char 55 3.0 124
Ni/KH(250) char 14.7 40 24.8
Ni/M(200) char 16.5 5.5 20.2
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4.4 =

55 3 B ORI L 7= R Al Ot R~D IS 2R ATz, 77, ERE R Z A
T, Fry—fbli, 20%, XHEEPEEZHNT, = v 7L O{bFIREERS X ORI 7%
DHEFHN LT, 72, Fr—ORE BRI ERE FHMECBIE LT, £k
B, Fx—FO=v rVOIFREIZERTHY ., T+ —I12F nm O = 7 )Lk T-
MEDH LT Z EEH BN LT, £7o, KBt LORIEHWTER L=y 7
JVRFRE O iR (T —) HAEEYS7ZD O= v r L OREEE 24.8m2/g b E D
o, X NVEEMEE L TRVAENITHIEBEx LN,
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Rl =88, e, CalEIs, ed. 25 5 iR, 1998), pp. 1854p.
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EE5E KENMARE2ER LTIy VRl aE A& —
IVOSE

5.1 5

FI3ELY, MQOODEERERERN K bE WD, BRERLE L TRLAENITH
HLEZLND, FAELY, NVKH(@50)F ¥ —Ofitlft (F+v—) HAIEEHS-Y O
= TV ORBEEP R EW oD, ¥ —VEEME S LTRVENITHDL EEZ DN
%, LinL, KH@50IET v E=T 2 Ge=y rVHEEETH L Z RTINS -
B, ARG TIE, NYMQ200)F ¥ —% ¥ — VBB & LAV,

ARFE T, EEBEN BRI BW T, 20 Ni/M(Q200)F v —% v, b /%
DB FRARL Y — VB IR A AT o T, g DOIRE X, 600CTH L, IRESRIFICE
W, TO0CUL FMEIRTH H(D), £z, HERO OIS E o 2 B LT, [ Uk
VEZRAT > 12, WITITMARIE & L COTEMEINE & A Lo N(2-H), AEMERRETB LT 2
ru< NI 7% HN5HZ LT, RBINRAERAT AN EZFH LT,

5.2 EBR

5.2.1 3kt

3 C/ERLL 72 NY/MQ00) ##8ktE LT L7=, £72. 2.0-4.0mm (T « Fiu
ST L 2 xbaEEE LTHW-, 20t 2 3B OSAMEL. T3E00HE. JeZE50ME
ENENXK 5.1, F5.1. F5.2I1TRT,

5.2.2 IO RLER

[ E @l R B SRR ISR D B ) X OB R X — VB E RO T | il o
AR 2 AT o T, ZEEMIIRIN 2 X 5.2 (2R, BUSE (AEE) OWNREIE 22mm, &S
1% 830mm THD, b/ FBIOMBIEOPRIZKRE LIz K # A 7EESICTL - T,
CBOBEBRFEORENEAENHBE S NS, £T. BB LTR 1goe ¥ &
Bz, RS L TR 8.5g @ Ni/M(200)% FEHICHH L7=, Z Z T, Ni/M(200)
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DREEIL. #) 44mm Thovz, £lo, EOTICX—V T v T (ARY—NL) &
B L7, RIS, SRl TSN T, M8 DR %2 600°CIC ER-&8, TORET
1 RFORFE L 7o, R Ot &EIE 120mL/min, FIRIEE T 20°C/min TH 5, H AWM EE,
Ni/M(200)F ¥ —DJ@FE X, § 27Tmm Tholz, £z, ¥— IV T v T EHLOARY
— IV LT,

5.1 b JxREosE

#5.1 b/ XFOTESHE [wt% d.b.]

Volatile matter Ash Fixed carbon’™
86.0 0.18 13.8

'>:<By difference

#£52 b/ XOTEDSHE [wt% d.a.f]

C H N S o*
50.2 6.26 0.31 0.29 42.9
XBy difference
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5.2.3 ¥ — /LB ER

[ 7 JE i B SR BV T NI/M(200)F ¥ — & V=, B/ S OBMRAE K
B — VB EBRET -, HEMKEKZX 5.3 1nT, £, ERFE NIV, fi
B OWRE % 600°CIZ ER- S, ZORECHRFL, EF0OEIX 120mL/min, -
IRIEFE T 20°C/min Th 5, RIZ, EEDIRE A 900°C £ C LA ¥ 7=, FREE T 10°C
/min TH 5, &/ F OGS L0 A U RIEDE L, fliE 28 0 g Sh b,
WRERREIT, B2 TH D, DSl X —VIRWE %, g O FICERE L
AR =V T v T B ILOSEDIMNIEE LT T A ANAKET v 7 THRIE LT,
ZIT, AR TRV INTWEEE Y — v, KT v AT RO fE I
EWREA VT D, KT TORAICT NI =T LNy T a L, HAZIEL
7o OO0, fBEIC 0.5-1.0mm (VAT Lo A R LT, [ UEEZAT
ST, Wit S U COIEMEMT E A LR,

524 Fx¥—BIXOEEZ —/LDOMRE

b ) X OGRS —NVWEFEROH L F ¥ —BLOEE Y —VOBRBEZIT o7,
PEEBIEX A2 X 5.4 12777, 3, BERE FIZBWT, Ty —0DIRE% 750CIZ LA
SH, ZOIRET 30 AR Lz, BEOFHEIL 80mL/min, FHIEHE L 25°C/min
Thbd, ZOLEDYRIATAZT VI =T Ly JTIE LT, RIT, [ UEEEZEE
Z— X L THITo T,

5.2.5 73#T

KETZy AL VHEINT-RE Y — %, 2A¥AKRRFEE (Shimadzu : TOC-V)
THfrLiz, £, F—VHEERIIBWINRE LT A E T A Ia~ N T T 7
(Shimadzu : GC-2014) THHT L7z, Z 2T, MERIE, KFBRA 4 bR X
OBME R g O )7 &2 vz, EAREEIL 0.6mL Th5H, Fr—BLUEES
—IVOBRBEIZBWTIE LT T RZOWTCHL HAZ e~ N T 7 THofr Lz, 2 2T,
MRIERITAKR TR A A A bgRE vz, SAREEIX 0.1mL TH 5,
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FER:E/X 18

fil 3% /& : Ni/M(200) 3.5g

B—=ILSvTS
(B&EH—I) .

X 5.2 ALEMENEE] (AT EE)

LEB:E/* 1

ERF

=I5y T N

(BEEY) H Ry

Heavy Tar et Gas
iR e—4a— Kr3vT

Light Tar
5.3 IEEBNSEK (F —/VSE FER)
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HRINS

EE
22—

X 5.4 FEEWHKX (Fvy—BLIOEE Y —/LOBREE)

5.3 fERLEL

5.3.1 = v /L RN ) T OBSRARY O RBINFKICRITTHE

b X OGRS D RFBINL DO 2K 5.5 1T~ T, BO%E. 27.3%D
B —)VIRE DR S AL, 28.T% DA AN ER LTZ, Lo T, 600COEIZL D7 T v
XU TR, A—IVIRWE ABRETE RV EEHLMC L, 72, NYM(Q200)F v
— D%, 0.94%D X — /WIRIENRTERK S, 60.6% D AR LTz, K- T, 600°C
IZBWT, NI/MQR00)T v —I2 LV, X — VIRWEMTEAEDREIND Z L L
[ L7z, NYMQ00)F ¥ —i&, &/ FOBGRAERRZ — /L DI RIS TR EMEZ 7R
L7z,

83



light tar
heawy tar
product gases

cypress char
T T T T

=and

MNi/M(200) char

0 20 40 60 80 100 120

Carbon distribution [%]

5.5 b/ XGRS D RAI D R

5.3.2 = v VRS AR T ZAINBIZRIETRE

b X OEGRA RS — VB FEBRIZ 3T D AR AN E D & 4] 5.6 (TR, N
AFADT AUIZIBWTAERRT D FER T AL, KFE, —BbiRE, ZBLRE, A ¥
YT 56, M5.6 L0, NUMQR00D)F ¥ —2 M5 ET, ZILHLDH ADERMEN
KIEIZHEM U7, W E R LT, B 5.2 FDKHE, 2.8 FO—ELIkFE, 2K TITH
3.5 (FDOHANERK LT, Lo T, NI/MQR00)T ¥ —ix, AT AEDOHEIMZA T
B LEWPBMNI LTz, BIREDIIFEL Y | &/ X OB RA RS — VS E FEERIZ= >
T/ TV X TR A e GG, RIRO AR A&y (EAREE) & ik L TR 2.5
FHIMUT2(D, £, = v VR A V2356, K 8.3 fFlcnLiz, =
ZC, B O IE 650°C, WIRRIHIZA L0 TH 5, AREBRSM: & LT, fil
B ORI 50CE <, WL 5 500 1 BETHD, NUMEROD)F v—iE, =
VIHERG IR & [FIERIZ, Ty —RAICm DM LTc =y F AR F-Ic kD, = b
[TV SR D SRR AR T E B R bID,
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B M
co
Sand % co,
W o,
Ni/M(200) char
0 10 20 30 40 50

Gas yield [mmol/g—sample d.a f ]

5.6 t JXOERAER Y — VS BRI D AR AU E D L

54 #E

] 2 B S BRSSO T RS K OV B AL IV TR L= o
IVRGIER AU, B OB 5 — VSR (T 5 72, MIE ORI, 600°C
Thd, TOME, ZO=y F VRN, = RWEZIZE A LT, mViETE
AT LEWOMNT L, Fo, W (M) L LT, £ 5.2 fFDKHE, #92.8
O LERE, 2T 35 O ANAER L. ERT AU EORINC A T 5
ZEOHHNIT LTz, Z O LT L UUKBR L Z IO TERL 7o = » 7 LR it
L0 AL AT ADIKIRTON AL ATRETDH B,

5.5 ZECHR

1. AART L2528 Ny v I N7y 7 (F—2o04E ed. 55 2 Ji, 2009),
pp. 523p.

2. X. Xiao et al., Catalytic steam gasification of biomass in fluidized bed at low

temperature: Conversion from livestock manure compost to hydrogen-rich
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D. D. Le, X. Xiao, K. Morishita, L. Li, T. Takarada, Development of a
Ni-Loaded Brown Coal Char Catalyst for Fluidized Bed Biomass
Gasification at Low Reaction Temperatures. Journal of Chemical
Engineering of Japan 43, 443-450 (2010).

D. D. Le, X. Xiao, K. Morishita, T. Takarada, Biomass Gasification Using
Nickel Loaded Brown Coal Char in Fluidized Bed Gasifier at Relatively Low
Temperature. Journal of Chemical Engineering of Japan 42, 51-57 (2009).

K. Kaneko et al, Biomass Volatile Decomposition with a Novel Ni Loaded
Brown Coal Char at Extremely Low Temperature. Journal of Chemical
Engineering of Japan 49, 294-299 (2016).

EFETHEES, BRZRVX -8, NS Fv XTI N7y 2, (F—2A
1, 2012), pp. 521p.

L. Li, K. Morishita, H. Mogi, K. Yamasaki, T. Takarada, Low-temperature
gasification of a woody biomass under a nickel-loaded brown coal char. Fuel

Processing Technology 91, 889-894 (2010).
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FOE B

NA T~ AP BRI TR X =255 T20121E, KR TOT AMENRLHATH %,
LU, IR TOH 2T, ZEDO X — Mk LEVE OFZER CiEiRoEE L 72 5
7o, B NVERETHEODOFELRFTT H2UNEND D, ZOFIEOH T, Ml X
DN LR THD EEZ NS, ZOEAIE, 1FIFE 100%D ¥ — VERELENH
HiL, TAMBOFEIZ LA THY , &7 7 v X2 7 X DRWRE TH A Z 0BT
LML THD, £l AMESEEZZBICGOEBZ AR, REAA A~ A ZiRIHE -
T L, £k — /L i B L UCTRER - REBESEH 2 LICRY ., RV OB
ZEMLATRETH D EEZ DD, ZOHEE, =R VF—H{EN/NE L, fBfE R 4eEE
IECThbLEBEZBND, L, KENAS I~ ADBBBRAERRIL, A A 2B
RWGR LI L TIRWZ ERKRERIETH 5, KEANA T~ RITA F 0 WO &
FHEEZEAT L Z LN TENE, AVEREREREZAHT 251 4~ AHKREM %
BRI 2 Z ENARETH D, ZDHIEE LT, REH U U A WEFSEIARE NS A~
Rk ZIRURF RTINS D 2 LT, KUHIB LB K ORI A EIT S, BMEEREL L
BATHZENAIRETH D EEZXLND, Fo, KENA A~ R & EiREEOHEE T ¢
WU % 2 & T RAHER LI K OVKERIL A T S &, BMEEREZEAT L Z &0
AEETHL EEXLND,

B2ETIT, B8R L OKREANAL A~ 220z, Hb#ko v F 2 FBER D & OHiln]
WL DBRSE & T2, £T2 18R & KB A F~ ADERBWAEREE Ll LTz, T DfER,
Hek—T » F o ZBERICT B =T KEBMN LRGIIER A 35 2 & T, $k& 522020t
PREFIRETH D Z L AL LT, £io, $REBERER OIS AR £ 213K
BNAFYAZRETHZ LT, $ZBINARETH D Z & bW O Lc, KREBRSM
IZBNT, KEAS A~ ADOEBBERAERIL. BIKO 3D 1RETHL, LR T,
KENARA G~ ADENERBRARRPF-ETSH 5,

% 3 E Tk, /AR LI K ORAE, AR (LIS KX OUKEVRAL O PALER S . AR/ S A
F~v ADEBRAERIC KT T B O TR Lz, £7o, KEAS A~ R & F
5 JBWAE R OBRFE il I Tz, £ DOfER, ORERT U ¥ LKEEHRAH, @ bRFETR
P T 250°CEVLER, @REALELD 3 SORTLEIIZ LY | = » 7 VHERER 8.3wt%
EWV) EWBBRAEREEFFOWAER AR LT, 7o, KEAA A~ 2% 0.1M BEEEIC
RIEL, 200CIZBWT~A 7 B 2§ Z LIk, = 7 /U HEEFREREK 9.0wt%
EVD EWE BB AERE A R OWE A A ERL L 7o, 2 OFHER ks L OVKER{L A -V C
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ER L e R ER O RRAERN Kb T UV E=T 28 £V = v 7L
ThoHD, ERRERELTRVAENTHLEEZ DD,

AT, B 3ETIER L& BRAER OMBHE~DIGH 2R ATz, £, EX
ERIFEZHNT, Fy—fbLic, 20%, X#REHEEEHNT, = 7ok PikiE
BRI BOMETFM LT, 72, F ¥ —OREZ BRI AAELE 7B oz
Liz, DR, Fr—HDO=y 7 VOLFREITERETHY . F ¥ —IZi3 nm D=
o T IR N B LT 2 E A SN LT, £72. SRR LR L Ok & WV CHE
L7z = o TV RAME ORI (T —) BALESE Y70 O= v 7V ORFEHEFE 24.8m2/g
Db\, X — L WEMEE L TRbENITHDLEEX BN,

5 BT, BEREEA BRSO T, AR LIS L OVKERILZ IV CHE
W=y FVRMEEEZ V., & 7 OB IRAER 2 — VECEER 21T - 7o, AliE O
REIL, 600CTHD, TOME, 0=y VRMEIE, ¥F— W IMEEZIZEA LS
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