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Electric charges observation of snow fragments from thunderclouds
in winter at several points and presumption of the cloud behaviour

Tadashi Kato, Iwao Kitamura, Nagayasu Ikeda
*Takeo Wakai, *Tsutomu Sakai

In order to analyze the structure of thundercloud and to estimate a thunderbolt position in
Hokuriku district, total observation of thunderbolts and their thunderclouds that is sponsored by
Hokuriku Electric Power Co. was carried out in Mikuni area, Fukui prefecture in the latter part
of December 1994 and the latter part of January 1995. We participated in this observation and
observed electric charge of snow fragments at four points with the same kind of device. The
signals which were gotten from several points with the respective delay times were corresponded
with one another. It is certain that the all signals were brought by the snow fragments from the
same cloud. From the observation the speed and the direction of cloud and the distribution of

electric charge in the wide and lumped clouds were also estimated successfully.
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Electric Interaction between charged fog and water drops

—— simulation experiments for the electric structure in a thundercloud —

Atutoshi Tomii, Iwao Kitamura, Nagayasu Ikeda

Experiment on electric interaction between charged fog and water drops as the indoor
simulation for the electric structure in a thundercloud is carried. The charged fog as the charged

cloud is used in this simulation. The electrification of water drops pass through the charged fog

in the various situation are measured in the experiment. As a result, it is found that water

drops have electric charge with both various polarities and value dependent on the separation
conditions of water drops at its moment.
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Breakdown experiments on fog with the
alternative current voltage

Kouichi Kurosaki, Atsushi Inakawa,
Iwao Kitamura, Nagayasu Ikeda

It is important to examine the discharge phenomena on the breakdown in the inner
thundercloud for learning the mechanism of lightning at the initial stage. However, it is difficult
to study directly the breakdown at the inner part of real cloud. Inspire of a cloud, the breakdown
experiments with four kinds of fogs uniformly filled between the electrodes are carried with AC
voltage. It is found from the experiments that the breakdown voltage are effected strongly by
the electrode surface conditions and the discharge mechanism could be divided into 4 region with

the distance of the electrodes, from the behaviour of water at the surface of electrodes.

e

%

]

XABEIC & 2BOIERKIEEER

ARl F—, FIl Z, JtN SR, A RER

BHE A H =X 2 OPPBELF SO, BEENOERBBERLYALLZEETHS, L
L, EEOBEZEXAVTHEEREY AL Z L2, EBEETHS, £2C, EORbHIIE
BOBLEBMIC—RRCTEB IR, THBEERC X 5EREBEERY T, ZORER, BEBEEE
REBEAORBICEFETH LS L0, BEREMCMAET 5K R L EKM R
CEOHREA D =R 22 ARBECOETHLNTE,



EETHL X T LAOES

MHE B, AR AR, A3 LK, e I,
WH 2, EH RK, EH B

1.EANE

HA ML IbWHDODJEFE LT HE, &, kF, B 2355, RAREAEX T THIE
DZHIFBVASL IR, 2BEDOBEC S VWTIR—EBUTHBE VS L5 HHBELAENLS
CRbhs, HBCHELTRKETE2II LOREXZO KRR, RREAKZEOMBERET L, E
DFEEFE > TANCBAMEERBLOOBS., —77, 3FEOKFCOWTL, HIT 2L Lo
H BRI ERERIZEL, B bBERNOERICL > THACBDTETWS, LiL, &
ZonwTik, BOBEY AT 237, EBAISHIKEKEL TV 50X BRTHD LBbh5, BB
DS LL LRI BIC L BEBETH B LI00bLT, BEDOF VS A vy AT A&
DEBLHILNE S HAEARCE > TS, ZORDEZBHILIITBEIHBOEBEL LR T 51
DIZETH LTRADB I EAREF LTS,

BUXKZFONMNET2ILEMAIBEIETH - L 3FEDOLHVHIRTH D, Lid, Wbds 71k
CLDE] LWHZFREFLTVS, B [—RE] LZbhT\W5 X 5EFOEICH100£E &
WOIBDTAREVWEREYEZE,» O FICESHHBETH S, H-T, HEOHBEIEREE DY
BARBISCBIETHEN TBERPFEC I - TRIZHAIAREVEVWIFHEEE-TVW S, 20Ok
», HEOFANIARRROEM & 78 - TRTWB,

LirLishih, ZOEMIREFISHORBTHSHH, ILEEH, BFHF, [T, K
&, BILK®, HRRK¥, KRA%, €RA%E, AlIEELREABMLTWALFEOEFRALE
OHRBHC L b, RECEBREDHLELHKIZULDTETVS, BIUKFIBEEDOBESMHLE &
FOHIRBOBREFLICEDTRTED, BOBIWERY - TH-TL BLEELLNBER
MOBHE L EER BoRaniidn ) TH5) DBEHET-> T\,

ThoBRA2DEAEFDOREROBITROLV—F—, FoFF5—V - K-l DKBEREERTS
TERIh, LROFBENOBIIEESD LALLM ERD, BABCAERE v AT A% HVIUISL
BTk lkm IHOEH, BEZITIRI0D~15D0 LN TOREFHURTETHHEELDI S,

2. HASh2EZIEE
HESE L -BEERKEC-10EMELYSEIE, LHCREEYE, THATRABKCHEET S, K&
BRI VBEIOCBATIIMCHET S, o TEF TR EORATEDShTREELLEETIR
K1Dk5ED ERCIERYE, FRIZABKEIHE LEECI/NIBEBEOB/HIFET S, —
FHALRE# G DL FE T, BWFHAC X ) RETHFERXED LHCERY FHCABKEER A Zh
ThBEh3DIBEFLALTHAH, BOFTHRKMIAK 2D L 5 0RBICH 5D Tikicuh L H#
X ALREE SIS & PFSURT




BILKZET¥MACESLTE 1996

BERTWBY, L LEHIEOWTIZSHEOH
RERLF-RITE SV, B4 BRI
e T DL FITIZBED\BE & BT WEHRO
DEERIFR  HE LT EASHKIC X 5 EEDOR
ERBY, Lrd, BRWERE, BRI HK
3(a)DX5iRBHLLKRBICEAM(b)D X 57
BERIWBFHEEDIRBICE D D TIiZ7s\v b & HER
LTw5,

3. #RIShZEEEE
HHEIBWOBENC L », BREEOE ALK
T F AL CERNRCEOBBRMEL D LG
7gh, BBEELYRECITRETHHEE2DR
5, COBRAPKEL B THEMRD H 5 BB E
2BE, ROV OhDOBBHNEL LN, T
bbb,
1) EZIZH - BRI TREKITICE > TR
3 <,
2) ABEEHNI THRIMCE > CBRICER
Shxs,
3) EFCHESEIRES ) REBEEBEMLRY
£, ABEBHORIES,
4) B OIURF D %k DB O—RMED &K
BHEZB,
WO BRBTHD., K4 (adid, RAEHEEMAT
B & I KA T EER I h QoA

i EOBR DX [kV/em]

)]
o

T T T T
& LOZEO&EXh=400[m] -

200
—F OB [m)
ENRD 3O EOBR
4(a)



M - JeA - A - Nk - BHE - B - EH

BF B ELBEBROBMEFTH 5., 400mDEZD5100m D
BICAECFHhTHMLTE Y, £hFh, 1[C], 2
[(c], 3[C], 5[ClDEMAI00mE CHETLTE LS
A0 EERYRT. 2[ClbHIIEI00mDE I TEE
BROWEBR®HL 5 L2H5,

K4 (b)), QOBEIIFETFOHADBEBROBMELTH
%, BEHDOLIDETa200mDERERD TS, BEK
BT O d12200m TEHHFOLOE S hid500m & LTWw
5, IFD1F 2 -2 a 3ORBUEBRHOEAEZRL,
COBMOPIVBAZIEBMEZADHEITEN NI
D, BROMBIIKEL LB L300 5B, FLK5RT
Fo7 77—V —F-—IsEOBUNO TRIMOFELREE
EAKEIHBERBARAD B ENH S TEH?, Thbiz
BRAVEATHAEABOEFVEFE LI,

T, BAZEOATCI ELAKMOBRCRIKOT <AL
CHRWTRIKMOFRRALTHFEL, ZORRTRE L
FHESHVWEREZILOLTWSY, i
B2 DBH»SEIBSIVHRELD
DR D 1D DBEE DS HEVCERM 2 H O
HBZENHSTWS, ZDE5KWLD .,
HORFGERD H, HF L LR L cER
RS REOWNTRT BB TR S
LEZXDNhD, Ld, R FOLE
BEHRE LA EERB LI TEK

S
T

:::fiéé://'iiiii
- //‘:— I
=

HEIGHT (M

7

S T f.r/

CHEEFR Y AT ADEAS

(kvem
30

20

———y

—

|

=
I~
~
DI
et tan AN
—_— \
\.-,,,,\

N\,
N
ANS NS S

PN

GNP
—— =

~

-
F
=

\
/1
Oy
AN

N

AN

N

N\

199 122

e N -

RN

25

Blcd—oDEME b DOEDOMITIZIZFE
BYEDOKRNE FE FBH 2 - BN

s

18 [
TIHE USTY

g L b T L

B

n

M6 ZXFEEZEINREHERIN

lirisiriy



BILKZTERALERLTE 1996

 EFEEEE €= i |——> i

. [ [ RuEA%E > | ®mEE
e v
W@?i?i:E BRI
8 R E I B , y
ot oo - BRI R
- BRI v | | ;
T - BEARA »
[ |
EERRI | ] OBk K& X% [ — OOn/s
-
V
v AL ‘ A EBHERITEE - BRSO
HETHOLE ) !
HHEOEOHOB T || Nz
HEOEOH O +* DL
CICIRT A58 : | | o
% E L
ANEEANSY
~ANBEANGE

OOn

X 7



M - A - ASFF - DnEE - BEE - B EH EETFRC AT A0BE

FELTVWAREC DS EHAIN D, 20X 57, BHEARLIIEMARRD, Th
FhOEOMTRBEMELR O LS, 2Ok, ABUOBEHETH > TRk 4 EHEBEC L -
TR TRz LD, ZORRIING6ICRT LI RCRENC—RCRLZEZLEBEHEEORD S
iz LTH ) EMEBRHCIREBINCBETFERBOKBLBLULTVWSLE2 N5, EEL0HD
EMEL, ZOBALA VWD, BHELKELRD, RoTHEETOBRARVORIYURLEEL LA
%,

4. FEFRHL AT A
HENOEETHACXBHEEOZENMILLOBEHCTRC L S BRIKI LD LIS T
RBIBZENHD, o TFUTRRIINDDOEFOEMOE) & & BAFOHFATIETIEATHEC
KHHDEEXDRD, HTIRIZZDY AT LADBEE FHOLDOEET — 2 OEMETRT,
ANERT LS, BEEOBMZLEM FBEBEIATCW 5 BREBEMAIEEE L, ERUEEE
SOEEREET — 2 ERBEREEBCR VAR, BWEAEOHK, BEOERS L L% THBEMO ML X
DCEERRS X ERTH, —H, BRTEMNIMXBITL, EFOENS M, BROMEXERT S,
ChEABCBRCERINALT -2 LB L, FHF— 228500, HBLEEEEEY A
WTARERTS, ZhICk b, Sk, »5RKCKT 5% T BRSO M, BEMK, Bom, BR
DHERRTHIENTES, ¥, ZOWMBEDLZDERRITETHS, ChbOFRESE L
DOHWE L ERELH SEFHEENTEB LB L CEAEME L EERAL FHT 5,
CDOVATARELABREBNTHHBOKMED D, BRAE, HEBRFOY 7 MIZOWTh
SHEOMBTHHD, TOIS VAT ABEETE, F— 2 M ERIhTVWHEEFRAIBIL TR
EOBWYATAREDLLDEEZT WS,

5. & &

LR RBEMEFH AT 2 BB LRI D

1) BEEHOEBEMSM

2) EEHOBEMHEEE

3) BEROBEB AL LDOEI
DMK, FIRIADOMSATHEBLIRETHLTFHTHZ ENFRECRLEE2OND, X DIERHE
CEEME Ny 75—V — SR IBTERE (Fyv_"—2}) #0o0Fx, SBELDF— 2%
Bah, =2—-51Xy b7 -7 02BRBAYHFEUECHA L TRHEL VBEOR VY AT A
5D EEZ OIS, BCEMSBEORKFES MO FRARATRTH S, ZhiZS5EORE
LLTESLEBbhB,

2 E XM
1) &% # “FowE” RREHKR 1986
2) LIME—BB  “HKEHE” N83KEHAR MRF48 (1973) 9 A
3) BAK—R “BRFRKE, aBELARMHAIERN" ED-93-116 1963



BIKZTHEMICESLTE 1996

System concept for lightning forecast

Nagayasu lkeda, Iwao Kitamura, Tadakuni Murai, Tadashi Kato,
Atsushi Masuda, Takeo Wakai* and Tsutomu Sakai*
*Hokuriku Electric Power Co.

In the present life surrounded with on-line systems, more correct forecast on lightning is
indispensable for protecting the interruption of electric power, especially, in winter at Hokuriku
area. It is too many unknown factors about thundercloud in winter to forecast the lightning
correctly. Therefore, the relations between meteorological and electrical situations and the
lightning are going to be clarified one by one. System concept for lightning forecast is considered
in this phase. The system consists of fast data acquisition system, fast analytic system of electric
potential and strength, display system of electric charge distribution of precipitation, optical
observation system, forecasting system of electric situation and adjudgement system of lightning.
It is expected to improve the accuracy of the lightning forecast by coming with the

accumulations of the observation data.
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Basic experiments on electric quenching of fog Il

Atsushi Masuta, Makoto Kawamura, Iwao Kitamura, Nagayasu lkeda

In the present motorization life, the dense fogs on the highways bring the heavy traffic
obstacle. It is important and urgent to solve this fog problem. The basic experiments on electric
quenching of fog are carried on. Two kinds of the fog are used in these experiments. One is the
fog made by putting dryice into water, the other is the fog made from apparatus dryfogger with
water and compressed air. In these experiments, The fog quenching characteristics are examined
depending on an applied voltage, the distance of both electrodes, the mesh size of the electrode’s
net and the figure of the electrodes. It is also examined which form of the applied voltage is
effective, direct current (DC) voltage or alternative (AC) one. It is found that the quenching time
in the case of the application of DC voltage is shorter than that of AC one, and the local electric
field plays the important role in the quenching process.
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Layer Structure of Ferroelectric Liquid Crystal Phase in the cells
with Four X-Ray Diffraction Peaks

Junta Asano, Hiroyuki Okada, Hiroyoshi Onnagawa, *Kazuo Miyashita.
*Toyama National College of Technology

We investigated the layer structure of ferroelectric liquid crystals cells witch showed four peaks
by X-ray diffraction analysis. We confirmed that the liquid crtstal layer is made from three types
of domains with polarization microscope. To confirm the formation process of three types of
domains, we researched temperature dependence of apparent layer tilt angle and confirmed that

three types of domains are formed in S.* phase.
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Molecular alignment in the antiferroelectric liquid crystal cells with non-parallel
combinations of rubbing directions — Bidirectional Rubbing Method —

Kimitaka Terasaka, Katunori Morita, Hiroyuki Okada and Hiroyoshi Onnagawa
Department of Electronics and Computer Science, Toyama University
3190 Gofuku,Toyama 930

Electro-optical characteristics have been investigated in antiferroelectric liquid crystalcells with
non-parallel combination of the rubbed walls. The highest contrast ratio was observed in the cells
of which the off-angle, defined as the angle between the rubbing direction of upper and lower
subsrates, has been set at twice the angle between rubbing and extinction directions of the cells
of which rubbed directions are made i)arallel. From the X-ray diffraction analysis of the cell made
in the optimum off-angle condition, additional diffraction peak corresponding to bookshelf

structure was observed in the conventional chevron patterns.
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Fig. 2. Ratio of growth velocity v./v, as a
function of concentration of P in the
solution.

Fig. 1. General crystal form of (a) pureTGS,
(b) TGSP(30), and (c) TGSP(50).
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Crystal Growth of Phosphorus-Doped Triglycine
Sulfate and its Ferroelectric Properties

Masakazu Yoshio and Noriyuki Nakatani

Single crystals of phosphorus-doped triglycine sulfate (TGSP) have been grown from aqueous
solution by slow-cooling method. The concentration of phosphorus in the crystal is several
hundreds times lower than in the solution. The general crystal form is affected by the doping.
The (010) surfaces develop notably in the crystal grown from highly concentrated solution. The
ferroelectric properties were investigated by the examination of P-E hysteresis loop. Although the
spontaneous polarization P, is hardly affected by the doping, the coercive field E. becomes
considerably intenser with doping, especially in the (010) growth region. In this region, PO
tetrahedron substituted for SO tetrahedron will reduce the rate of crystal growth and impede

the polarization reversal.
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Exciting Moment and Bank Angle of V-type Multi-Cylinder Engine.

Akihiro KIRI, Yoshinori YOKOTA, Norio ITO

Recently, automobile engines have developed V-type construction for the purpose of compact
and light-weight. But the exciting forces and exciting moments occur even if the engine was
constructed V-type. .The traditional analytical method of many vibration problems of these
engines enabled estimation of exciting moments and so on after the bank angle was decided.
This paper presents a reduction method of exciting moments and deciding method of the most
suitable bank angle of V-type engine. Particularly, as the concrete example the relationship
between the reduction of 1st-order exciting moment that cause some troubles and the bank angle

is investigated.
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FEHETEY ) VAR IOHAZRELDT
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MFETE 7Y VAR IV RILDTH
%, £3D(), (b), QXEThEFhZE 2D (a),
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@3=90",E=30mm DiFE

Duplex Method for Designing Hypoid Gear Blanks

Combination n/N 8/ 35
Gear Pitch Diameter 0 L] 190
6Gear Face VWidth F nm 28
Hand of Pinion Left
Avarage Pressure Angle deg. 19
Oriver Pinion
Cutter Diameter 2rc L] 190.5
Pinton Spiral Angle deg. 49.6688
Shaft Angle Sigma deg- 90
Pinton Offset E L] 30

( Bellouw Center )

1) ==110",E=15mm N4

Duplex Method for Designing Hypoid Gear Blanks

Combination n/N 8/ 35
Gear Pitch Diameter 0 L] 190
Gear Face VWidth F L] 28
Hand of Pinion Left
Avarage Pressure Angle deg- 19
Oriver Pinton
Cutter Diameter 2rc L] 190.5
Pinion Spiral Angle deg. 42.5635
Shaft Angle Sigma deg. 110
Pinion Offset E L] 15
( Bellouw Center )

(©)==70",E=-30mm DH 4

Duplex Method for Designing Hypoid Gear Blanks

Combination n/N 87 35
Gear Pitch Diameter 0 L] 190
Gear Face Width F LL] 28
Hand of Pinion Left
Avarage Pressure Angle deg. 19
Oriver Pinion
Cutter Diameter 2rc L] 190.5
Pinion Spiral Angle deg. 21.2477
Shaft Angle Sigma deg. 70
Pinion Offset € L] -30

( Bellow Center )

£3 ~ARS FEYOFMHT

°
(@) 2=90",E=30mm NB4
Hypoid Gear Dimensions
PINION GEAR
Pitch Diameter L] 58.3311 190
Addendun L] 8.2415 1.4177
Dedendum L] 2.6607 9.2475
Whole depth LL] 10.9023 10.6652
Outside Diamster Op ,Do L] 74.3303 190.7253
Pitch Apex Beyond
Crossing Point Ipps20p mm 24.8305 -3.4742
Face Apex Beyond
Crossing Point Ipf,29f L) 13.3749 -3.8842
Root Apex Beyond
Crossing Point Ipr.2gr mm 22.4017 -2.3254
Croun to Crossing
Point Xp +Xg L] 90.8905 27.2417
Pitch fngle deg- | 13.9169 75.1786
Face Angle deg. 19.6185 76.2373
Root Angle deg- 12.9164 69.1794
Spiral Angle deg. 49.6688 29.1287
Mean Radius " 25.1323 81.4658
Limit Pressure Angle deg. -6.4018
Dedendum Angle deg. ~1.0587 l 5.9992
°
(b)==110",E=15mm D4
Hypoid Gear Dimensions
PINION GEAR
Pitch Diameter L] S .5571 190
Addendum LL] 8.0796 1.3871
Dedendum LL] 2.5903 9.0365
Whole depth L] 10.6699 10.4236
Outside Diameter Dp ,Dg L] 66.2389 189.7029
Pitch Apex Beyond
Crossing Point Zpp,Zgp ®™m 8.9698 -2.4844
Face Apex Beyond
Crossing Point Ipf.2gf mm -0831 -2.9191
Root Apex Beyond
Crossing Point Zpr,2gr L.L] 5.9975 -1.1850
Crouwn to Crossing
Point Xp Xg LL] 90.7677 -9.1287
Pitch Angle deg. 13.9603 96.1485
Face Angle deg. 20.0292 97.2388
Root Angle deg. 12.9071 89.9702
Spi ral Angle deg- 47.5635 31.9316
Mean Radius L] 21.3547 81.0805
Limit Pressure Angle deg. -3.0612
Dedendum Angle deg. 1783

-1.osoai 6.

(©)==70",E=-30mm DH 4

Hypoid Gear Dimensions

PINION GEAR

Pitch Diameter L] 36.1405 | 190
Addendun L0 6.9199 1.2098
Dedendun L] 2.3819 7.9474
Whole depth "m 9.3017 9.1572
Outside Diameter Dp ,0g L] 49.8336 191.2052
Pitch Apex Beyond

Crossing Point Ipp,Igp mm 17.9288 2.6950
Face Apex Beyond

Crossing Point Ipf,2gf wmm 14,1354 2.5640
Root Apex Beyond

Crossing Point 2pr,Igr mn 14.1299 2.1759
Croun to Crossing

Point Xp +Xg nn |104.1977 50.8306

Pitch Angle deg. 8.3489 60.1239
Face Angle deg- 11.8908 60.8164
Root” Angle deg. 7.4801 56.2000
Spiral Angle deg. 21.24a77 39.5464
Mean Radius L] 15.6696 82.8605
Limit Pressure Angle deg. 1.8385
Dedendum Angle deg. -.6925 3.9239
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Automatic Designing and Drawing of Hypoid Gear using Personal Computer

Akihiro KIRI, Norio ITO

In this study, we examined if a personal CAD can obtained an automatical, total and full
designing and drawing program of a hypoid gear. First, we set up the simultaneons equations
formed by some design foundamental equations of a hypoid gear, and solve them by the method
of succesive approximation. We draw the hypoid gear layout using thier gear dimensions. The
special merits of this system are able to design and draw the hypoid gear with the equi-depth
tooth or the tapered tooth and furthermore an angular hypoid gear that the shaft angle is not

90-degree.
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Representation and Accuracy of Gear Tooth Surface

Akihiro KIRI, LIM YEW CHEW, Norio ITO

Generally, a gear tooth surface moving in space genera\tes or envelops another conjugate
surface with line contact at any instant between generating member and generated member.
These surfaces can treat mathematically by the expression of a infinite series. In the
conventional theory for hypoid gears tooth surface are represented by a second-order surface.
However, for developing an excellent tooth bearing, this theory is not accurate enough because
higher-order surfaces are required. This paper investigates the difference in accuracy between a

second-order and a third-order surface, as the case of a cylindrical surface.
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5,
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6 =Ton, (Ton+ Tott) - (3)
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5A/dm?® EXI3dA5A  /dm?k Lic,



BRI EMICEFATE 1996

2.2 HoERMBE LVEBORAE

o WL 2 [MZREKIZ0.01~0.20ME V 75 ViEEF + Vv A, 0.36MBiEE= v » /L, 35X 0%0.30
Mz =V bY O aALed XD CHERILHEETPpH3.5CHRE L 3 HEBWM I i, BIBE25T
EBEPTHEALL,

o TREEBICIZ, TAHVER KBILF Y v al5g, KEEF LV v 2adlg, V VBEKES
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Fig.1 The changes of molybdenum contents Fig.2 The changes of deposition current
with molybdate ion concentration at different
peak current densities under the condition
of 10Hz pulse frequency .
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efficiency with molybdate ion concentration
at different densities under the condition of
10 Hz pulse frequency .
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Fig.5 Influence of the pulse plating on the
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Fig. 6 Influences of the pulse plating on the surface morphologies of Ni-Mo alloys deposited
from the 0.36M nickel sulfate - 0.30M sodium citrate - 0.10M sodium molybdate bath at
5A/dm? (4375 coulomb/dm?) under the duty cycleof 0.5 .
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Strain in Ni-Mo Alloys Pulse-Plated From
An Acidic Citrate Bath

Seichi RENGAKUJI, Sinichirou MUKOBATA, Yuuko NAKAMURA
Takayuki HIRATA

ABSTRACT

The effect of the pulsing current on the composition and strain of Ni-Mo alloys pulse-plated
from acidic citrate bath was investigated. The molybdenum content increased with increasing
molybdate ion concentration in the bath, and the increasing tendency of molybdenum varied with
a peak current density. The molybdenum content was not dependent on a pulse frequency,
therefore the strain in deposits was not affect by pulse frequency. Comparing with the cracks in
deposits obtained from D.C.-plating, the cracks were reduced by the applying pulse-plating
conditions such as the pulse frequencies of 10 and 20Hz. The surface of deposits pulse-plated

was smoother than that of D.C.-plated surface.
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Fig. 5 Variations in micro Vickers hardness of Ti-15-3 aged at
623K with aging time after various solution treatment.
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Fig. 6 Variations in micro Vickers hardness of Ti-15-3 aged at
623K with aging time.

Fig. 7 Optical micrographs of Ti-15-3 aged at 673K for 28.8ks
after 1-step solution treatment at 1273K: A, for 28.8ks
after 2-step solution treatment: B, for 86.4ks after 1-step
solution treatment at 1273K: C, and for 86.4ks after 2-step
solution treatment: D.
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Fig. 8 Optical micrographs of Ti-15-3 aged at 673K for 28.8ks:
A, for 43.2ks : B, for 86.4ks : C, for 259.2ks : D, after
2-step solution treatment.
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Fig. 9 Variations in width of PFZ with aging time at various aging
temperatures.
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Effect of solution treatments on the formation of PFZ in Ti-15V-3Cr-3Sn-3Al
Kiyoshi Kusabiraki, Toshiaki Takashima and Takayuki Ooka

Effect of the solution treatments on the precipitation of a phase and the formation of
precipitates free zone (PFZ) in a 8 titanium alloy, Ti-15V-3Cr-3Sn-3Al, is studied by optical and
transmission electron microscopy. @ phase precipitates homogeneously inside the B grain at the
aging temperatures between 573 and 723K. However, the precipitation delay and the PFZ are
observed in the vicinity of the B grain boundaries. These phenomena are strongly affected by
the solution conditions and are considered to be caused by a effect of the excessive vacancies in

the B grains.
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1. ERRERVFE

2 9
5
KRR O % Fig. 1ITRT, TA b+
=
7w g vit, @IH=30mm, H®L=30~120 3o T E o aF
mm, B EW=20mmOEHERTH S, & HI ‘
BOTARZ b (A=H/L) BIEDODREIZE “ BRSNS S —
FTHI LIy, A=1/4~ 1 DRI THE « ¢ b e— L —
HLARETH D, TA P27 Y a2 v EREHH
M, FTHMAmISERTHD, homzr 2y
AREZFER L, TR 22y 3 VERORE I: Test section 4: Heating wall
- 2: Insulation 5: Cooling chamber
i, 0.lmm 7 = AL - T LA }D%E&%j‘&;ﬁb 3: Cooling wall 6: Heating chamber
THIE LY, TA MR Z Y 3 VO EECIZEHR 7.8: Multi-point heat flux meter

9: Constant temperature bath (cool)

=, KECZBAERD Y, ThehmAmE 10: Constant temperature bath (hot)

BEEY, MBAEREAEEIhTWS, T +: Position of thermocouples

A2y g KT, FTERO KRR (BEX Fig. 1 Experimental apparatus
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(e) AT =8.0C

Fig. 2 Visualized convection pattern and Fig. 3 Schematic diagram of convection
temperature field (A=1/3) pattern
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MLTH e OBEFEZABOF TE(L Lich iz, Ie kB, BETRMEBCE T, Rafim 5 X 10°LL EixEL
WiRic7e b & b, AEREAAN (5.0x10°<SRa<2.5X10%) TIXEIR & 1T/ Dish - T,

R, HETARY FHIIHT 5 &

NOEErE P TEREmMEBEEZEZATE Table 1 Change in number of cell with temperature difference

DOBI%E% Table. 11CRT, R

VIR INBREDOATIE, 7 AR
7 PR X BFAT=5.7, 5.8CT
Hotc, A=1 DKL, AT=5.8C
CROCTEARERINTURE, A

A AT 00 56 57 58 6.0 65 7.0 75 80 9.0 10 12
M4 0 0 O 8 6 6 6 6 6 6 5 5
27 0 0 O 7 7 65 &6 &5 5 5 4 4
M 0 0 7 7 6 6 6 5 4 4 4 4
25 0 0 0 5 56 4 3 3 3 3 3 2
2.0 0 4 4 4 3 3 3 3 3 2 2
23 0 0 3 3 3 2 2 2 2 2 2 2

10 0 0 2 2 2 2 2 2 2 2 2
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Fig. 4 Effect of temperature difference on the number
of cells and the cell aspect ratio
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Schematic diagram of
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Fig. 5 Relation between maximum
number of cells and the
aspect ratio
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Benard convection in a water layer with density inversion

T.Yamane, H.Narahashi, Y .Miyazawa,
M.Yoshida and H.Miyashita

Bénard convection in a horizontal water layer heated from below was studied experimentally.
The experiments were performed for the closed vessels with seven different aspect ratios (A=1,
2/3, 1/2, 2/5, 1/3, 2/7, 1/4). Details of Bénard convection phenomena with density inversion
were investigated by visualization of temperature and flow fields. Attention was focused on
changes in the number of cells and in the cell aspect ratio with the increase of temperature
difference between the top and bottom walls. The Nusselt nummber for the case with density
inversion exhibits lower values than that for the case with no density inversion, which is caused

by the existence of the stable reagion.
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ARG LIy, BEREBEEY S - A HRBKYFMCBEL, L TEREXDOH
Mz X W ERINTe LV DERK, LD 7 A2 FHEZOWTKRE Lic, BEREGBHREBICKIT 55
WROFEC XY, BEREBRREFHIRVEEICHN, NufloBEMEL 725 2 AV L,
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AK HE, BT =

&

il

BERMICE TN 2B IBEKRD 5V IIEBESBEHTHHH, AT I- T, BABRKES
MRS ERTADEOAE LB Z L23DD, TEMCIIARM, E, B, FMRERBFEDE
BICEOFNRAZT OIS, TDX 5 HEBRIBROLBZE T, BROEREALCH > TR,
S HROHELRER DT DFERPRE L Vo LRETEELZRERIABERINLIBEE IS, 25
Vo e BRI S ERB Y BRI T 50T, RREEHEARTRTD D, SRSBRDE
BRTIZXSIBHOERY FHEKEOREE LT (Zhi@mihiie>) Ma0ERSSB, D
T dIIT SRS BRI T D WEBBEEY T BB L TEaF by, SOk 5 nEEs
5 Schluender 521, £ ¥V e €A 7iA a— (LVFIPA ER8T) —KD 2 OB RY ST EH
FHE D W THREZ T, BERS DBIRMEZBRL, 2B BFROBREBEOHERICOWLTHLMK
Lic, L LeiBMBIARC BT 2B ROMEBEBBIC OV TIRETH BRI Ih T\t
[
T TEELRSBROBRE SUMBBI BT 2 RiEEL BT 5 -0 XBERK - LT,
IPA — KD 2 BB %2 & LIFBRKERLRA BB ORI\ T, BN F oM WERWETH
LWERE L LTERERYIT, EREE, WRRRES M, ROSKKRSMrRD, HE, RV
HRRIMIC BT 2 HEBBREICOWTRE L, FIPAKBROMIEE S EIL LI BE, Tl
BB DL > nFEY 52 5O B L,

1. RREELLVHAE

-1 EREESE

RBREBOFEME % Fig. 1LICRT, 77 —»rbELbhb2Rte— % —RKIVREEEFTRD
LHERRBAY NS, BREN YT T 5dRBPICIZBIRR, ROBREARE IR T
5, FREBTHCIIARERLEARDOIARTIOATE D, AEXAIRBER LA LB
IORBABNREIN, T bRABEANEREIICILIND, i LEAROLBRALIMIF
WAF e — L THBRINTWD, ZORBERIBEFRPLCRBIhTH D, ANEEDO TR
ENFRELIL > T3, £, TOEBTREEOHEELIT> T it icd, AMORIHSEERH
RAFEhD, PIBEIEHCT — 2 < VBB 2 AWCHIE L.

ERE LT, BUubF 2T W TEEZ297~420 ¢ m (35~48%) KHIX W E#ER T, ¥4, £ T
DERIT B TREE e =0.38T—EL L5 L >FETHHOHEEXREE L.
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2-2 EEBAE

APFRTI, ZEREEE, MERNIERES M %@W %mw
DREELEKRKEDHFORUEHRIT S 12D \ / g
Fig. 2ICR XN 5 2 BEORKIER & (5 F "
L7z, Fig. 2-@Q a3 5528 (HNER3.65 ﬂlow éﬁw
x107*m, & ¥1.80%x10"’m, &R L. 05 v & [j
X107'm?) (25 7 = B FHRHE BB F BUEIES
ThHH, ChicABEXFEI R, PHCE T2 h0—-5— o
THETHEEEITS, coLSBEREC pugl
X # e oD SO 00 BIISE e S AN AT %%‘@
v, COERE(LL ) BREERELT 5, VTR gay
FRABER, b0, ROKEICIZ0.1 Fig. | EREBOEHK

mm?Z B AL—T A A LBESNRE IR

TEDH, ThZ L > THHRORTRES fixlllEd 5,
BRESAOBEICIZFig. 2-b)IREIND X5 RAEBELFA L, CORBIIAZIINFELE D
DY)V IBbig->TED, RAERICEZOTERZEROFHZLE LV, EROBEIBRBINSWL
5V VBRI 7Y vERD, SLEABRELVET—FSTRELL, ThiREFE LA
HOBKKIET 2 TRBEXTV, TOH%, BBEIWMLBGEARROMRE O THZ LTINS
KEHMeRDI, sk, IPAREXNGWHEOSMICIZEEEY AV, IPABENEHCKY, B
BRI X 25 R B, BMEEEN R~ 757 4 —wEA LK,

RO LY, HFECETHHEE, [PA, SIVOKOBEBEE 0, 01, 0.8RDHN B, L
L, BERE o FAHIEMPEREC X - T OMREREL T 50O F I\, £ 2 TAPR
TRRATERIN S EHEEAES KR o 2 HFHT 5,

pr=p01/dir- € Q=0 /dii € Q=p dis € 1)

CCTAdRBROBETH S, d 3K, FRRBECE > TELTHED, EBRM1D v RDS
BRIARHEEE & IR R E B L Td 2R,
¥, EBRE&M% Table 1IR3,
Table 1 IPAKEKROBIFER (PA : K)

Run w,, EHE E/LH

0.8 0.8:0.2  0.55:0.45
(@) MRHRERIER  (b) BARKRSMREH 1.0 1.0:0.0 1.00:0.00

00 0010 0001.00
€36 5mm) 6 s 2 02  02:08 0.07:093
— e Hj& 3 04 0406 0.17:0.83
§mm i 4 06 0604 031:0.69
S 5 07 0703 041:0.59
6
7

Fig 2 KRES JREO0.3m/s, ZEKUREE35TC
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HH - AT - LUE - AK BT 2B A TR O R
2. ERBRRUER

2-1 BECHT2MEEE

2-1-1 SRR, MORHEREEZ L L AUHER OB JOERIC BT % RREE MR % Fig.
WY, MBI, BEIAR TR I A REARDOBATTEKET, 123K, 0K
BERT, '

1
7n=80§0r/§0r.od¢ (2)

¥, Fig AMBRIEBAERE L SKROBEFRER LD TH S, ERTIIMBOER, hRL, KX
VCER®D 3 » MOBERE LA, WThOoFKHEEWTH 3 ADOFKNBREEZREREOLIM R
LTL.0CUARTH -, o THRPCIIBRES X E R LTEST 20\,

1073
__.-—-”"""-""":-//:
1,07
— 1.07
------ 0.7 3
i -—-0.2
10—6....1..-._0.'0 P ST R S S
0 0.5 1 0 95 1
m [-] m [-]
Fig. 3 fR#E iR Fig. 4 HEHEEZL G

BERS BB DOHE, ©1,=1.0,0.0& HITH
REIER AR TR D, HRNRERES C O T ] e
—EfERR LT 5, ERGE SRR IS , e o]
TH5EKEK BAGKE) X, [PADIRSAE,
ZHIZIPADEEME N KICHRTKE VDM
BABOEKRABEAZTL D, HRPICE L OF
BEeRFELLEIRASKRCELTLES> BT
»5B,

—7, BEROSBESBROBEOLBEEE L,
BROBBR ORI ) —EEY L HTHRATEA L
TW5D5bhs (Fig 3). &0 XHRIERMEAE 0o 05 1
b LR35 (Fig 4), Fig 51xRMcERT 5IPAD m [-]
BEHR0 ¥ PHEKEREH LTIy b Lz
HDTHB, ZDX ST TERDEFTITHER Fig. 5 REERZEL
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HLTED, EEOEBERITE 2 KRich DREBIZI: 5 T T EAbh 5, IPAKEBKROBMASE

Bo > TRY T B0 5, REEERDOFRRIXEEROZECH D &2 5,
2-1-2 AR OEIICH S SR OTBAEE 2 OB RORANISTRE E3 &R D Ok

BEOME L TKATERHLINS,

3)

n=n;+n;
I CHEEYEBBRE g AT TOMARDOFESY T TERD DEREE 1, nXBERD &R
LAk,

ni=kg(pi—Pra), n:=kgp2—Pza) (4)
TELINBERETS, 2D L E, ERI hEEMAR, ROMKREKRIDEE LU, nHE
THZEMNTES, Fig S5IR LAKREARE(LL Fig. AOMBHEER(LA B b, poaRD D) RIC X

DHEE LI 010=0.2,0.7T0 & EDOHIREE %> KERME & 2 TFig 6IRT, 2L, kg DEITERSY
RSB S R ol (kg =8.11X 1078, kg,=6.40x 10 *kg/(m?-Pa-s)) # i\, RS HICILIPA A

FELEWDIDEL, p=0& L1,

1073 1072

& 3

%no-“: %no-“:
< F < f
c c i

o |—%mE
i O FEME (Total)
i o &IEE (IPA)
—6- L ) <>| Efﬁ{ﬁ (\.Na:(er) -6
107 05 1 1075
m [-]
(a) ®,=0.2

Fig. 6 SRR GEFEMED

Fig. 62 Thbnb L 51, EBbL0MMERELERNINCEREE LHEENLE LR
Total DEIRHEE & D—FIIHLHEBEPRFTH S, #H - ThkgXTMFOHEBDOEELIZLEAEZ T oW
LB LTI, SBRBRY)DOHBEBELRZ U THH LA TIENTES, FZTARERLHKRD

Ten b naed ECBEMY DHBRRECOWTELET S,
010=0.20%4 (a), KOLREEIIECHC LR L, IPAOELBREEITIAZIBI LTS, ¥
7z, Fig. 5% &% & Z ORI BT 2 REAR OB LIXBROETE > THI LTV B, Th
LEh, KEAMRDOEICHE S KOERKEDE(LIVNIWREIPADESEIZAEZBA L, ¥/
IPA DFfRHEE DHERHEIL K D HIREE DM HEIC XTI h K&V (Fig. 3). £DO#ER, IPAD
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HH - E - IUE - AK BT D 2ROV TR OREEE

EIREEEA KX WA T B L Total DEMEE b ¥ e A X WD T 5.,

010=0.TDHE (D), BRISDEREEIZ0 =02tRACEAZRLTWSZ RIS, TFE
HERELE 2D L, BROETEESTHI L TWAZENLZOEMIIERLI-Z & LRAKETD
%,
2-2 MHMEICHTZMEBD
2-2-1 AKRHMGHLALWEBE SKESHRUEHEROBLE L T0,0=0.2,0.TKEF5
Total, KDEKKLFxFhEnFigs. 7, 8ICRT, MBNTZPaEkREa kR, M2 EATERTH
b, HEEBTO, HEXRETLTHS,

0 - ld5l 1 0 l' IQS.I I
¢ [-] ¢ [-]
(a) Total (b) Water

Fig. 7 ‘%Z'(gﬁﬁ (0,=0.2)

Figs. 7, 802 bbb 5 & 5 AR & 3 MEHERDO R KEIAUL L = TIXiL\V, ZHIZEHOE
BrrsbDTHY, ARRTHVEHBCEWTREANERTE LW L3905,

01=0.20%4 (Fig. 7), Total DEKKHHi(a) & %% &, m=0.82TIMBRERMNE DS KES
FULIZEA LTS, TIhLRACHY > TRERAMMNELTWD, m=0.611C75 &, MR
SR b » TEREARMEL, TORERIETT S Em=0.41TRT X 5 CEKKQEIIFHK
EE»SHEBRLTWL, £LTm=0.22E\TiL, aKEHMIT LA EPHEBRERT IO
B, =5, KOEKEHSFHDG) 222 LEOHHBRE Total D5 AL IBERLELTH S, Thik
[PARRIPICIZ & A EFEE L TV W DI KD E KRS A Total DY AR E ZBH LT\ 5 hs
LTh5,

01,=0.7TDHA (Fig. 8), Total D&KL (a) Tidm=0.80~0.601 3\ THRIETH HEEC
P TAREREKEREAE LT WS, m=0.40,0.20012 785 & ARHER D HHREIC 1T TDOE K
RAMIIFWA LT 58, T HHLERMMCHD 5 I - TEKELEMNT S &\ 5 AKEARONIER
BELB LS IS, CRHIIBERSTRTRIRLTBERIRTVWRRETH S, &2 TKOGKR,F
b)xHhBE, ARDOHBEIEE > T 5 KRB T RHER D DREIC A > TAKKIZAE L
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04—

0.2

v, [-]
Wy [_]

Fig- 8 /F_‘.;Zf(gﬁﬁ (wm=0.7)

FRLTWS, ORI, Total DEKRKH A THARE I N LAMOFEHLZIL KD G KEKL I
SEREEEYZITTCWHI Ladbnd, TOMPEKRTELNIHKERD X 5 ICKDOEBKENREKREATK
ELHMTHREEAE LT, [PAOBENARC L h KEIMHEE T EIhERIhTVW&, &
KA ENTKD D BEGRMEMANTHINTHZ LAET LB,

2-2-2 MRPNBICET AREBBHOMESN  0,.=0.TTHREINCIOICELGBREYTER IR
56, SKEQROFENELDHZ LD D, BENSBERS THZLEEIORZIRLTALL
it BERSI AL,

pe=20-c0S 0 /Tema (5)

TEbLIND, pIBEBDO HD TV BEMELRIVNI VB EKRE LI DcD, BEIRDDNERS D
BATECEKEBO/NINWE ZABRIBETHLLTHS, LrL, BEBRSVEEBFROES
FEBROREBRAVERIC & - TELT B 0EBERS I NS MIEMCEKEDORTIIRETERR L,

FETww=0.2,0.TCRBTHMHEHATOEERS I NH MR L ORDHZEWCTE, DFEH S
RO ERDOBEDEERS | N p. 3BRTEHD LN 5 EMEDRAYE Veme [PAKBRDOKEEREN
o, ROMB LB EOBMA T VEHIRS, 22 ToixDuNouyRKMEEDHZ AV THER
B X hER LI, F7romelI Heines DEBY OB H X2 FHVCTHIE LIEBERS I N EEKEDRY
FmSBLNS, HETHCHI) 0DfEIZEr &L L, ZHIZX hRDLIIHBADEERS|H
4% Fig. 91CmR7,

CORE D 00=0.2L0.TOME L HEBERS X, FREECHD? > THEML TS Z LA bh
B, BIZ0,=0.TCEKEGMOPENBRE I hicm=0.40C BT 5 BER5|H b RAFCEREICE
Do THEMLTW5, CORR, MHNOBRIZIEER I WA XHEN L L, BCHEERECH
Do TBETHZ LD, 2 TERESKRBIIET HEBERS I NOMAAEIN T 0ix, B
CHRKE LTBBTEARFAMEXYBLTVWAELDTHD, hbDBSKBETRBERIIBHRAKE LT
FELTWAZ LTS,
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3000 ————————————————— ——————
1200
— E I
e = 1000
o Q I
o
800
0 05 1
?[-]
(b) ®,=0.7

Fig. 9 ®ER5| N4

ji[]

[PA- KD 2 RHBABRLESUWBORRERY T, TORR, RREEIMRECR TS
B O L BECKF TS, HICIPAREBERNCERETHEE, HHEETIPAORENMETL,
[PADERBRENE L BT DA 0ZBREEIFA TS, 0L HEBOELIE - TESE
BROBIRBEN LA T 5D, HEKAERE R ERT 5, ¥ BEYABSHREIKMEHOMED
EEPZ o,

BRIEBERS NAMYHEED L LTBET 5700, SKBRAMAYE L THHRHOEERS|H
SANIRET D > THIM L TWALDBRIIFECRENEBEIL, FOBRIAZ~BETHZ L
o GBRAESTT 5,

B &
ARILDIERICE L, BILKRZERERERPEER RE HREKTEH , th LEEKOHEEHH
AW, TZRBRHOERET S,

FHAELS
d . BE (kg/m®] t @ BEMH [s]
kg . EEMEBEIREK (kg/(m’-Pa-s)] M (-]
m . AR AR T A KR (-] 6 . sy (-]
n . BiRRE (kg/(m?:s)] o BERE [kg/m’—#1¥]
poE [Pa] o . REEN (Pa-m]
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p. . BERSIN (Pa] ¢ EROTEEHE (—]

r. . BB [(m] ¢ o ZRRRFEEES KK [m’—liquid/m®—void]

T:.RE [c) o BEHE (=0/010) (-]
THRIXF

0 :#UAfE, 1 :IPA, 2 :K, T %K, a: %%, max &xAfH, s #HEEAE

2 EZ XM
1) E.U.Schluender and F.Thurner: Chem.Eng.Proc., 20, 9 (1986)
2) EU.Schluender and F.Thurner: Chem.Eng.Proc., 19, 337 (1985)
3) Haines, W.B.J: Agric.Sci., 17, 264 (1927)
4) REEE, ARALCH, FHEE, BETH  LETEEEILASHEEEEE BI3 (1993)

L2 T¥LEILKRE (199345 B), kI E4IUn kS (1995 7 A) CTHE.

— 122 —



HH - - LB - AR BT | 2RO BRESUHE OB

Drying Mechanism of Sand Layer Containing Binary Mixture

M.Yoshida, Y.Satake, O.Yamada,
M.Yagi and H.Miyashita

Mechanism of mass transfer for drying of a sand layer containing binary mixture was sutudied
experimentally. Aqueous solutions of isopropylalcohol with various compositions were used for
the experiments. The drying process was examined in detail by measurement of the drying
rate, the material temperature and the distribution of moisture content. The drying rate and the
material temperature vary even for the period of surface evaporation. It was found that the
drying rate and the material temperature are influenced by the composition of solution at the
surface. Moreover, the reverse phenomena of moisture content gradient was observed for some

initial composition. Even for such conditions, the capillary suction pressure monotonically

increases towards the surface.

E3EH

2N ERESCWEBOERGREE

HH IEE, #1754, LA 8,
AR HE, BT M

2B R BUWRB ORI KT 2MEBBEENERMCHE I Wi, B g o IPA
KBBENRBRCAG SR, 2BEORNARY AV TEZEREE, MEHRE, ROEKES L HlE
THIEIZLY, BRAROHMLERN I hic, ZREEE, #HBER—EEZRIR VI ER
BRKEAROHFERALNBE I hic, BABKROLERREE & AHEHRE XK E L, HRRE
T HBEROBENIBERS I NC L 5T ERIZNB Z Ebhotc,
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7z /—LEEEMAEMICE B Coriolus ) 7 =L BRBROFELE

ok |, BE —&, KB T, #8 B, 8 FN

1 #

[

HFHREYOERD TH B Y 7= vIREOCORELFOFBHRESR ) ~—Ths, NV THEER
CEWT, #ATHDOY F=vOREIDHADZ ETHB, V I/ =vE{LENCHHETHZ LIXEL
, SEIFLENDBIENE L DN TV ABPRENEFELYRIFTLONE, ZD L 57
Bt LT, I, RENOFEYBALIRLIELANELTY V= v AW ERNCSRT 5 &
NREEIRTWS, BRACEWTAMFDY 7 = i3k« 84, Bz, 8 FH Phanerochaete
chrysosporium & Coriolus versicolor (A7 5 2 5) L - THBINBT EAMbLATEY D
DEMRIZY 7' = v OEHEN SR T HHRCILBEATATRDOSOTH S, COBETHE (AEE
FE) X3 2= vORBIBGA DR INEER (o0 —+F, V=V _—FFvF—+,
TURAVRAFFYE —ERE) Lo Tfibhbd, LELEdb, ThHOBRIIRAE) <—T
HBY V= vicH L TED IS ERAERIZTTONIEH RGNS VDR R B\ TELR
BEINTWIERWD, V7= VHRCIILADERTH D,

APETIE, BEOTF—20bEK ) = v BBERYEE LIcBFEC.versicolor R L, 3%
BEBBIVERET = 7 — A RILAHOHEINC X 5FEAEE SOWTRE Lic, Bz, R
SEERLBBISEORK, 7/ -V RLEMEENTHI LR IES v h—¥EDY 7= v 5 EEE
KOFEE, XHWRN S C.versicolor E~DEHEINFNCT LB 5 v H— ELDOHFEFHRICOWTEE LT,

2. EBMBEIVAE

2.1 EREH%

AR TI1L, HT B Coriolus versicolor IFO 4937 (Insititute of Fermentation, Osaka, Japan) % i
Ali, ¥k, VW =VviHBEROLAERIBIVFEAOHRY LB T 5 12D Coriolus
versicolor IFO 8954, 9791, 30340, 30388 D 4 R DKL A L1z,

2.2 HEEOKHX

ARRTHEA LR EEHOER L LU TIRRT, Zva—-2;10g/l, RV 7+ v ; 10g/],
KH.PO. ; 1.5g/1, MgSO4-TH.O ; 0.5g/1, 7 3 vi&MIE ; 2.0mg/l, CuSO.-5H0 ; 16mg/l, £t
IZpHZ0. INEBRTAWC5.6FHEL, 2V 7e vA=A7 522 (100mD) K25ml32izic, &
AOZI21ICTISHMEA — 27 v —FFTHZ LRI DBE L, BEK, HS5HRMIVEELTHW
RE VT4 v X DEREBERL, SBEAEKCBRBIRCE, x4V —2HAVTHISL
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LABEREY=A7 S A2REBHEETAZ LI L DIEEYBAR L, BEEI28CKavir—11
P A vFE L2 _N— 2 —WTIT -7,

2.3 REREAKES

B v 7Y v RS L ODREOBIEE RS0, BEOEMY I h ORBREKREERRIE L
7o, BAREICL, A#K (Advantec, A#ENO. 131) ZHAWTC=AE7S5S A aNOEB LISEERE OB L
o, T, BHRERR, AR EOHBYABKTS ~6EGEEHL, 80CT—HEZBR LD LHFET
BIERE VAR, COEEBYEEROBRE CE - E*ZREKEE L L,

2.4 BEFREM

241 Ty h—+EFHY 5o N —EEREINSEBETHL VY VI TARS vOBLEEL D
BIE Lic, JEI527TnmiIZ BT 2 RINOE InE 5 X HEEE AV TT - . RIS X XER D€
FTUTORREML B LI DfTotk, AP TORMBUTILTOBED TH S, 0. IMERREE
% (pH6.0) 2.8ml, 0.1% >V v 77 A &2y g ) — LEK0. Iml, MEERKO. Iml, 5 v H—ED
EM (kat) BRISEBETHB VY VI TAX VR I HEK ImolM{b T ABERLEELL, ¥
o, S v h—EERIZ Y VI T AR VEMEH D 5 T RIEFEF65,000M em R FEHT A LIC X
DAL,

242 WOz N—FF 8 —EFHE V) V= v = F v X —EEKRIXTien & Kirk &z
BEMz e hEe AWCTHIE Lz, RIGR0. 1M Y v v —iEfeEfEw (pH 3.0) 1.5ml, 12mM <5
FY AT 2—0.5ml, 0.3mMBER{LKFEKO.5m], HEFRKO.SmI 2T NZ TiTot, 5 v h —
CIEN AR, SXXEEXACT3I0nmIE BT 2RINOEMERE Lic, V= v—FFv
#F—EDiEHE (kat) X1 BB ImoldRS F U ALTAa—A%EF PV ATATe NCEBRT 5B
FRELEEL, ¥, EHOHERR, £EBHWTHE 5 VAT AT e FOHTHRIEFHEEI, 300
Mlem '#FEATAZ LKL DEELE,

243 R RILAFLE—H7FMHEY <V H VLA F v E —EiEHIZGlenn & Gold i3k
BEMzichkr BWTRIE L, Kiti30.6mg/ml BSA, 2004 M MnSO,, 80 x g/ml 2,2’-Azino-bis
(3-Ethylbenz Thiazoline-6-Sulfonic Acid) (LAF ABTS) &0, IMEFERSEE R (pH 4.5) 1.5ml,
100 « M@ LAKFE K] . 4ml, MEFRKO. ImZJHICiNZ TiT . T v 2 — EiEHEFERRIC, 2XX
EERt A AV TA15nmIC 81T 5 BRINDOIMARE Lic, ~vH vt F v & —€OiFEE (kat) 1 ERIG
HETHHABTS % 1 MR 1 mol@{b T 2BRELER LI, i, ~vH VA Fo - €
Pz ABTSEBR{ LA D 5 T K AR%36,000M 'em ' AT 5 LI X hEtE L,

2.5 RUYTZHVYILT I KA ILERIKED

C.versicolor BNEHIFANDWT B ) 7= VA REBERDO D AR TARDL DAV T Z I AT I FHFA
BB EIT -, BRKENZT b —HBOBEIKEF » r2FAL, BEEL LV 27HLLTOHT
BE<—»—%, b} MW-SDS-70, MW-ND-500 (Sigma.Co) M Lk, WERTXEMRM T LD
microcon 10 (Z'V — AT » v ZRAWGTGROSBEEIEIC X D 2 ~ 3 mg-protein/mliZ 7% ¥ T
BiELl, ThODOAEY LIk, H#EFA L ELTIO% AV T2V AT7 3 FPAARAWTESKE Y
fiote, Elo, GREMED 2 v A7 BOREIL 7~ —T VI TV I TA—GIRI B & vy BYfhlk
X hiTot,
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Wk - BE - REE-FEB - BE L 7 =/ — A RILAWHEHINC X B Coriolus
2.6 BEROTE
BEERPOBFE I/ Va—ABEIX, /Va—2—-CIl—FA+F (FAXHETE »AVEERLE
B EIhHIE L, Fio, R LEBEEO X vAZAERE I Lowry R L » THIE LT."

3. BREIVER

3.1 HEBBRLERESHEEOLER

"
X1k, C.versicolor 220 IR & 5 35%&, K X ?T'g: 0k ' ° i

OHBREE LLROBKORM, 5y h—+, BE =S 82 o ®

BV r=vos—ddy 4 —viEl, BRERORKER . < OO °® i
(Fra—z) BEEEERSCRERTHE, B L o0 000”0 o,

RHEBERRCSVOERRORAETH -~y PR - 30 ° |

2, ¥, RESEETIVZERP TRV Y PREC ’L-“ < 20 g

Teote, Za—2ADREBE EDEROHHEIZE *S < ok /0/'/0'

kL, %ﬁiozii*«;ggiimﬁo ;;%i - 0 09929000

e, Ivh—EERIZ, R\ TIREEER20 =0 wemsxs |0 =
HETIG. hkat/ml & %00, BRL SMACHRLT mo | eSS0 eg®l =

W2fEDEBRE R LI, V=V R—FFVE—+F *E ; b }9( s i‘g

i AR BRERR L o RopagEvE T L | .\F o Z

UERLI, Tiebd, AEKIKIRROMB L & Y A-A-A—A—A—-Ad 0
BRSoh—+H, VIS=v—FF X ol 0 10 20

ARELIBD B L, SLIIRL SR ) bHEES RIS (day)

BEfTolk AN Y V=V REBEROEENRIFTH K1 C.versicolor IFO 493THIC L5V 7= v
BT EMbhotk, REDBBRTHROHWENME DREROLE (HEERLRE SHR
ook ERERE, BEAERRTTSL Y MY DI

R LictcoBEBEMET L2 &, IRESICX
DEAPRBEZTREFOMELSEVE I3 L ¥— (ATPE) »BHAROHFCF ALk
BDEEZOLND, LEDBoT, UEDZ EnLEEDMIME, &) 7= v REROEEIC I\ THE
BEOAVPBLTCVHEELZONBLD, UTOERTREBERCOVLVTRE Lk,

3.2 FmMBIOFEHR

V7= vii— B 7 =T eV R(L
EYRER LB FTHHIDIC, BE
A B T 7 = 7 — L R{LEWETINL
THELZER LDV I = v REERDOE
NOHWEFHATELLHPFINS, £
T, V7= v RBERE SR X S

DWEET BB = ) —ARLEHD KBS0 EE G | K MNP GRS UV Y Zabesaton
B~ DOTRIMB RSOV TRE L, TR0 ) A
FELTRICRLIITED 7 =7 —FR K2 C.versicolor IFO 493712 %% 5 » 5 — € DARE
LA EZEMCFRLFR I mMi 5 (TIFNC & % L8 XEMA A~ k12FR 1 R T
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A ARRY DY N _ XzZUN7&hrv a EFOFLREER

B 13-YekoxvrIsuLy o N=y v bi3-EFOFUF53y
cleosfio-un PloUvT7ZAes Yy c  NRYUNLTAD -
DiFryvEy QinFa-n 4 FerNzaOv
Ell4-sErossBaR R L-DOPA e RS EUATLI-N
Fitrans-E @B SiTorhrFEaB foELyTy
G|voos U R Tw‘ju:\d’w*/‘/ g p-¥o0O7zx/ N
Hle-ekosooa xrssimm ulvvney hlp-EFo*vETz=A
I 13-9 22 0h-2- FaRv-1- F- 4 VievE-L i i4-soo-1- FI R
JiL-Fovy Wi p-7=vou 72/ =0
Kil-34/-2 X ABTS kK ip-o LY
Litcgzzn7rs=v Y EFo%su

M. EEFE Z e ARELT - ‘ J

x1 HFAOLHK

IOEERPCMLI, B2 EEMADA - T
C.versicolor 20 HRIEE Lt L EDOHMABERS IO
S v —EiEWERT, BRIEGMAEZINZ WL ED
WMETHD, HIEREIZ3.Yg/l, 5 v b — EIEMEITL.4
nkat/mlTHot, 5o —EEBOFECHENTH 5
LRERBEINRTVWABFY vFVY p—T =PV
DH75R)4 FO—RFTHBH~ARV Vv, 1,3-Pe
Frfyr72Ly (M3WRT) OHMTESEHE
BRDOI, K2 I b D 2BEDLEWETRMLK
LEDHEEBEIGML T WSS L B LTKER
ERITWLDD, 5o h—EEBCEBWTUI~ARY Y
VEINTERNOM 25D, i, 1,3-Pe FrEv s
TRV VERMTIEHL. 5EOEERENED SR, L
feiio T, ThbDFERDOTHINLEEO MBI EY
5127, BROSWEEBZHAIRLIDRADH LD
LEZOLNDE, ~ARY CVOBETOWTKRET S
L, Bk, FESHRIADDHLEINRTVWBF U vFU L X
7SR 4 FHEEE L TBY~ARV Vv EFY
VEVOBBNRIRVEVROBRENLTTHS, —H,
ANARYV LV, FVVFVELRR2BOS A Say
Fa2ETARERTHENT &, —2 (K2, HinFl
K) R TRFEIBDDRIh o, Uz & X b
C.versicolor D5 o h —EWEFEIZ~NARY v/ D7
SR A PRI > THENGERIINBLDEELD
noH, 5%, o —EAEELHLT~RARY SV
NEHFECHEL W50 FERCRATHTFETH
%,

M4z, EHRXEEDS v h—E2PWEEIR DR

0—CHz
HO, 0 O
CH3 OH
OH
OH OH HO ocH;
C OH
T
OH

ARRYFY 13-Jeko%yf780y

X3 #nF OREER

1201 .
100 g’ﬁj"6—
ﬁ? 801~ Q/,%O’Q*@YF
T < eof 2>5 ‘/O—Q‘zr
~ = ,
~E ok //o 000G
201 Q// -
i
0 QAN %
10 - 7
2 A9.20.4.0
ol —
s 1 8 O #mmsL
"o B A o tow EM
e /// ORIy
- @ o5 A
- VAR LU
o @ 2owEm
1 |
0 10 20

EEEERE (day)
X4 C.versicolor IFO 493712 X %5 o
H—EDEE (NARY o B
N r:Y-7 )]

DIZ, RIPEDRABDDONIAARY P VOERBELRNILERTHS, 7, XL HEED
HEEEIZA~ARY O VvRMBICKERT, BIE—FEOHEMEY R L, LhL, Sy h—Xoks
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Wk - BE - REE - B - TR 7 =/ — A R{LEWEHINC X 5 Coriolus

HMADHWBIZ~ARY O VBEOMMNE LLICHET S b o, BRABEREE CHET S
LiRbn7s L DR TITIEE20H H1240.5nkat/ml TH o Fo A~ 22V £ v 0.5, KO1.0mM FHin3
kb, BEHRBIZI7.9,101lnkat/mliC ¥ TE LH2.55CA ETHZ ENTER, Lavl,
0.5mMEL EDOFHRIMTIRERABREE XZEZE LIBFCHENLTIBFEHRI LSV &b
Mote, LEBRST, 59 —EE2ERILHQWEEIRLLDIUL, 0.5 mMIZE S X 5 iIt~
ARY) CVERIMTHZERNERTH D Ehbhot,

3.3 BEWRICLDIBRLEE

B 5 1% C.versicolor IFO493TRRD T v I — ¥ DOFEEIH LTHRDO D > ~ARY S VRS
C.versicolor REAHR THHDFARIKERTH D, ~ARY O VOEHMADEHENEL0.5mM & LT,
IThENROREDOWTHEMOFEL I B v h—X, V=V —FF VX —¥, =V H VLt F
VE - EER TN, ~ARY S VORMI S BETNTOEKCR LY 7= v @EBER v A EN
KTEBZ Ebhot, VIV R—FFVE—F, 2 VHVRIALAFVE—LIE~ARRY Y
VERIMTAHZ LT, ERMOBEDL.2~ AETHATER, b, IFO493THD T » » — €13
NARY SURERINT S L THE20H B1232.3nkat/ml ke b, BIRMOBE D2, 45 &\ 5 5
ZRFEIRDOII, Likh-T, ~
ARY P VECuersicolork DV 7= v
DREBEROSWEECH LTERcHE
FTharZ &dbhrol, KE6IXK5IKZ
R~ L7 5 B D C.versicolor BRIz 2\
T, ~AXY) oML, 0.5mM%

4937

8754

|1 FOBS

9791

303401

o 10EEC > W CTERKE 21T\, —
EMA~OFESREFAIAERTDH 5, mw%; %Ei%
L —v 1iZIFO 4937 DB AT~ ARY L ; . ‘ .
CYREMUIh o I fE R, 21%ED ’ ﬁmﬂjowwsiwlg wﬁ%éﬁﬁ;m
ARARY CVEMLELERYRT, F (nkat/ml) (nkat/mt) (nkat/mt)

7z, 3, 41XIFO 8754, 5, 61XIFO [R5 KEEMKC LBV 7=V HREROLE (~2A=)Y
9791, 7, 81xIFO 30340, 9, 10ixIFO VVRER L 2HE

30388 E - ILE S FRB~—» —DRERT

»5H, BRKEIDEY v I ITEEE20H 12 3456 78 910 n
HORZR R L& TR LR H ¥
Wiz, TOBKIKEIDORERD B4 C.ver-
sicolor DEEHIZ HZWM L TWB T » H —
i35 FE&S5.7TkDa (EA~VF) TH 5B Zon-t T

< 132kDa

<« 66 kDa
<« 45kDa

55.7 kba <« 34kDa
TERbhot, BT, ~ARY DV i 1 < 20008
R USCBAL D, FINLEBE, — e
WTHhOBKTLET v h—EDAY P N6 FBEKVEET ) V=V IBEROSTESA
o TWAT ENbIote, Lizhis KEBREEEI0%7 7 )7 S FrreAL,

SDSEEHMULisd o7z, Vv — v 112 C.versicolor

Ty NARY IV ORMALWT HEER IFO 4937k T~ANY &Y R Lis b o TetB A,

DEWDRE L IEBDOTIRIRL, 2WT5 2 LIB4, 3, 413IFO 87544, 5, 6
BRENEL ok dTHHI Lib WLIFO 9791#k, 7, 8XIFO 30340#%, 9, 10ix
B o tz, IFO 30388%k, 11135 F&~—» —ORERERT.
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4. % & B

(1) C.versicolor IFO 493TIC X BT o h—F, VF=v i—FF o X —EHWEEIIEL >EEL D
LHEREELE LTI,

@ SvI—FETFTEIAFO—FTHDE~ARY v EREMAAN0SMMENT 5 & & TRAR
FIEMIH100nkat/ml F THEIR B Z LN TE L,

(3) C.versicolor (kDD WHETH ) 7= VI RERIY, ~ ARV URHRMNTAZ LK L - THEK
THZ LT,

Z E X ™
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Wk - BE - REE -G - A D 7 =/ — VA RIEAHEIMT X B Coriolus

Inductive Production of Coriolus Ligninoltic Enzymes
by Adding Phenolic Compounds

Kaoru Matsunaga, Kazuhiro Hoshino, Setuko Akakabe,
Shoichi Morohashi, Toshisuke Sasakura,

Coriolus versicolor stain producuces extracellarly lignin-decomposing enzymes such as laccase,

lignin peroxidase, and Mn peroxidase. To achieve the high yield of these enzymes, we studied

on the condition of culture method and/or the effect of several inducers on lignin-decomposing

activities to effectively produce these enzymes. As a result, the production of lignin-decomposing

enzymes by C.versicolor was higher using surface culture method than that using shaking culture
method. Moreover, by adding hespersin to culture medium, the production of these enzymes was
remarkably increased. Especially, in the case with 0.5mM hespersin, laccase produced by

C.versicolor IFO 4937 achieved at ca.100nkat/ ml, which was about 2.5-fold higere than that
without one.

(ZE3CHERD

71 /=LB{tAMEMICL B Coriolus 1) ' =L YRBEEDFELE
Wik #H, B —F, B #T1, #B B—, TE Fi

C.versicolor \ZMARANIZS o H—¥, VF=v—FF o X —F, =V HFrv_ngFF o X-—Figl
DY P =V RBERYEET D, FIT, FhLOBEOEERYHAT BT, HEEHLE 7 =
/= VRICBHOTMHRCOWTRE Lic, TORR, V /= v BBERYHRICEET HIZ
RESEZI D IBBIEBENEANTHHZ b ol Fh, ~AR) CVORMLY 7= v
BEROSWEEBYHMATHZ b o, BIZ, Cuersicolor IFO 493112 L » THEE IR S »

H—EIE~NARY 2RI 5mMMEGINT 5 Z & TRABEREE 2 #100nkat/mlicEZ L, EHRNOBA
DFI2.5fEFTRIETHZ ENTEL,
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CENANRCEBN T HRB(EMEOLE

RZEHMmE, BF —&K, KRB T,
G BR—, R B

1. FL®IC

I EREZIZ LD ETHBRI-ARENZFHD, R EOLAHOAEFLITZ TS, D
IR ADKRLEALEZERTERVRIGE D AETH D, ARIND L DRIIERYEIBD TS
VW, TOXSBEATFAL, ABHCKAREXTHORERYROLEERXTHE® X 5 &3 5EM
EYERISEETH D, HE, ThLDOWENBARI D, YRR & T WAL ERTNTTRRC
o T &, HWERSEEL L, EERETCEWT, BEYELSAEZTWSEBRE 20 EDY,
REWTEBICEFTIRLE I A %ET, TOFD1DOTHSHH AV REFELIL, HYERELYHL
ST, RO F F THELRE - #HE I HEEMROEETH Y, ZOoMRILEET R
AUMBRHESL W EHEADSB, HE, Z0X 5 nEEMRY ABCHE I, EWkcES LS
R HEBBIEL, TTOR—BNEERET-TEY, Sy FOBEHTERLIRT S, F1:,
W ORIEIERe L OFB O DBISHHBORE, A REAEIDETHLFEOHBHAL
A, AARRIEELEHOTERETE, ERAR— AR DOWTIEERDEL, INATRELSZROAE S
FIRARTE B ERRDOMEYBISOHSERRTES, TOX S5, EHERBRSEER X, TAMLS
, SEVISRAERMBEEECOSWTHEE LLRREZ DT L LI TV B,

AWRTIL, EAMEL2SUHENE LTI (Sesamum indicum L) CHEEH Lz, TFIXHI D
B, AKELTHBEIRTERY, i, ZMERRN, 2RCI5LTHRLIRIZ VW Ew
SHBEYDD, ThiX, TERCHFETINRILEWETHZ ) 77 VAN, His+ % B
DERRILZBFIEL TV 5D TH A, HE, ThOLDOWRIBATDH, TOXHE LTELLE,
PFUEHLRD B EREINRTWEY, L, Thd) 7FvPWEDZ ¥hTORESR, ¥, 2488
Bt EXRERPLBY 1L L, BELBACHRIEDOh TV, T, T, SHETHE
RETINETEHEMTH S, BiR
BEHRTLELTHI-DEHO 3INA

i [0 /0 [~0

BlogEclLrRETE S, FRRE O 0 0
B, ZORBDOIRETL1 i, O O OH O o] 0

FIT, AHETIZ, TELDEE 0 O 0 O 0" Yo
LMHZEDa v e — BTV WIEE O_/O O—-(/)
M (DA R) RFEL, SOOI 0—J
A TR AT S ) 7 F v t*f.:/—lb Y3 tHEY Y
B SHERINCAEETH LR L Fig. 1 T2 Ths5BtHY 7 vHBEO#E

7z, Fig. 113, APFRTHRE LAY 7
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FUMBTHDEYI ) =N, vHEV) Y, £ I VOEETHS, TEFOV FF vHBEDKESL
Phd ALY I VI, BRRLIEERICEETES CHhARHRT AERYE L, ELORREK-T
WHBRILIFEOER X E, i, A5 NMAMBERIAEEECHERSE, Bavxre—, #
BHARNE I EOEBERIER 2RO LWL A>TV 5,

2. A &

2.1 EBRMHEGIOHE

TEDOREFIL, YAXDERMI VBEA LKA Z % Sesamum indicum L. (ZEJEH | 58, 19924F
IARE #HALL,

EREB LT, MU, EEBEOMSEM " SHMA LA, KIRFE LT o8 (B0g/D) &ML
fr. AL EY (RERHWE) L LThH—Fo v oA A4 = v i, BihopHit, RE
Ai120. 1IN NaOH % fi\~ T pH5.6+0. NCFA% L, BEAESHOBR S, FEEMSHEHICEEN 1% & 7o
BEOWERREM L, BEBL LT, BFEHOSAIEYHARRE (100mm X ¢ 40mm) 120
mlDEEHHE AN, $h, BREEEOEAI AV 7e—vA=/A75 22 (100mlX ¢40mm) Z25ml
DEEE AN, ThERL — 7 L= 2 HWTI21C, 150RMBEE L1, &, BE®28CLHIC
—EIZHRD, 6,000Lux DEFBH TIT o7, i, BEEEIHE, WEEETIZ120pm D 8§ DF
REOREREZE TIT o7z, HIZZ b A WRY, D EDORELEMTT -k,

2.2 CEIAODHILREE

TEEFOHEENMAR, Thbb i ARBFETHAERLUTRT, 73, OF8E Ty, BH
REEDT T, 1 BKREEHKREEF + VY AKBRTUESE, WEKT2HEEE, BHARRETCEREL
o, TO%, EERSF (FEAT, 28C) TRFTHETHAL~5 HHBERE L., BFK, v ko
ZF (MUF, ZFEv2) A lmmicgl ) ES L, B R EVELT2,4—V 2 e Rn T 2 ) VR
0.1pM (LT, 2,4-D), BLO I A xFv10eM AT, K) 2E%HNLCEEESECHE L, BEATER
BHRTHEEEY T -7, H1BHEE, » LV AL EEL#E, Tok, H12282 LBk
EHMTHAREELYT -1,

2.3 HILROFEKIEE
FHELIHL 2T, 0.054M 2,4-D, 10uM KDARALEVEELD X SICHED L MS EiAES
HWrh THRH T CIRESELY 1T - 1,

2.4 YT ILDOENEZE

W Lch VA EBEERKRE, FBTAZ LRI > THE L, BERIZEIRL, BoOMTcHT5 %
THEHE (—30C) FTHRELE, F1, B LB r L 2k, REKTHOUE L, K
(ADVANTEC, No. 131) E TR KD Z2RINIE, BERETH» Vv 2EEZAE LK,

2.5 VST YEORME LN

CEINAFREETND ) 7F vWBEORME B I OOMIIU TORETI T, v 7YV v L
ANADEBYAER, »VAZAKTTHIOLEL, —EBD A%/ —n (15ml) %ML, —BE
BERE (4C) THB L, ZOALA— 22 —LHHELEAL, BEEr—EE WL, =0
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AR -EF-RE-EB-ER I T AVARIDY 77 vlHE(LYBDOLRE

A2 —VESTOCHRET CRGRZE Lz, ZFHFREEh3 ) 77 vHEIIS VI —2An1ES
LIBEGEOH THREL TV S LHEIhTWAE"?, 2T, B—sravx—EuxFH L THEE
SERMKSBL, V7 r vHBEIEROR Lz, 9, BESC0. INOEFERRER (pPH5.0) ICHR
LicB—rnavg—x (2427 —+, BARKNE ML, MKS@Ie 30T, 24D, v 2
F VBN LECEG R R Lic, KRR, BER-F L 2 BAWCY 7> vBREY ML, HE= T
NESFAOCHE T CRMEEER, — 844/ (1m) TEAMRL, chxrBEREE 7 2= b
757 4— (HPLC) ORKE L1z,

V 7FvBEOEYR, EECIIHPLCE AV, ROy I/ =, 94 I vBIUNEesE) v
13, BESYE XO'Bernt Carnmalm YO HKIC L D, HRZT A SBEERAT Lcd DR AV,
HSTEFD 3RS DFRIEIL, Retention time & & IS5, & D Co-injectioniZ X % FEETIT - 129, B
SOERBIEEREDOE— 7B L hEH L., HPLC&#i2, RA®INE (SPD-10A), £v 7
(LC9A) (BEREF) AV, » 5 ARIZSTRODS- T #AVHEE L, BEIBIL, 2 £/ —L .
K=1T7:3%FERAL, BBREHEITX 1 ml/min, ¥/, REEEIZ290nm TEB THERE Lic, A7
TBEIBT 5%V 7F v¥HED Retention timelk, €+ 3 7 —/»10min, €4 3 YA 16min, &% %
Y vA23min TH -t

2.6 UHFF YHEEBICHT B EDOHEOEE

CEDOHRBIZ LB ) v HBESBII2 R LEFER I VTotk, UL, B—Fravx—
CMEBITbihote, ¥, BT, TV VBITILRDEARIEL, FAFh2BERBOEESY
WEH, 80C TURHZBRIRLEEYREL, TOEEXEH L.

2.7 UHF HHERIBRERMDOZE

BB ) 2 v BRIBRERGML, V7> VHBRDEESEC OWTREH L, BIR LR
ki, L— 7 ==175=v (LA'F, L-Phe), L—Frwvv (LUTF, L-Tyr), trans-kEZEL, p— 7
<NV, A7 B, TNSEB, 2=T7 VAT ra - (FIEMETE Ths, KHRELEH
FABRC ImM E7cn X 5 BHPEHML, WH%R, BEERET CpHS.6£0. 1ICHRABE L, £D
B, BARBRSE CIORREEYT -1,

2.8 U HEOFE

BRI T7 = 7 —VRICAWEGML, V 7 v BOEEEETCHO VTR LE, FHALE
727 —NRILEWMELT, "=V v, 7etR_=wy, ZealFvig, 7YV v¥y, p—k Fedy
RREHB FHMETE AV, £7/ A REEHE ImMEic s X 5P CHEMNL,
30H MR HBHIREEE YT - 1. '

3. BMRLEER

3.1 UEF HHEEEICHTIEOREORE

Yk, 18], £, £, T8, BT L 5ABBEROMHRE, FREXSEDENOLDThEhOM
RBRRESIHREY L - THBELTED, FMRAA—BEZTFE2EL V550D, OB, B
BRDH, £ORD, A—EHET EMRNES, EBEWIRT->TL %, £ T, ZXOHRBK
I BEBHOBANCOCTRE Lz, ¥, TFO/ET, £V, 2ALRDORBCOVWTHANE, &
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AL tH I/ - EHEY U I Bkx
(%]
BF 0 4.30x 102 5.72x10° 3.2
EP 271 0 0.59 93
hize 1.98 0. 44 0.51 94

Table. 1 ZEDEBOBWC LB 7+ Vv HEESEE
a) BTl ehcEthsy s/ v YHEREER [re/g]
b) Evv 1l eghicEzhdV rrvPYEEEE [re/e]
c) VAl ghicEdEhB Y rrvYBEESEE [(re/g]

T, ARTRI2.ommORELREIRTS - 7c, TR EGKEHICHEER, HE6HET
X6 ~T7cm, WEINEBDEY Lok, T, TEH LRI, BREEEINHETER2cm D
mEDOWM LTS,

Table. 11X, T¥DORBREOENC L HKY /' vHBESEERXSR T, TFRFHRIE, £V €Y
vV, eV I VIZEREFNETF 1 e D7 00.43, 5.2mgHFLEL TV, w437 —LiZRE I hiz
Mot, TEEYURIKIL, eI =, vV I VIEFREFR2T.], 0.59u e FEL TV, ®
S VIR S hich ote, Fhe, TEANARIL, ¥ I =)k, 2TV, LY I URE
h%h1.98, 0.44, 0.51p e FEEL T e, I
FD2OIHNT, FKERI 2K EBDTAH L, 010 F—r—7 ' '

e, ThbH ) 77 vHEIKE D SMCETRo3 20%7 o i
tb,Uva%E%ﬁéﬁE<&ot&%théo,Ez ' ///—\\\o
Lirl, =¥ B0 AR, BFRCQZRbAE 2 0 to—0—0—0——F——H
Mol I/ —AEREEATVE, Chik, BF § 2 o
IDbARGBECBAT B, RBCEvhkEs g ¥ 00) ///\\\o |
Ricew v, ev2) vBRIGL, Xo@tosg- Y o |, o 4 ]
ey, BBV EORBERERL, B D T OFf /O"
BLBESRTOBMREHT B, SHIC, TO o~ gl _—=0 i
Y I =ik, eIV, EHEY VI LHEL "g o O/_O/O
HHRECEBEIRTEDY, €43/ - LOFHRY 0 fr—r—— = !
HFEDIDIZEEINAERCDZ LIIEDTHRT nwEBO_ ///D/‘—O
BBHLEXLLRD, £TT, V /F v WADSERS w3 10 | _© :
IR bDOD, HHAEL, MEVCOBELHLTEHDLA Ei A
RAWT, Gt 2 v HEDEEIT OV TRE R 3 &4{
?ﬁofco 1 1 1 ] 1 1 1
0 6 12 18 30 42
3.2 CENLADESEE EREM - Lday]
CEANADWEFEE AV AFDY FF v HBEEED Fig. 2 Z% A ADOESHEHR
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KR BH - R EE BRI AVLARIBY I vEEBLYEDEE

BIfRIZ OV THRE L7z, Fig 213, T 2 VA OBBIRESEEY QLQHMT R RE2RT, T H v
AL, BE6HEOHEMCIHEMI A E H, BRI E I HMEIMEEL, YL AEEIZH28
g/lmedium &5 otz, SEDALRREENDB LY I =N, vHEYV, VI VL, FREREK
0.47 (B5#42HB), 0.07 (18HB), 0.06 (30H B) mg/l-medium £ E X, HEALHEDOE\ LY 3
) —NVEREBRAETELZ Ebhot, ¥,
ThboWE, HEEHLSER 5#&18HE
LB DEITHEEIRTWABIERD, V75 v
BoAaBR=kR#ociibhTtwb LELD

hs,

3.3

5 S ERSBEERINOZE

Fig. 3lx—fRic4n5>h T A & 5 RK{ES
LBV JF vHREEABER Y RT. XA
T o THBLRIKRKILEIL, v+ I BERBREYETH
BET I /BB THHL-Phe, L-Tyr&ics, Thb
7T/ BERT I/ {bL, ERBEYERHKT S,
COERBEMB I 7 A SBRAEL, T
- NVETLINR, BAREAK X h ZE{bH

BZhY 7FVHEAIEARIN S,

¥7-, Fig 2R LIS EF AN ADESEEDR
BrIp, 243/ —n, V)V, 3 VvED
Y 7 vHIBEASBII - RRBER Ee b B EE 2

bhb, £ZT, ZORKLICHFLE
THRARBMER D7 == 1T
v LA (C—C) DIERRHE,
B X Wtrans- HEEBEIRAETH 5 L
-Phe, L-Tyr&£#rRicims 5
Lk, ZIHER OFIERER
NTE, bk, VI7F> v HWEBEAS
BREDH EEEFITHHEELD
5, Fig. 41z, 7 z=1 7 m
vR{bAHE SR ImM i B

oL, 0AMRESE L -

LEDEY I F VBEOEERYIR
3, Fig. 4X v, »A2DOHHEIL,

AR ERINDOB A, 36.4g/l-medi-

um H I L= DX LT, trans-
HERER, p—27 <R, 7 =B,
7 = VSERT E DEREBREY TN L
784, 1.26~10.7g/l-medium T
By, BEOHEE LW LA
ot, Fi, VIFVHBLEE

BKit®

4
[}

PRS- 1:1:4

4
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L ERMOBE, 32 —A0.07Tmg/lmedium, ¥ VY vy B I L4 3 vE24%0.02mg/
Imedium & HBHRFICAEL TS5 DD, EEBEOHIMIVWTHhOHE LD, £ HEY v
BIOvH 3 Vi20.0lmg/l-medium A FT, €% 3 7 — ML EE L -, L, ThbD
RIER{IATH 5 L-Pheid, EHRMERZFTHEBEN I, w4 I -V OAFERERME LB L TH 2
(0.14mg/l-medium) I EDd B Z LN TE I, ¥, L-Tyrid, #iEIIH % 0 I 3L ERMOBE
DB TH I, £H 37—, v4 I VOEEXTNERLS, 4.5FRDHT ENTEL, %
P2, VI F vHBEN_BILT ARIORBRA TS DI =T VAT A —ADHEIME, EHEY v, &
B I VOEERFRFRN2ERDHIENTER, L2 o T, AV RFUAFERFETHELBRE
X, APNVABEIEE Y V' v BREECEWEEY 525 b ots, L L, ZRAEERO E
W5 L-Phe, L-Tyr& ZBILT 2RO =7 2=V T L a—LDOEMT IO 7'F v Y B DAE
BRAALETHZEND, 24 I =N, v I VvOEBSRESRINCST S 7-dicit, Fig 3R Lic
V7 v ESBRRR EORTERG R EBIR LIGNT 2 Z &RV THHEEL OIS,
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B0, 19mg/l-medium & #EEK o0
DFHELHELTH2. 6L RLE R T
DEZENTE, ¥/, pe e
F Y REEBOFMNE, CIREF | " EOFT
F UL, BRMOBADWY Lot
LEL LoDy, 93/ -, & Fig. 5 ZTEHLVARZIBHY VFvHBEELZK TR 7=/ -
HEY VY, 43I VAEERTFRFR RMEEWOTHMEE

0.10, 0.12, 0.07mg/l-medium T%
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Production of Lignan Antioxidant Materials by Cluster-Cultured
Sesame Cells (Sesamum indicum L.)

Mayumi Okuwa, Kazuhiro Hoshino, Setuko Akakabe,
Shoichi Morohashi, and Toshisuke Sasakura

For a long time, sesame seeds and oil have been used for foodstuffs and/or medicals, and it
had been suggested that they have strong antioxidative activity. Recently, it was found that this
activity attributed to lignan materials such as sesamin and sesamolin existed in sesame seed and/
or oil. In this study, sesame callus was induced from sesame seed to effectively produce the
useful lignan materials. In shaking culture of the induced callus for 42 days, sesaminol was
produced in the callus at the level of 0.47 mg/l-medium, which unproduced in sesame seed and
exhibited a higher antioxidant activity than sesamin and sesamolin. Moreover, by adding
precursors (L-Phe, L-Tyr), or phenolic materials (vanillin) to medium, the amounts of lignan

antioxidant materials produced can be 1.5~4.5-fold higher than those without.

(FEXFER)

CEHALRICEB VST HERBRIEMEOLEE

REHEME, BF —%, ;B #HiF,
e B, e Hn

TEE, H<nb, B, AL LTHAIR, BIEIACSWVWEVWOIBERB D Z L2ibh 5T
Wic, FTEE, ZOHBRLERE, SR athb ey iy, v EY VIREDY I v EEE (LY
BThaIENBONEI>T&ER, £ZT, ANRTRZOERRY 7/ v BRI CAET
B, TEBTFLAOINARFE L, T H AL, REEEQAET, TEBEFRCIIRSHR
Isholctes 3 7 —A%0.4Tmg/lmedium4&FE Lz, ZD4 3/ — A4 IV, v4EY v XD
LUIBLEAEVHETHS EBEIN TS, T, §ilEk L—7 =17 5=V, L—Fr¥
V)R, 72— RbEH (RN=Y V) EEMPRENTSI LK LTV Vv WEEEEY
1.5~4.5fEmDB T ENTE R,
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ZRBECETIEAAKFLEHABRROKIER (F 1)
—ILBRB—EDHE—

o 55, HHAFE—LR

-

Jill]

BROR LD X 5 I E AR N O K ZIEB BRI - TBE)T 50, Th b DOBEFITERIGE 24
UY, AR O S KRARIC L 5 R —Tc I ER L CEED NERICIT RGN 03%ET 5%, £
DIGNIERICIe S L TRENR LS ERITIDOEELDRD, - T, RRENBEOBRITIZE
EHDRKKGHELDOMBENLBILIL S,

EZELIIIRNEHALRE L, EBREREZERE 2R 5B AORBILBHBROBTE L H i
NEROBKRE(LOHEELZ/RLEY, L LLok, BAEI AKREFEERL, REKHES
BROBBLIGATE oW Ldvbd o 1% AR 1 KIGHEF BB O BUE R FE 2k
ZIGHT HBEOEBRHMELRFTTHLO0TH Y, KB TRXE THEEAES—CEDOBATHRS.

1. BRIk

1.1 ¥EEAI SRR R E
K3z HRDOEKE (HEEE) wke (kg—solid) ' |DARMCHFAL THARMCBE TS LE X
%, 2ZT, ZERE w=0) &} 5EEOLEAET vlm® (kg—solid) 1% AT, BEERKSE
Eckg mPZc=w/v, kB &, RBARKD L >KEINS?,
dc D oJw
N=-D axz— o a_x (1—-1)

T, Nz ARA~NDOKSGHERkg - m2-s™'], DIXHEBAEHE (m* s | THB,

1.2 T—7—BREEERR
zLtDBABF=F(z, )25, DS % Az, t DS ER ALt E R &, T—5—RBEAX W UTOH
RHEBLI S,

dF(zt) AZ 3%F(zt) Ax 0°F(zt)

F t)=F(z,t _
(z+ Az,t)=F(z,t)+ Ax 72 + 1 Ppr + 31 Py + (1—2)
0F(xt) Az® 0%(zt) Ax 0°F(z,t)
F(z—Azx,t)=F(z,t)— Ax 72 + 21 iF 31 Py . (1-3)
OF(zt) At? 0%F(zt) At 09°F(zt)
= : + _
Flzi+ A)=Flzp)+ At —p “of— o == = e = (1= )

KR (1-2) X (1-3) LDOEBIVRMIHYROBERIELN S,
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0F(x,t) ) Ax® 0°F(z,t)

Fl(z+ Azt)—F(x— Az,t)=2Ax 72 31 g (1-5)
Ax® 0% (xt) Az 0°F(z,t)
Flx+ Az, t)+F(x— Ax,t)=2F(x,t)+2 (1—26)
2! a2 4" oJxt
RN (1-5), XK (1-6) BIUKX (1—-4) LhROBEFEIEBLNS,
aF(z,t)_F(x+Ax,t)—F(x—Ax,t) Azt 0°%F(z,t) (1-7)
ox 2Ax 31 ag
0°F(zt) Flz+ Axt)+F(z— Azt)—2F(z,t) Ax? 0°'F(z,t) (1—8)
axt Az 41 az
0F(zt) F(x,t+ At)—F(z,t) At 0% (z,t)
= - e (1-9)
ot At 21 ot

Lo 3RTHLE 2HU TR ER T L, BERB LIS,

2. BXERED x AR 1 RITHLE

2.1 WLHEAERELBEREH

M1-IZRT & > cHEROfE (RHEEE) 28
EW XN, MEE (x=+L) X hRKFF~E&
WA DBBEI LT\ 5B, BN I\ TRy b3 E &
WT—RIZOM LTV 5 ETHIE, SKRoMiT
WICEARNK LR SDT, AROHhEEYER (x M1-1 XHE 1 KT
=0) ¢ LTHAEDRTEEREONE LT,

MO &35, zBE FOEZOMBICABROBNERdzE2E L, COBRCO W THAENSZY &
5, x=x LY Gilkgs ) DKLGNBRICHEAL, r=x+dxzHE L b Glkg-s | DKL FHEET S B
DETH, AROKEEE Sim*] LxHE, R (1—-1) Xb, G=—SD/v)dw/dz) Lich,
G12G,=G+(0G/dzx)dx t 52 bh 5, (Gi—G) NERDKYERHEE =(Sdx/ve) dw/ dt) I
LuWweEls, RDIDRCZDBHEDIHEBFRINELNS,

Sdr OJw . G, e Sdx 0 {D(dw/dzx)}
Vo ot oz = v dzx
0 0 ow/ 0
Low {D(dw/ 0o z)} (110
at ox
T, D=FR L BT HHE, LRIROEBEHBEN LS,
ow 0w
(FEBEX] ©° —=D (1—1D
ot d x*

MEDICEGFHDOERELR W THD LT H, THL, THEHFRIKRD L SICERINh S,
(%] t<0, 0=z=LIBVT: (who = w; (1-12)

MI-10z= 0 KT, FI 2B BTAHKSLELeTHD, Thbd, FOMBIEITHEKES
BiZreTHHI LI, BREHEO—DIRDIH>TERINS,

ow
(ERAML] >0, z=0kBVTE ) =0 (1-13)

a x z=0
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e - BR  ZRARI KT 5 BEERASRETBAOKMER B 1H

—7, BHERA (z=L) CBVTEKDOFKRIEET 2R EOFEEKEwELVHE (EGHH
CHEANTZEZIMOMEBBERANERNOFR), £ TORREHFRIRDO LS8,

(BRE&MHE2]t >0, z=LTENT . (whe = w, (1-14)

ZRAOHEBBERLTERTHZ LXFINEVEARCOVWTIRERTHET 5, Ik, TR
LB BRI RN D 52, R TREERC & A BEREORNVBENTH S0, BT
izl

2.2 BEERCIZIHERE

R1-1DEX5 Dz DX 0~LEmEH L TL/m=Az 8%, BE (xz=0) »HiFEOA%
znEET, RN (1-8), (1-9) OFHAFE2RLUTR2ERL, thixX (11D K#ATS L, K
DEERIBLRS,

w(z,t+ At)—w(x.-,t)zD w(Ziv, t)Fw(zio,t)—2w(zit)
At AL

2DAt
Ax?
ER, TEERA TR T, R DEKRw(z, ) BIOHRL LD S+ Az ERCABOS
KEw(zi, t) & wlxio, t)EMAE, BRlt+ AtiT BT BSOS KKR w(z, t+At) B RDSh
5| TERRLTWS,

1L, WRr=2= 0B LIV z=2.=L DEKKRIBREGLLHERD LN B, FliE, KRR
= DEHENFIBROR (1 -13) TExXHRBHDLETHIE, RI-IDREEHNHFRE LTEKEK
REARBPCHMATH] CEind, Lo T, BAt+ At BT 5 RADEKE w(z, t+ At)
2, &R (1-15) KEVTwlz, t)=w(z, t) EBVEKRATEZ D5,
2DAt
AL
e, &R (1-15), (1—16) BT, DAt/AF=1/2L 8L &, b5, Schmidtgk L s b,
z=L B THEREHIR (1 -14) TRINZHEL, LOAKEW z. t)IIFECw. &85,

) } w(z,t)+ ( ii:) {w( ziv1,t)+w(ziont)} (1-15)

w(z,t+ At)= {1— (

w&m+Aw={1-( )}wumﬂ-ffit)wum) (1-16)

2.3 EEE~ILOTBERE

REREE TR ORISR TS A IR I- 28A¢

D&k >, B5RENSKRDRE~NDOHB ORI TO
REBDOZIKFT2HE (CHhIBBEEOWC &%
B3 wera @BV, '

T, BEOWAADILIEE 2 5, IBIER A Aot Bt
XIC B HA DB 2+ Az ic B B Wbk £ ST 5 @-°-@
LR IAHMADOBEN LA EI NG, LA oT, B
IR DRI o 7o & & OWERE R, MR pA PAt
FIAt URTOBERBORIKET 512D, ZOHE M1-2 i EHRERE
Rgr~ra7@RBLAe LTIV ks, LK
W XABENNS v E AT, 2 RDOWMENALt DREBIRC (x+Azx) BB B L XDOBBHEERB At
X, Thh (x— Az) ACBHBBHERICZE L W 2N 5B, iz, (xxAx) AhDx ANDH
OBBHERDL BAtEZRIE LTIV, ZOXEBHIIFI-2CRINTED, FTAEXKROAXRTRE TS
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LEMWTES,
clxt+At) = (=28 At)e(z,t)+ B At {c(x+ Az,t)+c(z— Az,t)}
BAEHECllc=w/v, THHZ L LY, ERXRDIOIKKRTZ LENTES,
w(z,t+At) = (1-28 At)w(z,t)+ B At {w(z+ Azt)tw(z— Azt)}

ERER (1 -15) L& THE, BBREER (BAL) 28 DAt/AZ) CH4THZ LABRTES,
M1-2IZ8\\T, (B AL BIOHEBRHEER (1 -2 8A1) BECEBBHEERTHLINLL, ThHDOH

B0~ 10@ECThE bz, bbb, (BAY) OfERL/2MERIESE, (1 -2 B AL)
AL VHERRCFET S, COBGREYRA (115 KERATSEKkOBR

par .l (1-17

AL 2
BZOBEDOHWEMTHBZ Lvbh b, FE, DAt/AL®1/2U Ecd: 5 L, &P EEIFEEK
THID, R (1—-15) DHEITELLD, ZOHE, DAt/ AP DEIERRBEES Lish -l
ENZDORREBRNIDTH S,

0=

2.4 BIEROFEE DRI

R (1-15) 28L&, X (1-8) BIW® (1-9) DALHEIFUTEEM LI, WF, &
DEIFEERTH FARUTEERTS) LTl X (118 LT HRIKRD X SIcis
%,

( 2D At DAt
w&J+AU=il——(Af )}w@JH-(Aﬁ ) (w(z+Az)twiz—Aze)
At dw 2DAZ*At 0w
R T - (1-18)

WX, dw/0t=D(0w/ 32, L h LROEHEALS,
azw_a(aw/at) B 0{D(d*w/0dxh)} b 0{d(dw/dt)dz}

ot at at dx
b 0{d(Do*w/0dx")/dx} _ 0 ‘w
ox dx

Thebb, dw/dt*=DX0‘w/dz"), THH»b, ThrxR (1—18) FLDEIHKRATS,
Attt 0w 2DAZAt 84w_DzAtz d'w DAZAt 0'w

21 a2 41 ot 2 o 12 ¢
_ {DAt Axt } DAt J0'w
B 6 2 ot

R ez d &, RN (1-18) 3K (115 —HKL, £0OL EOFEHBEOREE GV &
Bbhd, Tibb, DAt—AL/6=0XD

DAt 1
Axt _E
ERBFIER (1 -15) BKRO LS5 h, COREAVAZ LI VBEORHVHEMK RV PRETE
5.

(1-19

w(z+ Az, t)+twlx— Ax,t)+4w(x,t)
6

w(x,t+ At)= (1-—20
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o - BRI 35 5 BHEAAY B BROBMER (5158
3. BRAOFERER r A 1 RITILE

3.1 HFAEXELEREH
M1-3R3 L 51, ¥Eb7e HRPCHRE2r, B drDEED
FLDRBREREYRT, WEANEZR LD, RKERATRLIL S IE
FKOWME (r=r) %8> TGilkg s |DKGHERTHAL, £D4
W r=r+Ar) »5Glkg s 1DKGBMETHEERD, TDH
&, Gi=-4nrA(D/v)(dw/dr), G;=G\+(3G,/dr)dr&isb, =
T (Gi—Gp) BRBERD KL ERRE=(4 nr'dr/v) 0w/ dt)IT
FLwZ b)), ZOBRDHBEAIBAIRD L O>BELNS,
dw 1 9{rDow/dr)} R1-3 ERANDIEK
= (1-2D
Jt r ar
DHAEK LB HHE, ERIROEBRA L5,
CHpR] dw D o{r ow/or)} _Eﬂ 0*w
’ ot 7 dr r Or ar
zHAD 1 RTEIBEBEOBEDOR (1 —12) ~ (1 —14) LBLLT, MIEH EBREHFRERD I ST
KINb, HOCKRHANDEKELR—FCw, THHZ & IV PEHERELZD NS,

(1-22)

(#FHZ&HE] t=0, 0=r=bITBVT:. (Who = ws (1-23
EREDOHRPOLIZOVWTOREHI D, FZTOXBHRERDIO>EZINS,

a
BEREH1] >0, r=0BVT (af ) =0 (1—20

Z2RUOHEBBEAGER N L BT 556, RERATOEREHFIRDO L 5%,
(BRE&H2]1t>0, r=bEVT: (W = w. (1—25)

A OHBEBRBENYER T VB ECE L TCIER IS, T, 2R LEROBRVL
BABARCOWT LTI FET 50, KBTI rhicfhisu,

3.2 BEEARCLIKERE
RO¥EZEbEmESF LT b/m=ArkB7T) KX (1-22) #EEXRRTS & (1-7), (1-
8), (1—9) DAFAAE2HUT®EK L TLH)., RPOLLLEXTHIFEEOR (ZORDFLLD
DFFEEr TiArICE L) KEATE AHERIRD IS WIS,

w(r,t+ At)—w(r.v,t)_ 2D

{w(ric,t)—w(rio,t)} L

At iAr 2Ar
+§%—uwnmw+wwH¢rawhn»
CNERET D L RRIMEBORD,
wrt+ A= {1- (zfﬁt) b wro)+ (DAA; ) {1+:—} w(risnt)
+ (iit) {1—%}ngmw (1-26)

ERi, 2 FAD 1 KB B3 BR (1 —15) LK, ©0BADEL+ Atc i 5 Sk
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w(r, t+ At) BREXI L BIT B EKREHL, wir, t), wre, )BIPwlr, t), TVEHIhBZ L%
ET, L, ROPLD ¢=0) BIOKE (r=>b) DEKBw(r, t)B L Ow(r. t)ik, LUTFExRT
LowBIE, MAEKHEIORDLN B,

X (1-22) D r=0) TRKRD XSS,

ow (dw/dr) 0w B 0w

(at )'ﬂzzo{——jf——}co+b( T )ﬁo—ao( o lﬂ (1-21
Ter2l, ERTRKROBEGR (REMOBEME ; z=aTHz)=0, glz)=0L7n L %,

. f(x)  f(x)

lim =lim —; )

z—a 8(x) z-a g(x)
NIGH I iz,

{(aw/ar)} _[{a(w/ar)/ar}] _ (('Vw )

r — (0r/dr) =0 art /.o

K (1-24) 1k, EKEHMARRPOCBELTHRCRZ T LERTHDOTHY, win, t)=w(r.,
DTHAHZLERERTSH, ZOBXRATK (1-27) #BERBRTHERDILI SIS,

w(rot+ At)—w(rot) 6D

At N

6DAt 6D

Ar’) butro)+ ( A

—%, BREETIER (1-25 Xbh, FZOEKRWr, t)IFHEC—EBw. TR,

{w(rit)—w(ryt)}

:MWM+AU:{1—( ﬁt)mnw (1-28)

3.3 HBEABERICLIIER

AR OHERBRAICTRD LT, DAt/Ar=BoAtL B &, I- 64,4t
R (1-26) X0{1-2B,A0}, BiAt=(B.AD) [i+ (/D%

IO B At= (BoAL) [i— (1/D)] HEBHERCHKLT S, B
TEHBEIZEFHR (1 —-15) OBERINI2KRT X S5RER

~DBBHR B ALTE LS T b, REBIC K BR (1 — 0hoA

26) DEEILAALE B AHTELL Fele, B, i= 1 OB A -
(LS ArOME) X (1 —26) OFHAB3HIZE » & i

B, ChXAEOBERRAY b s LR EHR L, wir 68,4t

t+ AL w(ri, t) EITEBERICREIND L WS —REDE X1-4 ERepOOiEEK

Bifhe kT, Lhal, BRHRE e IBXRRCFETS LTV
ZIs\, RIC, RPLIBTHEFCESTELALR (1 -28) CERTS, AANERTHEK
RO 2 HERBAROEBIINI-ARIND, MHDLBELM L 51, (BDAt/Ar) =6B.AtH
BBWHERX, {1-(6DAt/AM} = (1 —6B,At) PHEBHERCHY TS, ch&, EdRoX (1 -
26) O D3MEDBHSMOBBHERTNTHR 0~ 1 DFERCLTELSEWZ LIk, 20
HH xR 7T IR DBIRD AL HER T HIZ X L,

DAt 1

< -
At T 6

(1-29
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i
i

1 RICDBIILBITBADOBEERIIC & 2 BERENERICRT S h, BBEREKVERERO~
Na7BBTHAINDZ LAELACIh, vV a7 BBYRAT HBMREBELC X 25ER
LoRE I, BRTUEDAL/ AL PEBRHRCHY TSI LRI N, EXEEDzHH 1 KT
BHEETIIDAL/ AL =1/6D L EFEDORVHEMEIEOLNDZ L, KLUV, REED¥Er AR
1 KT TIZ 0 SDAt/APS1/6E BLRETHHZ LRI I,

T2, CRIEBES I OBBEBEOZ A Ar (F1212A1) BIUCAt /NI EDBIREHER
BREL B EE2NBTHEY, ABRLID, ERDOLISCHEOLY EURKTHOFIMCAE T
RETHBZ Lbh T,

FRES
b BR¥ERE [(m]
c [kg-m=]
D : HERRE [(m?s™']
L:ERk& [(m]
r FEREE [(m]
t : RefE [s]
v | R EEBOHLER [m®- (kg —solid)™"]
w. BKR (BEXE) [kg-(kg—solid)™"]
. BRIF AR (m]
B At . BBHER (-]
Ar, Az RIBBEDH| A [(m]
At : R DX A [s]

5 E Xk

1) linfEdE, HE—EF, MEFAR | BEEMEEE, 39, 179(197TD)

2) WRESE, IWRFE, EWHFE—L : ibid, 43, 451(1981)

3) WAEE, BEMRE B BILKEI¥ELE, 37, 19(1986)

4) lBefEd, BARE—  BILKZETESE, 38, 35(1987)

5) Yamaguchi,S.: Proc. 8th Int. Drying Symp., Part B, p.1389(1992)

6) EMRE—BB, ILOEE, BAFE, =BT  LETHERTE, 3, 1891977
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Numerical solution for Moisture Diffusion Equation in Solid during Drying Process (Part 1)

— Constant Diffusivity —

Shinkichi YAMAGUCHI and Kaichiro WAKABAY ASHI

Summary

A finite-difference method was described for one-dimensional diffusion in a rectangular-coodinate
and for radial diffusion in a sphere assuming constant diffusivity for the fundamental discussion.
It was found that the diffusion phenomenon was equivalent to Markov process of the stochastic
process theory. In the light of the stochastic process, it was also shown that the dimensionless
term AtD/Ar* had to be in the range of 0 < AtD/Ax*<1,2 for one-dimensional diffusion in a
rectangular-coodinate and 0= AtD/Ar*<1,6 for radial diffusion in a sphere, where D was the
diffusivity, At the time increment, Az the length increment and A7 the radial increment, and

AtD/ Ar* corresponded to a transition probability.

(Z&3C#ER)

REBECE T SEGARS LA EAOKIER (B 1K)
— IR —EDBE—

i f5E, BE R

HEBEBRE O D ICHEBRE—E DB A DERXMBED | RICILE R L OCERA D& R BucB 3
HREEENR I N, WHAKIERARRKCRT A~ 1 a 7 BBICHY TS Z ARV,
COMRBBRRICES LT, BRITE AtD/ALHPEREED 1 RITIEDOBHE 0 < AtD/Ax*<1/2
DEFIC, BRADOEEFEILEDBE 0 < AtD/APS1/6D@EBICIThIE bW LRI A
T2 O I, DITIREGREL, At XRERIOH S, AR IDHEY, ArEROWMHYTHD, AtD/AF
IEBHERICHYST S,
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ZBBRE(CH T ZBEGAKSEEAERORER (F2H)
— B REF MO R DBE—

e 855, HHAE—AR

i

i

RIR? T, HKBEE D2 —E L BT H5BAD | KLLBHIBRAOEERB LN LT, HKHIALN
HREBBRO <L 2 7 BBCHYTEZ LB LML, CHBEEDH A Az LEBOZ R ALt S
TERITTEA (DAt/ALD) DEXHERRCFELEVI SCRDHERETHHIEERLL,

IS ERBESSKEOBIRIC w554, IWBFIBRIIIERY L) FOREMRE L EM TS5, AR
TX, ROBRMILBE I BROBERRETELNLMRCE ST, KHEEIASKROBEKI
BIGH | KTHMABROMERBRE YR L, EETMESLERT 5.

1. BEXEROFRK | RTLHHER

EBEDIL, TRNAKLDIEBRBEDEZHAEL, DAKRD LS ICEKRw OB/t B L ®#R 1L
72h,

D=Dwexp(Cw) (2—1)

I, DhBIVCRBEOCZOBEETH Y, SKARKCERERTHS, BEDPZETHRTIX, Dk X
VCCIRERETHHERIT LTI,

1.1 ZBXEBAEZE FIERHSOOBEBEEDL)
ZDHE, BWEBRRE N SKKROEK s DT, IRBOERRIFERE LIy, BTH oKX (1 —
100 THEx2bh5, OHEHLEEREHFRZAROR (1-12) ~ (1-14) THELXLRD, XH T
IThOEFH LK ABFBELMT ORTZER TS, T, ZRMCETHRETORALMEL LT, §
WTRER LI > BEREE 2" 281 5,
aw: 0 {D(dw/dzx)} D 0w N oD Jw

SRR 0 oz w0z 0z (22

[FHA% ] t=0, 0SSz =SLEBNT : (Who=w; (2—-3)
d

(FER &1 t>0,xzomkm1:( u’) =0 (2 —4)
al‘ z=0

(EREH2] t>0, z=LIEVT : (W)r=w, (2—=15)

EOEREH 213, ZRAUOHWEBBHERINERTCELAI LXBRTHIDOTH S, ThrERT
B EBRHFINLWEE, KDL OB LELD, BROKEKS E plPa) & Bk D FEEKE w,
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kg-(kg—solid)'] & DBfR (REBFESER) *ALPWCERTEL, TOEROHAR:E2 M
(kg-(kg—solid)"Pa1& 35, T5&, BRADKEI S, EZEHRES (p—p) FKRA

M(p—p)=(w,—w.)

X hEBRDEREE (w—w.) CBREIh, TOREFKERELHEN LT H5HEBRBHEREK L
kgm? s AWNEEBRETHILNTES, I, pRERKRIICET 22IDOKEISE, w.
REBFRKREDERKETHD., ZOHADEREMHIKDLSCERIIS,

dw

[%ﬁ%@zqt>o,x:memrz—o(a

) =kiw—w) (2-5")

x z=L

1.2 BEEZRCLZERR
1.2.1 EWKXOM=ERE  REFACRBEXERA TS, 2L, COBERERGEE DS
KEw(z,t) DBE L7 HDT, D {w(zot)} ERLTNETHD, BMILOLDENED(x,t) D X
SIERTZEELTE, X (2-2) BROBEXNTERER IS,
w(zit+ At)—w(zit) Dlzit) {w(xisi,t) +w(xio,t)—2w(zit)}

At Ax®
+D(Ii+1,t)_D(Ix—1yt) w( Zivr,t) —w(Zi,t)
2Ax 2Azx
ChEz®8HEITHLERDI SIS,
2D(zit) At Dlxit) At D(ziin,t)—D(xio1t)
w(z,t+ At)= |:1— {TH w(z,t)+ { AL }[l‘f' 1Dz } w(Zii,t)
D(Z.',t)At D(Iul,t)_D(Ii—l,t)
+ o [1- e | wizt) (2-6)

ERiZ1 =i (m-1) OBATHVWLIIBERTH L, MiRr=nB L Pr=2.DEKEKIL, FI&,
BREMELDRDIDT T ST,

1.2.2 BE (x=2=0) [C&F2EFE K (2—-4) &, REATCREKRESHBRHTH S
DT, wizt)=w(z ,t)E78b, X (2—6) Ti=0:8E, ThrBATHLAOBEFRIES K
%,
2D(zot) At
T} } w(xo,t)+ {

1.2.3 £E (z=z.=L) [C&KTZEFE KHADER
GHAR (2-5) TEXLhAHAR, Feogkse o)
W Zm ) VEEWC w, & T2 B2 B RIBIT S, \

2 D(xo,t) At

wizt+ A= [ 1- | o

—} w(xnt) (2—7T)

W(r, .t +At)
(W)z=t=wW(Zmt)=w.

RexEhBR (2—5") THEAOhLHEDOHEERR
T RAlt+ At BT HRAE LD DR, T Tnow,
Zn2 DEKE, wxm t+AL), Wxn, t+AL), W(Tno
tHA)BK2-IERT L O EZ DR TWBETH, O Y ,

(.t + At)

i r.=b
KEDxWEYZE L, EKEHMERRND LS 2R (K@)
BRTET. R2-1 HRRELHDEKEN M
(2 kiR ER)
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w(Z,t+ At)=c+bZ+aZ?

ZDREEEHE L C—H IR DL, A2 B IR, DZEEIZ TN EFN—AzB IO+ Az &7
%5, 22T, EROERc, b, ak DT HiE7e b, 23, R Z=0%2RAT B L cHAREX
hs,

c=w(Zm_1,t+ At)
KREZ, Z=— AxB IO Z=+ Az ZRATH L RDOBERIBEO IS,

W(Zm-2t+ At)=w(zn 1,t+ At)—bAz+aAz’
W(Zmt+ At)=w(zm-1,t+ At)+bAz+alA L

TD2REIDEHD aRRD I S>TREIN S,

b= {w(zmt+ At)—w(Zm-2t+ At)}

2 Ax

a= {w(xmt+ At)+w(zmot+ At)—2w(xm-1,t+ At)}

2AZL
riekbbhtcc, b, aZTDPARCRAT S L, 2KRABRIKRDL 51X INSB,

1
w(Zt+ At)=w(zn,t+ At)+ {w(zmt+ At)—w(Zmot+ At)} —— - Z

2Azx
4+ {w(xmt+ At)+wW(Zm2t+ At)—2wW(Zm1,t+ At)} AR VA (2—8)
ZEEC LB E, BREZHBXERTA (2-5") RRDI>EERIh S,
- ( aw) =k {w(zmt+ At)—w} (2—9)
aZ Z=Az B * wxm’ w'
A (2—8) 2ZTHH L, BRI Z=AzZRATEHERD LS55,
( ow ) _ Sw(Zmt+ At)—4wW(Zm-1,t+ At)+wW(Zpm-2t+ At)
0Z Jpne 2 Az

TheX (2—9) RRALTEETS L, BAt+ At BT HRAD KB Wzt + A EZ S
KROBGRIELNR S,

w(Zmt+ At)

_ 2ky Azw.HAD(zpt+ At)w(Zn-1,t+ At) = D(Zpt+ At)w(Zn-2t+ At)
B 2k, Az+3D(zmt+ At)
T, BBERE D (.t + At)IZE KB w( L. t+ At) DBIRTH B, LOIBEREIEHME K AT
CEHEERTWAEZELD, ERDw(zat+ A)IZEBEETEZ DR TWBZ LD b, ThiBW
Tw(zZmt+ At)ZRDBHIIZIL, LLTFIZR 3 trial and error 512 X AT L vy,

9, X (2-10) ALDD(zpt+ At) % N2t B E# 2 TELDME, Ticbd, wizwt+ At)
DE LELUERRD, FREY w(zmt+ AthEBL, T2, N2nt) 3 EKBw(z t) %R (2—1)
CRALTRDONBIEEARTH Y, BMOMBETH B, RiIC, B 1 ELMEw(z.t+ At)ER (2 —
1) TRALTHBEBE Dzt + At ZRD, ThER (2-10) HLD D z.t+ At)CEEHE 2T
TEEL, ARALLDME, Tisbb, £ 2HMEw z.t+ At 2 RDD, ZORTEnERHEL,
A ME W Zmt+ At) EE (n— 1) SELHE w(Zmt+ At)n1 & DEDHENENFDORE L TE W

(2-10)
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BUMELL TSl s fefe BIE, BT MESR wiz.t+ At) & Bicd,

1.3 WEER(CL DB

X (2—-6) ZABROHRBERCEO LTRFA TS, ML 2L, Dxt) At/ AL BB
BALtWHML, (1-28 At) DHEBBHERICHY TS, MIBRONI-228RT5 &, BBHER—EDH
FEBBMRBALIELALDELLDY, EXOHE, GUOBBHER B At LEMDEN B.At &
BELL b, T, Dixt) At/ A= BoAt &R LB, BIRD L HSKTERINSD,

D(zic,t)—D(zi-1,t)
Bi=5 [1_+ 4D(z,t) } (21D
D(x,-ﬂ,t)—D(:c,;l,t)
Be= Ao {1'_ AD(z,t) }
hib, Bi+B.=28kich bhb, 2T, ROBMEK
1< ‘ D(xivt)—D(zxi1,t) (2 -12)
4D(z,t)

BEILTHBE, BB DWTFhan AL VHERRCEAS L d, R (2-12) PRI THH
hap B0, DEBREAEGKRCL > TAKESERL, QAR Az DEREMBEIKREL, 2D,
QEKREAWBPKEVBETH S, BF OLRFEOFITICTE VTR (2 —12) BBILT 5 T LTk
Bl EBbR B, BIERBEL LTV EWSFRITED IV, Lo T, FFRHIREIBRAD
R HIcH, R (2—6) ZAVABMBEZI—BBCRTIEZ LTS,

2. MAOFEHRD 1 RITILH

2.1 EBRLBEREH FIRHIALOBEZED)

RAD 1 RO EBERL, BBEEIAKREKFEEZ R THBARHROR (1 -21) TEX
h, EAGtE, BRLGRITHROR (1-23) ~ (1-25) THEZDLhB, KIZ, ThHIZH LA
BEwMTOURT, ¥, REMCRTHEREMH L LT, LR UEREH 2 DdC, FHT
WBERB L BERAEKE 2 #RET S,

ow 1 d{rD(ow/adr)} B 0w Qﬂ 22 B
(gt 8t 7 ar =D ar +8r 6r+ r or (2-19
(&t t =<0, 0S7r<bICEVT: (Who=w (2 -14)
0
(BER&H1]t>0, r=0KBNT! ( aiu) =0 (2—15)
(EBREH2]t>0, r=blB\T: (W )rmp=1W, (2-16)

+oX (2-16) BEKAOYWEBRBHEN*ER L-BEGREYET. 250 EABRBBR»ERATE
eWBAIZ, R (2—5") LABKCEKRDISKKERIND,

ow

[(BR&H2 1t>0, r=blxB\T:—-D ( p

) =k w.—w) (2-16")

r r=b

2.2 BEEDISH
2.2.1 E@BAOERE AWK, X (2-13), #EERBATHLRD LIRS,
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w(r,t+ At)—w(r.-,t)_ D(r,t)
At AP

{w(ri,t)+w(rio,t)—2w(r,t)}

1 2
+(Gar) Bran D) (wlrt) —wireu)

2D(r,t) 1
A T {w(ri,t)—w(ri_,t)}

TheBET5LRANELNS,

{ ZAtD(r, t)} }

w(rst+ At)= [1 ~ w(rst)

[ {Atf(: )} { } } w(7isit)
{AtD(r t) } {1__} ] w(rivt)

2.2.2 BRAPLITHITZER Ko (r=0) Tk, BERORK (1 —28) L RKITKRDBEIFRIBL
LT 5,
6 AtD(ro,t)
T} } w(ro,t)+
2.2.3 REX@EICHITIEHE R (2 —16) PBALTHIZTRES KK w(r,t) LHEC wit—2 T
5, & (2-16") BRI THHEAT, & (2-10) CEF 5 LEABRCROBEFRY AT I,
2k, Arw.+4D(7 mt+ At )W(Tm-r,t + At) —D(Tmt+ At )w(7 m—2t+ At)
2k, Ar+3D(r,t+ At)

w(rot+ At)= [ 1— {

6 AtD(rt)
{T} w(ry,t) (2-18)

wW(rmt+ At)=

(2-19

2.3 FEERJICLIRET
K2, Z0HE GERHEEB) ORRELIRICRHERARHR & LB L TRF TS, R (2 -
1) TEWT, Bo=Drit)At/AFPEBVTRD LT B & B 2EHZT 5.
{14+(/D} + {D(ris,t)—D(ri_i,t)}

B1= B 1D(r) (2-20)
b= B {1-(1/)} — {D(rim,t)—D(rist)}
e 4D(r.t)

T5E, BIAMBIO B At BRBHERL R TLNTES, 22T, i=1084, [1-1/D] =0
THY, Dris,t)>D(rit) DEE B0 Linh, BREHRRBIFETHZ Lovbhrb, Tixbb,
R (217D CrBHEEREI—BHECRIBZ LD, FERPLOK (2-18) ©R\T, (1-
6B0AL) NHBBHERICHYLTAZ L LD, FIMERAKIC, 0=Drt)At/Ar'<1/62 %M &7
BT EDbh D
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o

RGNS KROBEBTEL N5 LIBOEBRRIIBH Linsd, ZOBEOXEBRLEER
BL, R CTRINCEBHRL L EXBERROBEMRICER L TRFTLICEC A, ZOBERBIC X
HEMEABERCIHERRCEAS LTVWEBILRDEZ b ole, ECROERDOBHE, FERE
UBaTREMA B Z LR i, BT, TOFBELMHE T 51 EELRAT5,

FHELS
b BRER [(m]
C:X(2—-1) DEK (kg™ kg—solid]
D B E (m?s™']
Dt R (2—1) DEH (m?s™']
kL BKERERLEYBREGRK (kg-m™-s™'- Aw™']
L:EX [(m]
P KEKSHE [(Pa]
r YREE [(m]
t . RERE [s]
w ' BKE (LEHLE) (kg-(kg—solid) ]
z . R HRMBE (m]
B At BRHEX (-]
Ar, Ax . BRIEEDH A (m]
At RERED X & [s]

31 A X mk

1) Yamaguchi,S.: Proc. 8th Int. Drying Symp., Part B, p.1389(1992)

2) Rfed, EAE—R  RRERICKT 2EHEAKS BB BAORMER (B 1#), BIUK¥T
FEALE, 47, 141(1996)
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Numerical solution for Moisture Diffusion Equation in Solid during Drying Process (Part 2)

— Moisture Dependent Diffusivity —

Shinkichi YAMAGUCHI and Kaichiro WAKABAY ASHI

Summary

It has been known that the moisture diffusivity in some solids depends on moisture content.
For one-dimensional diffusion in a rectangular-coordinate and for radial diffusion in a sphere, a
finite-diference method was described to obtain the numerical solution of the diffusion equations
for moisture-dependent diffusivity, then the accuracy and convergence of the solutions were
discussed. It was pointed out that the finite-difference method for the moisture dependent
diffusivity had a fear of a contradiction in the light of the stochastic process theory as mentioned

previous paper.

(ZEXFER)

ZRBECKITIECAKRSIERABRRNOKIER (B 2#H)
—ERREFHEDOILHRBDBE—

e 5, HRE—RR

BANDO KGRI B KRBIKET B Z LB R T 5, SKEEKFEROIBGEROHED
EHHBRROKMBER LB 5 DI EREED | kIR & OFRO LR AIKHIC B 3 % B2k AR
Sh, BOKBE LIRS hic, ZOAKRKFEDIBIRBOHAOMBERL, BERTH UL
HEABRRCES LTFEORIERH O LR L.
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HRBIECKTIEHRAKSIEESEROKER (FE3H)
—BA¥ o= | Ddw DEA —

o 55, HAE—R

&

[

AMROE 1R T, BBBSLHRARLE R LT EER L, H2H T, BEEEDHN
BRBEwIEKFET2HE, BBUTBRNrBELE TR L XHERCFETIRALDD Z L XERL
oo AT, EKKROBEH G (= Ddw) DEARX LY ZOFELRELBLZ LERL, ROK
BICRT 2B ¢ B L OEGKRw ORMBERITEL RS,

1. o DESE

FIHOKX (2—-1) WRLlicIs, BBARRKRDO L SKERINDIDET B,

D=Dwexp(Cw) . (3—-1)

ZZW, DB IV CIRERKRCERNER (BETOBEK Thh, BFEOERELRTIEREELTE
W, KRB TRERRRYNR L LT, SKEOBEK 6(w)2KRD X 5> CEHT 5,

o(w)= SD(w)dWZDoSexp(Cw)dw (3—-2)

LB ¢ DB Y, BoBEYEDTRTER SV, BODOTRYw=0&B I Hdw
=— Lt BRI NEERLRIBRELD, GKRKEDADME (—) IHENTEERTHL DL, =
N B B BENREREBROFEREE2HZ LEL, ARTRKROERLEAT 5,

% (w)=Ds |" exp(Cw’)dw’=g—°exp(Cw)= brw) (3—3)
e C
1 (Cé(w)
..W—Eln{ D, } (3—4)
hib, ROFEGRIEILT S Z &b 5,
9s_ D 0w dwdg 1 a4
ow o6 ' at o¢ at D ot
dw dw d¢ 1 3¢ (3-5)

dz 0¢ dx D oz
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2. BB IICSIDIEBRLEEUBRORTRE IV ETOKERR

2. 1 EXELD 1 RTIHH

R (3—-5) ZLALTHHROR (2—2) 2EWT 5, fi#®OKX (2-2) £EX (3-5)
Ihow/dt= (1/D)(d ¢/at) &ich, HIELA[D(dw/dxz)/dx=3d[D(1/D)d ¢/dxz)]/dx=
020 /022 L T BDT, ROBABMEBOISD,

P PE
k) 0 v =p 2 (3-6)
ot 0x
Fio, BIBOR (2—3) ~ (2—5") X haiA%l, BREFIKRD LS TS,
(%] t <0, 0=x=LREBNT: (@)= 20 exp(Cw,)= Dwr) (3—17)
P
BEREH1] >0, = 01CHT (a¢) ~0 (3—8)
x z=0
o . Do D(w;)
(BR&H2]1t>0, x=LITEBT: ($),0= c exp(Cw,)= c (3—-9)
(EREMHE2 1t>0, =L BT :
3¢ k. Co(w.) C¢(w.,) k. é(w,) ,
_’(BZT)FL: c i { D f - D f]-= c lrl{sb(w.)} (3-979

FLORREYEERRTHLE, IIEKEOBEETHEND, Swzt)| DL 5> ICETNETHBEMN,
ABTIEFNE S(xit) LT, z2DWHH 6 LB &, ARLXOWERRIIKRD L5125,

¢ (zit+ At)= [1— {—m;#} } ¢ (i)
+ {—D—(x—;)zA—t} {¢(zit 0,t)+ ¢(xi— 0,t)} (3-10)

FR (@=0) TREADOBEGIIGHINS FiROR (2-T7) OFEBR),
2 D(zot) At 2 D(zot) At
B T LG

vl (z=L) DBEREHEIRA (3—-9) TEZLIBEE, T TD S RERKDwW.)/C L5,
FhNK (3—9') THEZLRABESIKRD LD (FIEHRORK (2 —10) OFESR).
ZkWA:c‘ {¢(x,,,,t+ At

G (xpt+ At)=— 3C In 3 (w0,

(zot+ At)= [1~ { } $(xo+0,t) (3—1D

1 4
_§¢(xmfz,t+ At)+§¢(xm7l,t+ At) (3—-12)

2.2 BRADOEFEAM | RITIERL
AROR (2—13) DEIIRK (3—5) kb (/D)(0 ¢/at) Lish, ¥h, X (3—5) &b
dw/dr=(1/DX 3 ¢/dr)THBhb, BiMOR (2—-13) OFL 1/ [o{rD(dw/dr)} /ar]
/A0 g/ar) /ar] Eirh, ThERBBALTAELCE LW LB EROEBANEB LR
%,
S :ﬂzp 0'¢ 2D 0¢ D a{Aag¢/ar)}
ot art r Odr r ar

BRORK (2 -1 ~ (2-16") X b #I%H, BREHFIRD L5185,

(3-13)
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(A& H] t <0, 07 <bRENT: ()= DC° exp(Cun)= 22 (3—14)
EREMH 11 t>0, r=01HENT: (aaf),=,,:° (3-15)
(BEREH2]1t>0, r=biTB\NT: (¢),=,,:lé° exp(Cw.)= D(;U') (3-16)
(BREH2 Jt>0, r=blTHT:

_ (aaf)b: ’2‘” [in {C¢(w)} {C¢(w‘ ] = kc"’l { Z((Z)) I (3-16"

rDWH Y 0 LB WTERXEEERIATSL, 1=sis (m—D KEATEZARANELNS,

d(rot+ At)= ¢ (rit)+ {—A—t:)—;it—)—} {¢(ri+0.,t)— ¢(ri— 0,t)}
+ {Atg(z"’t)} ((rit .6)+ (ri— 6 )—2(rot)}
[ (22 ]y,
+ {%} {1+—A§—} b(rt 5 .1)
+ Atff"’t)} {1- = r} $(ri—0,t) (3-17)

Rodl r=0) T, ATAHRORA (1 —28) LRABCKROBEFRIHKIT 5,
6 AtD(r,, 6 A )

(FADIL ] gryap (LAY
BRERE (r=b) DEREEIR (3-16) TEZOLIBHBE, FZDRERDwW.)/CLich,

$(rt+ A= [1- } S(rt ) (3—18)

B (Tmt)= P (rmt+ At)= ¢ (w.)=(Ds/C)exp(Cw.) (3—-19

Fhnk (3—16") TEXZOLNABBHIIKRD L > IZicD FIHROK, (2 —10) DFHEHBR),
2k,AT n {qﬁ(r,,,,t-l- At)} :

O (Tmt+ At)=— 3C 3 (w0

1 4
—§¢(r,._z.t+ At)+§¢(r,,._1,t+ At) (3-19)

2.3 WEEBRERICLZI®E

BEXEED 1| KTTBOB AR (3-10) X b, Dixi,t)At/ 0 BBEHERBAtIZHML, 1—
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Numerical solution for Moisture Diffusion Equation in Solid during Drying Process (Part 3)

— Introduction of a function ¢ = [ Ddw —

Shinkichi YAMAGUCHI and Kaichiro WAKABAY ASHI

Summary

We introduced a function of moisture content defined by ¢ = [ Ddw and then expressed the
diffusion equation by using the function ¢ instead of moisture content w. It was found that the
finite difference method of the diffusion equation used ¢ did not have any contradicting content
as mentioned previous paper. The calculation method of the function ¢ was described in detail
for radial diffusion in a sphere during drying. It was also shown that the dimensionless term

AtD(W)/ Ar* which correspnded to a transition probability had to be in the range of 0~1/6.

(&R

FIEBRECE T IBEEAKSILE A IERNOKER (5 3#H)
—B¥ o= | Ddw DEA —

a5+, FHEE—R

= DAwTEREINHBB S H*HEAL, EKKwORbLHIC L DB ¢ AW THBIBERAY K
Bli, ZOBK ¢ BB ABRROBERERCIT, TR L 5 BRFBEIRIRZ L2 -
o, FSRBRBRCRT HRNFETRILEROBEED ¢ DFtREENFHICRNbh, T, BBHERC
HMT B ERTHADW)/Ar L, 0~1/6DTWEAICHHNTHSB Z EMWRI NI,
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BILKZTEITFELELITE 1996
EbHYIC

GA 7Yy VIRBERRIRS 7= 257 4 —TliE, TIEDHBERs OB ET, AL—F o b
ERANCTHIBALEF & ZORER Mty RDLF TR S, KRXTE, T HEEE Rs
D B R IRENO BRI T D 5 BEVEE AR te TOFH D BEEN I Nes= krstc THHZ E XD,
DHERENT A — 2 kW BRI B ) ONBERMOAREL LT, #5205 BRECIVT5
HHRAABFOLTHDAMS EOBEFREEC()DX > cE&L, B, AMS, PBERs OB R%
2k, ¥R, ZOBRIEHESKFVEL AT,DEQQ)ZHV, IEDPRsDHETANL—F o |
F/tey 2 KICT % A Smazx &8 3R LT BIALREE A (tov)opt #Z M F N Eq.(5) 38 X 0" Eq.(6) T
HEL, £HbrEHE -7 DR AESWE Eq.(T) D (Rey)opt THLDIZ LTz,

#FHES
F : Feed [cm?]
f{t) : Elution time distribution density function of component i [1/sec]
Hrs : Equivalent height of one resolution unit [cm]
L : Column length [cm]
M : Constant
N(u, d? : Normal distribution function
Ngs  : Mean numbers of resolution unit [—]
Tirs : Numbers of resolution unit [—]
nss  : Numbers of theoretical stage [—]
P : Dimensionless throughput [(—]
p(n,t) : Probability function of counting process model
Q : Flow rate [ml/min]
Rcy  : Dimensionless clearance between cyclic elution peak [—]
Rs  : Resolution defined by A tz/v o2 [—]
S : Dimensionless column loading defined by F/Q A tz [—]
tey : Cyclic loading time [sec]
Tr : Run time defined by tcy/tc [—]
te : Mean elution time [sec]
At : Elution time difference [sec]
U . Interstitial flow velocity [cm/sec]
r : Constant
krs . Resolution rate parameter [1/sec]
g? : Time variance defined by ¢ /+ ¢ [sec?]
g : Elution time variance of i component [sec?]
o, : Time variance of one cyclic elution peak [sec?]
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BIRZETEMICELATE 1996

Column Loading and Run Time of Gel-Chromatgraphic Operation

Hisaya Tanaka, Hiroyuki Kawasaki and Tatumi Yamamoto

In order to maximize the throughput P/tc(=S/tcy) for any given degree of resolution Rs, the
operating conditions of column loading S and cycle time toy were determined.

Based on the summation of peak time width 4v" ¢, and leaching time MStc concerning to
cycle time tcy, the relationship among run time T, resolution Rs and loading S was obtained.
Furthermore, from the linear relation between 1/ ks and S with respect to the resolution rate
parameter & zs(=(Rs)*/tc), the correlation Rs with S and t; was derived.

Using these equations and putting the derivative (d(P/tc)/dS)es equal to zero, the optimum
conditions of S and #cy could be estimated. The calculated results for previous experimental

BD-NaCL gel-chromatograph system were shown.
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Model and Mechanistic Investigation for the Self-Condensation
Reaction of Sulfenic Acids

B B — A

Reaction of trans-decalin-9-sulfenic acid with the methyl arenesulfenates is demonstrated to be
a good model to elucidate the mechanism of the self-condensation reaction of sulfenic acids. From
the Kinetic investigation, the model reaction is considered to proceed via an initial protonation of
the sulfenate ester followed by a rate determining attack of the sulfenic and the S-S bond
fomation is expected to be more advanced relative to the S-O bond cleavage in the transition

state.
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Thermal Decomposition and Mass Spectra
of Arylphosphoric Triamides

wm & M E

The thermal decomposition and mass spectra of N-phenyl, N, N’.-diphenyl, and N, N’,
N”-triphenylphosphoric triamides were investigated. From the analytical results, it appeared that
N-phenyl-and N, N’-diphenylphosphoric triamides released ammonia and “or aniline to from similar
condensed products, and N, N, N”-triphenylphosphoric triamide first released aniline to from the
cyclic dimer and the condensation occurred further. In El-method, it appeared that three

compounds cleaved similarly by the elimination of ammonia or aniline.
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Synthesis of HNP-1, a Basic Antimicrobial Peptide,
from Human Neutrophil and its Membrane Permeabilization Properties

2l i 9

Human neutrophil peptide (HNP)-1 is a 30 amino-acid-residue peptide containing a disulfide
infrastructure comprised of 6-half-cystine residues. To study a novelly forming condition of the
disulfide infrastructure, the synthesis of HNP-1 was carried out with solution and solid-phase
methods. In addition, the membrane-permeabilizing ability of the fragmentary peptides of HNP-1

were evaluated by monitoring the fluorescence dye leakage from phospholipid vesicles.
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The experiment of adiabatic air-water two-phase flow, in horizontal capillary tubes with inner
diameters of 1.8mm to 5 mm and at total mass flux of 220 to 1500 Kgm?’, was made. Flow
pattern, void fraction and pressure drop was measured. The void fraction was compared with
volumetric quality. Two-phase friction multiplier ¢ L? was used to be correlated in terms of the
Lockhart-Martinelli parameter. In addition, modified two-phase fricttion multiplier ¢ ib® was

proposed and correlated with mass quality, in this study.
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