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Tl oT, EEBEFECBTIEELL I BREFREE

BB EBZLAHAZLEFHBELTREREBL TE - (Silveston et

al.,1995) . B R OMBERIE 72 & 2 T, KA MK, B E,
BE, EAPERLL2ZVRE (EERE) THREHBICER S

had., Zhiz, B2%2 TR T2 LB ERZ2REF TS &0
R THELVWVALTHS. LoL, ERKBCEIEERD
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FBBELCLRBVWTEH I LoTEEHL
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BHoORBZ2HEBOCOHL CORSBCEATLIBIETD
(Silveston, 1998). ¥ R TORIE v ABWVWT, KPP
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K@ E~0OREFELCHE, ERE, METORBRHERLE S E I
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TBAERE DO Z L EME DO redox BE A2 R T

ETT B L EZ LA TS (Figure1-2). £ 9, RIKE I
R E EICRE L, MEPTOBRFBEILL > TBILEIL, B
'%@%{Kéﬁi%}:i’ﬁé. IoLE, MMEFTOKRTFTBBEIHEERE X
N2, AKMPCEFEETIBRL LT, HE, B
EtRBCRBERD., COoMBEY S 7V E2EL CTRIENDEFT
LTWwW2 Z &b, RMCHFETIRILEKRKRDFLBREL T
BPEERIEL TRV EIEMTE LS. BEIABIESE
LR2VWREBT, RIEARKFoBEULELEEEZI T Z s, 7TV
T by 7BEEREERLTVS. ZTORCEYNREESE

BB, Thaobb, REARLBREIPTELCHERT > HEZ
BHT 2L, BETRBAIE>2BEBALBEBRICE Y TR XK
ERFELRVEDIE, SHOBEROBRERZESK FBEK
LT HRDEBRYVRERL, EF¥THRELNLNZVE VERILEOD
P2 /o2, &bk, REXKFEFHRBIELIERICE W
TEHBECERET S CO,~0DR2BLLIME ENDE. 20
BEZ2MABLEHERBA L LT, Tr=T by 7 BgIELICESD
EBAK~VAS yBAERBSDD, BRELREFRMmEMELEZ LW
#wE N EH T3 (Contractor & Sleight, 1987). & b T, &

HBETRREAEMOBEB TRERA L VVOIMELIL ZH, KM
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Fig.1-1 Illustration for an example of the forced flow rate

cycling for oxidation of hydrocarbons.
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Fig.1-2 Redox mechanism of a composite oxide catalyst for
oxidation of hydrocarbons (M: Metal in the catalyst, A:

hydrocarbon, O: oxygen)
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Rt OBERXLCRES T2 BAHNNOCEGH 2 ERELEH
Bl THEOM EEZ BREITHRAZIDBE S T3
(Silveston & Hudgins, 2004). R E R M B HFEIC L » Tl R
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dT LB EBE(EEBEN)RETRCRY EFoh T30,
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ER LT, A OBRMBMEZRET I ENRAREL RS LETPTHS
hWs. L2L, 20X 2F ARSI LBEDLLTRELH
BECHTIERIBRFEI A ok, BERCHEWVWLALTL
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B0 EBRBMHFTH & L T Abdul-Kareem ef al. (1980) 2 &
5, VoOsfi = Al w7z COBIRBA® D D . # ok, fiffH
FErRELEREEEBEZzHRBB PICREL, MBI RS
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Fig.1-3 Schematic of the jacketed CSTR used by Lee et al.
(1980) in their experiments on temperature forcing of the
saponification of diethyl adipate. (figure reproduced from Lee

et al. (1980))
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% % e & X 5 % & i3 multifunctional reactors ( Ager, 1999)
DIRFETDHLY, —HBoRKEBLHEEOKELZEASILEY
H L L T, Moulijn (1999) R ko TEEIh . Bl ®K
EB2O XA P CET BN T ST Separating Reactors] (Aida &
Silveston, 2005) ® [ Integrated Chemical Process| (Sundmacher
et al.,2005) 1, Z & @FERBOFEHRLLTHVLL LTW
5. R ERMBICERDO TBELXT > oBRICH, BRO R
BENBELHEALENERIES, FHEBEOBEEZF AL EZK
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al., 1998).
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Fig.1-4 Temperature profiles in heat exchange reactors. The
catalytic walls on the exothermic and endothermic sides (c¢)
eliminate the thermal boundary layers (a). Panel (b) shows the
configuration for catalyst only on one wall for a catalytic
radiant burner or for heating a homogeneous endothermic

reaction. (figure reproduced from Venkataraman ef al. (2002))
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Fig.1-5 (a): side view of a microreactor developed and
constructed by IMM, (b): sketch of the fluid flows in the reactor.

(figure reproduced from Rouge et al. (2001))

-11-



Fig.1-6 Photographs of the microstructured reactor developed
and constructed by the Karlsruhe Research Center. Above is
shown the reactor with and without the attached pipe fittings. A
ruler in centimeters is included to show the scale. The bottom
picture is a SEM micrograph showing a corner view of the
reactor. The larger channels (140x200 um) appear to be going
into the darker face of the reactor with the smaller channels
(70x100 pm) running perpendicular. (figure reproduced from

Janicke et al. (2000)).
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ataby o wad e rouctor

Fig.1-7 Schematic drawing of the two types of catalytic

microreactor. (figure reproduced from Yube er al. (2007))

Fig.1-8 ©Photographs of <catalytic wall microreactor. (a)
Assembled device; (b)catalyst plate (catalyst size = ¢$32.0 mm
(diameter) x 0.5 mm (thickness)); (c)microchannel plate
(channel size = 0.8 mm (height) x 1.0 mm (width) x16.0 mm
(length), channel geometry = 10 straight channels in a radial

pattern). (figure reproduced from Yube et al. (2007))
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EHEOREIE T A2 pBYE T, —2OREHETIHT S Z L&
2T, E VB FEH R ETETSIEDIZI LI LOTH D .
eziE, EERBRABETC_BoBAKME® EAICEMS YR
¥ CcEBT D>z ET, —BEOBMKMMELTERLEZEMNER
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T _BREBEOoOMBEETCREL, RKEBRPEH LT DLWV

ﬁ{v

WE N DD (Sinev et al., 2000). it s, BMAFERIEF T,
AR LEKBEZY 70 - THRESE, Bt 21T 5RAAL,
RALRBA LB LAEDE LAYV CEELEH L EXSHER
#E (Ohmori, 2006) R ¥ X EFETEFRAAZPH 5.

AL EREBY T, ZHEHICT L TRLTUNAD
HEEAPMBAT S 2 EDICE a2y N7 FEBBEATH D LHES
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BHAKEL, SLEMBRTFILSKLIEET 52 L TR
BORABEBCY, ZBEAI>BAMBRE A TLE S &
WHOIRRBHD. 22T, BHHEGEZH RN OEMRICT
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MAEIMMEIhHh, BORELZHBEIEBEZ2ED 5 L 5 R
- 7= (Figure 1-9 and Figure 1-10) . A ¥ — F M E XIS~
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Fig.1-9 Stainless steel microreactor for periodic temperature
changes. To measure the temperature distribution inside the
reactor, numerocus holes for thermocouples have been integrated
into this Type 4 device. (figure reproduced from Luther et al.

(2008))

Fig. 1-10 Type 3 microstructure reactor for thermal unsteady
state running of chemical reactions. (figure reproduced from

Luther et af. (2008))
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L HE &N TWwWd (Luther ef al., 2008) . £ 7=, M EL B &
HCEREITH P RESAOEBHITB Y TS, BEHRNMDL OKBRE
FHEUARABERETHIILEELTHRELZHBRIEODEN AR
b, REBRABCOCI T I BEEOEHBELZ KEL &2
o TEDZary AR P REEPANMNCLDLS ETFTRIND.
dEFEFHFORFELRLIZIEZ, EE»L0T7 T u—F &RIIEMH
DT e —FOBELLPSLETHD. EEHBRMEOLS AK
B b OREHEHEOAHLY TERLS, BESLERBOHMD
BEELRBERLZ2?. BURKBEFEEHCEHEET > Z LR,
Rit#EBEEZEMNCRF LEAEGDLDED Z L ETTRERL, B
AVoMAarsFAEBAICE»P T X2V HEAPEETH 5.

IhECToRBBHRIFEITLBEEGMALE IS H (CSTR) ® #
HLHENAUKGERE (PFR) 2 oB BN &z b & ICHFEHEM
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A2 5D, = FxAXF—0RE, B, EF, &M%
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Fig.2-1 Drawings of aluminium plates used for the microreactor.
(a) Plate-A (thickness : 5.0x10* m, channel width : 5.0x10™% m,
channel depth : 2.0x10™* m, channel length : 6.5x10°% m). {(b)
Plate-B (thickness : 8.0x10°* m, channel width : 5.0x10"* m,
channel depthA: 5.0x10"* m, channel length : 6.5x10°% m).

Distances are given in millimeters. (Horie ef al/., 2004)
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Fig.2-2 Fabrication of the microreactor. (Horie et al., 2004)

- 26-



vEAERT S, RAEEABIRALEY KXY HIT Z L %EH
e LT, T&EHLORWWELIIZL, ZAFITL . Plate-AL D
filf B CTHE R L FE MmO EWE M P HE KB EI Plate-BE @
fill B B AT T % %5 £ 9 Plate-A L Plate-BZ E R T O & 2 DK
o=y & L. Plate-AD W L & Plate-B® it 1L & M ¥ I
4 A Z & TPlate-A, B 0B O BH 2 HETREIXHBTE DL
S L 7. Plate-ATIE W B OB KFERIE P E Z YV, Plate-B
TRHREL2RERBROBILRKIENEZ 5 O T, Plate-A, BD 2 =
vy hEIOEYy PERT~A 270207 78 —FYa— & DL
WHAEOBRZEHEDCHNATLIBETHD., K~ 270 T 7
¥ — R T OmMBOEN O T 2 B A W IZ Figure 2-31I2 &% L & .

2-2-2 =A272uvulTF7rE—OMELESE
MBERINLTORG I LB LEEOREIOBER»L T LI =
T AERBELE. £, TAI=oUATEREBRESLEFAHEL

v A4 s YT ROV L ETI)ZERARETH D .

-97-



Inlet Outlet

Adluminium Plate

Reactor
Lnit

Reactor
Module B ENRYN

-
E

O s 0 e O _

N

Fig.2-3 Illustration of the flow in the microreactor units and

the microreactor module. (Horie et al., 2004)
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Fig.2-4 Experimental setup for the measurement of pressure

drop and residence time distribution. (Horie et al., 2004)
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Fig.2-5 Effect of total gas flow rate on the pressure drop of the
microreactor after diffusion welding. 277K, B423K, A623K,
®773K, ©277K (before diffusion welding for the comparison).

(Horie et al., 2004)

¥ { ! ] ' |
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FyX 10° [m3- s'l]

Fig.2-6 Dependency of volumetric flow rate of leakage on the

total volumetric flow rate. (Horie et al., 2004)
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Table 2-1 Mean residence time and volume of the microreactor calculated from

pulse response results at various temperatures. (Horie ef al., 2004)

Temperature  Mean residence Variance Standard Calculated volume of
time deviation MR
T At Au o Vmr
2 3
K] [s] [s7] [s] [m’]
277 6.231 3.493 1.869 2.597x10°
423 3.342 2.200 1.483 2.127x10°
623 2.871 1.326 1.152 2.691x10°°
773 2372 1.417 1.191 2.758x10°°
1 l I l t
03+ -
02 ~
Tiﬁ. N i
83
0.1 -
0 L :
20 50

Fig.2-7 Residence time distribution of the experimental setup
shown in Figure 2-4. Solid line: with the microreactor, broken

line: without the microreactor. (Horie et al., 2004)

-37_



mAb»M»yY, BEERBLCRETLI~A 27207275 -0ORAAFMN
rEMHT R R TEDL. O EHBEHRWNOMECY A7 207
y ¥ — BB TAEBoRBEERYD, BERBCEHL, R
FA9pBEEME LA 2700 Y T 7 ¥ —FYVa—LDONA

™

: 3

fi

i

P Vur # EH L&, 277, 623, 773 KIZ B W T Vyrid, &

=7 AW F ¥ RN

Tl
&

14

Figure 2-1(a),(b)& ¥ Rk & & 7 N

BIUOZ2oMoZMES>OANERE 2690 mLIZEWEN®E

Y
&

Lh . Z»Z & Lt Figure2-7 CTH — O v —7 %% > RTD #
mABELREZEE, RAPF vy PITX2MERSMNME
LB NWTwA 207278 —-HEOF ¥ v X VHEEREER

A I = AR ED 1000F ¥ 3B LT 10

SR

h Tk DO,

=

Oz = v b B e o T3 bBELLT, Z0F0 %

O
(v
it

B L T S b5, 423 KIZBITARNEBER® LT

Nz R » E

R¥
>l
-
¥

DX, BERBE~AS 70T 7 HE—F

Ca— AT HNBEOMBEBENSCTATEREORRPFEL2 TH
s tNn—EELTEZLADZY, ZTORCHELTEEZHL
RBAEBRFBABLETHL D .

v A4 YT 7 E-—FTREEBOERLHMETETH D
e mbL R TWVWS., KA 7 vl 7720 TiELEo

&

BEOHMBAIT LS50, RIDBR LML, T8 L L. &
BFOEBREHBEOEAHEBRGHE (NE 8mm, MAEE 02-1.0
g, 100 mL -min') % Al W& Pt/AL,O; it £ T® NO-CO K&
OEBHBEELBHBEACE TEHAYN R 10sBLTTHEEH
BEOCHDREIBENLLE W BRI N T D (Aida et al., 1997).
Thbb, braEEITCEAMEZEMLTLE ) LEKTEMET
HoTh, MAMLERPEAOED, RELABHOHRIKXD

-38_



nTLEH. LAL, Table 2-1 O EERFREZOMEMN 1 - 2 5 T
HhH I b A 70 VT2 —%BViEREEeE, E8EAY %
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FIZHA-—HNBHRIZE>TAELLIREAOEEN, THETHE:S

A FHMIEBRPESOHEIVLE LRSI NENS Z & &

FLTWD. vA4 70774 —ZLoaT, EVEAHTOH
ERFARHEELREDY, CLECEBERTOFEVRERIEIBWWTEE L
HEERBZ2ERIEZ R TESL. Ebic, BEHAN
ERiCITz2, BkE, BEREFOomEIHFHFTE D .
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CBELTR, MERXEZFHFEICLBVWT SEEKOREEELSH D
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R FEcEs. ez, BiomErAYEBRAR
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IOXIIBRREFTTCREEP RE W EAAMKCRZ S W BEMKE
BEZ LD
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Tr K]

Fig.2-8 Dependency of gas velocity on the reactor temperature.

100 mL-min'l, B Plate-A, APlate-B, [dan

Total gas flow rate:

example of fixed-bed reactor (inner diameter: 8.0x107° m).

(Horie et al., 2004)

0.2 t { ! 1 I 1 | 1 ! i

Re []

300 400 500 600 700 800
Iy [K]

Fig.2-9 Depenidency of Reynolds number on the reactor

temperature. Total gas flow rate: 100 mL-min'l, EBPlate-A,

APlate-B. (Horie et al., 2004)
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2 -5 AEOLE
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% 3 E HEOBHNEERLEZ2ZZ?EZEE . RYONKEED B E
@ W B &

3 -1 %
B K ROB AR EEEICE> TESHFERT LA T L

il

AR, 1970 2 5 1980 ERICE, A V7 4 oy B
rEBEShTCHnE, KETHI R VEVYvEREENE LET
g ¥ LYy o Biks - EficE L TIE ZnO (Spinicci &
Tofanari,1981), Bi;03-P,05 (Sakamoto et al., 1970), SnO;, (Aso
eral ,1976)7 P LTH WS RE. 2 OIS H KR
B e b DT A A, w7 U LR KRBT 5 MO R
B A 7 VI X TEZDBKIEFKR(Swift et al., 1971)T
A ®, BE % 222F AT X+ 52 LT, AEOR
*%fzﬁlifp-i?i/l/‘/%é\)ﬁ‘ﬁ‘ézkz‘ﬁ’é‘%%.%%%&‘?&&i
-7 YA PREAEKERCH LTEERDDY, 7 1,5-~F %
TV BRAEKRL, FRABBAALTIRYyE Yy ERD., ZTORKRE
W oo MBEEEATEY, REABLELAEZIIVRT, R
WEBESETHLDL. SHi, MESEAZAFHACEREIDL
ENnde¢EMEEERTLE EWVWIRELD D

ThRLERBBRTAFERLLTESEIEARFEIPRAALNLT
WA, ZOUOEORIERBESDD. LXEITEOSE

KBWT, BERBEREBEAVES VA VBRERB DY,

(1

BEOOER M L & EMHEE EH L T WD (Contractor & Sleight,
1987; Pugsley et al., 1992). Z ® ¥ AT A3 F A4 7 — OH K
DL BEBERIEBEEBRETCLDLIN, T TV 20 RPDLAERN
EHETEBRETCHD . ENFRI_ 2 OREFERRT 5 Z
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K, FELVAATHEABROEBBLCES VW TVWERERZRS A
BT IHERZ. TrE L yORIHW ZERICE VT
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(a) Flow Rate

N, . Cyclic|period

Time
>
(b) Flow Rate
A
Cyclic|period
N " y P .
@7
|
'Time
>

Fig.3-1 Schematic 1illustrations for "(a) forced composition
cycling and (b) forced flow rate <cycling wunder certain

conditions. (Horie et al., 2008a)
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FRHIECH L TBH T L2288 3EZ 2 0@ EE s > T
H.—H, " EOoOBBEEsBLVTIIrLREZNHMOE (KR E)
CHRLERB L, EEHOBRESFROLELLIBESAD » B
LAV, ToRMGARGESANGEELBRETDH 5 5,
FRECLTEEZEHBEMFEL2Y, BAMERERITL 282
BitOoORBELIMETHZRBPEFELET D LHEBMEINLD. & 6T,
BEIFPEBELE > TVWI2HEBBEWTE - Y =2 -7 BB HT
5, MEMMEMCEIFHERCELELRT S & N5 H
EAMEEILL, BEHEESMLEBESCZ LA TE S .

FMwmTHEALEL>IR, b28BEEZHZ2EH I TSk

ADHBHLIT DI EAARBERDIBEAEID L. & T,

S

# K (Silveston ef al., 1995), JE 77 (Vaporciyan & Kadlec, 1989),
BRERIETHL B .U N — 71— K% (Matros, 1989; Matros
& Bunimovich, 1996)b £ O F O — 2 ET L 5. K& A
AeHAPAATHEEIZI> TEEBMEIARED 2KI# T,
IOBFELZI o TRBCIDVRAETIRAPIMERANICEREL,
Mo BEMZD AP LMNMEFPERT, A HADR
BEOAEBLERLZ2ALI2IERANLZEEI A ZR/RDLD LB TE S
— %, BHMEBEEZEREDZOHGRIIAF L T DIHEERE
HRETDHDY , RIEAXKFoOoBSPBE~OFEBHAPEET L T 5.
COEOBBMEL 1970 ERICH R S (Horn & Lin, 1967,
Denis & Kabel, 1970, Dorawala & Douglas, 1971; Bailey er al.,
1971) 28, WH ORALEIKEBEOBRFEBORE S PDLEEL
WHREREBLS B TERDDoE. LL, EE, M OK
KE#ERELT~vA7r Y7278 —-REHEL, BAEOMBEZM

WLz éwbit TV 5% (Brandner et al., 2001). F ML LV ¥ =
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— R =R - E D ENTWNDE O THR I (Silveston
& Hudgins, 2004).

AETIE, MEBROREEH LW RCITDIH LWV FERL
LTRAYMMRELHRELRET . AU HKEZTRED
A K I Figure3-1(bh)l R &R TV H. M ETELSETIC
FEOARLEHEBMIECF LTELLESEIBETHD. Tt AR
kDb OEBGHBEEOFELELTIEIELREEZEG I E
ZHERT bR TEEDR, KEEHTREFEIDRIZ VL B X
bR ThwirlEdiE AT Tnwhhosk. LML, WE

= £ LTHESLHMBEOBRALE R OED»OEHRKL

&
N
(9

fe

R ErRETOTHLNIE, HLVLVIIFEEFEMED FE L L T
YEBEWR B, AETIE, EERBEECBT LI KWL EE
S LB ESAEFHEIC L TR LE®R, ThLICZESWT
K EBEFPRBEBBMCERESEIFEEZTY, RELHEFIC LD
i RomMEE2TAMT 2. RKic, ERBVCRELHBFEON
RErBATL. B, TEBRECLR > THLRORERELERHE L
BEEEOHRIL I - T XBIENDIBFEHRRERERZHEN

T 5.
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TEBFCRBITIEREROBR Z
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3.3 TR NS, RIERBEASGrHEMLELTIEDEE2RLE
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(1“‘ ”9'J’A0XA)
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EF N EBERT LD

P

(3-1)

(3-2)

(3-3)

(3-4)

w5 S —KikH,®&E PIIK

F—Fo0okr s> —MuaERETHA VL., BEMHEE yao & 7

OE L YR yse i TN EFEROLE 02 TH D, E, BH —

¥ (pseudo homogeneous) % R &
BLYE. EEEEoRFAMOEE, BE, RESHAEITH —
L, S EofREZ LY,

. BRE LT HEIZ Table 3-1 L T & D TR L TWD.

L, 5o E G EE
L
—RIETETFNEEBRERT DL LHTE

(Y

DEHEOEDIIE, BAESHOEY OREBEEARAREUSNS O T <

TOLEHREEEBORRLERBERER2LRDES, RIEHO

NENOCRBEDIMITODLD ELESAOREBORERLLHE

Lo TKkDERFEEARBRIERT —FCLHEEGIEDLEHE
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Table 3-1 Assumed parameters used in the calculations
of the total oxidation of propylene (Horie ef al., 2008a)

Cpe 500 [T mol” K] T. 773.15 K]

Cps  7.40x10°  [J kg-cat” K] U4S'T  430x10°  [Im”K's']
Ea 8.79x10*  [Jmol™] & 0.435 [-1

AHy ~ -4.28x10° [Jmol] Do 884.2 [kg-cat m™]
ko 3.26 [mol kg-cat™ Pa’' 5] oy 1565 [kg-cat m™]

il BEEIARAEEDE L L CRBORFEEH CTHRL L ME
BrxRAvwvreHsataRlIL2nH a0 _@rzERLL. &R
LTWVwhWMEBErBH VW TERLAE L EOMBEREANE K XM
HEEPTLAETHESR 0T, HEFROFLORE P H
R LIFNEE AL LIS CREERARKERELE.— F,

3

FRL-MEBZAVE L ZoRESAM TP LMAER 10 K
BELAT A ETHLBEES M TCHho Rz LitH LT, ZoORK
EramrSzATAaRMBERBRZEAELEFETE, AODAM
EPARIGEBEEIY 1| -2 KEHF LEXHLREESATH -2

&

Y, TOREBERAREEZYRELLICHECAHY . F

BrfARLEFEREZERXR AN EZAXETIUTTHL S .

dx
Yaolv, — = pyr (3-5)
Z
dr UA
CCo¥,—— = PyAHr = (—S—‘)(T ~T.,) (3-6)

BmEBLEOBEK L L T v, ®E X

1
vz=vzo(1+§XAyA0] (3-7)
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ThHhDBH. Xa=10L x0FLIEFH I %THY, o, EEOD
LB ELHICEWVWED, BEERX B LE. EERBR
BITABREHBERIEUTTH 5.

{Tsz
z=0= (3-8)
X, =0

HELEBHICHELCE, HEE 5025 150 mL-min™' ~ & {k
X rBEUBEOBREI M EEERLESAOEBREZH D
T Lo Ty, HEZRAIED L EEF, KRELLZE
LT A HBERR LTIk, 2%V, BHMI 50 mL-min™' @
TEREBOHEL2T> T, BE:EBELELIAETRD ZE, &
BE#% 150mL-min ' CE X TCHHEELLEZBELE. REZ T T
PBEOHBE AT OMTHL LS. EEELEZREL CHEINIXKX
BN XA E T DL

ox ox

VaC &A ==Y CV, 6ZA — P (3-9)
or ar UA |

%ﬁé0+ﬁ—gggcmh;=—cq£@5;+mﬁﬁﬂu(7§yf—n) (3-10)

LB, LTONMARLERENE I ODEFAICME .

=T,

t=0=> (3-11)
X, =0
T:ﬂﬂ

z=0= (3-12)
X, =0
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3-2-2 MEFAR, RREEBSITCREHNRT &

Tu v v roRUl ZEBELEIT D ME L L TBi03-P,05%
AW, MBEYRA~~2AAAKMBOoOMBBREKRKBERL:L Y VBK
BV T VEDUDLADODKBREYEY AT ALY VVORTFEDR2:1
B L HOIICEAL, XLEBICT Lo THBE L Z (Sakamoto et
al 1970). Z OB B BRZHW L33KTHERBL 2B L AXKREY
BE¥h., BRBEWRCEKFTII3Z3KTS R L. BEE A D
DR THBRL, SVvy PRECEMBRYE, FEHEFETHB®RL
7o #%, 32/42 mesh (H T & : 400 pm) ICE K L 2. XRDIK
F o THMET - LA, M ITBiIPOLE v-Bi,0;0 B 6 B
ko TcdhHho7m. KIBEITANES mm, 4AB10 mmdD XA L v 7

FEThHv, NBEd4mm, #B6mmD XA LV v 7 A& % B ER
AeHWwWAZdicMLHERIZHNSIBIZCHE AL 72 (Figure 3-2). fil
o ooFEORKRICAEL THWE. MAEOMLER
FRNZPROREIEERLZITS>AIC20%D B E L 80 %D E LRI
HTC2hfTo . RIEBRHABEROE — % —THEHELLBZEZM
ZTHEBBERECHELEZ. BB Z22A TRy, BE =2~

b -9 —LERLTODLI2BAEBESEIRESLHAR  — ¥ —
DM OZEBMICEBELEZ. 99— 20BREFERFIREHENT O A
A Vy 7 2B ECHAL, MEBORENEMNL L. fMES

PDBEEZ, BEORER (KiEHON) DAL EDORE TTT3
KR T LS mFOoOBRENICL > TCHELEZ. BHE, b —
F—0oMBEE® —EFL L, REAKKETEALTLEZ 2D
s, A OBRESEIREBESAORELTHEL TWD D,
KL THMEBRBOCEEN EF L THEZE2 2T T2V X5

WEBE LE. KREBRICHWE ¥, B I/XFigure 3-31I2 73 L £ .
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25 mm

Thermocouple

Gas inlet |Outer ¢ 6 mm T
Quter @ 15 mm
Inner @ 13 mm
4 o i Outer4 mm
275 mm il
s
]
Quartz sand E E 60 mm
ili
Slica wool EE
Catalyst |iJ: 6 mm
S . e.g.) Bi203-P20s
ica wool
4 02g
Raschig ring 60 mm
160 mm
-~ Outer ¢ 10 mm
Inner @ 8 mm
Yy

395 mm

lGas outlet

Fig.3-2 Illustration of the packed bed reactor. (Horie et al.,

2008b)
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digital mass flow controller
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- S5 >4 ¢
O, Coa
L LR
A . .2
— ventilation P
. reactor
St heater
C“u
auto sampler 4
e
‘.—..—..*_w._—____
He
I ]pm‘az:‘&-fe
—  yentilation
4
TCD

[”‘" molecular
sieve-5A

Fig.3-3 Schematic illustration of the experimental setup
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3-2-3 RERKRFHECBEBTIERREEZRS &

20/ 5 150mL-min ' DHEBEILE T 2 —FEREOEE BEE
BET~7 KRIEKEDOMBIEZ N, XN T XD 20% C3Hs, 10 %
0, TH 5. L EZ 02gThH VYV, MEBORE & 6.0mm (21
YT s, FREFERCIAEEWE L L CHE 01 g izg
LT 20 g DAEBETMECEASL TR, BOoRIFICHT
HZoREBALE. OB EMEBERBOR IIE 4.5 mm THY
T5. RESEoOMBREFERIT PH4 L ~2rTr—23 v o
— 77— (STEC ®) ChoTHBLE., REZEDOIKMEIIT TCD
& FIDIK & » T %4 # L %z (Shimadzu GC-8A with a Molecular

sieve 5A and Prapack-Q in 1/8 inch columns).

3-2-4 BEAYMHEKEBRBEDRAEOEZRFE

LT, MELABBRELEZ, BEE®BRMEO LT LRUKBME
B (20 % C3Hg, 10 % O,, 70 % N,) O H 8 50 mL-min™' & 150
mL-min' O&KE*rAHFHCELIE THEATLIBETH 5.
fik B X 01 g% 20 ¢ OPAEB THERLTAVE. FHEY
BEIX 100mL-min! & 23 L9 @ELE. RExiE, —AMH
Z 80s & LEHBAITIE, 40s A 150 mL-min™! TH @ & ¥, &
D D 40 s 2 50 mL-min' TH 5. KEBOHOKEHETHBR
258 (A V75 —) DL I 4 THRELTHLD, B
B W T o % v T Y v F B BB T H b (Figure 3-4,
Figure3-5(a),(b)). Z OB IC X > T BB OoBMTELK OV
YINESBRTBIERTED. REEDBREOLE S X, H
A 2O0OHmELEAERECZELLT 22D, REHE»LLT— LW~

TIT—FETCOITA v E I EBERERHELTCY TS Y T R
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TFolr. BRLEEEOY v 7428 L T —BHAICHRK
kLT 7y L, —BA¥HARNOBHHRELEE- .

reactor

veni

He

i

vant

A

He He

Fig.3-4 Schematic illustration of the auto-sampler
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Fig.3-5 Pictures of the auto-sampler and the revolver-type

sampling columns.
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3-3 BREBILIUGEZE
3-3-1 FMEBNBEEBIUVELELSAOHE
HBH OEEPDODRIGE Tt lLrrtBBEICLIAEL2EBEILE LT

P

HEzTY, MEBNORE LA EBEARSIAICHEL T — K
WOREET Y. RIEFEEXEFRETLI>2D0KE O FEIX
BEFEL T L X OAODBRER2ZEMSELIERIIILS S DT
T2, 5BO0OHBRIBEBEILELE LUTOFEEZ L - 2.
Equ3-) b B bh 2 E&EakrrbmaemMibs Lz xomn$E
L7 v rroBALROLERMBT S &L Xa/Xs=9 (A: B F,
B: 7 u z:"L/‘/)szb;é. Figure 3-6 » b Z 1L b Ok % B 5 &
BiXF 1022, 7o lLryroERPEZ N L, BLEIERKWL

&, e v v ryBLERIBEEBELALAELIDL MDA

[

FEERET B E, TV LroSgEPEE BT, ¥ i
Eq(3-2)it BWwW T 7uvbv vy LT 0®REEZDODITIHRY
Thsdr. BEICEHLT I KTHDHZ L 2FITREDITIE, Po:
RIS DI ERERLETIOILER D DN, —BRGOMKEZ
HWE T 20T, Z0o0Xo0oBEHEETUToR

W_PAOJ-dXA

=P, | =2 3-13
F — kP, ( )

EHVWERBELC I > THBITDIZLETERTTHLDL EE 2
. KIS EEFE I Figure3-7TiE R L7 V=9 X711 v b
KXo TRDE., ZThTEEEERXN EqB3-2)2RET 2 Z &
BTERER, oy - HLERBICIIEELRODR 2K
AT 2D FEBTHFRR LEMEBICLIZ>ERERZ AL
ThHEze6h 22X Tdbsd. LirL, BOHBEIT T X THMES

B p. % 884.2 kg-catrm™ & K& L, AEBAFRL Wi



s =3
o~ X
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2 7]
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Fig.3-6 Dependency of the conversion of propylene and oxygen

on W/F with the diluted catalyst bed reactor. The catalyst

amount was fixed to 0.1 g, and it was diluted with 2.0 g quartz

sand. (V¥) propylene, (O) O,.(Horie et al., 2008a)

12 13
UTx 102 K"

Fig.3-7 Arrhenius plots based on the results from the
experiments under the varied temperature conditions (762 K,

781 K, 804 K, 827 K) in the catalyst bed. (Horie et al., 2008a)
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Fig.3-8 Distributions in the axial direction of the catalyst bed
under the steady state operation (calculated). (a) Temperature
profiles at three total flow rate, and (b) oxygen conversion

profiles at three total flow rates. (Horie ez al., 2008a)
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Fig.3-9 Transient temperature profiles after the moment when
the flow rate was changed to 150 mL-min™' from the steady state
of 50 mL-min"! (calculated). The temperature profiles were
drawn at every second to 16 seconds and elapsed time was

appended to some specific temperature profiles. (Horie er al.,

2008a)
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Fig.3-10 (a) Variation of the oxygen conversion with time
(solid line) after the moment when the total flow rate was

1

changed to 150 mL-min"" from the steady state operation of 50

mL-min!

(calculated). (b) Variation of the time averaged
conversion of oxygen with time (calculated). The filled marks
were plotted per second with a solid line. The dashed line

corresponds to the conversion at the steady state of 150

mL-min'. (Horie ef al., 2008a)
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Fig.3-11 Transient temperature profiles after the moment when
the flow rate was changed to 50 mL-min~' from the steady state
of 150 mL-min! (calculated). The temperature profiles were
drawn every second to 16 seconds and elapsed time was
appended to some specific temperature profiles. (Horie et al.,

2008a)
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Fig.3-12 Variation of the oxygen conversion with time (solid

line) after the moment when the total flow rate was changed to

1 1

50 mL.-min"" from the steady state operation of 150 mL -min~

(calculated). (Horie ef al., 2008a)
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Fig.3-13 Effect of the cyclic period on the time averaged
conversion of oxygen under the forced flow rate cycling
operation {calculated). Time averaged —conversion was

calculated based on 100 mL-min"}

. The time lengths for feeding
150 and 50 mL-min"' in a cycle were set to be the same. (Horie

et al., 2008a)
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Fig.3-14 Dependency of the conversion of propylene and yields
of products on W/F with a diluted catalyst bed reactor
(experiment). The catalyst amount was fixed to 0.1 g, and
diluted with 2.0 g quartz sand. Vpropylene, ®CO,,

B1,5-hexadiene, ®#benzene. (Horie et al., 2008a)
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Fig.4-1 Reaction mechanism of the two-layered catalyst bed for

CsHg

the production of benzene from propane.
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Fig.4-2 Redox cycle of the ~ V,0; catalyst for the

dehydrogenation of propane.
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Fig.4-3 Redox mechanism of the Bi-P-O catalyst for the
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Fig.4-5 Dependency of the effluent on W/F (catalyst amount /
flow rate) with the packed bed reactor. Each of the catalyst
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(a)two-layered catalyst bed (b)mixed catalyst bed.
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Fig.4-7 Dependency of the effluent on W/F (catalyst amount /
flow rate) with the packed bed reactor. Each of the catalyst
amount was fixed .to 0.3 g. (¥Ypropylene(x10),0CO, @CO;)
(a)two-layered catalyst bed (b)two-layered catalyst bed with

quartz sand between the beds.
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Oxidative dehydrogenation of propane

C.H. feed O, feed
«—8 > —2 >

773K

Temperature
N
P

CsHg

CO+CO,

Concentration of products

Cyclic period

Fig.4-9 Temperature profile and concentration profile of
products in 1 cyclic period of the forced concentration cycling

between propane and oxygen with V,05s.
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Oxidative coupling of propylene

C.H. feed O, feed
«—5 > ¢—2 >

773 K

—

Temperature
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2
= CO,
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C
S
©
=
[
(&]
c
O
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N
Cyclic period

Fig.4-10 Temperature profile and concentration profile of
products in 1 cyclic period of the forced concentration cycling

between propane and oxygen with Bi-P-0.
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Oxidative dehydrogenation

C:H, feed 0O, feed
P .- P e >
/—\ ]
T 7 AN ng\

Isothermalization
by heat exchange

r——————7J \
< > < >
C,H, feed O, feed

Oxidative coupling

LAAAAAAAAAAAAA

Fig.4-11 Schematic illustration of isothermalization by heat

exchange applying phase lag of forced composition cycling.
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(a)

(b)

Fig. 5-1 (a) picture of aluminum plate A. On the righf part of
the plate A, there 1s a channel for leading gas flow to
microchannels. On the left part of the plate A, a trapezoid
shaped area has 2 holes for leading the flow to plate B under the
plate A (b) picture that the microreactor module was being
fabricated. There are 14 holes to insert bolts to compress the
aluminum plates and smaller 12 holes to insert thermocouples.

(Horie et al., 2008b)
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Flow Rate

A 100%N2 100%N2 100%N2  100%N-2
) ll—l 4 4
Cydlic period 7 > | | 80% 60%
N2 N2

tNZ) € o2 Teane .
P Time

Fig.5-2 Schematic 1llustration of the forced composition
cycling. 40%C3Hg, 100%N,, 20%0,, 100%N, were repeatedly
introduced into the reactors in this order. Time length of
introducing C3Hg (fc3us) and O, (fo2) were the same, and that of
pure N, (fyxz2) was 1/5 of each of them (fcins = fo2 = S5xitn2).

(Horie et al., 2008b)
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Fig.5-3 Variation of conversion of C3H¢ and yields of products
with time by steady state operaiton. (a) microreactor, (b)
packed bed reactor ( YVC3Hs, ®CO,, Aacrolein, M1 ,5-hexadiene,

®benzene ) (Horie et al., 2008b)
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2008b)
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Nomenclature

oo > s

,a(‘)

SIS

half the width of the cross section of a rectangular tube
half the depth of the cross section of a rectangular tube
total concentration in fluid phase

heat capacity of the reaction mixture

heat capacity of the catalyst

collision diameter,

inner diameter

residence time distribution function

activation energy

friction factor

volumetric flow rate

volumetric flow rate of leakage

volumetric flow rate

heat of the reaction

kinetic constant

pre-exponent of kinetic constant £

rate constant for pressure reduction

catalyst bed length or length for axial direction

molecular weight -

[m]

[m]

[mol-m™]

[J-mol™ K]
[J-kg-cat K™

[m]

[m]

[s"]

[J-mol™]

[-]

[mL-min]

[m’s]

[*s7]

[J-mol™]
[mol-kg-cat”-Pa’ 57
[mol-kg-cat™-Pa’! 5]
[s"]

[m]

[kg-mol'l]

moles of the gas inside the system shown in Fig.2-4, at atmospheric pressure {mol]

total pressure

atmospheric pressure

gauge pressure

partial pressure of ith substance

mitial partial pressure of ith substance
initial gauge pressure

reaction rate

pressure reduction rate

gas constant

Reinolds number

Reinolds number for a rectanguler tube
time -

gas temperature or catalyst bed temperature

atmospheric temperature

-131 -

[Pa]

[Pa]

[Pa]

[Pa]

[Pa].

[Pa]
[mol-kg-cat'l-s'l]
[Pa-s™]
[J-mol™K™]

-1
[-]
[s]
K]
K]



surrounding temperature
inlet gas temperature
reactor temperature

flow velocity

overall heat transfer coefficient per unit length

gas linear velocity in the axial direction

[K]
(K]
K]

[ms]

J -m'3-K'1-s'1]

[m-s]

= volume of the gas inside the system shown in Figure 2-4, at atmospheric pressure [m3]

calculated inner volume of microreactor [m’]
mnner volume of the system shown in Figure 2-4 [m’]
catalyst amount [g-cat]
position in the x axis from the center of the cross section of a rectangular tube [m]
conversion of oxygen [-]
position in the y axis from the center of the cross section of a rectangular tube [m]
initial mole fraction of oxygen [-]
mitial mole fraction of propylene [-]
axial co-ordinate (along the bed length) [m]
pressure drop {Pa]
void fraction of the catalyst bed {-]
variance of set-up with microreactor [s°]
variance of set-up without microreactor [s°]
viscosity of fluid [Pa-s]
density of fluid [kgm™]
bulk density of the catalyst bed [kg-cat-m'3]
density of the catalyst [kg-cat-m™]
standard deviation [s]
time length of 1 cyclic period [s]
mean residence time of set-up with microreactor {s]
mean residence time of set-up without microreactor [s]
collision integral [-]

-132 -



Literature Cited

Abdul-Kareem, HK., R.R. Hudgins and P.L. Silveston; “Forced Cycling of the Catalytic Oxidation
of CO over a V,0s Catalyst—II Temperature Cycling,” Chemical Engineering Science, 35,
2085-2088 (1980)

Agar D.W.; “Multifunctional Reactors: Old Preconceptions and New Dimensions,” Chemical
Engineering Science, 54, 1297 {1999)

AidaT. and P.L. Silveston; Cyclic Separating Reactors, Backwell Publishing, Oxford, UK (2005)

Aida, T., R Kobayashi and H. Niiyama, “Periodic Operation of NO-CO Reaction over PVAL O,
—Effect of Intraparticle Diffusion—,” Kagaku-Kogaku, 23, 962-968 (1997)

Aso, I, M. Nakao, M. Egashira, N. Yamazoe and T. Seiyama, “Reduction of Metallic Oxide
Catalysts by Olefine,” (in Japanese), Shokubai, 18, 106-109 (1976)

Bailey, J.E., FI.M. Horn and R.F. Lin; “Cyclic Operation of Reaction Systems: Effect of Heat and
Mass Transfer Resistance,” A.LCh.E. Journal, 17, 818-825 (1971)

Brandner, JJ., G Emig, M.A. Liauw and K. Schubert; “Fast Temperature Cycling with
Microstructure Devices,” The 17" Intern. Sym. on Chem. React. Eng., (ISCRE17), MS#444 (2002),
Hong Kong, China

Brandner, J., M. Fichtner, K. Schubert, M.A. Liauw and G. Emig; “A New Microstructure Device for
Fast Temperature Cycling for Chemical Reactions,” In; Proceedings of the Fifth International
Conference on Microreaction Technology, May 27-30, 2001, Strasbourg, France. Springer, Berlin,

pp. 164-174.

Bemrose C. R. and J. Bridgwater;, “A Review of Attrition and Attrition Test Methods,” Powder
Technology, 49, 97-126 (1987)

Contractor, R M. and A.W. Sleight; “Maleic Anhydride from C-4 Feedstocks using Fluidized Bed
Reactors,” Catalyst Today, 1, 587-607 (1987)

Creaser, D, B. Andersson, R. R. Hudgins and P. L. Silveston; “Cyclic Operation of the Oxidative

-133 -



Dehydrogenation of Propane,” Chemical Engineering Science, 54, 4437-4448 (1999)

Cybulski, A. and J. A. Moulijn; Structured Catalysts and Reactors, Marcel Dekker, Inc., New York,
USA (1998)

Denis, GH. and RL. Kabel;, “The Effect of Temperature Change on Tubular Heterogeneous
Catalytic Reactors,” Chemical Engineering Science, 25, 1057-1071 (1970)

Dorawala, T.G. and J. M. Douglas; “Complex Reactions in Oscillating Reactors,” A.LCh.E. Journal,
17, 974-981 (1971)

Ehrfeld, W., V. Hessel and H. Lowe, Microreactors: New Technology for Modern Chemistry,
Wiley-VCH, Weinheim, Germany (2000)

Hashimoto K.; Kuromato Bunri Kogaku, Baifukan, Japan (2005).

Horie, T. and T. Aida, “Oxidation Coupling of Propylene in a Microreactor Coated with Bi-P-O
Catalyst,” 5th World Congress on Oxidation Catalysis, Sept. 25-30, (2005), Sapporo, Japan,
0OA4-04

Horie, T. and T. Aida; “Effect of Flow Rate on Temperature in a Bi-P-O Catalyst Bed: Global
Enhancement by Forced Flow Rate Cycling,” Chemical Engineering Science, in reviewing
(2008a)

Horie, T. and T. Aida; “Oxidative Coupling of Propylene under the Condition of Forced Composition
Cycling with a Microreactor,” Kagaku-Kogaku Ronbunshu, 34, (2008b)

Horie, T., T. Aida and H. Niiyama; “Design and Fabrication of a Microreactor for High Temperature
Catalytic Oxidation using Forced Composition Cycling,” Kagaku-Kogaku Ronbunshu, 30,

142-147 (2004)

Horn, FJ M. and R.C. Lin; “Periodic Processes - a Variational Approach,” Industrial & Engineering
Chemistry Process Development and Design, 6, 21-30 (1967)

Ito, N.; “Membrane Reactors for Hydrogen Production and Recovery,” (in Japanese), Maku, 30,
38-61 (2005)

-134 -



Janicke, M.T., H. Kestenbaum, U. Hagendorf, F. Schiith, M. Fichtner,y and K. Schubert; “The
Controlled Oxidation of Hydrogen from an Explosive Mixture of Gases Using a Microstructured
Reactor/Heat Exchanger and Pt/A1,05 Catalyst,” Journal of Catalysis, 191, 282-293 (2000)

Kawase, M., Y. Inoue, T. Araki and K. Hashimoto, “The Simulated Moving-Bed Reactor for
Production of Bisphenol A,” Catalysis Today, 48, 199-209 (1999)

Lee, CK. and J.E. Bailey, “Modification of consecutive-competitive reaction selectivity by periodic
operation,” Industrial & Engineering Chemistry Process Development and Design, 19, 160-166
(1980)

Levenspiel, O.; Chemical Reaction Engineering 3™ ed., John Wiley & Sons, New York, USA (1972)

Matros, Yu. Sh.; “Catalytic Processes under Unsteady-State Conditions,” Studies of surface Science
and catalysis, 43, Amsterdam: Elsevier (1989)

Matros, Yu. Sh. and GA. Bunimovich, “Reverse Flow Operation in Fixed Bed Catalytic Reactors.
Catalysis review : science and engineering, 38, 1-68 (1996)

Moulijn . A.; “Preface (Special Issue ISMR-1),” Chemical Engineering Science, 54, 1297 (1999)

Ohmori T.; “Improvement in Efficiency of Chemical Process for Producing Light Olefins under
Periodic Temperature Modulation,” Kagaku-Kogaku 70, 295-298 (2006)

Pugsley, T.S.,, GS. Patience, F. Berruiti and J. Chaouki, “Modeling the Catalytic Oxidation of
n-Butane to Maleic Anhydride in a Circulating Fluidized Bed Reactor,” Ind. Eng. Chem. Res., 31,
2652-2660 (1992)

Rouge, A., B. Spoetzl, K. Gebauer, R. Schenk and A. Renken; “Microchannel Reactors for Fast
Periodic Operation: the Catalytic Dehydration of Isopropanol,” Chemical Engineering Science, 56,
1419-1427 (2001)

Luther, M, J. J. Brandner, L. Kiwi-Minsker, A. Renken and K. Schubert; “Forced periodic

temperature cycling of chemical reactions in microstructure devices,” Chemical Engineering

Journal, 135, S191-S198 (2008)

- 135 -



Sakamoto, T., M. Egashira and T. Seiyama, “New Catalytic Aromatization of Lower Olefins over
Bismuth Phosphate Catalyst,” Jounal of Catalysis., 16, 407-409 (1970).

Sasaki, M. and T. Wakabayashi; “Reactive Distillation and Its Industrial Applications,”
Kagaku-Kogaku, 70, 282-285 (2006)

Seiyama, T., T. Uda, I Mochida and M. Egashira; “Oxidative Dehydroaromatization IIL The
Mechanism of Oxidative Dehydrodimerization Process of C3;-C4 olefins over Bi,03-SnO,
Catalyst,” Journal of Catalysis., 34, 29-34 (1974)

Silveston, P. and R.R. Hudgins; “Periodic Temperature Forcing of Catalytic Reactions,” Chemical
Engineering Science, 89, 4043-4053 (2004)

Silveston, P., R.R. Hudgins and A. Renken, “Periodic Operation of Catalytic Reactors - Introduction
and Overview,” Catalysis Today, 25, 91-112 (1995)

Silveston, PL.; Composition Modulation of Catalytic Reactors, Gordon and Breach Scientific
Publishers, Lausanne, Switherland (1998)

Sinev, M.Y., O.V. Udalova, Y.P. Tulenina, L.Y. Margolis, V.P. Vislovskii, R X. Valenzuela and V.
C. Corberan; “Propane Partial Oxidation to Acrolein Over Combined Catalysts,” Catalysis Letters.,

69, 203-206 (2000)

Spinicci, R. and A. Tofanari, “Behaviour of Zinc Oxide Towards Propylene Oxidative
Dehydroaromatization,” Applied Catalysis, 1, 387-394 (1981)

Sundmacher K., A. Kienle and A.S. Morgenstern, eds.; Integrated Chemical Processes, Wiley-VCH,
Germany (2005)

Swift, H. E., J.E. Bozik and J.A. Ondrey; “Dehydrodimerization of Propylene using Bismuth Oxide
as the Oxidant,” Journal of Catalysis, 21, 212-224 (1971)

Vaporciyan, GG and R.C. Kadlec, “Periodic Separating Reactors : Experiments and Theory,”
AILChE. 35,831-844 (1989)

- 136-



Venkataraman, K., J. M. Redenius and L. D. Schmidt; “Millisecond Catalytic Wall Reactors:
Dehydrogenation of Ethane,” Chemical Engineering Science, 57, 2335-2343 (2002)

Yamamoto, S., T. Hanaoka, S. Hamakawa, K. Sato and F. Mizukami, “Application of a
Microchannel to Catalytic Dehydrogenation of Cyclohexane on Pd Membrane,” Catalysis Today,

118, 2-6 (2006)

Yube, K., M. Furuta and K. Mae; “Selective Oxidation of Phenol with Hydrogen Peroxide using
Two Types of Catalytic Microreactor,” Catalyst Today, 125, 56-63 (2007)

Zech, T. and D. Honicke; Endoel Erdgas Kohle, 114, 578 (1998)

- 187 -



| #F

KL, L DFHADZHE, THHCL-TERLELOTIENET. Z2iek
WERIZ R o 7o T2 ~OBEF LR RS CHEET.

KX DR ZATT HICH Y, R TEREHBRFMESER LY, HIEoEDEFEB
LUOHBFIZ O TEHRE LTHESE, B xOIWs2Bv L. £, BIEHERE0OFEEH
HFRBROFEZONWTHBY 5 THEAHE E L. X5, £ OFETHERE
ERRTOLEEREZEZTTEINZI L, B OLHRIXEROBOEB O E LI LY,
Ba b m CEELRBRABES CHEES E L., &I, MNEEZERELED L -EE
RBIIBME T TEHWERIIZ T EBRERSICER T D e Bbh, 2 LT HE
DEZIZTHRETHD £

R TERH R TEERERTRERICE, SICeBOTRohs™h, EhiTER
DI, MEREOEL O, BEOFFEICHOWTHEECSHRL LCHES, “8BER3 D
BELOWNCTHH_ZBVE LR, £, ~A 270U 72 72 —HERICBWNT, BFEEEGY
MPoFEMRTHELHEEE L. FIERNECRLT, #1, £ESCEL L THRYICH
HKILDS>TLEEDERITHRE L LT, £, HEELLTOLIAEREI LN TEE
Lz, ZZICHRE<REE U L RiF £

B ATE O 2 R B HE CHRE 2 M TEW - ER KRB L TSR OLE S, b
7, BEIRmCABSICBIT 2HFEHBERIBIIERITTEY, BEKHARIZBNT, £<
DIEERNIHELZBY £ LR, KEDfASE, SSEEES, BEosk
BHEBERIC, LDEVESHEHLR LT ET. £k, 28, ELEEOE, ERITEEY
EBRE Y v & —FR CTh O NI FILEER O ZH BB o S e

IR FREMERINBEE—LAITIE, <A 70l 77 X —5ERE SO RS E R

HIEDLDERICOWTET, SFCTRELZBY £ Lz, BRFEEIERAFTITILER
%, EERmIAFEERICOWTIMEREE, A, BLHXHPEIHZ->TH, VWO Th
HRIZOD LMo TCT I BEERENAOZ X LRV ELE. BTAR, LXY ThY
BEHSTENELE] EHLEFEOEENET.
AT, A/ Y TSROV T ORERE L E LMk TR R D
iz, LFEILENREZE L LTHEESE QRN TWEN, TR ZZ2BVELE
HRRZL OB REEE, FOMMEAFE BN TCIB A2 T EaENERICE LB L
FFET.

FFRICET 2HBRLEROBEEE T, BELLPERAEFEZHITHFEEE TR 0L
FLEHLOFAEDER, LIHBMREREOF 4 ICHELE LY. LFENEE OEE
HARER LT —<ic B0 MAT Z & SEREIC SRS £ L.

REBIZ, BRARETER, XBLKNWEFRCBEHOBERIECHEET.

VR 204E 2 A 98 F _Ym T /5t




