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Study of Counter Rotating Axial Fan Turbojet Engine

Ryojiro MINATO, Hirohito TAKEDA, Munemasa NISHIMURA
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Abstract

The Counter Rotating Axial Fan Turbojet Engine is considered as the propulsion engine
for the subscale supersonic unmanned plane, because of its aerodynamic and structural
advantages. In the present study, the numerical design and analysis of counter rotating fan
are conducted by Streamline Curvature Method ( SCM ). At same time, the two staged
counter rotating turbine is also numerically designed and its aerodynamic performances are

evaluated by CFD.

We discussed the system integration of this type of engine based on the results of the

analyses of the engine elements

Keywords : Counter Rotating Fan, Turbojet Engine, Supersonic Unmanned Plane

1 F

BUE, W LERT T, R, SR, KBRAFSE
RIOVIAXA &g LT, /NI &l M A SR o
AT A FHE LT 5 D, ARBREHE ClII 2R 3
m FREEDRIKIZ, 7 7 »EAE 200 mm BL T, #7140
kgf (= 1.37 kN YBREO/IVZ =Rz b
VESE L, BOBE L CBEERITET A LA
HEZLTEY ., FRAICIT G 22 22 T Hik D
KB ERRT L2774 7T A MRy REdg

*1 M AT L TR
*2 RFPEE LRI S 2 7 A LR

2 LA BIEL TV, AT S 5 HEE
UYL MR OKRIENTH D Z ERNER SR
Lz, G 7 AT 7 R BRI, S
Buhisk, KifBRTHLZEBnROLND, ZNbHD
HOR A 729720 B OB & s S 5 s
W77 onBEzLRD P, K7 7 o213
DI, WERICENLENRETINH Y, b &2 20T
HELLTD LY I D,
1. ZBO7 7 UNEWIKEET 5728, Nl >
7 YV OMXHE (=~ v ) [TdEE07 7 v
LHELTREL D, ZOOMMI T 7



BSERE, PTHEIEA, PEARE

Y OREEFEHREAZEMSEL 2 &< BNk
D2 Lk D,

2. BIEMICHENRNED, BWERDEEZED
o,

3. BT MY o0, wiRAE Y
REVHIE DA S22 D

—FMES L LT, BTy UEREISELTD,

T — U ERREE W DMNERD D &
L, THMOE 2B 7 7 o ORKHEENKEL 725
DT, @WK~ v DT TEO SRR A ERL
SERL ULV E VS TEFHENET 6N D,
N R M N SEBRBE T T UL, NV F — AR Y =
v bV IR T 7 v D% - REE D
TR, S®EHERER C22)) - IR T — & 2 BT
LDTETHD, TORE, H—IBROTRRZE DE
BRFEEZBHOICT 5 2 L, B BRI TICN
IR CTH D, ABFECILFERRISRIE @ 12 kv /il
H—RT =y b= Y KR 7 7 > OFIR
AT AATVY, CFD BT T 1) ERERIEAIZ I Dkt
R D22 kRe, 2) TENE LT25E DI
FEHEMERE, 3) Y—UICE 2@ L RN 0%
BN DWW T 24T o 7o & OFFHTHE R D> & SR
W7 7 v DY — N E D R T DT —
ik J7ik, PEREIR BIC oW THRE 21T 727,

X.1 4w bETo7 7 Tk
2 RERETR 7 7 o DORKERET

AK7ma =7 NTHRBET H/NEEHEEH Y —
AP xzy hZmo PN HNWT, BEZERHE LT

%
LOWEAZIT-7-L 2 A7, EHEIERNZ 1T 522

_4_

a) Ty TOHE=ZMIE

b) PR TOEE =AY

o) NTERTOBE =T
X.2 HRfEE ~ 7 > O E = AT



KEERR 7 7 v B —AR Y =y h P DOifF5E

Ky E E Nt AE £ Z£1 3.6 kglsec, 3.2 L7201 |
77 BEELT5mMm Lol T OREEENE T 7 v
BROENE, F1BET 7V LE2BET7 7 TE
ALE 187 & 170 Loy S, UL, 2hE
A 48000 rpm. 56 2 B¥ 7 7 L1 67 AN 40000 rpm
ERELT, INHOREREIE, F1ET 7, 2
Bt7 7 o OJEHEITENZE T 440 misec & 367 misec
ZHIY T 5, ZOESE Sy & EERERIE T 7T L
— R OREER 72 M AMEZ N L7z =T, Lieblien @
PEHARE ONHIRIENIC /e 5 K S IR E LT, Zh
O G, M1DEIICFFHREDONT LV
TU ROBREG 2, /) —Xa— %A z= 0mm
ELTHERICB W, ZORBIRTIEY =7 v Rl
YR—EELT DT ATRIOERZZIMA TR
ELLTWD, ZHUTv 2TV ROBYEZ RS IZT
5 &L ANTRORAF 2 R OBRIZL - T
L., HOEMEFEARE LS T THD, £
7 Vv—FRNDF T VT T AITEHE B, F2E

Pressure Ratio

.4

3.60

340 —

3.20

3.00 —

2.80

2.60

240

220

2.00

EE U7z IEREhiE 7 7 > & Bl E E R T

—— Nc1=100%, Nc2=125%
—+ Nc1=100%, Nc2=120%
o Nc1=100% Nc2=110%

Nc1=100%, Nc2=100%
—4— Nc1=100%, Nc2= 90%

A

I\

2.8

29 30 3.1 3.2 33 34 35 36 37 38

Corrected Mass flow at Inlet [ kg/sec ]

(.5 KT 7 RO ET - wmftE~ v 7

N - =
77 oI 05mm EERE LT,
0.8 1.60
1 >
0.7 1.40 5
=
06 | 120 5 i
s b T8 'g 3
2 051 freag 10 3 %
H b = s
L —-Alfl~l~l.:l.:?:i!il— _ < 2
S 04 TR e 080 S
3 .
?15: 0.3 -a- Diffusion Factor of 1st Fan — 060 .2
©
02 = Diffusion Factor of 2nd Fan Ll 040 e
Relative Mach Number of 1st Fan
0.1 . — 0.20
——Relative Mach Number of 2nd Fan
0 . . . . 0.00
0 0.2 0.4 0.6 0.8 1

(r = rop)/Crp = o)

4.3 JREAREL & FX~ o R D RS AT

SHRHE 7 7 > 7 L— ROARIE, Fetil LI
L = A kAT LTz, R G RIS
B Z BB ENT 0, ET-Z OO 2T 7 R,
TR NTICB T 5 E = AL X 21ZR LT,
2XVE2BT 7 O, F 1T 7
DENEY BIEFEDINIIKREINAT LT v TET
BEIHIZRS>TWD I ENGND, ZhDOHE=

AT & H IR 2 3G L2y, BrmmRIx
WEHE T RAFRMEREA AT 2 L S L EMIN

080 - Ne1=100% Nc2=125%
- Nc1=100% No2=120%
075 —— 5 Nc1=100% Nc2=110%
Nc1=100% No2=100%
070 — -+ Nc1=100% Nc2= 90%
065 i G
& a a
=] §
0.60 +
055
050 . . . . . .
3.0 31 32 33 34 35 3.6 37 38

Corrected Mass flow at Inlet [ kg/sec ]

X.6 F1EE7 7 OEN-THERE~ v 7

.7 %287 7 v OES e~ v 7

#(Multiple Circular Arc, MCA)Z=H:H L7z,

_5_

[<.3

\Z Lieblien OILHAREL & fHxt~< » B & 3R



BSERE, PTHEIEA, PEARE

FNG DT Ai & os LTz, Lieblien Oy
Bk, —KMIZ> 277 RT 04 BLF, ~7 T 06
UTFHRLEELNEENTWEDT, KiFZETH ZD
HIRR % sk 2 721 7= & 212, Ak oA EIOIE
T LR O TE RS IR A A VB LT, X3 /D5 1 B
7 7 ¥ OYLESRENIRRHIBRICINE > TR Y | #H
K~ o " Bb 270 MUITTEE®R, 7 [Tk
B2 oTHY, W REEHEY 7 12> T
W5, LU 2B 7 7 oW T, ABSERE A
NTNBHT a7y RECHEEHERAEICEZ TEY .,
JEBARENI AT T 0.6 X TWD, ZOFILE
2B 7 7 AL, WREICEELKEROS
AR LT, HEELARLS T bl LR
L CTW5,

3 CFD IZ & 5 14RESE

3. 1 ¥

AEOFIE TR L, KK ” 7 v %
Numerical International £ & — AR HhR 5 i figh >~ ~
R Fine Turbo (2L ¥ CFD fi##lr 217 -7z, Afighr ©
I% Van Leer Ol [RES% & SymmetricTVD A % — A2
XD UK B ES T VB MG DR &
1To 72, ELEE T /LIZIE Spalart — Allmaras D — 52
XELRET VAN L. FHERM OO o
Hirsch O~ F 27U » RIE Y%A L, OB
AL — b LTINS £ TIBRREICHT TRt
ZATo7l-, -7 L— FEERIZIZ. mixing plane 5&
TEEwER Uiz, £72F v 7% G 7= T O
KAy 21T 3 O&FAICINES L 51
2T\, WA TOEERGA: 2 H F# R EE

(101.325 kPa, 288.15 K) (ZRRE L, it i O £ 4
EEICESE D Z & T, EMEH O &0 2 i
L7z, B 4 IZRRGE ST SRihiR 7 7 > D 3 IRt
W EBEFEAK 2R L TR,

3. 2 KEET7 7L DZEHENTTER
KEE7 7 DS OFRERICBE LT, JEhL L
Ty UNHEEX S X6 I ENETIOR LT, M

(.8 i s — B U NTHRIOR~ v A~ AR

.9 Kiins — B O T o
FxE=~ A~ AR

X.10 % —E 27 L— RIS IIfiEhrs 5

R OMRABIZ I T, 22K # 1T 3.48kg/sec & 1TIE
AR LR UAKRHETH - 7228, IEAHICBI LT
2.8 PRl L HE R LD BIKLS 2o T, 2K
W7 7 U RIRD 7 7 RS 70%55 Th o7z, £ D
TOESE 7 7 ohEICBE LT, LV KiE Ak
DT D, 527 7 » ORI Z 5% G RlHR 1L
FORELTHE, 77 VEAMNE LS SH LR

_6_



KEERR 7 7 v B —ARY =y h P DR

HIFRFTE L0, 7 7 YRROK T IS 36
NOEENVETH D,

B 7 I THHEIC BT D%t~ v A &
RUTe, H2B 7 7 o OBEIIFEFAUC BV TR OK
A ECEFJENIEZE L TWD Z LN 0D D,
ZAVTEFIMNCAFAET 2 REFERE N K & & 2
HILD, £ DIEDFERZE CTHX~ » AR E
WRRZELTRBY, 7707 L— RIZLDBRER
b RENWZ ERTREIND,

AEIO 7 7 RIS IR T 5 2 L & 18
FeLToTed, 22 iteRe % & DR I L7203
SRR, BRBIIHEE )T L Z2K1F EORSIE %
MY SHLHEICT 7T L— Rk E2SET
WERH D,

3. 3 REEF¥—E 7 L— FOBREL 22/ ENT

AT CI, A0 T 7 > & Bl § 2 720
n A — e O D TN D, BLERE ClamE
LEND T E)E X EiRE, M OYREE
RN OHE =M AHRG L, RocF—E
L TR GE 21T o 7, ARIT=Woey —Ee &L
TTLV—RIZRVZANTZEDTHZ ENLETH
DN, BHHNES THDT-ORIN KT H —E
DFEFT 24T\, T ORER AR E 2 TERoe¥ — B v
DIGRERFZAT N, Z OFAERNT 21T - 7=,

fiftdT = — RIZIE R 7 7 > & [RIAEIC Fine Turbo %
AL, FRFEBDIREFR L TH LA, R
REET 7 DFEIE, EREHARIKE LTHR-T
VAT 24T > 723, Z— B UiVl Tix, 22
K& LNG OBREEST A & LTI 21T o7, 2%V
225 & LNG DAL PR RRE R S, T A=
TEELLEN R & DM A R D, v E F CHLRAR
Wratto7,

X 8 L N IZF%RF Lo & — B U TR O SR F (A iR
FrfE R D 5 6, AT HE KR O DI 3515 2 AR
~ o N B R LTz, TN TIOF R~ v B
DAERTHDE, BB, H_EOF—E I
WA F i CHAVDFIBEN L & TWD Z LR,
R B Y — U TIITOREBENEETH D,

T OFAERRHTARER D X — B R R —
Be s —E L T18%, BB —E TN THY,
KERZ —E 2R TT5% CTh o7, £ToF—E 8
INIH— B Z— T 270kW, 5 B¥ —E T
208KW T o7z, 7 7 VMIDER T 7 ALFN S 2
sy —vrE ek EHE B, FBETERT
AU 300kW, 250kW T 5 Z & nd, “RLH—E v
WL —E U EFTEERRE LTS, TN EfiE
P 5120, Bk o # — B WA ZA [ T OFEILDH]
BEamzx s EBNEEE X D, FIBERNE K
BIL2ET, AU ERM ELTY—E V)
NBEMEE D Z ENHKD, e —v U AFENH
AMEDHEMNBHFFTEZADT, S%IFF—E U &
Tr DT —=NTG U RAERND XD ICkEL T
WS TETH D,

BEBICHA—E T L— RO RN 21T > 12D

T, TOMREZXIL0 IR LTEL, IRAEHTIXIG
HNAMORE WG EY —E o0 TERMRIC
it 24T -72, X 10 2257 L— FIRILOIK A Von
Muses Jis 71 1% 310MPa TdHh » 7=, Z OfE I
INCONEL 72 & DRFERZ: Ni 54275 1000K T 100
R A TE ZIE L~V TH Y, AFFETHVS
NOETL YU DAy JIIK LT, +0RB0nd 5
LEZLND,
SH%IL, T ZRIEX — BV ORERE 7 — R
v 7 SETEWRTE — BV DOREHIEILTT, 227
RAT & REIEREAT ORI 2N D =2 PV Y AT ADRK
SEMEE RS D EN D D,

4 HE

il

BIE, W L RMZETHES 27 2fit v ¥ —
T, BN 7 v ERWEY—R Yy hmy
CUDBERR VAT MR EED TN D,

Ty, BB RGBT T LT
D3, PERERC U AT AR EMEIC B L TR mh &
Do SBITE RGBT & 282 72 o 7o R
EHEZ THEL TWLERDH S,



PR PTHEIEAN, PARE

22BN

1) MR ESL “RFCRT D b Ok Y —/ MU FH
B (=7 7V —W—I2 K H2EHAT) 7 5 35 [
HAM 22T i 22, 2004, B

2) Wilcox, W. W. and Wright, L.C., “Investigation of
Two-Stage Counter rotating Compressor I - Design
and Overall Performance of Transonic First
Compressor Stage”, NACA RM E56C15, (1956).

3) Wilcox, W. W., “An Analysis of the Potentialities of a
Two-stage Counter Rotating Supersonic
Compressor”, NACA RM E52E01, (1952).

4) Tran, D. H., “Parametric Study of a Mach 2.4
Transport Engine with Supersonic Through-Flow
Rotor and Supersonic Counter-Rotating Diffuser”,
NASA TM 2004-213139, (2004)

5) Wennerstrom, A. J., “Design of Highly Loaded Axial-
Flow Fans and Compressors”, Concepts E.T.I, 2000

6) Novak R. A., “Streamline Curvature Computing
Procedures for Fluid-Flow Problems”, Transactions of
the ASME, Journal of Engineering for Power, Vol.89 ,
(1967). pp.478- 490.

7) Minato, R., Arai, T., Himeno, T., Kobayashi, H.,
Mizobata, K. and Tanatsugu, N. “Preliminary
Analysis of Turbojet Engine at Off-design Condition
for Subscale Supersonic Unmanned Plane,” 13"
AIAA/CIRA International Conference on Space
Planes and Hypersonic Systems and Technologies,
(2005), Naples, Italy., AIAA Paper 2005-3415.

8) Lieblein, S., Schwenk, F. C. and Broderick, R. L.,
“Diffusion Factor for Esitimating Losses and Limiting
Blade Loadings in Axial- Flow- Compressor Blade
Elements.” NACA RM E53D01., (1953)

9) Hirsch. C., “Numerical Computation of Internal and
External Flows Vol.1 and 2.” John Wiley and Sons.
(1988)



E T RALES 58 5-(2008) 9~15

.

ILNG a4ty b I DRAE L a—F 0 JEE T
B89 5 FLAfEAE 5T

HEPFNSE™ - R IERC? - RIS - iR TR - AR - HEILAE T - REHER -
WeBp™ - S ntp e

Propulsion Base Technology: Fundamental Study on Coking
Characteristics of LNG Rocket Engines.

Kazuyuki HIGASHINO, Masatoshi SUGIOKA, Takao KOBAYASHI, Ryojiro MINATO,
Yusuke MARU, Yousuke SASAYAMA, Masaya OTSUKA, Takashi MAKINO
and Hiroyuki SAKAGUCHI
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Abstract

Liquid Natural Gas (LNG) will be used as propellant of near future space vehicle and rocket engines.
Cooling characteristics of engines, especially methane thermal cracking characteristics depend on
material candidate for nozzle and chamber cooling passage material temperature. This paper describes
these effects on coking and sample analysis method is suggested.

Keywords : LNG, Rocket Engine, Coking
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Abstract

LNG will be used as a coolant for the regenerative cooling cycle LNG rocket engines. Sulfur
Corrosion and Coking phenomena are major problems for the regenerative cooling cycle LNG rocket

engines. This paper describes the Sulfur Corrosion and coking characteristics for material candidates

for the nozzle and combustion chamber.

Keywords : LNG, Rocket Engine, Sulfur Corrosion, Coking

1. #S

AR, iR -y b= P O HERER] O 5
LT, KFEXLYEHEETHDIZDHEED /N
ERFIEEIZ 72D, KRB LV AR E < TiLic<
W2 DWW BFEEICEN D, RIEKFE R
B CTHLINRBET ABRICHENIZTEAERAE L
W, KRLVEMTHLIEDOHBIZED, WK
FesE, WAL R A (LLF TLNG)) OfEAEEIC
HEENREFEF - TS,

BTE JAXA ZHLIZED 5TV 5 LNG =&
HH T AR O T, B3
U Z KB D -8, LNG = 2 e OE TR

*1 MRS AT A 2 —

*2 S AHEEF

*3 s AT A TR

*4 RPBEEATBARE S 2 7 A TR
*5 (i) T ML ZE AT IE B R A

R X Uk O B by B A 58 & R PR % 72 Sl
F—=H ORENTONTWS., TOEEREL
LT, LNG HIZEIZEHE ENHMMARIITLD
RBERIEEDER(I VT 7T X v 7N LD
ML, LNG MBI DBRICHE & 72 o THT Y
ToH(a—F7) BENRER> TS, Lal,
BEINDT VY VR EHHH (= v ¥ v EHERH
Wit LAy T E v, a—F 7285
AR, BREZMT L7200 RKMET —4 N0
FRD T 7 < BAREZRBRFHERE 3 H AL TV,
Z Z TARHTIE LNG ZHHEF &3 5 HAMH
TV DYNT T E T b NI a—F
ZIZB L, XEHEEEICEN D EMBET — X 2 G
T HIZDIT TR 19 FEICERH TERFE L JAXA
CHNE U 72 RIS O SRR 2 HET 5.
P77 T Xy 7 EETIELNG FlzEEND
T DO, RbHGEICT LEEMENE
WEHERI E TV D LK FEELT THS) )&
LNG FDOFEKA DA HF & DIRET A HNT




WEPFNSE, AMIER, TR, SEEZE, #se RS, MIUAR, KB, e, HFAEE, JIBHA, R

PRIE=, /J ANVAJ— b, BEOMEHERTH
%44 4 (SMC, OFHC, OMC), = v 7 V&4
(Inconel600), A7 > L A A F— L (SUS316)IZ xf
THVNT 7T Xy DRBEER L.

a—% 2 7 HEBRTIEEDIZ LNG F O S T
B REEVEN A B c &N TN D A 2 W@ L
AR LTSRN R D T a o L DR
B A % N TZ LNG REER I 1A D By it Ry 1 % e
AL, WITRBEE 72 5 NS 2 A EHER CTh
%4 A 4 (SMC, OMC), =v 7 V& &

(Inconel600, Hastelloy-X) (2 & % filtidtsoh 5 % ffe
L7z,

2. EBREROSGH

2—1 EBREE

HH TERPICBIT 2 ARFEBRIEE O X
1R d. RERTHE, EBRIALELTAX Y
& HS, HFE L HS, AxrtTusy, R
ETaNRAET A, FERETZOEETORE
DO EERT2ERMEAIND. &
BREEE ~EAT DR, ORI LD ®IRT
5. FREOFE, ROEINIE DR R
2 W CHRETT 5. FEBRT A KO
B AT 1IN EER 0 B SR HUF 2 W CTHTE O R EE
FTMBEIND. KEBRTIE, VL7757 5y
77BN a—F T BLIGOFE BT & MGE
THO, EHRAEE(NE 20mm, kI
1000mm) & VT 5. EBELREHE Fitich 5
B TIOVEREURII T ARGy DY TV A BT
HIDIZEITTWD. RT7 7 X IXEREBIED A
DEIN DO T TWD. KT 7 ZIZEIIE
o AT A, BRI KKK T 5.

EA RE

|
HMRES |
BRIERF

1 SRR ER

2 — 2 ZEBRNEKOFHE
AKERTIX, YV T7 7T 2y 726N
IR REEYE DRI O T2, FEBRA A% —7E
B CMEVT 2 SR EHR, B X O & 2R
B ER S5 HIEIEREEMm L. EBRTIL,

BRI FRICBW RS 527 ) 7
T ARDTT ARGy DRFEEIG LV H,S DA
RTINSO D FEB AR T D, B,
AREBRCHWEZATA e~ NI 73907 7
TH oy 7 FEBRTIIRNCERNRE, a—F
7R TIIBREERHHS TH D

2—3 FEBR&MH
AEBROERSM2E 1 \RT. £, FHil
FER I — % VERTITERMICHEL,
NT 7Ty 7 FEBRTIE 50K I EITK 15 4y
FIRREBIZL, A7 v RICHIR L TW5S.
AREBIZH R XRB o5 L
FEIVEBRLS 728, EBRENCT ' b ok a i
LTW5h. F7, REBRTIIHIMERZ K
L72. LNG H D H,S JRER LN S /N R
VXEEMIC K0 72 B8 HS 134D 1ppm, Fm Ry
TR KTHK 3% ThD. &2 CTARERD HS &
TR ORGEEIL LNG T OEELEE L,
SO LT 7 E (HS IEXES) 25V
WZTa N aE (Fe N RBEXES) A
T UoEENRRE (BT 7 43 - 1.07ppm, RN
VOYE 098%) EAbhEDHIEEBELFETL
2. 7B, BETAICHWEH A X VREX
99.9%TH 5.

1 EBREME—E
600, 750 (L7 7T X v )

= fragN=|

ﬁ: S 900, 1000, 1100 (Z1—3 3 2)

o || 900, 1000, 1100 (=—F> )

- ) HAR~T13 (AT 7T H v 7)

(K) 3%‘7]]‘% .t..‘ ...................... AU
____________________ Wi~1273 (=% 7).

FE# (MPa) | 0.14~0.20

SMC”, OFHC, OMC™, SUS316,
Inconel600(F /L7 7 7 % v 77)

Ery: [ B G A 1 S 4 SO AT AR R S S
HBRTHH SMC*, ~ OMC**,  Inconel600,
_____________________ Hastelloy-X(=—%>7)
4800 FOERFF (ZFIRSEER)
B I
______ FR | o 15000 1 (msm),
£ X 10X 1iF 9/10 X E & 1/2mm
BN IABIZIN 6 6mm, £ X 31mm BIERER A
o o20mm, S 2mm MR
L TmoNRE | #91, A93, KI5 (vol%)
______ H.S L | %902, %92, %910 (ppm)
BRI 7 1.5kwW

*SMC FE 4y : Cu99.13%, Zr0.8%, Cr0.7%
**OMC %45y : Cu99.12%, Zr0.1%, Cr0.7%



LNG a7 > h= i

2—4 FHESIE
REBRTEVP LT 7T Xy 7 b5 T N
R R D 7= 6, R 2 ITRT O AT
VY, RBR R REIRRE, VAR ORE, R
FHOFTHEBOML, YV 77T X2y r70a—
XU OWRE, EERAIR ORI O EYR =R
TR LT,

N B
_____ N L a R K
TR b

Y et T
A S

v BRRT 1 3 BR 05 (b % B2
AL WRORRTORRERE

FRRAT TR 0 TR (L A
_____ ?Tfﬁm_"@wﬁii%@L"m"m_m"u
__EPMA BT BT RmEOMRE AR
S P R M % AR

XRD 43 H7 .

e GREM00p M ET)

7 ﬁ%ﬁ%@@@%%L%M%

BARESRAE AT LD BMRE RO ML & g

BILZYALT 7T HZ YT -

3. YT 7T E v BB

3—1 ZEBRER

TN T 7Ty T ERERO—HE L TEM
Ba AW FIRFERTO HS RISHREZX 2 15
I R LY, HS XTEBRBEBIEETHIN
300K (2B W T EDOME TH KISFEN 50%% i X
TED, £ 400K LLETIE 100%I23ET D Z &N
ootz Zh XV HS IXFEIE LY ERMEHT
ftELTRBY, BELAL
1 400K LA ETIZ A7~ 7T 7 Tl
T%ﬁw%fifwﬁbfmé&mzé

B, HEFERTIIEERT HS KIGRIX
100% & 720, HAZua~ 777 TldmTx
RWBEETHELTWNDLZ ENbD

TR AEENEKRL,

a—F 2 JIZBET D AT

£ 100 N e = TVES V' SRswe
12 A H

& a0

2

80

70

60 ® SMC |
B OFHC
= A :Inconel600

:SUS316

| .
50

200 300 400 500 600 700 800
temprerature (K)

M2 FIFERTOHME~D H,S FULHE

3—2 R
3—2—1 HRGH

YT 7T H 7 ERORER, HERSIT4E
BRBA~EL TSI ENbholm. £ 2
<, B OREHKZ BT 5729, EPMA
ST EAT o 7=, X 312 EPMA S Bt o —1fF] &
L C SMC i %8B (H,S B 10.7ppm) %3k
B ~DEMES RS RZ T, FX (@)X SMC
FEERAT, (D)X AR FERE DMK E T, R E
v, FEBRETORBRA & LT, EBREZORR
FEHIZITEOEEE GO H =2 tED
FAENA LN, B, EERaNI3mtshz
Mo TR D EBREZIZITHBREIN TS,
BRI EOMEDORBRFICEB W T LR
HEnTEY, &R FEE~DOERKY O
5 MR iz,

WA P F 0 SRR S LT R Bk 0 2 4
RBRA LA LTWEINEHERT IO T~
S EIT o, T U OREE, SMC,
OFHC, OMC TIi&hifbdi, SUS316 TiLhifb#k,
Inconel600 TlIhifb=v F AR I N, Z
AL REBR RIS E Lk o LR &
WAL, BEMEAR L TWDZENbholz.
7272 L XRD 5t &7 - 7245, B N EsAE

IIZEL L TWRNWZ bl



WEPFNSE, AMIER, TR, SEEZE, #se RS, MIUAR, KB, e, HFAEE, JIBHA, R

Cu

O

S

O

(a) FEBRAI (b) -1 F2 B #%
X3 EPMA Z3#iii5it (SMC)

3—2—2 HWLWEI ST

LR T ORE R, B RE~Om b o4&
AR S NTZ. T2 THIEMDOARIES 2D
V—FREBETICIVMELZ. K 4 12hY—Fi&E
LD —fFl & LT SMC HiRFER (H,S JREK
10.7ppm) BB ICHOWTRT. WL
JBEE, MEEXFEALCTH D . fiifbEd (Cu,S)
YERELZ AT Lo R L 0, Fifk#R (CuS) @
BALIE-11~-12V fHETH D Z ERnboro T
%. L2l SMC FiRFEBREHABRA L0 E oz
EALIE-0.8~-1.0 [FETH Y, HifbsilDEN % i
BT DHZ LN, ZOFRKE LTH
(LSRR O — I DI ERR ST, B
ENTEHACHE S X h Y — REILOMHER T
HDH1I0Nm UL FThoTmEZLND.

Cu,S(standard)

fL

T T T T T T T
0 200 400 600 800 1000 1200 1400
Time / sec

B4 7Y — RETHE (SMC F-ilit F25r)

Potential / V vs.Ag/AGCI
o s s
> ® >

7

iy
N

iy
IS

3—2—3 HMERESHT

X 5 \ZKEMEITI T D5l iR e ERES R AR
T R LY, FEBRERBRRA O5EMRE 1T IR
AIE I L CUEEAEEL L TWARNWI ERb
Mmolz, THEK D AREROFEF TIL HS OWE
72 5 NTHAL Y D AR X 5 BHR EE D T A
RN ENDbo T

@
=)
S

W #22+BAEKFR00.7ppm) 750K
[ #2+BiAE 7K F(10.7ppm) 600K
- A2+ ALK (227ppm) 750K ||
O =51

=
=1
S

BKFI3RE H[MPa)

N
=)
S

n
=1
S

o

SMC OFHC OoMC Inconel 1600 8uUs316

5 5| RAIET ARG R

3—3 YINTFTHvIRIGHEE

YT 7T By 7R LRI RE
BsEz, YV T7 7T X7 KGRI W T

RhAToT=. YT 7T X v 7 o EEEIX
PLTFIZ/RT X 912 900K R D HS D s &
900K LA =T H,S DEN g KUt % F i & LT
wirlEZE2 51259,

[ 6 12 900K AKiiiD H,S OWFEIZ X 5 K&
gz o3, RIKICRT Ko, fifbAKkEO
W 3502 K B OGS X b kB O B, K
RN —DFTORBNAKF LRV, HHFmE
WZF% o T2 i3 & S oAb OGS &0 fit Ak
EREShdEEZLND.

—75, 900K LI ETi% H,S 1ZLL FooX@1)T
RSO HERE I L0 B RS A 2T

H,S—HS: +H-

HS-+H-—S+H, (1)
Z 2T, H,S B REINT X0 AR S T i
ERT Ty SRS L, QD X kb
iz T 5.

2Cu+S—Cu,S 2
Flow H H H Flow o
HQSH Ng” Flow Ng H
Copper(Cu) Copper(Cu) Copper(Cu)
Flow Flow
- > Flow
H S H S >
) [ [ CyS
Copper(Cu) \ H;,  Copper{Cu) Copper(Cu)

X6 HpS DWLAHIT L5 ISHERE®
4. a—x 2 VEBRIE

4—1 EBRER

TICa—X TERO—fFlL L TERE+T 1
R (T a R RE 1%) RE T A E AW AR
EBER AT, AIKTIEELSICLD T
VERROEMEFRZLTVWS., FRLY, 7o



LNG a7 > h= i

NUEHFRILT v N BRZ 5N SMC TR
800K &£ Y, Inconel600 7¢ & (N Hastelloy-X TiZ
) 600K LA L TCWAZ ENRTERNLS.
F£7- 1000K LLETIXEDOERTHL 7 n V&
BROWTHDH. LD, Fr /XKL g
L CTHY 200K 24755 i BH AR £ 23KV Inconel600
X0 Hastelloy-X 137" & /X > B3 i OGS %35 Ni
e RN MR I N, T u XU BEIREFER T
B8 % 7% L7= SMC X7 1 R U BRI il et
DR RN N E RN b F T2,
1000K DL b TlEffi s RO A EIZE 5§ 7 m o]
VIEH A a~ NI T T TR TTE RV EE
FTHDOL WD Enbhhotz.

210 —a—T—a—=.—9
5
R [ ]
4T 90
AN [
o7
4
ul
N 80
® SMC
70 :Inconel600
B Hastelloy-X -
TR HR
60

200 400 600 800 1000 1200 1400
Temperature(K)

7 FIRFEBFER (BHRL 1% 71 30)
4—2 SRR

4—2—1 MRS

a—% 7 EBRORER, TG R RO
WX D2RBAEHRA~OHTHY PRI N, £
Z T, ﬁm%@ﬁﬁﬁgw_ﬁ%HW%%Lm
DWBLEMRAT 5720, EPMA 08, 7~2%
Hr, XRD Z5#r&17->7-. X 812 EPMA /4D —
& LT Inconel600 FEERFERIZHOWTRT. [H
X (a)IZEBRATZ, (D)L A X o +5% 7 1/ W A
Z v 7z 1000K iR FEBR% 27, R XY,
FERATORER 7 & bl U CHEBR% ORB 7 R E
MR AZEML L TS Z ENRTERND. FigHE
BRATTIE Inconel600 OFERLTH D Ni <2 Cr 254
HEN TV, EERERBRT CTITRE LR
HERThawn., Zhnbd, Ta XUV iRk
CE Y a—% v Ik o TEHBR A F@EITIIRE
TEDLONWZZ ERNbhd. Z ORI\ DR
WEIL T ~ o OfE R, B0 EIkE & BT
IRENIBIEL TWDHZ R bhotz. Fiz,
XRD 4 D&, Inconel600 FABR 7 PN RS E 1
EERATE L TELL TV RN E R bho

BILZYALT 7T HZ YT -

a—F 2 JIZBET D AT

. Thunn, TaANCEGRRISIT ED 2 —
XU L0 RER R R LB R R SR T T
ERIRFZTEDLNDD, RBRANEICITEEE
H2WZ ERbnotz. B, REKT DM
FROBENOFIK & LT, FRERTIEFRPIC
Frif L= EERIRF A 1273K TRV E D =
ETCEDOREMBEN LT THD EEX
bivd.

SMC, OMC I Inconel600 & [EREDHE R & 72 -
7273, Hastelloy-X CTIEakBr i o gkpk s & 4
L7mRFBRE DA L, RIBSEZERLTWD
T ENHERINT. Tk Y Hastelloy-X Tl
a—F I3 RNIEE~NEEY 52D L
Nbhot=. ZOJIKE LT Inconel600 @ Fe &
AEIT 5~10%72 DIZxt LT Hastelloy-X 1% 18%
L, Fe DEHENZ W=D, Fe DIFTENIRFED
HLFRNEB~DIR B ORNB D D TIXR VD&
Zzohb.

Nb CO

@iﬁ% (b)1000K %53 F2 B4 1%
8 EPMA 734 i (Inconel600)

4—2-—2 HHE - THEI S

MO R, REBARE~Da—F 7
MDHER I NI, £ THRFPEMBELH W TRE
R OHTHESZH LN L. K 9 ITHTHE
SHER RG22 3. FKE Y, HrH)E S X
ERh B D722y SMC, OMC TIIfH K TH 10um
E/hEw. —J5, il R D & 5 Inconel600,
Hastelloy-X TiZ 7 o/ R AR 3% L E TR
<720, KT 4423 um ETETHIERD
o7,



WEPFNSE, AMIER, TR, BB, Wse RS, MEIUAR, KB, e, HFAEE, JIBHA, R

T 450 4423
=
¥ 400
%‘ 250 W: A5+ msS) ||
rs W A5+ T mRA3%)
300 W A5+ 7 0 A(5%) ||
250
200
150
100
50 385 50 383
oL 688979 a4 48 10
SMC Inconel600 Hastelloy-X OMC

B9 MR S JIE RS 5 (1000K 5k FE R 1%)

4—3 FuRUBSRRSHEE
=% T FEBROERL L IR LY,
T a R B RSOGO W TE R BT o T2
T a R B EROGE ETREB), K@) TRT 2
ODORISNTEVIHED.
CsHg—>CsH7-+H- (3)
CsHg—CHj* +CoH5- (4)
Z0Hh, R@OKISIFREG) ORI & ik LT
fi e T R X — DMK < FOGHEE DN U2 CH;e
R CHsBNE L Epkshd. FXE@)DOKED
fThNTEY, CH- R H-EENS. K((3),
K@) DN £ D L ER T AFITEEN
% CHy 43 13 LL FITRT (), #(6), R(7)DKX
nERL, DENPEDEEZLND.

C2H5°+H°HCZH6 (5)
CzH5'+H'%C2H4+H2 (6)
CH4+H%CH3'+H2 (7)

DL, RENIZZ o DERE, X(6)ET
FLrotkzE, ROIZH- NEFETLEETT
DAL DBSRGDOIEHEZERT 5. AR
BAERCIE T e N oA ITx L TRBERL T
Ly OBIMRHER SN, Z0d, KGE)~(7)
DILAR@)PIEHRTHDLEEZLND. £z,
R TIE = & o DR A & DD DR
Ehre. 2o, EiRATTIEEE)RR(T) 2 m
HEnsEE2ND.

ZDHAFINT I HNMTRE)D L D 2 hikE
Btz IR LT, REDHHEIND.

CH3‘ +H- %CH2+H2
—CH-+Hy+H-
—C+2H, (8)

Fo, MG EXIGR@)TEKSIND
C3H7+ =0 CoHs- 133R(8) & [AlkE D i /K 3B SO & #dk 0

BL, CGGRCAFHIND., ZnoirHmo
5%, 1000K LA T CHER S NI HIE C3 = C,
MEETH Y, 1000K LU L CTHER S =i Y
FRE@)TRTCLEZ TS,

5. f&

Tl

AR TIE, YAV T7 7T F v IV T R
NRrya—xr 7RO oo, Eik IO,
DT EAT -T2, EERZ S NS O FE LM L
T2 ZLUTICEEDD.

(Y7778

(1) HAFD HS IZHIR &V &RICWE L,
REBROFE - BEEOFBEN TITH
400K Ll ElizBW TR a~ N7 o7
TIHBRHETERWVIREE THETS.

(2) FEBRA% B i S hR B AR A D3RR S
7.

(3) & BEMEIRME IXHALAKFE & DFEA ThiAk
8, mifbEk, Biflb=v VB ERI T

(4) FALHDOIESIE 10nm LR EHEESND.

(5) AEBROFHHANTIZH LT 7T X v 71C
K OMBHREE DFEEEIT R b,

(M)=z—x>7

(1) 7 XU BN AR BR AA TR R X AR R D 7
WA T3 800K, Ni filkliishfnd 2%
a3k 600K ThHhbH. £z, FmroRv
B\ R BAARIRE 13 A & By R B AR
& Hel L C 300K AR .

2 F~ralrofELy, R RmIH
U 72 Bk 58 DR IT BV fif IR 37 & T

IRFEDIRIEL TN D.
(3) Hastelloy-X TIIHTHI L72fkFE EAEA L,
RALER A R L TV 5.

(4) R 3R O fe KA HE ST ARBER R O 220
SMC, OMC T3/ 10um TH DA, Ni
fik 7 S > & % Inconel600, Hastelloy-X
TITHI 4423 um 2 K 5.

PLEDORER LY, RIFREHFTIX HS 12X 5D
P77 T H Y 7 DEITIIR GRS, a—
X TN K D mENE OBRAE O RTREME DN R S
7o, F7z, RBESHIRIC XV T u o B RRER Bh
REAK 200K IR TT 5728, FRERS /X
NWEFHIBWTERET HILERDH H.



LNG Ry NP NCBITFBR YN T 7y T Xy T« a—F% 0 JICBT 5 FEEN5E

Tl LEKT U URKEITIEE, SitERE
Thd. TDlH, KERLEEKEL TRATD
H,S a7 RN ENSELS, AERLIV G
BENETT DN D D, £, KFERT
RN LT 7T % v 72X DAL
I—F I K DT H Z S D BIR N
ECDHAREERDD. 22T, EH VUK
BiafifE L7 BRBEIC LD BBRAEITV, BG4 i
T2 Z ENROBEE > TND.

BE W

1) REFFISE, ZRIER, AR TS, HEom RS, AT,
LA E, KREHW, BB, WO HERE
MEHAMT NG mlr v b Vv Oa—% 0 7 P IC B
LIRS, % 51 815 Bk BT 8 A i 22,2007
410 H 29-31.

2) K. Higashino, M. Sugioka, T. Kobayashi, R. Minato,

Y. Maru, Y. Sasayama, M. Otsuka, T. Makino and H.
Sakaguchi ~ “Fundamental ~ Study on  Coking
Characteristics of LNG Rocket Engines”,

AIAA/SME/ASME/ASEE 44"  Joint  Propulsion
Conference & Exhibit, July 20-23, 2008, Hartford.

3)AZ [ IEH : i A /K S D 53 MR K DK DRI, SR 5L fik
BEANRT w27, NTS HiRR 2003, pp.952-958.

4)S.Rosenberg and M.Gage “Corrosion Prevention in
Copper Combustion Chamber Liners of Liquid
Oxygen/Methane Booster Engines”,
AIAA/SME/ASME/ASEE 26"  Joint  Propulsion
Conference, July 16-18, 1990, Orlando






= TIOHEEES 58 75-(2008) 25~31

A

1y MRBERIZR T D = v FrVESRER IS
FEAENTTE

REFFI=E™ - BURHE "2 « HELAE S - Aol - WO L - AR

Fundamental Study of Improved Nickel Electroforming for the

Regenerative Rocket Chamber

Kazuyuki HIGASHINO, Shinichi KOMAZAKI, Yousuke SASAYAMA, Kenichi KIMOTO,
Hiroyuki SAKAGUCHI and Toshiyuki ISHIBASHI
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Abstract
For the regenerative cooling cycle LNG

rocket engines, improvement Nickel

Electroforming technology and analysis are major problem because of high reliability and
low cost at the design and fabrication. This paper describes analysis methods, results and the
successful improvement Nickel Electroforming of the stress and strain level at the Electron

beam heat zone.

Keywords : Rocket Engine, Chamber, Nickel Electroforming
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Study on Endothermic Fuel

Masahito TAKAHASHI, Hiroshi ISODA
Nobuhiro TANATSUGU, Kazuyuki HIGASHINO, Ryojiro MINATO

(Ffe=ftH Frk2046 H 20 H M EH R 204E 11 H 7 H)

Abstract

This study focuses to the heat absorption measurement of Endothermic Fuel (EF). From the view point of
the easy operation, the methanol is chosen as the EF with lower endothermic reaction temperature. The
endothermic reaction of methanol is caused at about 573 K by using a nickel catalyst. The experimental
apparatus was verified first by water as a working fluid before the experiment using the methanol. The
characteristics of the experimental apparatus such as the heat transfer and the pressure loss were obtained
by the pre-experiment by using water, although the endothermic reaction is not taken in account at the
water experiment. It was made it clear that the heat transfer coefficient of main heater was laid within 80
~ 120 % of the analytical value by using water. It can be concluded from the pre-experiment using water
that the temperature. In addition, the improvement of the experimental apparatus is proposed for the
experiment of the methanol.

Keywords : Endothermic Fuel, Endothermic reaction, Heat Absorption Measurement, Methanol
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Modification coeff. of
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Aerodynamic Characteristics of a Small Scale Supersonic Flight
Experiment Vehicle

Kazuhide MIZOBATA, Syota HADA, Maya KUDO, Yousuke SASAYAMA, Koumei KUWADA,
Yusuke MARU, Ryojiro MINATO, Nobuhiro TANATSUGU, Takakage ARAI
and
Nobuyuki TSUBOI
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Abstract
Extensive and intensive studies are being carried out for creation of innovative fundamental
technologies for realization of hypersonic aircraft and reusable space transportation systems. In the
course of the studies, a small scale flight experimental vehicle is under development for validation of
the technologies in real high-speed flight environments. The aerodynamic characteristics of the overall
configuration of the vehicle are measured by wind tunnel tests at Mach numbers ranging from 0.3 to 2.0.
The lift, drag, and pitching trim characteristics are evaluated and assessed in detail.

Keywords:  Supersonic, Aerodynamics, Lift, Drag, Pitching Moment, Trim
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Fig.1. The tentative plan of the fight profile of a small-scale
supersonic experimental vehicle.

Table 1. The design concept of the M2006 configuration.
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Fig. 2. The overview of the M2006 configuration.

Table 2. Dimensions of the M2006 configuration.

Wind
Real
tunnel test . .
configuration
model
Scale 1/5.7 171
Length [m] 0.55 3.12
Wing Span [m] 0.28 1.61
Wing Area [m?] 0.03 0.96
MAC [m] 0.14 0.80
Sweep-back Angle [deg.] 66, 61
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Table 3. Dimensions of the all-moving horizontal tail.

Area [m’] 0.26
Moment arm [m] 1.20
\olumetric coefficient 0.40
Sweep-back angle [deg.] 50
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Experimental Construction and Operation Tests of a Subscale
High-Speed Sled Track Facility
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Abstract
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Various studies are being carried out for innovation on the technology both for future super/hypersonic
airplanes and for reusable space transportation systems. Functions and performances of the technologies
proposed should be verified in high speed conditions safely and repeatedly on the ground before flight
experiments. For this purpose, so-called high-speed sled track facility is planned to be constructed. Its
subscale prototype is experimentally constructed and run tests are carried out. Useful know-how is
obtained about designing, fabrication, and operation of the sled track.
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Experimental Measurements and Validations of Starting Loads in

Indraft Supersonic Wind Tunnel

Ryojiro MINATO, Kazuhide MIZOBATA, Koumei KUWADA
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Abstract

Measurements of starting load in the indraft supersonic wind tunnel of Muroran Institute of
Technology were conducted for Mach 2, 3 and 4 conditions with AGARD-B model. The high speed
photographs were taken for the behaviors of the wind tunnel model. Those photographs make clear
that the oscillations of the model coincide with the measured starting load oscillation and starting
loads were caused by two shock waves. The first shock wave is the reflection shock, which is
generated at the nozzle throat by expansion wave reflection. The second one is asymmetric oblique
shock waves ( AOS ) coming from the upstream. AOS can generate the asymmetric conical shock
( ACS ) around the nose cone of the model, which would have directly caused the stating loads on the
wind tunnel model. Based on those observations, the authors presented the conical shock theory,
which is the alternative starting load prediction theory to the normal shock theory.

Keywords : Starting Loads, Supersonic Wind Tunnel, Aerodynamic Force Measurements
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Study on Electric Properties of Gadolinium Nitrate Crystals
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Abstract
Frequency dependence of ac conductivity from 20Hz to 10MHz and time series of the conductivity at
2kHz along c-axis of gadolinium nitrate crystal Gd(NO;);6H,0 were measured in the temperature
range from 210K to 290K. Meta-stable phenomena were observed. Dynamical property given by the
frequency dependence of the conductivity is compared to those in disorder system. Non-periodic
instability (burst) was found in the time series data of the conductivity. The frequency dependence of
the power spectrum densities is well represented by the power law 1//*. The exponent o is discussed

with the nonlinear dynamical property.

Keywords : Gadolinium nitrate, Ac conductivity, Meta-stable phenomena, Nonlinear property

1. INTRODUCTION

Nonlinear and non-equilibrium phenomena were
observed in many systems such as disordered
ferromagnets'", superconducting vortices”, martensitic
shape memory alloys”, glass® and earthquakes®. The
physical quantities in equilibrium state always show
time variation in the vicinity of the average values, and
the physical properties are characterized by the
fluctuation®. The fluctuation could be closely related
to inevitable thermodynamic instability”. Therefore
the investigation of the thermodynamical instability
could give a new information for unknown properties
of the material. The behavior of the fluctuation was
given by measuring the time variation of the physical
quantities.

The rare earth nitrate crystals R(NO;);6H,0 where R
is rare earth element, form the triclinic symmetry

with the space group P1 above 193K®. Authors
have studied the characteristic property of the rare
earth nitrate crystals by electric measurement in the
time successive procedures and the time series data
between 210K and room temperature. In the
successive measurements for the time variation of the
electric properties in rare earth nitrate crystals,

*Department of Materials Science and Engineering,
Muroran Institute of Technology

meta-stable and non-ergodic nonlinear properties were
found®. By the measurements of time

series for the ac conductivity at 2kHz, nonlinear
dynamical property having deterministic chaotic one
were also found in the rare earth nitrate"”. In addition,
the crystals show the distinct intermittent non-periodic
oscillations (bursts) and the dependence of the rare
earth element on the time series of the ac
conductivity'? ¥ However the instability in the rare
earth nitrate crystal was not known sufficiently. In
order to clarify the characteristic phenomena, we have
measured frequency spectra of the ac conductivity in
the frequency region from 20Hz to IMHz and the time
series of the conductivity at 2kHz at temperatures

210K <7 <290K along c-axis of Gd(NOs);6H,0
crystal.

2. EXPERIMENTAL

The crystal used for the present measurements was
grown in a gadolinium nitrate aqueous solution by
decreasing temperature. The size of sample A used
for the measurements of the frequency spectra for the
ac conductivity was 0.061+0.005c¢cm in thickness and
0.59140.005 cm? in area, and that of the sample B used
for measuring the time series of the conductivity,
0.228+0.005cm in thickness and 0.228+0.005 cm® in



Hiroshi ISODA and Riki KAWASHIMA

area. The silver paste (Tokuriki Chem.Inst.P255) was
used as a contact electrode. The good qualities of the
electrodes and the specimens have been kept at the
final stage of the experiment.

The ac conductivity in the frequency region from
20Hz to 1MHz was measured by using a computer
controlled LCR meter (HP4284A) with a general
purpose interface bus (GPIB). Time series data on the
ac conductivity at 2 kHz were measured by using the
digital lock-in amplifier (EG&G Princeton Applied
Research, Model 5210) and an analog memory
recorder (YOKOGAWA, AR1100).

The conductivity was measured at the sensitivity
within £10"" Q' ecm™. All the measurements were
carried out under the isothermal condition and
controlled by the computer within £0.1K. For the time
series data, 5000 data points were collected with a
sampling time of 50 ms.

3. RESULTS AND DISCUSSION

3.1. Frequency dependence of ac conductivity

The Frequency dependence of ac conductivity along
c-axis was measured from 20 Hz to 1MHz at
temperatures between 290K and 210K in both cooling
and heating cycles of four measuring runs (1)~ (4)
using the sample A. Figure 1 shows the real
component ¢'(7) of the complex conductivity c* (c* =
o' +ic") derived from the experimental data at 1 kHz.

As seen from Fig.1, ¢'(T) in cooling and heating
cycles of run (1) shows appreciable temperature
variation with thermal hysteresis in the region between
280K and 230K. The temperature variation of ¢'(7) as
observed in the following runs (2) and (3) suggests an
existence of meta-stable phase in the crystal. The phase
seems to disappear asymptotically. At the run (4), the
meta-stability behavior appeared in the first time. The
temperature dependence of o'(7) shoes the same
behavior observed in the first runs.

The behavior of meta-stable phase in other rare earth
nitrate crystals was dependent on the rare earth ion R*"
in  R(NOs);6H,0; non-periodic  oscillation  of
appearance for meta-stable phase in Sm(NOs);6H,0";
rapid disappearance of the phase in La(NO;);6H,0"?,
Nd(NO5);6H,0"?, Tb(NO;);6H,0"” and
Er(NO;);6H,0"?; complex behavior appearance of the
phase in  Eu(NO;);6H,0"”  and Yb(NO5);6H,0 ¥

Figure 2 shows the frequency dependence of ¢'(v) in
the  logarithmic  scale  within  the  range
20Hz< v < 1MHz at several temperatures 288K, 273K,
253K, 233K and 214K in cooling(1) of the first
measuring run. The o'(v) increases with increasing
frequency v at 253K and 233K in cooling(1). The
frequency dependence of ¢'(v) was analyzed by power
law, o' o v °, where s is frequency exponent. The
value of the exponent s was estimated from the local
slope —dIno'(v)/dInv inFig.2.

The temperature variation of the frequency
exponent s(7) was given in Fig. 3 in the frequency
region 10kHz <v < 100kHz. As the temperature
increases, the value of s decreases and is nearly equal

4 T T
Gd(NO;);6H,0 -»
A %
C-axis LA
DR
1kHz '.: ’:'. .
. -
3 * Cooling(1) & .
[ © Heating(1) . - 7
4 Cooling2) .
& Heating(2) .
—_ * Cooling(3) ¢
i o Heating(3) *
g ® Cooling(4) o .
-~ © Heating(4) . .
'c‘ . SR -
2k . L . i
o O -
= ¢ ° IS
_ ' © -
= MRS o *
¢ o -
°© & G, % .
M S W , .
MED Y ® e .
¢ % ° R
1k LSRN ‘ o J
$ 4.0 c e *
DR . o o
“ ot A O .
s a
¢ “ a0,
o R .
- 9, a 4 S o ..
0 W N ) ."m.b
220 240 260 280
T (K)

Figure 1 The real part o' of the complex conductivity o* at
1 kHz along c-axis of Gd(NO3);6H,0 crystal at temperatures
between 290K and 210K in both cooling and heating cycles
of four measuring runs.
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Figure 2 Frequency dependence of the conductivity o'
along c-axis of Gd(NO;);6H,O crystal at several
temperatures in the cooling(1) of the measuring runs.

to 0 for meta-stable phase. The value s<1 has been
obtained in a frequency dependent conductivity in
disordered materials, such as an amorphous
semiconductor and glass material'”. The o'(v) in the
meta-stable phase shows similar behavior as that of the
nearly constant loss in ionic conducting glass“”. The
value s~2 of the frequency exponent s corresponds

to the frequency response of Debye relaxation process
20

3.2. Time series of ac conductivity

Figure 4 shows the time dependence of the
fluctuation Ac' of the real part ¢' of the complex
conductivity o* at 2kHz along c-axis of the
Gd(NO;);6H,0 crystal at several temperatures in the



Hiroshi ISODA and Riki KAWASHIMA

Gd(NO3);6H,0 c-axis

2.0 \ : \
I va
e
L5 %8
o
2
PR
a
°
o
) L 02 ]
|- - L] -
1.0 o :
t . a .
<o L]
. . . . ¢ ]
o o o ® @ Cooling(1)
© M a . © Heating(1) 4
A a . 4 Cooling(2)
F o & Heating(2)
40 a A . = Cooling(3)
05F ¥ o . o Heating(4)-
Ha A o° ¢ Cooling(4)
L ot a . <& Heating(4)
on, n 4 o )
P N N 2 .
N a
A, O s @ O
o, %0, A; o .. W....... |
% .
I . | X I . A
220 240 260 280
T (K)

Figure 3 Frequency exponent s(7) of the power law in the
frequency spectra of the ac conductivity in the frequency
region 10kHz~100kHz in both cooling and heating cycles of
four measuring runs.

Gd(NO3); * 6H,0 c-axis Cooling

T ™ T
293.15K

. I
0 100 200
Time (s)

Ao'(10MQ em™)

L Il L Il
0 100 Time (s) 200

Figure 4 Time series of the fluctuation Ac' for the real part
o' of the complex conductivity 6* at several temperatures in
cooling cycle measured at 2 kHz with a sampling time 50 ms
along c-axis of Gd(NO;);6H,0 crystal.

cooling cycles, where Ac' is given as Ac' = ¢' - <c™>.
The average value <c"™> was obtained from 5000 data
points of ¢' at the temperature. The set of the data Ac'
is represented by {Ac'}. As shown in Fig.4, the
non-periodic unstable oscillations (bursts) appear in the
time series data {Ac'} at several temperatures, 293.15K,
243.15K and 203.15K in cooling, respectively.

The probability distributions of the fluctuation {Ac'}
show continuous line shapes. The power spectrum
densities were calculated from the time series data
{Ac't"”. The power spectral densities of the
fluctuation {Ac'} at temperatures show the random
broad peaks in the statistical frequency region from
1Hz to 10Hz and the continuous line shape below 1Hz.
In the statistical frequency region 0.1 ~ 1Hz, the
continuous part of the power spectra is proportional to
1/ f«, where f'is the statistical frequency in the power

spectra and a is the exponent of the power law. The
values of o were estimated by calculating the local
slopes of the power spectra in the temperature region

210K < T'<290K. The temperature dependence of the
exponent o is given in Figure5 for cooling and heating
cycles. In Fig.5, the value of a is nearly equal to 2 and
the power spectra are assigned to the thermal noise
@2 The values of o in the light rare earth nitrates *’La
~%Gd are approximately equal to 2 with exception of
pr 2 In the case of the heavy rare earth nitrates, the
values of o were nearly equal to 1, so that this is
assigned to the £' noise ¥,

To study the non-periodic unstable oscillation (the
burst), the data {Ac'} were analyzed in detail by using
the nonlinear dynamical method. The nonlinear
dynamical property of the system was specified by a
fractal dimension derived from N data point of the time
series according to the simple procedure of
Grassberger and Procaccia . For an arbitrary
embedding dimension »n, the o and o are
pseudo-vectors defined by

6,/={c'(t+it),0'(tH(I+ D)tn), -+, o'(tH(iHn-T)ty)}, (1)

where the value of 1y is a fixed time increment between
successive measurements. In the present measurement,
Ty corresponds to the sampling time 50 ms. Spatial
correlation of the attractor embedded in a phase space
of n-dimensions is defined by

1 N
C(r)= 7 ;e(r
where O(x)=0 if x<0 and O(x)=1 if x>0. Thus the
correlation integral C(r) counts the number of pairs
whose distance ‘(7]_' -0’ is smaller than a given r.

) @)

’ '
O-i_o-j

The correlation integral C(r) were calculated for the
time series data {Ac'} at temperatures for the
embedding dimension n = 1-:-20 by using the
supercomputer (Hitachi SR8000) of Hokkaido
University. The correlation integral C(r) behaves as
power of r for small7:C(r)oc r*, where d is a
correlation exponent. The values of d at each
embedding dimension n were obtained from the slope
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Figure 6 Correlation exponent d versus dimension # of the
embedding space.

of InC(r) versuslnr. Figure 6 shows the dependence

of the correlation exponent d on the embedding
dimension n at the several temperatures in cooling
cycle. In the case of the random noise, d is equal to n
(d =n) so that the relation is shown as the straight line
in Fig.6. As seen from Fig.6, d shifts to the asymptotic
value as 7 increases.

4. SUMMARY

The time successive processes of the electric properties
of the Gd(NO;);6H,O crystal were studied by two
different experimental methods. The frequency
dependence of the ac conductivity was analyzed by the
power law Vv'. The value of the exponent s depends on
the temperature and the measurement cycles. The
meta-stable structure was discussed in terms of the
exponent s.

The power spectrum densities were calculated form
the time series of the ac conductivity. The frequency
dependence of the power spectrum densities is well
represented by the power law 1/f®. The obtained value
0~2 corresponds to the thermal noise. The nonlinear
dynamical analyses were carried out. The analyses
indicate that the correlation exponent deviated from the
value of the random noise as the embedding dimension
n increases.

In the present study, it confirms that the electric
property measured for Gd(NO;);6H,O shows the
nonlinear non-equilibrium phenomena, and that the
fluctuation, generated in the rare earth nitrate crystal,
has both the chaotic feature and the effect of rare earth
element.
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The Reality of What “Local Manifesto” Means in Japan

— Current Movements in Local Politics —

Toshio NAGAMATSU
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The term "manifesto" was recently introduced to the political world of Japan from Britain and began to

function as a new communication tool between politicians and citizens. This paper verifies the features

of what manifesto means in Japan, and studies what kind of impact the term has on voters, politicians, the

assembly and the government, in particular at the local level.

Keywords : Manifesto, Policy, Numerical target, Election, Voter, Government, Assembly
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Blake @ A Vision of the Last Judgment {Z-DO\"C
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On Blake’s 4 Vision of the Last Judgment

Fiko ANDO

JFFs2fTH FR204F:6 H 20 H

ASCKEREH PR 204 11 A 7 H)

Abstract

We can see Jesus’ mercifulness and Forgiveness of Sin in “The Woman Caught in Adultery” in the
Gospel according to John. In the Revelation, however, we cannot but feel the strictness of Jesus as
a Judge. There is no Forgiveness of Sin here. Blake seemed to feel something confusing in Jesus’
contradictory facets in the Bible and moreover, to understand it was wrong. Therefore, he decided to
correct the Bible by writing A4 Vision of the Last Judgment. Blake boldly regarded Jesus in the
Revelation as Satan. Blake’s Jesus seemed to demand the Bible’s Jesus to commit self-denial. The
Bible’s Jesus shows Forgiveness of Sin, but it appears not to be perfect to Blake. Blake’s Jesus
shows Continual Forgiveness of Sin which means to forgive others, continually, and through doing
this, to realize a world of absolute love and harmony.

Key words : the Last Judgment, Jesus, Satan, Forgiveness of Sin, Continual Forgiveness of Sin

FF

The Gospel according to John ¢ “The Woman Caught in
Adultery”(8:1-11) Tl ZaBOBUS THDA BV
#% Jesus DFHEATUT-HEFH LT 7V VA RO
Nx 3 FB—EBORRIZHEN, AFTHOIIZAL T IO
T3, Jesus [ IEHDIENG /2 T B Lm0, ZDIR%E
B G DML TND, Z<OFEH IO EKH
THDTHY, Jesus DRUTZFEOML | VDX
WEEE A DD THA), PEMIVEHSUbDOFTEH
F72 W. Blake b[AEETHY | ZOMEHFITHSNT

ey

“The woman taken in Adultery” (1800-1805)& ¥ KL 5572
eEELE Y,

LA THHIEEEDOFLIVIZ(E ) 1% The Revelation to
John |21, JElHIT il TR Jesus IFH AL AR
PN OWHOET—UIFFES T, FRAITHTROED
DT T ELFESIRUO AR IR Jesus 3T
Do FIEHIZR SV UL, BEECIISEAMT Jesus
EIRAENT 5 Jesus DME T HITIY, 2N #FEE
L CHIRESICEI DT bis,

LLZRIRBZ D & 5T 112D T Blake [FES B X
TR LIZd 72D Th D, RIAEFHDONRELNE Jerusalem
(1804 - 1820 ) | ZI%*“The long sufferings of God are not for



ever: there is a Judgment.” (K620) &\ \HO—1T72038 5, 0D

A

RIOEATHDHER T2 LA E NI D BES 8573,

TR OFFH AR IR T HE DD T
057, ZOTHITEDNDH 37— ClE The
Spirit of Jesus is continual forgiveness of Sin ”& [ FEDfk#E
A7eitE Rz T HDIRSNOL | 2N IA T ADIER TS
ZEMIRARBITND (K621), B CIEISROML
EIEARDFH] ) LD Jesus DI JET 5 ihiMEEFR T LD
{TEEHILDDITK LT, Blake D5 A3 it OFH )
EIFRDIRU &3P JEETITBIEL TODIDITELS
NHDTHD, ZHUFEDIHRZETHAI N, ZDZe%E
FET 5% PN Jerusalem ZEZHED TR HIZE D
U7 A Vision of the Last Judgment (1810)DH | ZHH I
B, ZO/Na ClEZo Rz ER LI,

1. Revelation (2331} 2Ex & D5H|

The Revelation to John (LA Revelation £l97) [ dm—~
W E DI B ~OWED R K ThH-O7 1 fithdE, i
It SREAR B John 13X, RADASEFRSZF5S Jesus
ZLIT D, 2L Tlesus Dipm TT T MIZHDT DD
A T TREEN=OTHD, B—~viFEICLD
M 3BT B NICBOFDT ) — TV ARE
WD R E AR T 2012 E DD D FHTIH -7z,
ZLUTRETHIE BT John [FHHD EFELZDE]
PHZ AT 7772 4 DOEEWE i1 DIH78b D,
WD L7200 NHIDISB AL SH D, B LD
22bMD) T LT 24 NDOREZEDMEELL, ALFET 20
ZHBTD, John i 7 SOEFIOSHDEM % 1-EH
ORI — > DB EN AR BE I B ISRk % 7256
HEDBEDDDOE T CHET D, ZL T lesus 23K
B Dl EDRREIRIG A H i A CUWOVD T A D,
SOOI LT AP | Jesus (XFFER DL NIHE
TANEENEIZ L, TR N2 REEMSNIZIEDE
VODTHD, EIUP I Jesus 1 John ZilL THER
DY ITHEN LD DIDITERT D THD,

LA T Jesus (ZEDIREDEHIE NFAD 43 bIE The
Gospel according to Matthew (25:31-32)IZB\TH E &S
N,

‘When the Son of Man comes as King and all the angels with
him, he will sit on his royal throne, and the people of all the
nations will be gathered before him. Then he will divide them
into two groups, just as a shepherd separate the sheep from
the goats. He will put the righteous people at the right and the
others at his left.

ZZTIEEDIDNTBHE DS Jesus AR 2L THE
BRL . SEEODSELLIEEE ST DI ENEEA LS

HE
q

ARV T HEE DD, [RICNEDS Revelation T
IZLORT~TF oI FETHIDIL TS, (20:11-15)

Then I saw a great white throne and the one who sits on it.
Earth and heaven fled from his presence and were seen no
more. And I saw the dead, great and small alike, standing
before the throne. Books were opened, and then another book
was opened, the book of living. The dead were judged
according to what they had done, as recorded in the books.
Then the sea gave up its dead. Death and the world of the
dead also gave up the dead they held. And all were judged
according to what they had done. Then death and the world
of the dead were thrown into the lake of fire. (This lake of fire
is the second death.) Those who did not have their name
written in the book of living were thrown into the lake of fire .
T b NHIL, MOSBELT DR/ /LY d
IZADIZDIT, AEFTVDHDOEIEEH I ETOITU
IZXVHIESNDDTHD, ZIDS Jesus (ZED5ctEDTF
HITHD, TnDFE NI RIS IV TR NITIR
ZALLIZN, DEVEANEVDZETHED L, K EMEHD
HERIZ BRI A ENAEMICH D, Jesus DEEITHEWEST
EFRATZBEND B OE A RTRSHY, RIEA~L
ADTZEISHIREIRD TdHD,

2. Blake D& D

ZAVTI Blake (35RAEDFHZEDIHNTHEZ TN

DIEAD, W13 A Vision of the Last Judgment (L4 T A Vision
L) DHFTRDIDNTE D,
The Last Judgment (will be) when all those are Cast away
who trouble Religion with Questions concerning Good &
Evil or Eating of the Tree of those Knowledges or
Reasonings which hinder the Vision of God, turning all into a
Consuming Fire. When Imagination, Art & Science & all
Intellectual Gifts, all Gifts of the Holy Ghost, are (despis'd
del.) look'd upon as of no use & only Contention remains to
Man, then the Last Judgment begins, & its Vision is seen by
the (Imaginative Eye del.) of Every one according to the
situation he holds ( K604 ).

Blake (Z& D& RE D3RO “tiwa AL 21
TE\CEE T 2R, Z U CHERMMEALIC D, T
(TR CEAan TG ) T ) TR SR~
22 RE I DSBRERA Tl NSV B D T 220 0 )
DLAFNEASN RS DI, B OFHIT D e
D, Blake |XFE72“A Last Judgment is Necessary
because Fools flourish.”(K612) EE VB3 HIFI 5
NI D1 EHE D, Blake 1T F/-LL FOIHITh b~
N
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This world of Imagination is the world of Eternity; it is the
divine bosom into which we shall all go after the death of the
Vegetated body. This World of Imagination is Infinite &
Eternal, whereas the World of Generation, or Vegetation, is
Finite & (for a small moment del.) Temporal ( K605 ).

5 HCIZIX Imagination & Generation (Vegetation )&
FEENDRINL T D ORI N5, il H%
@#fﬁ?ﬁ?t}j DS A Generation THDHAS, ZAULHF

RS, EICRARIFABR DT DN DS Z %
Tﬁﬁi’%fiﬁﬁtjzct% HEECIEF IO AN DA E
DD ToD, 2L THREOG IO RE I
TCAMA SRR T2 RF2E 2 % 72Tl 2dhD Imagination (2@
TLDTHDH, TN FEOHR, FKEDOH R TH
%, Imagination |25 EE T 51213 “To Tirzah”|ZHIOILADL
1Z“The Death of Jesus |ZLAMITAR N, ZAUITHERIH
IO, LR H R EDOTIMRDTH D, Blake
D e % D3R H 23 Imagination | J& 325 &3 4L,
Revelation D% DA Generation (ZJ&T-5DTHY,

WE IR T —~ 2R N2 BB ONFETE R T D
X572, Blake 1X The Marriage of Heaven and Hell
(1790-1793)% Ex | Mk [E1HE, RIADBR L, &l
TIOEEFEZTRN LT T2, D% Revelation 23 K[E HH.000D
RHEINZR B U 1L D DKL, Blake (M K[
HILTREONRT UL DI E DR TR 72
ER A ANTREIELTODD TR,

3. Blake DF&TE (1)

FIUClT Blake D3FEFRIZ A Vision DT DOic % D%
HaLDIINTERBLIEDOETF AN EEESEZ IR
RTNZHEES I FHIO DAY Jesus 1TIRD I
Hinio,

Jesus seated between the Two Pillars, Jachin & Boaz, with
the Word of divine Revelation on his knees, & on each side
the four & twenty Elders sitting in judgment ( K606 );

Solomon DAHEEFITD 2 A4 Jachin & Boaz DHIC
Jesus I(TEF LSS Y, D EIZiE “the Word of
divine Revelation”l #170 HFE RO S HE | LS5 OIHARDEA

DIUTUND, ZHUTIHAIDED L CODO0, FB8EHS
(BRI B BE DB T DNE ThHAIEE R HID,
Blake D¢t DFEH]HS Revelation DZFNEITRE THD
ZEIIBEIZIR 7=, Blake @ Jesus D FERIELL F O L5742
HRAERFO,

Christ comes, as he came at first, to deliver those who were
bound under Knave, not to deliver the Knave. He comes to
deliver Man, the Accused, & not Satan, the Accuser. We do
not find any where that Satan is accused of Sin; he is only

accused of Unbelief & thereby drawing Man into Sin that he
may accuse him. Such is the Last Judgment a deliverance
from Satan's Accusation. Satan thinks that Sin is displeasing
to God; he ought to know that Nothing is displeasing to God
but unbelief & Eating of the Tree of Knowledge of Good &
Evil (K615).

Revelation O Jesus [3IEA#< B THET 2, Zh
(Z%FLC Blake @ Jesus (38 U2 I N2 T2 015
B3 DLV DD THD, OFD Revelation & A Vision EH3MiH
< Jesus DM IIFEAITIER 720072, Blake I
Revelation ® Jesus % Satan EFFOGEDEFEHZTZLIB D,
ISR ERTHIE, B UTHEERED “Itma AL
9% Generation (Vegetation) D55 S H (R
2B THD | Blake 735725 Revelation O Jesus |3
Rt FETIIRERZ OO THLLE-Z 2D THAD,

Blake @ Jesus A3 T JA D JE P ZIXAZ Va3
THRY, LD T THR S S N ELEE S 200
Fois, 1513 Jesus DIELIDOZAHD LH7Z, Jesus D
9 FIZIIRBEO L7 BB E LY mliZ2 Ao
KEMRRBND O, 204 FUIHIE B DHON
VAR AW o e 6 Y Yl 11 VARV .2 B IO Y SRR/ 12 AR
no,

FIEO FITIFHERF > — 1D FB LD, 1

OIFFx O THD Adam & Bve ThD, D )E
TH5 Abel 2R FE LT Cain 25 KFTHAZFIZLIEE

WSEITEH T KOBRRZLY, MEORIZEEI2h
7z Satan 2SS EITHE T 9D, MEORRILARITZAUTS
B FFERITEM I SN THFEREILTHE L T KD
729, Satan DILE L EHONDIEIT Adam & Eve b7
L., [RIREALSHTRARNTHD, TORENRTED TPLL
VWHZEE, Adam & Eve EDMETARO S0 H
T2LZNFFIRE NI EaRLTZDTIFR )L
B TED,

FAVCIIE LI T D+ FERITHOWNWTERZTH
7o BOETHRNIEEN, +FERITEEH=ITE-
THEERI DL VAN TdD, #D— NF- Jesus 1+
FERECED EELAESITTHRATLN, 3 H BIZEES
ZETHEFRUTATON D FORICLII i Cu bl
NHEEERFSE LRI LT DTHD, IEHT
(3 Jesus DILITIEIRIE T D, T2RDOHLMNENIHOIR
EHAW, HFEE LI CIRAIE 12D ThH D,
ZOINAFIRIFHRZERE VW EH I TODDOTH
%, Blake & 2 IRDZLARNPHTOTLITREHIL T2l
977, Blake |$53£1% 4 Vision of the Last Judgment £\ )IF]
UAA NV O R D, S 1808 #EDIE
fTHHN, ZAUTITHFRRPEED BTN Th
o727 LnLZRAss 1810 AR ERH T T HFERIER



BEOWDIDNTIE FTSELNTDOTHY, £D2E A%
DATDIZEEEINED NI TH D, Blake I Jesus D
WAL 722 H O EEH 2 TRY, JEIRFELITE 272
WO O EERT O TR I AR
THDHEMZ Blake 135 2 728972, %*%‘%&%&Aw EP»D
BT ONA T2, RAEOLITHITA Sy
NIADT= DI L7 T Lok I ZRE L \-Eélj&)é)‘j]
R Bbing, TOZEFN I ~OREF )72
RRUEA M IRDZEEL MDD ED T fE a5 F CEDG A
(S AR g W N/ A = et s P S Nl N o V= SR
9, D Revelation DIHDFER7: Jesus D 95
EREZIT ANBNDZ LR D07, SHIZIFZDZE
VB BUT I D e NREDRIRD D L7, 1
IFRNEE THY, AFIIHEI T E 20, W33
Bl LS OBURIZHY SR ARIET DL
WEBDND, ZHIUTKIL, Blake DA 1T /2D, Afilx

FIZAMEFZWNT “Tam in you and you in me, mutual
in love divine’ ”&FEV T, “‘Tamnot a God afar off, ] am a
brother and friend; / Within your bosoms I reside, and you
reside in me.” (K622 ) EBLLSGEVDNT DD Th5, 1k
NHIEDOBURITBLF-, Soh, fifilk, AN DIt 3
TEWNRDRAZDDDHNZSHHDTZ, ZIUTIRNOR S
N-ENT BT+ FRROIRNEH LH EH &
FITH)72 Blake DREZRDToD,

TSR, BEI3, 2L T TREREL 3% FLTL,
[F% 72 $2 1 BV HTYT<, “beneath the falling figure of
Cain, is Moses casting his tablets of stone into the deeps.”
(K607) EE DI Moses DMILKHST=DIAHNT
FOEZEN THLARE RO LT, Z

TUT—KETHD, 728725+ Moses &l :L{ﬁ?ﬁT A
SRR HDIBTE (DT AR ZEET D
&1 Moses 3@ BRI ESIVTH &7 Z A B
FTHERDIND, ZHUTELEIZIT72  Blake 4l H OFEIR
Td%, Blake I3 ED5HITHET T It ought to be
understood that the Persons, Moses & Abraham, are not here
meant, but the States Signified by those Names”( K607 ) &k
D, DFED Moses 14, BETE LINLHHHICHIRS
ARSI NZFE T O Tlde, DI NRHIThH
HINZHREDDHZETHARROE I R 2D/l 6E
NN MRN J%i‘%ﬁ”é&%z%:hé@f (EvAs
VD, ZAEIIR IRIN AR O A W 21 X “the Pharisees are
pleading their own Righteousness” (K612)<‘: =hbhbdoic
THEEHRT D77V AIRD A 25, BHOIELSE
FJEZ AN DN TR DR ADND, Ll
TRISHRETRZ AT REED TR DOEA | ) S EEHS T3
DO S NS TE DO FHRIT Jesus D FIZIT @A
WDOTHD, FEAZ R TL, BATETOIELSZERT

A

i
HE
q

HIEEFH OEDE, EBRESPNFN VDN HII7,

LZATEEOE AR DD, OHIIEIT >
DEAE 10 ROAZFFO/ DDA, Z DM RITEI
AN TS 2, 13 Revelation Tl Satan DIE TH
0., B ICE LT DRI BT, At IoHé
T LR EHRERIDET D, — 5 A Vision IZEBWTHEI
Satan DILE LS 2L, LLZDOEMITZIER 72D T
5D, A Vision DEDRIITIZ“Satan’s book of Accusation”
ERFIEND ERE DA | BEESEIEIC BT S Tng,
DFED A Vision DEEIITROEFRETHY, FFHE THD,
3725 Revelation D Jesus D AEHET D THD,
Revelation (235N CIEE IS Jesus I[EISNADIEOSIYT
o, OO EIZ— NOBRIBO L RNFED,
Revelation Tl B OREKET | EFEIZAVFSCORGA
2 TERSIV, BT E IO TS AiEm
DL ToH%, Blake 1LZD 2% Mystery ”THHFA ) L5703,
Z AU Satan ZAHE L TERFET DAV DRE] BT
HDCTHD YV, FbLIREFIT A, AT ZED
TERWEDD TRATCRIELZATHY , ZUTERE
LTHIEARDHDTHD,

4. Blake D& (2)

IRANZHISRD JEID T 2 EZL 29, Jesus ZAIHILT=K
4% Caiaphas Lr1—~<#EF Pilate L5 s 9, L
LA BIIIE L D NS D TIT2WDOTH

%o ZAULIZOIERCE G T HIHKDOIERE DA HINZ
DN BT DO TIFRNDLFRILZETHS, Blake
I these are Caiaphas & Pilate --Two States where all those
reside who Caluminate & Murder under Pretence of Holiness
& Justice”(K608)Lib 5, T bbb X il | &
MEF] LV FELWMREZ DT EIRERE N ECo T
HAFDLOFRBS | LN THREE |25 5T D THD,
Blake 3% 2 72 MRRE |1, DO L7258 EIHEETTH
A CHREETHZENFRE THAHZ LA THISE Dk
BOFETHHLITZ, Blake (LIS H OFERES L7%
7223120V CThe Figure dragging up a Woman by
her hair represents the Inquisition, as do those contending on
the sides of the Pit, & in Particular the Man strangling two
women represents a Cruel Church.”(K608) &k ~=Tu 5 17,
— AN 7B RO T DL DR H AR
ILEFROHAFED OHM T Db DOE FiRE L TERL, 5
FIEOIZLIZD TH 7=, Blake IFIEFIRDS B2 B
SNORERSITHNE TERDSTeDTHY, Zhakdbh

TERFET DHEAND R VR D RNia ZE O 7o 28348 %

[ ZHE 720, Revelation TRSNADTEURE | BN E ~D
PRV MLEI T 2513, FImRFERRoTE T LD IEE 22
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DEAEB MU OIOITHEZ 5,

RO I I IFERRPEE D D D LA TED,
Revelation CIIHRICHE B L L AEZIKDT LT
TERWDTHD, LNULIRDS A Vision Tl beneath the
Dragon’s Cavern a Skelton begins to Animate starting into
life at the Trumpet's sound”(K609)& 5035 IHIZ #%E A
FELDTHD 'Y, B EMEREAATEDIIREDZ
INDEEXT %, EIENOIRNE DD KD % 4 N
KIEIRT o/ HREIRDBSENILS T RET 2D THHK
609)"”, Revelation TiZZ7 v/ S\DEF T BN M E%
RHIEE, ALEEREHE BRLAEL b TobEh T
DTHY, LIUTNDIIARFDIKL Tholz, LinLzend
5 A Vision TITEAUIEHISERE OIELEF 289, 7o
IRBZHUTERME O R CESRAETE ORE R, K71, THEL
TANTEREL, E L LI NN 252
WAZ EHESE 505 T d, HEK CORANBIMSH
DDIKEET DD INTEFEDITUIND RIEDS,
“The Aged Figure with Wings, having a writing tablet &
taking account of the numbers who arise, is The Angel of the
Divine Presence mention'd in Exodus” (K610)E ik ~<5315
Jolz, REET 28 OBEBZHDTHL Y, KEHED
HFEWEEDFBRIT THD,

HORR THIAART )V R UT-72DI2Y
VDR D— L2 TN e R B RDET D
ZOERE, RBGELRBELIEIZHO LT 5
(K608)", ZD{fIliz“a Youthful couple are awaked by their
Children”(K609)& £ LS5 — DO IFA D 2,
BT RS, H IR A EE
FEDIRDIZDOUNDS, A FHHZEDF IS TREEL
TeDOThD, T X EEOELEET DL ZEFERL
Blake O Jesus D5 & CHOLREDB i BADIETEE
IBRZT2DTE®SD, Blake DTHE HDTNAD Albion b
EBRARTE CIF VA RE L NIZ72 57273, Brittannia 0
IRV RN 2 KO LR R L2 (K609)*

5. Blake DF&TH (3)

STEMNZBZMTDE LB N0
BEs — 3<%, TRAD NREERLT=ESTE, Zh
BDOELIIBRDHLIRIEERL T VD, HOIE DM
DOFaET H " N\IX“The Two Figures in purifying flames by
the side of the dragon's cavern represents the Latter state of
the Church when on the verge of Perdition, yet protected by a
Flaming Sword.” (K610) £50415 2, 72 b+
AIOBRNENDEZIVEL , 8 JVHIROML 2+
RETDERA~ETRET D072, IFZ DT
“Just above the graves & above the spot where the Infants

creep out of the Ground stand two, a Man & Woman; these
are the Primitive Christians.”(K 610) &5 2 A
DN T2 EFUINEREELTNEIHTE P,
TIULNFARESE B | LB D, Yoo EICHD
FTHILER NI ET RS THHA3, Imagination (24
&% Blake [IFHHEF L OB BB DOIHTHY, &
AUz EIHE AN ZED TN, RASEIED, FRomkL
DEDOHE~EBRDHIHZ,

EZATEEIZNDY LA OTAUTITIHRIEEED DD
N4 %< HID, 72&% 13 Abraham, Noah, Shem,
Japhet, Seth %5 CHD, M OITHHIBEELZ LD AN WpiEL
HEiZ Blake D12 7 DIMERFTE B ) 25T 20 Th
%, 5%V Blake 15 AL HITRIZ R 20H %
KT DTHA), TR EEBE 2L Y H LR
POEFRFOIRFIEEED NEBTE ST HNDL D),
Abraham, Noah [ XY/~ = ~D M AE X7 i
72 N4 Tdro7z, Abraham [ E{F ORI IARD A
BEBIE, RUIZR— NEFBHIETHRIT oL L7zo T
&%, Noah HIFINOERI D 2 oKk OPeE 2 — R IEIT
NDIENTETZ, LLZED% B Shem D-FH3LL
TR HABRATFEO LT TS W ENTLZET—
R HDOEINEST-HLIZDTH D, Blake (3455 AL
AT o7 L RAHILD Druids L[R2, Blake
X 722X B D BAThiv, NEEREECLIZY, W
WEINT AT 2 TEEDE MR ZERNEB X T=D
TodA), 75 Abraham, Noah (D4 Hif JEERK [ fF72
BB A RT EBXONDDTHD, ZITIEZDOLD
IRANGERTRR D E R [A)D Dh>, Bk L7=kD
{Z, Moses, Abraham | ZIHFIRFRIZEST- N K T L
VIOIDIE, EOAFNZID REND Ststes” NRAE | &2
TOTHD,

Blake (% Beulah ODIREEOEEEA 8L, NRAE) ORI
EIEDBDBE NS % “Descend, O Lamb of God, & take
away the imputation of Sin by the creation of States & the
deliverance of Individuals Evermore.” (K 648 ) Lili~%,
Moses, Abrahan, Noah % | JiE K E 7 R Bz 2 L
oo LINLIRISAE DITZ DIRBBIZ I EL72T Tl
WOl O HFUTRAALREEL S DD ThD, DFED
DR N ISROBL | LD FR 2 Dffé BN FEBS
DIELLOY; | &5 Z 2D TIFZRV )3, Noah [T ADE
FORIZED D, €L T these three Persons represent
Poetry, Painting &Music, these Powers in Man of
conversing with Paradise, which the flood did not Sweep
away” (K609) £ 510115 ), Noah D[ELLOFE R,
TEDT RN TTKIRE AL AAE CEDL A PR CE D
LB T B VAERR DB A~LLEFILT-DTZ, 13
Tl Noah DI ERIZEE | ITE A BT Seth



(Agam O 3 1) 1%, ZZ ClX“This State call’d Seth is
Male & Female in a higher state of Happiness & wisdom
than Noah, being nearer the State of Innocence.” (K611)E5
B, F72do5 Seth |3 Noah LA B P2E5IE D&
WIRBEIZHY  ZAUT IO OB L T e /T L
Bons,

FJETIZHRIRO B DB ML T D, LUk

WZPHENTZ— ND &P TRSND,

Above Noah is the Church Universal, represented by a
Woman Surrounded by Infants. There is such a State in
Eternity; it is composed of the Innocent civilized Heathen &
the uncivilized Savage, who having not the Law, do by
Nature the things contain'd in the Law. This State appears like
a Female crown'd with stars, driven into Wilderness; she has
the moon under her feet (K609-610).

ZOEMI RIS LIRS T, ZOHRE
1B =— U728, IR OITHE R A
FETIH eV, BB, LT ED THRBIRICA

R DV I ETRERE 1 ThD, 2 TIEZO B hiFfde
BEBIZE DINZFESNDDN, BT HE) 123AE
AT, BARATITENT 275, IO ORG O I Eak7e 75
J%>HZ Blake 1% Imagination f\@ﬁﬁéé’f%ﬁbﬁ@f
0%, WIFTNZTRNEEE | LIRS0, ZOBZZT~
TO NN DARDZE DL 0342971@

STHREEED I Z B E ) THA 72 Virgin Mary
~DE KD B,

Around Noah & beneath him are various figures Risen into
the Air; among these are Three females, representing those
who are not of the dead but of those found alive at the Last
Judgment; they appear to be innocently gay & thoughtless,
not being among the condemn'd beccause ignorant of crime
in the midst of a corrupted Age; the Virgin Mary was of this
Class (K610).

ERLTERRIZ DR BIRE LS T, LIz TH
DOHENHTEL/ BERE THAR IZRAD A% ] DI
Virgin MarylZ\ A0 Téb 2, Michelangelo D4 D
FHIDIR T FLIRITETDEDE A LI & LR
A Jesus DSH I L, Mary 122D TRNZFFOES
HINHED D, L DZEARTF D Mary (23017 % 725828
WK DI EBIABEOLRWVKEFH THAD,
Virgin MarylZBJU Tl MEEFR ala ) [82 R -
RIFEOHFD DD, LinL Blake HHI1L EDI57%
FAUHZEAE LAY T2 o7 8972, 1T Virgin
Mary7’ Mary Magdalene D X572 M Cah~7-L LT
Jesus DRFEL TZUF ANDIENTELIHTHD P, Z
DTG5 CIE RS, ) 72 e PRz e T iktﬁxﬂ‘]ﬁﬁ‘fﬁﬂ z
DD, ZOTEDINZ A THE L HORIT T2 BT

A

HE
q

DIEDEBNTLTREL TD— A DLMED IR B EA B
NTEBIH7E,

A Mother Meets her numerous Family in the Arms of their
Father; these are representations of the Greek Leamed &
Wise, as also of those of other Nations, such as Egypt &
Babylon in which were multitudes who shall meet the Lord
coming in the Clouds (K610).

— NDOREBIASCBL O ZH v DB DRI 2O &
B0 TOERDORIBELTETHDVENFI v A, =
A NS P CA A= VL PYNEY t=F oY s VM= S d
D, BAGEE THD, 1451 Blake 23N HHARE T HRERL
7o RS | DI B DZRIRE BBTEE ThHD,
Blake (3, [ SEOML JITHFRAAENITILIEH Lvbied
b HDIRNRBGEDFE LT BAE B 7R AEEDD
BIZIDILFEBSIVTODEREEL THDED Th D,
Revelation CIIHFA G, B HFEHIATE T2
RAGETREITIIADZLTHBRAR D THD,
Revelation Tl
One of the elders asked me, “Who are these people dressed in
white robes, and where do they come from?”’
“I don’t know, sir. You do.” I answered.

He said to me, “These are the people who have come
safely through the terrible persecution. They have washed
their robes and made them white with the blood of the
Lamb.” (7:13-14)
EEONDIDNIRENIADZEDHRD N %2 1T LD
“the terrible persecution” 23 RVE T HIHITEL % DIEFEIZ
i 2 $28 DHEEA TR 7250808 D IR N % ThA
Do WOITHODIE SR EZIET DL TELHIMR
7R h DR H 3 Thhd, ZHUTKIL Blake [XLL FOOK
NTIRD,

Men are admitted into Heaven not because they have

curbed & govern'd their Passions or have no Passions, but
because they have Cultivated their Understandings. The
Treasures of Heaven are not Negations of Passions, but
Realities of Intellect, from which all the Passions Emanate
Uncurbed in their Eternal Glory. The Fool shall not enter into
Heaven let him be ever so Holy. Holiness is not The Price of
Entrance into Heaven (K615).
F7rbbBlake (IMHSEHNEL, MR B SEZL T
HATHLREERD i%l IANDZEIIARFTRETHD
Z& LTRSS D28 EE TH
HETIRT DO THS,

S

FROLDIRZRL 72730, )5
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TIEIEAE#LBEEED Jesus DF JET 5 _wMIZ Blake
ITEFRA R 2, TED Jesus (ZEEAFF-T-DTld/
USRI A N T2, Blake 13 #8< ) &V )L VEE
FERFED It CERORI R ORE
B X T, BETIIRAEOFHNTEL Jesus TS5,
ZAUZKHL Blake D& O HINL T FROMKGL 7okt %
OISO | BRI DD THD, A Vision £ TIX
WDEFEDMLE BIE T HOFEFHBUII, ZDZE
T DL IR D, Migma L T
72720 Ui, A Vision O Jesus (& Revelation O Jesus (2 H
CASTE | ZEERLIZDTHD, Jesus HMRET2LERET,
FTARTONEZ LM TZTANDLIINC T FEST=2D
THD, FEEOIAEZFE DIEE AL 13 Blake D4 DFFH
DO EMAE RIEELTNDIHTE, #ITETHD, L
i A I E v N v A VAN B R AW A YA AN €
LCZD D05l & (I THIADITRTea 5720, L
INLEDFRDE LI T EL ORSNAIRE, ZHu
ATV BTER LD, I LT 2RI
D, —ODOHLDTHY, NFNERORMLZFEELIHE
T HEZAIMBDFL NHHONDNHTHD, T705H
Blake [ 348 D [ SEOML | H3ETE, 1 E72 L LU D FEXTRY
72bDNTKRT D el ClIe et 72 Tho el
SN DTHD,

BBNLIE AR EL THEAEZRES, FLTWITAREAN
R0 | Ll R AN DR TR L7, Imagination |2 H
7z Blake (&> TE A A DX FIIRNDTHY,
F B ASE BEE LBIEDKFIBINDTHD,
O<ETTRNTOANENIFROML ) ZFEELIOHETHE
ZAIZB TOSENLFINO MR DO FEBE A Vision DH
T Blake 13 ERELIZES 2 HEED,

23

R R IEAOEE Bt oS L FIRR (A AR E S
1997) R OVEE 3 Fnse B (A ANEE E:H7 4 1998) 24 H
L=

Blake DAESHDHDF | HIZ42T Geoffrey Keynes ed.,
Blake: Complete Writings with Variant Readings ( London:
Oxford Press, 1969) (245, 7=L 2 1330 C(K22) £dH%
DIF5 ST Blake DRSS ZDIRD 22 <=2
HTLERT,

1) Milton Klonsky, William Blake: The Seer and His Visions
(New York: Harmony Books, 1977), p.72.

2) His Sublime & Pathos become Two Rocks fix’d in the
Earth; / His reason, , his Spectrous Power, covers them above.

/ Jerusalem his Emanation is a Stone laying beneath, (K620,
4-6) ZIHDEATIZPEIEOMEEDS NI & &,
K OAA e StE, RS T2 Laird o851
&9,

3) A Vision D#&I S. F. Damon ® A Blake Dictionary : The
Ideas and Symbols of William Blake (Providence, Rhode
Island: Brown University Press, 1965) (& RIZILHHILT
HHHLDOESHEIZ LT, Damon KILZ ORI L2
AN, FFIZIDD81IETOESaAHT . A Vision D
ASUNHENETH B 23l T VD (Key To “A Vision of
The Last Judgment”).Z0/Nig D H CHRIZE KT DRFIE
Damon XM} 72F 547-L 21X Key No.21 DIHITEE
F A Vision DFEZH L TITRRITIED,

4) Key No.22.

5)Key No. 1.

6) Key No. 6.

7) Key No. 24, 25.

8) Key No. 29, 30.

9) Morton D. Paley, William Blake (Phaidon Press Limited,
Littlegate House, St Ebbe's Street, Oxford, 1978), plate no. 50.
7% 2 D& 2o T Damon FI R D IHIZiR~< Ty
%, “In the same year Blake painted for the Countess of
Egremont a Last Judgment, which still hangs in Petworth
Hall. Blake thanked the countess for the commission in a
poem, “The Cavern of the Grave I've seen” (K558). Though
itis only 19 7/8 by15 3/4 inches, it contains hundreds of
symbolic figures. Blake explained the chief of these figures in
a letter to Ozias Humphry (K442). Above the figure of Christ
the Veil of the Temple is opened, revealing the Cross in place
of the Ark.

In 1810 he made the ink drawing of the Last Judgment now
in the Rosenwald Collection (see Illustrations). A preliminary
pencil sketch was reproduced by Keynes in the first
Nonesuch edition of Blake’s works (1925, 111, 148). 4 Blake
Dictionary, p.235.

10) Jesus DFEIZ DN T “To Tirzah” D EFE ) (kL
W8 = 78 SAVAFE ) 55 6 5 2008 4F, pp.95-103)&Z M D
Z&,

11) Key No.37.

12) Key No.51.

13) S. F. Damon, A Blake Dictionary, p.291.

14) Key No .41, 42.

15) Key No.44, 46.

16) Key No.55.

17) Key. No47.

18) Key No.12.

19) Key No.43.



20) Key No.56.

21) Key No.58.

22) Key No.57.

23) Key No. 59.

24) S. F. Damon, 4 Blake Dictionary, pp. 85-86.
25) Key No.68.

26) Key No.62.

27) Key No.64.

28) Key No.79.

29) Cf. The Everlasting Gospel DWrF 11213 Jesus DRHZ
BRI CHDEDIRNZEDRIES D,

30) Key No.76.
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. The Holy Family

KEY TO ‘A VISION OF

. The Holy Ghost )
. Glorification of angels with harps

The Candlestick

. The Table of Shew-bread

The cherubim of the Ark

Infants; ““these represent the Eternal Births of Intellect
from the divine Humanity”

Baptism

. Education (“Nursing Fathers & Nursing Mothers”)

. A Living Creature (a four-headed Zoa)

. The Two Witnesses subduing their enemies

. The Lord’s Supper

. The Angel of the Divine Presence, “having a writing tab-

let & taking account of the numbers who arise . . . 1s fre-
quently call’d by the Name of Jehovah Elohim”

(“Mary, Joseph, John the Baptist,
Zacharias & Elizabeth”)

. A Living Creature “on the Left of the Throne Gives to

the Seven Angels the Seven Vials of the wrath of God”
A woman with children fleeing from the Wrath; “these
represent those who, tho’ willing, were too weak to Re-
Jject Error without the Assistance & Countenance of
those Already in the Truth”

. Michael

ollyon, “foiled before the Sword of Michael”

A
. Tge Book of Life

. Three figures bowing in humiliation before the record of

their good deeds

. The Book of Death, uttering “Lightnings & tempests”
. Two Pharisees “‘who plead their own Righteousness be-

fore the throne”
achin and Boaz
he Four and Twenty Elders “sitting in judgment”

. Adam
. Eve
. Three plagues poured from the Vials of Wrath: Labor,

Materialism, and Hate

. Cain, “falling with the head downward”
. Araunah casting out the chaff, ““the vanities of Riches &

Worldly Honours”

. The Cross, on which the Serpent is nailed
. Satan, wound round by the Serpent
. Eliakim, the Son of Hilkiah, who ““drags Satan down

headlong”

. Sin, dragged down by the hair by a demon with a key
. Death, dragged down by a demon
. Time, dragged down by the same demon

Og, king of Bashan, with the sword of Justice

. Cruel laws, as “‘three fiery fiends with grey beards &

scourges of fire”
Moses, “casting his tables of stone into the deeps”

. A male and female, ““chain’d together by the feet; they

represent those who perish’d by the flood”

. Hazael the Syrian, ‘“‘a fiend with wings,”” who “urges the

wicked onwards with fiery darts’; he “drives abroad all
those who rebell against their Saviour”

. Achitophel, with the cord in his hand

. Caiaphas “has a Blue Flame like a Miter”

. Pilate “has bloody hands that never can be cleansed”

. Babylon and other kingdoms

. The Inquisition, “dragging up a Woman by her hair”

. The Inquisition; two men contending even on the brink

of the Pit

. A Cruel Church; a man strangling two women

Four Angels “descend headlong, with four trumpets to
awake the dead”

. “The Harlot nam’d Mystery in the Revelations”
. Vegetative Existence (““Two Beings each with three

heads”)

. Mystery’s kings and counsellors
. The Dragon with seven heads and ten horns
. Satan’s book of Accusations

Gog

. Magog

THE LAST JUDGMENT’

55-
. “A Youthful couple . .. awaked by their Children”

57-

58.
. “A Man & Woman; these are the Primitive Christians”
6o.
61.
62.

63.
64.

65.

66.

67.
68.

69.

70.
71.
72.

73-

74-

75-

76.

77

78.
79-

80.
81.

The skeleton animating

“The two Figures in purifying flames by the side of the
dragon’s cavern represents the Latter state of the Church
when on the verge of Perdition, yet protected by a Flam-
ing Sword”

Albion awakened by Brittannia

Eljjah; “he comprehends all the Prophetic Characters’
Abel, “surrounded by Innocents”

Seth. “This State call’d Seth is Male & Female in a high-
er state of Happiness & wisdom than Noah, being nearer
the State of Innocence . . . The figures of Seth & his wife
comprehends the Fathers before the flood & their Gener-
ations”

“The two Seasons of Spring & Autumn”’

The Church Universal as the Woman in the Wilderness.
“There 1s such a State in Eternity: it is composed of the
Innocent civilized Heathen & the Uncivilized Savage,
who, having not the Law, do by Nature the things con-
tain’d in the Law”

“Between Seth & Elijah three Female Figures crown’d
with Garlands Represent Learning & Science, which ac-
companied Adam out of Eden”

“Two figures, a Male & Female, with numerous Children;
these represent those who were not in the Line of the
Church, & yet were Saved from among the Antediluvians
who Perished”

““A female figure represents the Solitary State of those
who, previous to the Flood, walked with God”

Noah, with Shem and Japhet; “these three Persons repre-
sent Poetry, Painting & Music, the three Powers in Man
of conversing with Paradise, which the flood did not
Sweep away”’

The Four Seasons, “the Changed State made by the
flood”

Abraham

Hagar and Ishmael

“Jacob & his Twelve Sons hover beneath the feet of
Abraham”

Abraham’s Posterity. “The Children of Abraham, or He-
brew Church, are represented as a Stream of Figures, on
which are seen Stars somewhat like the Milky way; they
... Represent Religion, or Civilized Life such as it is in
the Christian Church, who are the Offspring of the
Hebrew”

“On the right hand of Noah, a Woman with Children
Represents the State Call’d Laban the Syrian; it is the
Remains of Civilization in the State from whence Abra-
ham was taken”

“Three aged Men who appear as suddenly emerging
from the blue sky for their help. These three Aged Men
represent divine Providence as oppos’d to, & distinct
from, divine vengeance, Rpresentec{J by three Aged men
on the side of the Picture among the Wicked, with
scourges of fire”

“A Mother Meets her numerous Family in the Arms of
their Father; these are representations of the Greek
Learned & Wise, as also of those of other Nations, such
as Egyﬁt & Babylon in which were multitudes who shall
meet the Lord coming in the Clouds”

“On the right hand of Noah A Female descends to meet
her Lover or Husband, representative of that Love call’d
Friendship, which Looks for no other heaven than their
Beloved & 1n him sees all reflected as in a Glass of Eternal
Diamond”

Lovers reunited, or the Soul reunited with the Body
“Three Females, representing those who are not of the
dead but of those found alive at the Last Judgment; they
appear to be innocently gay & thoughtless, not being
condemn’d because ignorant of crime in the midst of a
corrupted Age; the Virgin Mary was of this class”
Mahomed, beneath Ishmael

The Seven Eyes of God
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Catalytic properties of metallosilicates
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Abstract

Metallosilicates with MFI structure containing metal atoms such as Ni, Co, Cu, Zn-Cu and Zn in
framework have been synthesized with various metal/silicone (Me/Si) ratios (up to 0.1). The acidities
of H-form metallosilicates were evaluated by some acid-catalyzed reactions (decomposition of
2-propanol, cracking of cumene and isomerization of 1-butene). The Zn-Si catalyst showed the highest
acidities among various metallosilicates. In the metallosilicates-supported noble metal catalysts,
5%Pt/Zn-Si and 0.1%Pd/Cu-Si catalysts showed the highest activities for hydrodesulfurization of
thiophene and hydrodechlorination of chlorobenzene, respectively.

Keywords: Metallosilicates, MFI structure, Catalytic properties,

1 INTRODUCTION

The isomorphous substitution of the framework
atoms has become very efficient method of
modification of molecular sieves and manufacturing of
novel materials. The valence, electronegativity, size,
nature of the introduced metal atom significantly
affects properties and stability of resulting materials.
Although the aluminosilicate zeolites remain still the
most important group of the molecular sieves,
according to the classification they are only one family
of metallosilicate. The MFI structure is susceptible for
isomorphous substitution and quite a number of
metallosilicates (e.g. Ti-Si, Fe-Si, B-Si, Ge-Si, Ga-Si)
have been obtained"®. Some of the metallosilicates
show the remarkable catalytic activities and high
selectivities for the mild oxidation (Ti-Si)® and

>klDepartrnent of Applied Chemistry, Muroran Institute
of Technology, Muroran, JAPAN.
E-mail address: msugioka@mmm.muroran-it.ac.jp
kanda@mmm.muroran-it.ac.jp
*2Faculty of Chemistry, Adam Mickiewicz University,
Poznan, POLAND.
E-mail address: skowalak@amu.edu.pl

aromatization of hydrocarbons (Ga-Si)®. We have
reported that catalytic activities of Zn-Si modified with
cations for various reactions and the effect of cations
on the activity of supported platinum catalyst for
hydrodesulfurization (HDS) of thiophene”. The
samples that showed the most pronounced acidity
appeared high activity for the HDS reaction.
Furthermore, synthesis of metallosilicates (Cu-Si,
Zn-Si and Zn-Cu-Si) and its catalytic activities for NO
reduction were studied®. However, catalytic
examinations of metallosilicates for various reactions
are not sufficient to understand catalytic properties of
metallosilicates.

In the present paper, we studied the synthesis and
characterization of metallosilicates such as Ni-Si,
Co-Si, Cu-Si, Zn-Cu-Si and Zn-Si. The samples were
examined as catalysts for decomposition of 2-propanol
(2-PA), cracking of cumene and isomerization of
1-butene to evaluate the acidity of metallosilicates.
Furthermore, hydrodesulfurization (HDS) of thiophene
and hydrodechlorination (HDC) of chlorobenzene over
noble metal supported on metallosilicates were
examined to obtain information of effect of support on
the catalytic activities of noble metal catalysts. In the
case of the HDS and HDC reactions, the
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metallosilicates were used as a support for Pt and Pd
catalysts.

2 EXPERIMENTAL

2.1 Preparation of metallosilicates

The conventional hydrothermal preparation
procedure was applied for syntheses, described
earlier®®. The initial gels were formed from solutions
of silica source (water glass, fumed silica, Ludox,
H,SiFy), source of metal (Zn(II), Cu(II), Co(II), Ni(II))
and tetra-n-propylammonium bromide (TPABr) as a
structure directing agent (template). The inorganic
acids (H;PO4 or H,SO,) were always admitted into the
initial mixture in order to adjust the pH of the gel to the
value of 11. The metal(Me)/Si ratio of the initial
mixture varied in the range of 0.0-0.1. The resulted
materials were washed with distilled water till pH=7-8,
then dried overnight at 75 °C and finally calcined at
450 °C to remove the template. The H" form samples
were prepared by ion-exchange with 0.1 mol/l NH4Cl
solution. The products were characterized by means of
standard methods such as XRD (Tur M-62 with CuKa),
SEM (Philips SEM-515), FT-IR (Bruker, Vector 22,
KBr), UV-vis (Varian, Carry 100, diffuse reflectance),
DTA, TG (Setsys 12, Setaram, air atmosphere).

2.2 Preparation of supported noble metal
catalysts

Supported noble metal catalysts were prepared by
an impregnation method using H,PtClg*6H,O and
PdCl, aqueous solution. However, PdCl, was dissolved
in 1.0 mol/l HCI aqueous solution because PdCl, dose
not dissolve completely in water. The amount of metal
loading was as follows; Pt: 5 wt%, Pd: 0.1 wt%. After
impregnation, the samples were dried at 120 °C
followed by calcination at 450 °C for 4 h. Supported
noble metal catalysts were reduced by hydrogen at
400 °C for 1 h before the reaction.

2.3 Catalytic activities of metallosilicates

The catalytic activities of metallosilicates were
evaluated by 2-PA decomposition, cumene cracking,
I-butene  isomerization, thiophene HDS and
chlorobenzene HDC. 2-PA decomposition (250 °C) and
cumene cracking (400 °C) were carried out using a
pulse reactor. In both reactions, the catalysts (0.03 g)
were pretreated at 400 °C for 1 h in helium stream
before the reaction. We used SiO,°Al,0; (JRC-SAL-2,
13%Al1,05) as a reference acidic catalyst. 1-butene
isomerization was carried out using a Pyrex glass
closed circulation system. 0.05 g of catalyst was
evacuated at 400 °C for 2 h. After evacuation, 1-butene
isomerization was carried out at 100°C and the initial
pressure of 5.3 kPa. Thiophene HDS was carried out at
350 °C using a conventional fixed bed flow reactor
under 0.1 MPa. Reaction conditions were as follows:
catalyst weight = 0.1 g, H,/thiophene = 30, W/F =37.9

geh/mol. Chlorobenzene HDC was carried out using a
pulse reactor at 250 °C. In all reactions, reactants and
products were analyzed by gas chromatograph.

3 RESULTS AND DISCUSSION

3.1 XRD patterns of metallosilicates

Fig. 1 shows the XRD patterns of metallosilicates.
The XRD patterns indicate that synthesized products
show the MFI structure with good crystallinity of
samples at low metal loading ((a), Me/Si = 0.01). The
formation of metallosilicate with MFI structure is
difficult at higher Me/Si ratio (Me/Si = 0.05, Zn/Si =
0.03) as shown in Fig. 1 (b). The samples with higher
metal content required longer crystallization time and
always contained some admixture of amorphous
material. The crystallinity of the samples depends on
the kind of metal. XRD data indicate lower
crystallinity of the samples containing Zn and Co as
substituted heteroatoms.

(a) Me/Si=0.01
kind of Me
E)
=
iy
=
3
=
4 14 24 34
2 Theta
(b) Me/Si=0.05
| Kkind of Me

';:‘ l Co
S
z | Ni
=
s Zn-Cu
=

Cu

Zn (0.03)
4 14 24 34

2 Theta

Fig. 1 XRD patterns of metallosilicates.
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3.2 FT-IR spectra of metallosilicates

Fig. 2 shows the FT-IR spectra of metallosilicates.
The IR spectra of the products do not provide any clear
evidence on the presence of heteroatoms in the
framework positions. The bands at ~ 960 cm™ hardly
noticeable in spectra can reflect the Me-O bond
vibrations"®'”. The shoulder peaks at 960 cm™ were
observed in the FT-IR spectra of synthesized
metallosilicates. Instead, we have noticed an
interesting behavior of the asymmetric stretching bands
at ~ 1100cm™. This band is attributed to the framework
tetrahedral TO,. In the case of zeolites, silicate, AIPO,
and many other zeotypes, the band is sharp and single
without any shoulders. Such shape is also seen in
spectra of zincosilicate. However, in the spectra of the
other series of metallosilicates under study we can
notice a splitting of this band. Perhaps, it reflects the
lower homogeneity of the framework O—Me-O-Si-O
bonds than the analogous bonds (-Al-O-Si-) in zeolites.
The split in main stretching bands can be considered as
an argument supporting the framework position of the
heteroatoms. If the metal atoms were sitting in
extra-framework positions, the bands should be similar
as that in silicate, i.e. the single ones. These results
indicate that heteroatoms incorporated into framework
of MFI zeolite.

3.3 SEM images of metallosilicates

Fig. 3 shows the SEM images of metallosilicates.
The morphology and crystallite size of the products
depended on nature of the introduced metal. Usually
the samples of the metal rich products formed large

kind of Me

Intensity [a.u.]

1400 1200 1000 800
-1
Wavenumber [cm |

600

Fig. 2 FT-IR spectra of metallosilicates
(Me/Si=0.01).

aggregates. The Co-Si catalyst showed very large
crystallites which could affect their catalytic efficiency.
Furthermore, the Zn-Si showed the larger crystallites
than Cu-Si®. Thus, low crystallinity of Co-Si and
Zn-Si (Fig. 1) were explained by high metal content in

the SiO, framework.

3.4 Thermal analysis of metallosilicates

The thermal analysis in air indicate that the
decomposition of organic template takes place in the
range of 350 — 500 °C as shown in Fig 4. In all
samples, it is reflected in very distinctive exothermic
effect (DTA, ~390 °C) and significant weight loss (TG).
However, weight loss was hardly changed with
increasing temperature (~500 °C). This indicates that
metallosilicates show a good thermal stability. The
exothermic effect is proceeded with an endothermic
effect at ~420 °C, which can be attributed to desorption
of template oxidation products. The differences in
temperatures of these effects are significant for the

samples with the same metal loading.

3.5 Catalytic properties of metallosilicates
3.5.1 Acidic properties of metallosilicates

The acidic properties of catalysts can be evaluated
by dehydration of 2-PA, which proceeds on both Lewis
and Brensted acid sites, and cumene cracking, which
proceeds only on Brensted acid sites. Fig. 5 shows the
catalytic activities of metallosilicates for 2-PA decom-
position at 250 °C. Zn-Si catalyst showed remarkably
high dehydration activity. This indicates that Zn-Si

have higher acidity than other metallosilicates.

Fig.3 SEM images of metallosilicates (Me/Si = 0.01).
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However, the activities of other catalysts, except
Zn-Cu-Si, were very low. Furthermore, the products of
2-PA  decomposition over Cu-Si catalyst were
propylene and acetone. It is known that 2-PA molecule
is dehydrogenated to acetone on metal particle and/or
basic site. It was reported that, in the 2-PA
dehydrogenation over Cu catalyst, CuO and Cu,O act
as active sites"”.

. Ni/Si = 0.01
,\usc
DTA
500°C
TG
425°C
0 200 400 600 800 1000

Temperature [°C]

387°C Cu/Si=0.01

419°C

0 200 400 600 800 1000
Temperature [°C]

392°C  Cu,Zn/Si=0.01

0 200 400 600 800 1000
Temperature [°C]|

Fig.4 Thermal analysis of metallosilicates.
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100 O 2-PA to acetone
80
S
= 60 |
.2
g
Z 40 |
o
O
20 F
0

Ni Co Cu Zn-Cu Zn

Fig. 5 Catalytic activities of metallosilicates (Me/Si =
0.01) for 2-propanol decomposition at 250 °C.
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Fig. 6 Catalytic activities of metallosilicates (Me/Si =
0.01) for cumene cracking at 400 °C.

Thus, small amount of extra framework CuO and
Cu,O species probably exist in Cu-Si catalyst, or Cu
atom in framework act as active site as well as Cu
oxides. The Co-Si catalyst showed the very low
activity for 2-PA decomposition. The order of
dehydration activities of metallosilicates was as
follows; Zn-Si > Zn-Cu-Si > Cu-Si = Ni-Si >> Co-Si.

Fig. 6 shows the catalytic activities of metallo-
silicates for cumene cracking. The cracking activity of
Zn-Si catalyst was remarkably higher than that of other
metallosilicates. The order of catalytic activities of
metallosilicates for cumene cracking was almost the
same as that for 2-PA dehydration. Thus, Zn-Si catalyst
has higher Bronsted acidity than other metallosilicates.
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It was reported that the Bronsted acidities of
isomorphous substituted ZSM-5 zeolites were
theoretically explained by polarization of incorporated
metal ion and this result was agreed with experimental
data®. Thus, acidity of metallosilicate would be
explained by polarizability of incorporated metal ion.
However, since we did not evaluate the metal content
in samples, there is a possibility that the metal content
in metallosilicates differ form Me/Si ratio. Therefore,
the polarization and metal content are necessary to
explain the order of acidities of metallosilicates
evaluated by model reactions.

We used SiO,°Al,0; as reference acidic catalyst to
compare with metallosilicates. The catalytic activities
of Si0,°Al,O; for 2-PA decomposition and cumene
cracking were remarkable high as shown in Fig. 7.
These activities were higher than those of
metallosilicates. These results indicate that the acidities
of metallosilicates were weaker than that of
SiOZ’A1203.

Furthermore, it is well known that 1-butene
isomerization proceeds over both acidic and basic sites.
The order of catalytic activities of 1-butene
isomerization at 100 °C was Zn-Si > Zn-Cu-Si >>
Cu-Si > Ni-Si > Co-Si as shown in Fig. 8. This result
also agreed with the results of former reactions.

100

80

60 |

40

Conversion [%]

20

2-PA Cumene

Fig. 7 Catalytic activities of SiO,*Al,0; for
2-propanol decomposition at 250 °C and cumene
cracking at 400 °C.

3.5.2 Catalytic properties of noble metals
supported on metallosilicates

Thiophene HDS®'?!Y and chlorobenzene HDC!'®
are proceeded over noble metal catalysts supported on
acidic carrier. Thus, we evaluated the -catalytic
activities of noble metal supported metallosilicates
with different acidities.

100
80
S
= 60 |
S
5
Z 40
]
@)
20
0

Ni Co Cu Zn-Cu Zn

Fig. 8 Catalytic activities of metallosilicates (Me/Si =
0.01) for 1-butene isomerization at 100 °C.

Fig. 9 shows the catalytic activities of platinum
supported on metallosilicates for thiophene HDS at
350 °C. The HDS activity of Ni-Si catalyst was
remarkably higher than those of other metallosilicates.
In the petroleum industry, sulfided Co(Ni)Mo/Al,O3
catalyst has been widely used in the HDS process®. In
these catalysts, Co and Ni act as promoter to create
highly active “Co(Ni)-Mo-S” phase. Thus, high HDS
activity of Ni-Si catalyst can be explained by
sulfidation of Ni species. However, Co-Si catalyst
showed the very low activity for thiophene HDS. The
crystallite size of Co-Si was larger than those of other
metallosilicates. Thus, since diffusion of reactant into
Co-Si catalyst is difficult, Co-Si catalyst showed low
activities for some acid-catalyzed reactions (2-PA
dehydration, cumene cracking and I1-butene
isomerization) and HDS reaction. In the supported Pt
catalysts, the order of HDS activities was as follows;
Zn-Si > Ni-Si > Cu-Si = Zn-Cu-Si > Co-Si. We have
reported that Brensted acid site plays an important role
in the highly active supported Pt HDS catalyst”!?!D).
However, Pt/Zn-Cu-Si catalyst, which has higher
Bronsted acidity than other catalysts, showed lower
HDS activity than Pt/Ni-Si catalyst. Some methods of
dealumination of zeolites, such as thermal treatment,
steaming, acid treatment and SiCl, treatment, were
reported(lz)(13). We used H,PtClg*6H,0 solution (pH =
1) as a Pt precursor to prepare supported Pt catalyst.
Thus, in the impregnation of Pt, demetalation from
metallosilicates would be caused in the catalyst
preparation with H,PtClge6H,O solution. Thus, since
acidity of metallosilicates would be changed by
demetalation, the order of HDS activities of
Pt/metallosilicate catalysts was not explained simply
by the order of acidity of metallosilicates.
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Fig. 9 Catalytic activities of Pt/metallosilicates and
metallosilicates (Me/Si = 0.01) for thiophene HDS at
350 °C.

We also examined the catalytic activities of
Pd/metallosilicates for chlorobenzene HDC at 250 °C
as show in Fig. 10. The HDC activity of Ni-Si catalyst
was the highest among those of metallosilicates.
However, in the supported Pd catalyst, Pd/Cu-Si
catalyst was showed the highest HDC activity among
supported Pd catalysts. It was reported that Cl atom on
Cu surface in Pd-Cu/SiO, catalyst was removed by
hydrogen which is activated on Pd surface"?. Thus,
since Pd and Cu atoms in Pd/Cu-Si catalyst act as
active sites for the HDC of chlorobenzene, the HDC
activity of Pd/Cu-Si catalyst was the highest among
those of Pd/metallosilicate catalysts. However, the
Pd/Zn-Si and Pd/Zn-Cu-Si catalysts showed lower
HDC activities than other Pd/metallosilicates. This
result may be explained by decrease of acidity which
was caused by poisoning with Cl atom.

4. CONCLUSIONS

The metallosilicates with transition metals (Co, Ni,
Cu, Zn-Cu, Zn) in the framework can be obtained by
hydrothermal crystallization and the MFI structure can
be attained at as high Me/Si ratio as 0.05. The products
show a good thermal stability. They can be modified
by cation-exchange which confirms the framework
localization of the metal atoms. The order of acidity of
metallosilicates was as follows; Zn-Si > Zn-Cu-Si >
Cu-Si > Ni-Si > Co-Si. On the other hand, in the
metallosilicates-supported noble metal catalysts,
5%Pt/Zn-Si and 0.1%Pd/Cu-Si catalysts showed the
highest activities for the HDS of thiophene and HDC
of chlorobenzene, respectively.

B Activity of metallosilicate

0 O Activity of supported Pd catalyst

30 F

20

Conversion [%]

10

o Lo | ||

Ni Co Cu Zn-Cu Zn

Fig. 10 Catalytic activities of Pd/metallosilicates and
metallosilicates (Me/Si = 0.01) for chlorobenzene
HDC at 250 °C.
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Production of Green Hydrogen (Part 2)
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Abstract

FSUBEH SERK204E11H7H)

Methane decomposition over metal oxides-supported nickel (Ni/MOx) catalyst was studied to produce
green hydrogen without emission of carbon oxides. The Ni/TiO, catalyst showed the highest activity
for methane decomposition among Ni/MOx catalysts and this activity was higher than that of
Ni/HZSM-5 catalyst. The catalyst life of Ni/TiO, was longer than that of Ni/HZSM-5. Furthermore,
catalytic life of Ni/TiO, for methane decomposition were improved by Pd addition. Improved catalytic
life of Ni/TiO, by Pd addition were caused by formation of Ni-Pd alloy particle.

Keywords: Methane decomposition, Supported nickel catalyst, Metal oxide, Green hydrogen

1

[l

(b7 R DIRBERFIZ A U D (b IR 3 (CO,)
ZIT L L LIIRERRE T A2 X0 | HEKIRBE
fEMBIEEZ SN TN D, FHHEEEICITRE
NI AHEH B A 2008 457> 5 2012 45 £ TO -
P T 1990 4E L ~L D 6%HIHT 5 = & A H A
ODHELLTEITFORTHWEVD 20w,
IEEBREHC D 5 7 U — ik IR L

BT3RS AR
E-mail: msugioka@mmm.muroran-it.ac.jp
kanda@mmm.muroran-it.ac.jp

*2E7E : Fuculty of Agricultural and Biotechnology,
University Darul Iman Malaysia, MALAYSIA.

— & L TKREM)BEH SN TWD, HE, K
F 0 MR AR O KRR UE SOEE() B
KO IRFE(COYD KA A7 b (K
QYIC LY KEICRES ATV S,

CH, + xH,0 — (2xty)/2H, +xCO (1)
CO +H,0 — H,+CO, (2)

L L7ed B, EREOFIE T CO, 2T %
7o, HEOZ Y —rmx X =13 E 5120,
ZD=®, CO,ZPH LN Y — 2 kFEDH
EEORENLEEN TS, ROITRT X I,
AL fRBEEIE T CRG &85 EAKRFE LR



TA<VY TT RV BT 4 A=, IHEEHR, MEER, MER, LEhR, IER

TS nNdied, 7V —rkFEED &
NTED, EBIT, ZORIETEONTZKEID
1L CONEENW=D, BREVEIZHEHR T2
BRICAFITH D,

CH4 i 2H2+C (3)

%’ﬁﬁi€ﬁ§4F::y#w@m%ﬁ%
L7 il X & o 3 TG ML D W CTRRET L
HZSM-5% fH{K(Z ﬁHu\‘ékmu\/ﬁM: Y AA)
ZEEHLMILEY, 22T, AR TIES
DICETEE e 2 BRI 5720, Fix D&
FE L) (MOx)HEFENIfI I D A & G5 i Re 1
WTCRFET L, NY/HZSM-SRBEDTE M & bhik U7z,

2 EB

FHEFNI il I LA =~ 77 L (Ni(NO3), - 6H,,0)
ERWEERIBEICE > TR L7z, M
7 V0 A(PAfEIIIE(L YT 2T A(PACL) E H
W ERIETHREL L, HHEENI-PAfil i 3 i s =
VB X O NT VT A DIRATRIR = H
WCHRRL L 7=, &8 OHEENIfE, FHEPdfid
I E X OV FFNI-PA fil #8213 120°C TRz L |
500°C T4l BER L7z, 7Zods. NioHE &I
Iwt%~40wt% & L7z, A & OGRS IE
AR & RIERIC RS & BRE X 12 L7 F TR E
PR R E & T T - 720, HEENifik
BEFS O FENI-PAfif i 13.500°C C 1R K g
7t L SO 2, BOBREE 1$500°C~550°C,
filii 8:130.01g~0.3g, A ¥ > i %20ml/min®>

S CRISEAT ST, REIGD A X 38 XU
B U 72 KB O3 M XG5 77 7 2 (1m, 100°C)
BAREHFE LI A7 v~ v 7 7(TCDIZ L VAT
W, F U T — AT EEE VT,

3 BREEZE

3.1 &R =y F Ao X &2
53 FRTE M
Ni/MOy i D A 2 o 43 i vk o #2854k %
Fig. 11ZRT, NY/TIO Ml i mv e 2 Rd &
i & T D NYSIO il iE@ X 0 ) & W ig e
BT EBALMNE T,

25

—_ N
(&} o

o

Conversion (%)

Time on stream (h)

Fig. 1 Decomposition of methane over MOx-
supported Ni catalysts at 500°C (catalyst weight =
0.3 2). (@) 10%Ni/TiO,, (A) 10%Ni/SiO,, (H)
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Fig. 2 Catalytic activities of 10%Ni/MOyx for methane decomposition at 500°C (catalyst weight = 0.3 g).

(m) After reaction for 10 min, (0) After reaction for 8 h.
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Fig. 3  Effect of support on catalytic life of
10%Ni1/TiO, and 10%Ni/HZSM-5 for methane
decomposition at 500°C (catalyst weight = 0.3 g).
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Fig. 4 Effect of support on catalytic life of
10%Ni/TiO, and 10%Ni/HZSM-5 for methane
decomposition at 500°C (catalyst weight = 0.01 g).
(@) TiO,, (A) HZSM-5.

10%Ni/HZSM-5 il 35 32 TN 0%N1/ TiO,fift g &
HBAIZKGRFE ORE E & HICKIET D DN
I AL. WO & KOG BR AR TIRERT % 12
XA X U RRIEVE R RS 72 I D Z E AL
el oiz, LINo T, T A&
0.01g CRUGRZ ATV, AlTENE 35 L O O FEAMh
AT o T, —FH. RIGHBERZIZE T 5
10%Ni/ TiO il B DIEMEAR T 1310%Ni/HZSM-5fi:
BOBE I BN TH DL ENbhoT,
BT, PUNREESS0C T A X iR & 4T
VN, I D ORI E D LR AT o T2, T DR
. 10%Ni/TiO X 10%Ni/HZSM-5 £ V) & &\
P REWHEMEAT DI LD, Bl
Pz 9 2 & BB 5k 72 5 72 (Fig. 5).

Z O R OE W TR O AL I I &
HHDOThHHEBEZLND, HZSM-5EA T A
MIFERET VI 22U 7 — R TH Y| ERRR
D2 DHIFLGIFLEL0.56 X 0.53nmFs L 00.55 X
0.51nm)A3 ¥ 7 % 7B L 7= L& 2 A L



TAYVY TT WV Br T A=, PR, SRR, RN, RES R, MRER

TW5b, £lo. A X RS ONI/HZSM-5
D R ENIZIRKRBEOREZENMIIHTEZ &%
LML TWDES, 2D, A X 43Rk
S &0 AR U7z R FEASHZSM-5 DAl fL & FE <
728, Ni/HZSM-SHREE Tl UWIEVEIR T 23w
wIhieBZEx b, —F, TiOITHZSM-5
L0 HHALBITIEF TR E <, RENTHIZL D
AFLOPAZEN L Z 0 12 < W2 NYTIO, fill it o
JAE IINIV/HZSM-5 I 12 0 S50 2 2 %
EEZLND,

25
20
S [
§1° °
()]
5§ M e
gm A
3 a °
5 A [
A
A
0 " “ s. 1 1
0 2 4 6 8

Time on stream (h)

Fig. 5 Effect of support on catalytic life of
10%Ni/TiO, and 10%Ni/HZSM-5 for methane
decomposition at 550°C (catalyst weight = 0.01 g).
(@) TiO,, (A) HZSM-5.
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activity of 10%Ni/TiO, for methane decomposition
(catalyst weight = 0.01 g). After reaction for (@)
10 min, (A)2hand (H) 7 h.
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Fig. 8 XRD patterns of reduced Ni-Pd/HZSM-5
catalysts. (a) 5%Ni, (b) 5%Ni-5%Pd, (c) 5%Pd.
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Municipalities Tackling Conflicts with Wildlife in Hokkaido

Masato KAMEDA
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In February 2008, a law was implemented to encourage municipalities to prevent agricultural damage
caused by wild animals. It was accompanied by a subsidy program to help municipalities undertake
measures of their own choice. We conducted a survey with all the municipalities in Hokkaido on their
responses to the law and the program. The result shows: (1) the number of applicant municipalities for
the subsidies were small, compared with those that had been tackling conflicts with various wild
animals. (2) A few municipalities are planning to take some newer kinds of measures. It may indicate
the beginning of a change in the context of wildlife management. (3) The municipalities have a lot of
requests concerning the program to the central and the Hokkaido governments. There is a need for
them to comply with the requests, as long as they are consistent with wildlife conservation.

Keywords: Conflict, Wildlife conservation, Municipality, Hokkaido
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Proposal of Flood Hazard Map and Investigation
of Evacuation Countermeasures in Wakkanai , Hokkaido

Noriyuki OHTA

(URFaszfTH 2046 H 20 H

FROCZEE  ER204E11 7 B)

Abstract
Abnormal weather might be generated by the influence of global warming in various places. The flood
damage by the heavy rain happened frequently in the local city. This paper presents the method of
making the flood hazard map of Wakkanai, Hokkaido, based on the rainfall which has a statistical
probability of being equaled 1 time in 30 years on average. Evacuation countermeasures of Wakkanai
City were also examined by the flood analysis result. The examination is not only water depth on the
hazard map but also flow velocity for safe walking resident's evacuation, and considers about the

evacuation possibility.

Keywords: flood hazard map, depth, flow velocity, Wakkanai

1 1ZC®IC

HIER IR AL D 528 Z K » THE OB 0E |
SR ORAEPITFIMERIZH 0 | BokiFEOL
ENBEESNTWD, HrodbiEix, AN
U I 3% < . o A KR EEE AT 572
B, WOKBNFEAE LS AITIE, WEEIRBRICZ T
AR

R 15 AFITITRE 10 512 K D ek 72 e R 5
MARAL, HE - HBy iRl EL2 L7
5 L7z, A% bIbiEE N A M CHk g E N £
LRNNBHDH, LovL, BENOHIGHE T 2 B9
ZHINEDIE, {AE B EEFA AN & < A& f
H I TR N2, ~— RxPR 72T Clriutk gk

*] HEEEY R T A TR

EEMHT LN LS 2o TETCND, O
720, Wk — R~ v AL DEROE R0
HATENOFREHE D Y 7 MR IS 3R O BN
BME-S TS, Fiz, BKFFOFEROBEITENIC
I, RAPEL & HILEKOTEEH WG AT
WA OGERMEDN SV | B TEN A A4 T DR
ThHrZEbHMbLNTVND,

AHEX, FHMEE L CAbEEREN T O
Ei = B R Nt e (1D | | /A AN S || B o~ P
AANTFE D S KIL T 2 F87E L 7= SR IR E IR /K K3 X
OIEREATH) 2t BIE 35, £7-, B L=
KA ERAKKIE X EE S & . HEN AT 1)
HIRIKIRD T2 59, LK DOFGHEICOWTH K
ML, WMEEZRS LADLEEMEND, k3t
#% OBEEEDO FTREMEIZ OV TR 21TV, (ERO%E
RIRREFHATENC T D LD TH D,

— 115 —



2 HEPT R OB 43| [ o g ey
Il =i

Il 5o g i oy
— v

[ =

B 1 CBAKIREEfRET XI5 T o 5 7 B 2 VI OAL
B xR T, RIS ERT D HEN I AbEE &b
frE L, mREK 760km?, B EHRIR 7, 471
FE/KE: 1200mm, A 4.1 FANOHE T TH D, HE
WO FIZIE, ZREBENIEN->TEL, fEid
ROMEEHT5H, HEITHEEIEE K O E Eia
ENDRER SN2, WEFFAMETH Y | R EREITE
RARAKR D HDREA D 7o HLRKBETIME L, D& T2
OENICAEDbND &, EENS O KBBRFH
P& IND,

RG 3D 7 A OV INTERK 19 4R B2 i1
WZHRE S LTI CL PR AE R 4.0km, Pies i fE T
49km?> Th 5, Flio HHF L, LAk 57%.
AN 43% TH O, RisuIIik» gL L, H
PRI B I T TOHFEIRWVICEENEE
LTkY ., THti3KEM TS, A3k - B M1 7 nIE
7R EMRNIH LTV A, RN B E R B 23/ &

o i | 7 VS i - T =
WA ORI TR SR L TR0 2, T Agae g |, 24N [ ERAKSER
R AT~ BRI LT 5, L

BLE, 7B o OB E Y238 E S, 1994812 34 23
FE2 G IR FERARRE B O 2 516 (KREX 4 1995.8.31 42 2
1D No.1 Hif5) F T 1.05km KL, 50 e 1996.8.18 97 25
M kST 2 Bk it & 2 Bl 3 2 Wrm |2 o fs & 2000.10.1 86 23
D, TAIUT KD BRI S, K2
TFELLEEINDZ LI D, ST 1

HEPTT RO AN « Hh TS 2 L 2T 5 2 _—
D7 Y VIR EREIT, e ETORED 10 B pre: i
EORA % BT 5, fEoT. ZOBREICERIC X o | g gt — T
BAMKIIEAVE U A Bk, BRI OFEE, A e
FRUCHES L AR A 2 TR < 2 & % R R
DERAK L Bbhs, % —— T

an
3 HoOKEEH PR 0
30 FEE 30 EREESTROR e

VEATLARAT 21T 5\ 1E, SRR OB E %17 SD
SMHEN DD, AN OBE, B, KA "
O EIRETH 5 50 F-feE RN Q4 RfHI N &) 2 £ H
T 208, FINEBIROBKBGRE NN S W, 1 v
ARWETIT 30 EREREREZRAT 5, FERIE, g }/

TEF]

FERHE 1977 4E~2006 4 YOHENTH DAER K 24 Sambel
M EEZ X 2 IR EERMESREK Elc7 e v b 1
L. BAMED b2 FaEfixb B < HH9 2% Gumbel

HEICE Y re=116mm/24h L RE LT, 2 FENTHIZEIT D 30 FERERIEN

iy
50 116 200 {mm)

— 116 —



ALHEEHEN T OB AV — B~ TR & ONREEEHC B3 2 B4

32 kNS FurI7370RE

A FEIB P X AR SCBLRI T 2SFEE L2 Te o
VT BRI D/8F A —% O%UaH L, kDK
() & RQITRTIREBEBEN S, 7 A IlDoN
A RFar I 7% #ET L, 7B, ROTORENE
rOIZIE . F VIR LI S FRoORNELZFEH L, &~
D 24 FEE RN R % 30 FMERMERN = 116mm (25] X
RIEL Tkt EA B Lz, ZOfRRICE S,
5 201 D o TR KPR B 49m’s & 7159 2000 4F 10
H 1 AOBERAY— %ML, HEELEZAA R
0777 %K 3T,

ASUATL) iy eeeeneeee O
dt
S=Fk- ql’ ......................... ?)

20z, S i Emm), ¢ 3R Emm/mb), 7

;_.:._ &) ﬂ)"" '. i T b e

ik i __\PISOUIS,@ R
e /4L FE0 o0 B

4 KK E s

F2 KR TRED & E L

XA R Emm/h), R (), Ty I EERER (h)
TENENRT,
100 - — = 0
20 'F!I' N
80 TR (5l EHIELE%)
70 1 40
& 60 SR 60 ¢
% 50 B | £
@40 /\ % ?é'
L 100 &
20 1 120
10 1 140
0 ‘ :
0 5 I%%Fﬁ(hr) 15 20

X3 20004 10 A 7 o ikt Ka 75>

3.3 BKREKALOEE

B 4 (3K OEEM A Z RS, Zhb i
FUCITNE W E OFE TR TH D, X O A
FEAEAR v 7 AJ " — REREMEZ R R L, FLF]D
TR R SP A DWW TUIA DB AN 1 HL Y g
5OEEm) Z R THIS TH D, Ry 7 AHL—
ME IR FZAABR L 0 Tl 5 Ak E S TR
D, DR EINORAT 2K L T\ 5,

Ry 7 AT N— N HIZ BT D KRNI,
ATl U 7= B B AL CR L 7o i & A & HS I 5
ZTeth, TR T 4 DEICE S ARER A RIC X
D3RO, 2B, Ry 7 AHNR— MERIZDOWNT
BKEE L LCTHEIR, 50 UK FEEN %
BH L, Ji N CE AW EILE Lo R ok
WTabDE Lz,

R NRES [ER SRRV ==
No. 3 3
m’/s) (m’/s)
1 30 45
2 19 30
3 3 19
4 44 3
5 48 3

(1) JR ZAEAFRE Y FRIROBKRAMOEE

CORMINIEAR v 7 AT — RN 5 FEpTRE
SNTBY, Ry 7 AHNN— R ERIET DI
IFEKEE & LTHEIRW, KB L Z2nZEnoikk
i FRe &R 7,

Q _ 1R2/311/2A ........................ (3)
n

Z 2T, QAR FHE/1(m3/s), n 1% Manning
DRLEEARE, RIFPEREm), TIXARL, A4 XK
m)TH 5,

#2112, HEICLVROIAHADR Yy 7 AH
NS— N DOEKRFE TS & KB Lo EZ R,
No.l~3 DR v 7 AN "— ks TIEREN R
TTERNWIENTBOOLND, ZOHEOMINIK
AR HEMEES No.l Ry 7 ZJL8— RTo
W T B,

— 117 —



B iR RS 45m’/s, B K FRE /128 30m’/s T
HOLZENL ENLDOESTHD I5Sm’s % Q &
LT, No.l 7Ry 7 ZH)s8— R 5 SP800 £ T
OHEECTHD 50m & L & 52T . X@) L AR
OHNIEY 72 0 OBGRITREZ R, K(5) L 0l
KGR ZHHT 5,

Z 2T, q XA ROBENNE Y T2 0 OB
(m*/s/m), Q IXE Lt & R FReh & o=
(m¥/s), LITEIEm), K ITBRERE, A 13T AK
ZEm)TH 5,

AHETIIMDOR v 7 A DN R— FZONTH
DA ZIT S, iR L 555, No.1~3
R 7 AN — N OGRS LEER 2~ & 3
2R,

3 BGRUKTR & LR

No B KR OB R R
) (m) (min)
1 0.2 70
2 0.2 130
3 0.2 430

(2) IR ZRAEXBRE Y EFEIROBAKRAMOEE

CORBTIER Y 7 AT NNR— hHEBEBINT
Wiz FREIDR L= R(6)~R@)ITRT = A
a7 4 TIEIZIESWEBIKES & U CEER O R
FHRAEIT Y, 7272 L, BRAAEL L Y R E ARIK A
fid % A9 % SP800~SP900, SP1000~SP1100 (L5t
TR & 72 0 Ao KT EFEIX M &EE S vz,

(h2+zz)—(h]+z]):Q2 .................. (6)
F -G,
2
F:27f+RZ} ................... )
&
2
__“ L (8)

Z 2T, R IR, z (TR E m), 0 1R
i E(mY/s). a 1T = 1)V —@1EFR % n 13 Manning
OGRS, 11 2 Wi M o BEBfE(m) . g 1XE 10
W (m/sD), A VIR E S (m?), R IEFEGEmM)TH
%y

NGRS

AN FRFHRE ORE B B S 135 4 127797 SP900
~SP1600 £ TO 8 H LN HEET 2 Z LD 5
N5, Eio, BUEKE, IREREHOBEHGEE L
T, X5 12—flE LT SP1600 A7 50 D AKAL ]
HiRR 2 R T,

4 BKTR & LR ]

B AR ()| B (min)
SPl mr |omr | oEr | R
900 — 0.5 — 40
1000 — 2 — 110
1100 — 0.5 — 40
1200 1.3 1.6 60 80
1300 1.6 1.6 60 60
1400 1.3 2 60 90
1500 0.5 0.5 30 30
1600 0.5 0.6 30 30

JK L — B8 (SP1600% &)

12 l

1| A—F0Sm

FKAZ(m)

13 15

53 F‘;ﬁ1 (hr)
X 5 SP1600 45 5 D 7K — B

I &LV SP1600 HmiZ 35V TRk IR /K i 23
TAT e i 20 B 2 7 /KR RS O & 020 & B K IR
LR & L, foRLSIZ OV T H RBRICE T
%o B ROBGEAKE, LERFME R 4 12577,
72770, REFEORLE—IFBIE L2V Z & 2RT,

4 BRI E AT

4.1 BOKILE RN O EARFRR

(ERGRINRL - qN. 4 E S AT TIR) Sty R DN 3
FIRICENIEE AV 5, BALT AR EICT
FilfEEO) LEBREA(10) KO %
W5,

42 EREOLHFIHAT—F OVER

TR DOBAERAT 247 2 12id, (10 L U(11)
DOADE 1V ERLOE 2THICE TN DS H LR O
FERREL n I OW IR I 5 2 2 BN B
%o BHEASFIEREIRE 10m OEATESKT& L, xF
SRAIE, WBITRAKBEE D B o 72 T & R
T 5 x FAIUZ Ldkm, y FFANZ 1.5km &35,

— 118 —



ALHEEHEN T OB AV — B~ TR & ONREEEHC B3 2 B4

oh aM &N
—t—t+—=
o o oy

2 2
aﬂ_ﬁ.é(%]_ké(ﬂvj:_ghai[_&Mﬂle _|_N2

o ox\ h h o K"

ay

h h

ON O(MN) O(N’ oH gn’ 3 3
P [ P [ O ey VY ) VN
at ax( J ( j g ay h7/3

oy

0 ------------------------------

ZZIZ, M. Nidx, yBhHAOHRET T v 7 A(m¥s) Td 5, M=uh, N=vh & 525X u, vidx, y il mimdEms. ¢k
HNEE (m/s?), H=h+Z)EKAL(m), h 1ZKEm), Z 13X HAE S (m), 7 1% Manning ORI TH 5.

X6 fRAT GBI R

B ERE(m.02) =00 [ koo
[ &t O m#=oun o LEo

X 7 AT ek S e duk - R FH

RO M aEBET DEST — X1, fii R
1/2500 HFEZX FIZERE L7 50m A& 1S O = % #t
ZHLY . 10m FIREAS T IC AR LB 3 5, 10
TR D & BLE 4 5 LR R s SV T,
—HTFHNTEYRPERSED EHEROE NS D E

ML LCTHARY . THF] ARG IR L7z
Manning D EMREE 5 2 5, X 6 WONCIK 7 IZHE
WITBLDLBIC EE D R L7z 7 o)l ot s X
& R A R U LBIFEIIN I B 2 7ML AR
BThH b,

4.3 LS

L R EAEAAT I, RTHOK 5 O X 51T, Bk
KEZTES L L, WEEICE > TV ERbIDE
W ELERFE & L7z =AML T 5 6
DELTHRET D, RBEREZEL, ILETHR
7 AT — N 3 R, EWTE 8 S oA
1 HEOZENENPNFEMIZHEAET LD L LT
BAEFRAT 21T\, 11 HUS OIS RSV TR
ATV, GEtmfEZ RS LT,

FHEFEMT ORI T SIS T D EEEKED S
H, KO D% ZOFHEE TR HIRAKE
Mpae & LCHRIET D, FHEIFM AT 7 At 1% 0.5
e U, meREHER R, A BORKTmIZ IV Tk
LT BRI ORI 3 L5,

5 FENTRER

5.1 BOKHEFERA XK DOIER

FERER OO~ EES EERR Lo HENT 27 ¥
IV OPEARABTE IR K XI[X 2 IR B OB 8 127,

R LY, W EAHTO KRR « RISHIKIZEHBWT
1L 0.5~1.0m DOIRKETILIIZDTZVIRAKT D &
FE X, MENHE L ER T R ONEIED A R —
7 W R & A S EE SO 8kE 2 O A @
BN NN D S,
ORI LR T, 1 TE~3 THIZH»
TR 2.0m DIRKIEL 2D Z ERTRIEND,
T, X O M RHEDSBERR TH U | L
KBRS HHECH Db EZBND, FFIC,
IRAKIED N BYEOREHERR T 1.0m 2 % 5 & T
INDTD, EROBEEERE . BRI IXFE I
et L2 T iUz o720,

— 119 —



PNEEE S

)
i

- o

= .!F'.n.-'

5.2 REFE OB

AL TIX, BEEER A MRFT 272012, 12K
T Tide < HIRZ R T3 20EKOHHIC
DNTHEMNEITH,

LK ORI, ARt EEOFERK
T RSB DI b A R A I LT D
x W,y HOFiE7 7 v 7 A M, N ¥ XK

TEh D, FE V(m/s) & LCREAET 5,
V= \/W/h ..................... (12)
TR K O FREFHFILICE AT &[RRI, FHEF

BB RICHBE LR R 2 E— 7 i & &
Do FENTRFSRAEIIC IS VT BIEEE K DR /4R % X
9T T,

B9 2, i R OFMX TiX, M8 @
TRKIED 2.0m OHIKIZ 33U TIRAE D Al 70 H
RN EDOT=0, JLEKOFENEL 72D 2 RN T
Wans,

K - RISHIX Tk, BRI S 288 -
IZBW T HE < 72 D28 A S, 2.0m/s D
RKIEEN AT D,

ZAKGED 0.5m LLUF & TR S du, fERER D 720
LHEONAIMXTH-TH MEEEZERE LT-5E

EIIE ﬂﬁimﬂiﬂﬂ 1/2500 -S'HJ!LJIEI"IIWH

ﬁmmaﬂJmm
BKE NG

X 9 ﬁwmaﬁ/wMMﬁFﬁ il

BRI LD ANBEDRA O KiEEE TR
BN L DFROEE, BIEESTRADO FREMEN S
B Enn O fEk Ll S D HRANEL R D,
ZDT=, WA AERTIOBEHENEETH D,

53 iﬁmiéﬁ%ﬁﬁmTﬁﬁwﬁﬂ

¥R OBEEATE AN EN - 5581218, B TE)
RfERR L 72 2 P4 @ﬂ%méné DI,
R TIEL, BOKFEAERITIT DB TREEEZ D
TORFZIT I,

53.1 BEEEVTRESM:
TIHEEERRIC B W T, BN B HENHTIZ K Dkt
HAITOLE, WEORSITRT IO, BAE

120 —



ALHEEHEN T OBV — B~ TR & OB B3 2 B4

23 0.5m LA FOEFCHEZY 1.5m/s LATF. BAKEN
1.0m LA R Tyt 0.5m/s LLF OS5 THhiuE ST
L BN ATRETH D LD Y,

AEE CIER LM T 7 5 2 VoK A E 2
FK KR 7 & ONZHLE AR B 3 S DS %
U, BTIC K 2 REEETE) 23 AT RE 7 Hi O E &
79,

F 5 & KTRIC X D REEEATREME O R E ) Y

RIKZFEA(m)
h=10 0.5=A<10 h<05
FIEV(m/s)
V=15 R
055 V<15 Z5E 3
V<05 ]

53.2 ABTHREEEDfERREE
ARHETIIE 5 B, WL RO SME%E
faki, Mz EETH D L LCRIHDX 8 L9 D
FERHIE 21TV, VERR L 72 34T 0E S o 58 15 FT
3R %2 X 10 (2R T,

FIRIZB W T, R TRTHRIT COREEICE S
RUMGERR & H W S A R, TR BN S
TR T TR A LT\ 5, 8 TizAKE

23 0.5m LLFCTH D IR FAEAME Y Fio4 74l
OREA4THELEFMORIE 1~2 TH, KE1~3
THIZBWT, STREREHESNDHENS
< BRSNS S N B T Z DA A3
HETHD,

ARG CTIT o T BRI T Rl REMEHE (X, BN
BlEExgE LT, ZECmiind, B
S D4 ATR. BEEE O S 2R W IR TR LT
mié6pfﬂ6:&ﬁ%ﬂfééo%®kb\
RO R BEFATE N AR AR ThH D,

6 HeKEBEEER R

INETHLNTEZ En, FIDNAE L TH
D OREFEATENC 1TSS < OERMBEE S 720, L
DIEEDANCHEEZE T LTS Z ENEE LU,
A T, WoKRBBET DN L2 THIER
WEHE 21T 9 72 6D OBEEERT OB E LUK E R 2 54
FTREXBHFEICOWVWTOELEEITH,

6.1 BEEERTORE
T 6T B2 MBI 2 B S U7l A X 10 1R,
R 72 6 NTHTHE DK 8 236 IBAKED 1.0~2.0m

;mﬁﬂﬁq

-

l 10 ﬁ*)‘/ﬂ/Jll

T e Ty R a |r!\.'-'—'—.'_-
I'-‘ll _.-—'.-Cr-.:_". =T W, -ﬂ 3 ‘.. 1 ‘-.I
e e rh'l‘ Lo §
I - - 1

o £, e _:[-l '- T R n.
" 1

HAEIT LI
HKRSHTEERE

m%*ﬁﬁ@ﬁ

— 121 —



IELTWDHRE2, 3 THOARANZSWTIE, &
PR, Bk 1~3 T B OL AT, /NP hEEE
THZ NG EBbhd, ZhbOlERIXNT
bRKBICHE S ERICiEL, 2027 ) —
S TR EVED & BT S B2 b b,

WEEERT D —> & 72 D 7 BRI 2 L. B
BRI THD I END, RAKENCEEEET D
Aré LTl CHEZE Bbi s,

TUIROL AT, mRICALE T 5 SRR,
ZF B SRR & LG & b b,
2L, PSS, ZF &0 SEEITHEN T R
Fre LTHRESNTWRW=D, FOFERNICHTE
FHLEOWBEPLELEZZOND,

6.2 MWEEBALRDTES L R D RIWNE
6.2.1 BEEERBRGTHIX

WEE 9 R E IOV THRET 21T 9 BRO % Gt
X% TRl EUELE W TERET 5,

2004 EICRA LT EEOKE - FRPSEEDIEE
DI 60%73 65 LA ETH D720 1D, HENTHICE
Wb R OBEEE R N B L 72 D,

8 VIR T HARNY — K~ v 7ITB 1T DR ARk
DERDKI 26%705 65 LA ETHY | #k 2 THIX
it FE SR DMt o0 KIS ERi: L T WK T B
B B0 T, k2 T B OB A REd
i
6.2.2 BEEERRLDBRINFEDOHE

NIRRT AL T b RuZJ 70674
VN DB BN ZET D £ TO RN
BERET D, FKLY ., KCBIEEICE LT
BROPREICH Y T 2 BIMEIT 112mm TH Y, =
ONEIZET DREZNTHE 2 T B #S Tl A 584
T 5,

140 20
120 40
3
N 80 =
E 112mm
i 60 m%
= o 7 1408K
i 40 ===
AR 4 160
20
4 180
0 — AA#/“J' 200
0 > mmw 10

K11 #E2THONAZ K A KT T7

7 V) LRI R o 7 2 OREDRR 2 T
H % T M D00 42 7 & (ERDSRERE THE) 2

NGRS

ZTOIICET LR 20 4 WERINZ D & R
WOFEAA WL TG ERF D 60 23Rl & HEE SN
%o ZORFZNF Y 5 BN &L 2000 4 10 H
MR % — v 5 80mm 2155, 7. ZDOEM
R B 80mm 1%, SR/ TT DK B P A FE
70mm [ZIZIE—E T 5,

PN & 80mm D MBUBHE & KD D72, HEN
KRB DR RN FE SN B2 O HH BB EE
23 6 (T Y, BNEE 80mm DL EDSEMIE,
LSAEIC 1 BIOBEETRAET DI ENRRDLND,
IO ENE, FVIDRT 7 YUV T oS
BN I~ EMBCTREE TWD 2 & LIFIEAET
Do

SEMEAERFOMENTHIC R T 5 K ER AR 9% X
12 1R, BEEERRAE O FEE & L CIRET 5 BINN
7 80mm M4 U725A . RficET 5 K ERAeR
I3 5% THY, ZOEEBERT D EKERER
DRARIZHEINT 5 Z ERROOLND,

7B VIR Clix, BN &Y 80mm % 2
B LILERENEATDH Z & BT E Tk
N I~4 ERFETRE TWD Z L0 b HENTA S
ST L MR R OFEE & L TR & 80mm % £
Wz emEE LY, ZOZ &Ly, Wk
BENRAET AN BN TAH D LB X
biLb,

E:_ | m ams
:Iw_ | ™ RE
ol
b
| l ! .
SRR
= [ | | = ;I L} i ;I E
ARRET S -
X 12 [y EFERE O S ERAER O
F 6 HENTHICRT DK HBiEE D
R =
E%%EE;% 40mmp/ E | 80mmp/ = | 100mmpL =
I 1.54EIC | 4.34FEIC
f 75 =
MBBAE | o o 1[5] 1[5]

6.2.3 BWEEERRIZOWT

WEHEFR R OISR EE S LT Lo, A
WHENDH D, L. ARG U 7okt 5 i
WZIZ, A Vo BT DIEM B S O KRR MFA
T M R A RET D FRIAHEICE D el
AU 5700,

IR E OE BB T — I -8 80m N O Hili ¢
Bhe SNTNDHA, ZEWNKERCIEZDOFHN

— 122 —



ALHEEHEN T OB AV — B~ TR & ONREEEHC B3 2 B4

B ZZARWGARZNZ ERREHENA TN D, 1
> T, WEFRITHBRIZE LT 9 ITITF TR EEIZE
SATEBER ZRE L, LERFOFEL LTHAT
DT EMEELYY

B SRATBCERR T, A2 B 20815 2 R %

-0 SN - A OERBES AT LTHY

INRIEE OB - FAEROEEOHEICHAE
HFREL 725> TV D, BUfE, MBANEOFKE &
HEME 2 5 AN SRR A A~B & T T D 7D

B SAT B IEAR O BERE 2 F 4 S W 2 12, B vE
fifi e OSBFEE D 72 D ICKR BT AR T 5 ik il &2
Ve HENT->FITNE->FEROIEI G2 5 5
EIEWIEF Y b T — 7 BN T DR NS LET
H5,

HENTHIZIZ e — v FM T U4 RnekiE ST
BY ., BEERNES SNBRICHEPI T2 5 Ok
WEZOTUFRNLIET S LT, [ERAE
WERET DRy hT—rO—H L LTHIZENT
[ERRAT

F EASREEE S 2 BUS U723 a0 i, e AR
DONE EIFAHWEIOGES K 5. FFai ORI &
WL, TBHRHNE L KITNS DO ETE & O%HE
I EBAREIZ L TR R ITIE R B0,

6.3 BEEEIIFRIZONT

YWKRRBROMERIL, —MICB R EMME< |
KERFIZIMNL T 2NN D, Fiz, BEEEITEIN
BNSGE, WK TIRILS 2 U 7= R 458k 4
THZ LT ERO LB ERENIEEICE D,
NEFS ITITRERBSMT 2 HHIE 21T 2
T, BB - BN X BB EHE I LT 5%
BOMHANEETH D,

WEEERNM O FERFI & LT, HEN OB T
OFEHEREEE I 5. NFREOREH 7 — ik
WTIRKZEE LR EZ L, KPP TOHITOR
X ERBET D2 L, BRI Tl < KMok
I EFET D2 R ENRBETF oD,

DX BRI ESEERBENTEH L
ETERNT EEWIMRICERRR L, & ERO W
IZ LD EIROREDRAIK &2 D,

7 BT

ARG X, LRI RIS OV T, HENT
ZET D7 VNGRSV T, 30 4Rk
MARAE LS E. 0.3~2.0m OEKIENAEL 5 0]
HEMEZ T L. SBESET SR O A& BR E IR AT R
RIEREHGHENTE T, 2, FIIAHEREMT

PREIZ IS WD CTILREEET 2N BN 20D ST 7 (SREEEPIT
DBEZITV, THEREL, £72. FUITHR
BRI ERE S 4172 No.1~No.3 Wi DR v 7 A 7 )L
— MZOWTIE, Wi FEIMENZ RO B
7otz BRI EZITV, WEARRZ B
L WMEVENRE 2 BTz,

LEKROFHICE LT, 73 )it b
FEHEE 2> S O EBIZ T COFEN M2 PRI L, i
KT 2.0m/s DFRIENIFEET D EEHLEMNT LT,

1R KIETH & FRE AR O F OFEFRN S Kk
N — K2 T TRAKENE  ERIES RV & F
RICFRFEIND L9 e HimicBnTh, BTN T
TRWERH SN Z L bR E 2o T, kI
HERITBIT DT O RO AR 2R R LT,

BEEERTIR & LTI, TR oA RN 2V T
WEFERT SFAE L e oo, B £, 2 F &
D T 2RISR 2 BT IR ET D L v o e
WEMWENRE 2 DTz,

WEHES NEWEE L. BINRNE 80mm (25
U7-FE, BEEEFR R 2 RS Ll 5 - L 2R L
Too E7c. BEEERNFROEEF & LT, =K
Bl bl W o B AR %2 3 5 LEPES,
M EHTNE & DB EE 2 FHEIZ L, Bid U 72 keS|
HROEEZE LUEROBRE#RERmD, L0Le
PRBEEERIRICOMRT D Z EMEE L 25 TL D,

INETOZ LMD, RIRETHE, EERHEN
TZBIT DAY — K~ v A2 HS W fER i
SUEFTO TR, FERIBE S AT L7 b ONTBEEE
RET, MEMICEBEB LT 2BEE2TH L
MNTET,

BRI, BEREOBKIZAREDI - HENTIX
FOEE KRB ERME ST, FEREZVEL T
A D PAKIT, H SRR —H L 225 TH B EN
A5 Z ERBERARTH S,

Eif52

AMEZERTDICHIY, BELT —F i
L T2 dtiEE B 5 R, ALmE P AR
BIZERT. HEPTH OBIFRASAL~. T IR L TR
ERLET,

XHRE

1) AEHEN TRBLZE TR, ARG
VI (2007)

2)  AbifpiEH T AT, HENOB)I - 353 5). 507
570 1 HVERM, (1954)

— 123 —



NGRS

3)  ALHEEHEN LRBUERTIR., 2 T 2 VKGRI A
FHEEZLAR . (2007)

4)  HENTIRR. 1 B2 Y o VKSR i 3 R et
ZESEE (2007)

5) RETHR— L= [EHFHEH.

6)  FEPNBHFE R N FHEFRAR 7 ) o LRIk
ARG

7) HENTIRE. HEPTTEBLDL.

8)  KHHHLSE RIS, B E TR T D EKIRK
TR X ONBEEE SR, | T RS, o 57
5(2007), p53-54

9) PRI RBUSK F IR O 35 L IR B S R oD IRF
HERE, 35 3 [EIRHUE K E X RIC BT 5 MR A=,
EE4, (2007), p3.

10) [E 2zl et 58 R, Sfmriicis i) 512
ARARE R Et O F51 &, (2003), p3l.

1) E:zzmg ek &R, ik 27
ARAEE I EROT5 &, (2003), p68s.

12) HHE, ZEWKE L GEE —ER 16 F0E - 5
SN EEISEREZFHE LC— WS A,
(2006)

13) WBBAETEHRHME. R 12 45 E ST

14) KRBT, Bl CHRIL->EERHIHESE HiAR — ) o
WK~ =aT7v— [ifEE, (2004)

15) HENHARBEFHR—L—D HKELH -
»IT.

16) Hit 15).

17) WHEAERFIAAR— L= B SATBIRR.

18) RZRITH. WAL 20 FFEHEE &G

— 124 —



T RALES 58 5(2008) 125~134

B % W

I

BANA T P—=V RO NI T A0 VBEEEE DR
TE L EEFmEBEDOHIE

mE EeT, K BT

Measurements of Sweat Loss and Body Temperature of an Expert

Triathlete at Indoor Bike Training
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Abstract

The purpose of this study was to measure the perspiration loss and body surface temperature of an expert triathlete during indoor

bike training. Exercise by the expert triathlete was carried out in a room with a room temperature of 22.2 — 22.5 “C, a relative

humidity of 64-69% and WBGT of 18.5-19.5 °C. Heart rate and body surface temperature were measured intermittently throughout

the experiment. Perspiration loss was calculated from the body weight measured before and after exercise. The findings in this study

can be summarized as follows: 1) Perspiration loss during indoor bike training was about 0.70 kg/h. 2) Body surface temperature

decreased with heart rate and exercise time. 3) The performance of the expert triathlete was high even though the AT level was

exceeded.

Keywords : Expert Triathlete, Indoor training, Bike training, Perspiration loss, Body surface temperature
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