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On the Changes in the Mechanical Properties of
Plain Carbon Steels by Thermal Cycling

Hiroshi Miura

Abstract

The changes in the mechanical properties of three kinds of plain carbon steel (0.09, 0.32 and
0.59% C) by thermal cycling below Ac; were investigated. The maximum heating temperature of
thermal cycle was 690°C and the holding time was 4 minutes. In order to find out the charac-
teristic feature of the changes in the mechanical properties by thermal cycling, the changes in
the mechanical properties by steady iso-thermal heating were compared with those by thermal
cycling.

The result obtained were summarized as follows;

(1) The rate of changes in the strength and ductility by thermal cycling was more  than
three times as fast as that by steady heating. The important characteristic feature of the
changes in the mechanical properties was the marked increase in the Charpy impact value by
thermal cycling. The changes in the mechanical properties was increased with increase of the
rate of thermal cycling.

(2) In the case of thermal cycling, the strength and the ductility value of materials having
the same hardness as steady heating were higher than those of steady heating.

(3) The ratio of area of brittle fracture at 0°C was increased with increase of thermal cycles.
The impact value in the low temperature range was decreased but that above room temperature
was increased remarkably. However, the ratio of brittle fracture above room temperature and
transition temperature was increased, too.
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WHAUAORTOBEC I 5L D EE L IniThiE e bit,
5. BEMBBROGEEICDOOTORBRNKRS
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Fig. 7. Relation between test temperature

WOUEEES T, SH20hr 0B4EI L and, V notch Charpy impact value
and ratio of area of brittle fracture
100°C L B BEghli (i X 0 BB 540 of 0.32% carbon steels by thermal
LTws0T, CHI100 OfEED B0 ks .cycling and steady iso-thermal heat-
ing. Holding time at test tempera-
LRI~ BORBGEEL RS, Le ture ; 30 min.

L, BEZOZC X - Tik CH 100 @ 20~80°C HOBERENEL Bk b b bT, I
WHEREAHT Lo KREWZ L HWETE L8R/ TH L, Tibb, BRGCL % EEE
LicBa, CHI100 oOMEIZELLIRGLLTL, WHEE

O
)

T 4 /SHZH/J( PRAELSLTWVRETHY, Lnd, R CHEEBMEMN
£ ol aN BT I 5 BRI AR C I U U T BT\, SO B e
] K oHr R .. - . e
VA AT PRI EL 7254 0 CEFIBHKETSHD,
= 105cH 1m0 I "—0——% . . B }

3 l /-/r‘\<L J RA# O nucleation site . 7 % Bifiy 22 fL7n & O TR
£ 20 4(1 50 80 00 120 J40
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Fig. 8. Relation between aging 2\ I TR B D 5y ATIR AR R B 1 2 R4 LT IR R T
temperature and amount of 7t H‘hOftc Biclve JEjJ[]—‘JW) J;w_ 7431% %ﬁ%ﬁi L %%H’",
age hardening of the same
specimens as Fig. 7. B OEESET SO TERD X 5 7L o3 IR EE
Aging time ; 30 min. THHEELL D, Fig.5 10k 5 Th CHI00 1L L%
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LLTUWHEATHS EEXTIVOT, BRGNERELHENTI2EERRTLEZDOAD,
R MMBNC X » TR O BERNRSY Y T 50T, MEERERYHEMT2RTELULED
OTWMInBRL I 22 25 » 7 O X 5 WEHIRE I REG MR IMENT X » CHRAET AT RE
MEEZLDERD D, BEBEREEZS IOV 7Y P EEEGOBEC L » T ko s & ¥
REGOF WA TS, TOFELHERT AL ENTER oI, JELY BN T
ST MBI BERCHEL, 37025, 702 L ERBOBELHEBL TW5, BERLD
R MBDBUETC X o CEEANBEEL, ThboBEin, T 7 r2 5y 22 BRT 5
BrRIELTCVwD, LaL, ZhITIOL I RRMOGHELMHRL cREZRELR0,

—J, EHHMBEOBEIIRREC A vy 2 4 3HHL, MERCKET S, TL T, B
X HWALE L KE (Fig. 6 & Fig. 8 21) O THEBMEIME< 72 Y, MMEBER$AE <
TtHhDEEZBID,

Fig. T OF KRB =31 ¥~ 1/2 #BBRE (Tre) &L LT, Tre RS & iERINE
100 Y1 72 i X » CERBRESHH 10°C LRL T, o BT Fig. 2 wRL 72 8En#
X AHRE, ThbbEBAOERY b0 EXLRE

LD X5, BEMBGC X BB E O BE O RN b his b X 5 7
2~3 DI ERZEHARD b, SEROWRCHFRFIuLebiRuvEnS L, LaLl, BEmn
BT X - TRRE BT 2 WEBENEAT 5 2 & LOMEBERNAHEAT 5 2 20, Rz
Lo THERRLT 22 L2 RTEBRERLE2DNS, HEOREEE LT, BRInFC X
o> THROYMBENEL KBLT 50, HBHEREMRERCI 7025y 2702 & &R
DFREET LRSS 2 L aiFHL I,

Iv. # &

ST BRI A SATE RS LU T IR MM B 1775 - 7o B d O BRI E O &b & REMIC 77
N, B L CBRRINAC X D BRI EOE (LR EIC O THRE L .

BB X D REMBRTOMEE FER 2838 —-51 Lo bilfh RC7=
FAMIDBHBE A7 A AP RBIV~AT VYL NCHEELC, HBBEMNE—IK
GHRY X b, mEmEEER 690°C O @EMEE T\, BEimB X b BB E o
ERERT 5HEOERE, X OMOFEE:R S EANCHEN Lic, 20k, EHAME
(EREFEINEY) 21770 o I OEIREMEE L A, BOhERERY LV E LD LK
DERITHD,

1) BEEMBGC X 55 RME L HEOE(OEI T EHWIMBOGED 3 HEULETH B,
B E OB O BE B O BE MBI L B v Ve ~EHRIEOZE L WHIMTH 5, R
BEDHM & &b BRI E OB (ENE L kb,
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{big & L FHELBRPH D L O LRI i, LT, BENBCIVEBRECI /vy 5y 7
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On the Changes in the Transmission Electron Micrograph
in Low Carbon Steels by Thermal Cycling

Hiroshi Miura

Abstract

The changes in the trnasmission electron micrograph in commercial low carbon steels (0.08
and 0.20% C) by the thermal cycling below Ac; were investigated. Thin foils were taken from
center of solid bar specimen (18 $X130 mm) and the part near the crack by thermal fatigue in
hollow circular cylinder specimen (50.0 ¢ X18.5 ¢ X100 mm). Many dislocation were induced in the
matrix ferrite by thermal cycling. As the number of cycle was increased, cell structures were
formed in the matrix ferrite and in the ferrite of spherodized pearlite colony. Cell structure
was observed in the vicinity of crack by thermal fatigue. The dislocation by thermal cycling
was curved strongly or had a shape of loop type. The size of the cell structure by thermal
cycling was decreased with increasing of number of thermal cycle and contained many disloca-
tions in a cell structure. These are characteristic features of the dislocation and the cell structure
by thermal cycling. It may be considered that carbides in a ferrite may cause the formation

of dislocation and cell structure in the case under cyclic thermal stresses.

)

L &

PEMAR A I BS A OB L (A TR EET2) 22T 5L BEHF X HBFRO
759 PRRBETHZEIVY HELLLALR TN B, HROMEOEI DV TIE AR
RAE L, ‘

EBHTBIEY OWBEYMUET5 2 L2 B E LT, EEmEtE > it o E %L
Z RABRIC I, BB B L OB EOEY It LT o THRE L .

FEDOINETOWRIC X5 LR MEC & 2 HEEMEHRS L OBROEEOE (L
R OBEINCIZERD B X 5 a0, Zh b OfFEICILE OB & e
BAEABDHH EEZLND LORBDH NI, L, EENE X 5EMERo% e
WTRET L e PR RE S e,

* 19694E4 A HASRY LW M FMEAXCHEE
LR HHE, 197045 A 29 Hyrk
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R MBNC L B M EOEALTERFMOZ 5 mEL WO OT, KRFEHMO AT T B
Giklih (EEIMM LT 5) 2R, BRInEC X A BRI O Z L ORTER A B 5 2T
Lid&licblsn, Z-Z0#kdsMHHRNABREI O THET S, ZO®RETIL,
BT, B 2 7y 2 AAOBMBBROBELRCOWTRN, £ UC, EFBEBEARS
L OB E O ZEAL DRt & BUHIER & OBIHIC O\ W TET OB & 17758 » fefE R T
L|ET D,

IL. R B /5 &

BERABHL IR O ELFE 18 mm OBEpRAEE R 3, S10C (008% C, 0.48% Mn) TH 5.
B A BERE (920°C X2 hr, AC) #, H88f (920°CX1hr, FC) L, *OFEMMr 7 =71 r &
JBR A= 4 P XD I BRI L C, BEMBHEORBRA & Ui, BRMAVIH R
(18 ¢ x 130 mm) DRERA # F\ T, HBBEMB— KB FHRTITIe - 7o B 1 27 113 690°C
X4min, WC TH b, HEH, RBRH OMBAEER L OBHEEXFHRYY L IZIER R0 T
MR AET B,

FBTEIEM AL O BEE A O MR X R EME R RRA X 0 L o, HIERUR OB ik
RO EEYTH D, HMEOBEMEA 1T BB 2 KE L5, EECEX 1~2mm
i TREID ) ATl /NERER L T2, B L CTh 2 BEOKIEC/ I B 55
L, 1@Ezl= ) —PHEE, BFHCNIRE BN E L JIBE L, R UCRETHho 1
b AL TEI P05 mm O/NIRAB &35, - OBEEREEESRIAEROT = v
TA7 57 —No. 20l THbh, BHFILNN S AF AL AT § FTHB, KIC PO-H,0,-H,0
3:5:24%) ORGHBE CE ALK 0.1lmm ¥ TIPEHELTT/R 5, S HITHIL® OEEHFE
#: (HCIO,: CH;COOH=1:10) % X 0 ft RBFEEE: (HCIO,: CH;,COOH=1:20) iZ & - T/)M
WRARI OB BRIES 1175 - T, BEXOHRIENEZ AL EEAMAYES X 5105
Diz, Ieks, FEBEO TRYID | BRI X b EERESEELZ T v o &, EX05~5mm
OINPIR AR A AL DR TR & U7c3BA & bab o FiECH#E & U256 oy g+
HIER LS THIS o THERL, ZOTHMHERIC L 5 & 200 ) BIERFBO MR
Bh 52 CREOEXIIH08mm TH- 1z,

ISR O R B OBl 223 s b H L BFRTE o HU-125 8 (& & n 3 8 /F 125
kV) ZTITe o e s, — HRBEFEFEB OB THMES (til RETHT LB
BHEEiEER AT B IR A 100 kKV) ZHv e, M OBZER TR EABEY BV UNEESE
100 kV ¢1775 - 72,
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ki 2 v 24 2 BT L, BRADY 2 Ul TH 5,
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TR D ZEL
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Photo 1. Electron micrographs, as annealed and after thermal cycling.

(a) as annealed at 920°C for 1 hr, commercial low carbon steel

containing 0.08% C. (b) after 20 cycles. (c) after 400 cycles.

Thermal cycle: 690°C X4 min. water cool. cf: fine spherical

cementite. B: boundary. SB: sub-boudary (2-step replica).
Photo. 11X v 7V » BEMEBKTH A, L7 U H
2740 —EEHGCHRE L0 TH B,

COFEETHL N L 5T, REMAKIEYOMKT
B, 20917V BEOPHT T » T A P TR 4 2
vaA b (ef) RS ENRD, 4001 2L ED T o

F A b AIZEE D B B ANER N T A BB L 2k

X o TEURTRR (SBY Ch b, HH &L

REIFTM 2L TH D, PR 22V 214+ OERT

2094 27 ATHO2, THD, 40051 7L Tiriy

03pTH%L,
Photo. LIZ/R U WIHT 7 = 7 1 T 5 8K
AV EA OB IR REOTERIZLI A7 «
AP OMBAEH R P BENRCZL D7 = F 14+ D
OB TH D,
2. BENBICLIFREBERLEOEI(L Photo 2. Transmission electron micro-
graphs, as annealed specimen same as
Photo. 2 (T EHBOA~F 1 27 251 b photo. 1 (a). (a) pearlite. (b) ferrite.
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OFMEIMAL (MK EBT2) THDLH, @UEA-F M ar=—~OlMAKTHL, <
~IA 7 2T A PRICEMARD B, ELUSY OWREL 0T CHMOA~F 4 P ar=
—LERUHEKBTHL, b)) X7 =7 1 > OBEEKR TS 0 B HEE <, Kb P
T, Bk AEEIC L b, BESRO MO
EBEM OIS ORFICHTH U - Bl Al i = 4 v o2 A
FEEbhA,

Photo. 3 111 v 4 7 L OB HEBTH S,
LA 7 B2 BO SR OBMORIFEMRE L
Pl To o T B, BMl7R 7B FRIFTC X % HE
ETERD e, OB vV EL T O BRE N
KOO -t 2 21 + & EbR D, F
LT, JEFE S mEaRFEAE L, BEOFRAE
HTHsH, Tihbb, 1vA4 7 L08EMTBIHLT
WHMB A= FIRTH Y, HEHEGERY
WHEL e TwB, D) ICELTHD IO, L —
FIROBEMIZEEDLDTHML L ORH H, EEA
01 BEDOL ~TIROELAHDBND, —HFO
BRGLILEREC 4 v 2 4 F EADR BT E SR L photo 3. Transmission electron mi-

Fe X BRI TEERND, frds, L4 704 crographs of ferrite after 1 cycle.
Thermal cycle and specimen : same
WAL L OERROEAITIIZE A SRDO LR as photo. 1. These foil were taken

7 from a solid bar, 18 ¢x130 mm.
Lo Tz (a) dislocation configuration near

14 7 2 OB AE B L TR L, B boundary (B). (b} very fine dislo-
cation loops.

ALTEEBTH D, BB+ 2R L 5 EBEA
FEDOT 2 T4 PRBERPIWD L BE IR TS OT, Photo. 2 DEAITLBESD - &
i, HOERBRCILE, B3 Imm OO 1 v 1 7 L EOEMID s (BEA
B) ©T, Photo.2 D7 = 51 F OEBEMNLOIIREBRCRKIIBUE I NRE Lk b #
2bhb, 0L, BELLBMLUEN BIOA—~FROEGHENSEREETSZ L1
FA 7 ADBEDOEMOBETHED, FHYIEBUOREL BELABEERDHLILDEEL R
B, LdL, ThoOBMBHEEOBET L T lyv A 7 L CEICHIT 2499 23500 |
55 &5 AmRIEEL RS T,

Photo. 4 (3 20 1 2 A BOMAMMBRETH D, 20 1 7 AT HFEWEBEC X THREL 5
HUKI € A v 24 OFHBREY 1 2 A ST 5, (a) BB« 4 v &1 b (o) L EEfrE 0
BARA R L7 D TH D, W 2 214 L DFEHNILEL OEMIED LN DO T, A
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kL= v 2 1 @U&V@Wﬁ%%%,%bfﬁmthﬂ4 M BRI O FEAIR L LT OfF

Aa L OB ELbNR 5, ZhboE
TR B35, —f oMk« < v 4
A MXERM S Cuiov, B 2 v &
1P OEEIHO2,TH B,

HEDZ « 54 ML E DTS
BoP R OMEgEAHD R L, = Ok
HR DL DIXER 150~200 A TH 1,
BRI 2 v 2 4+ PR ROMETIHED S
i, TLTC, FORE X LpAREL
F# % (Photo. 2) s kel 4%/1’ 7 1 (Pho-
to. 8) iR B /X tc/ﬁrtﬂ LEINORN)
BT D, BAEZ ATk 4 o a0
M7 D LD THLMIWEST D LILTE
kwﬁ,%@%ﬁ,kﬁé,%i&%
OB NN & 0 Gl ) o0 B g 19 4
5 EEEET 5L, Photo 4 O Wik
DA DILZRLL & B HFEE L 2L 0 L%
ZBNbH, TOCONTIETHEHTE
Mzl a7l s FETH B,

DY L F AR b » RO 1 HITH
B, LL, ZOBETH-THLELLE
MU 728867 & A INE Fe v — TR DR 2R
FELTD, Bk ayv 21 a2 A
TLAHBETIL IR D ORI R 2 FE4E
L, Bk v 2 4 T ERAIC & CHEks
Xht- L5 cBExND,

i A—F A rarn=z—~fEDO7 .
T4+ OEEDORELRLICEDTHD,

Photo 4. Transmission electron micrographs,
after 20 cycles. (a) and (b), showing .
relation between dislocation and fine
spherical cementite (cf). (¢) tangled
dislocation near pearlite colony.
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BB L LoRTeT, Mkt 2 v 2 14 OBERIMOBS L 0 BL CPAXL, BHO S
DI SHSHREITL A ~F 4 bam=—bHBEDT . T4 F&DRNC I 7w [l Bt 256k
Lo EOBIENCE > TEROBMARET D 2 LA BRT B L0 THS S, HALTM G
KXné, ~—FA4rae=—Filke v 24 RS LRICWHEROT, am=—
HADO7 54 +0 CHEF I Shick
MEFHL T 2408 Bbns,

MORB L, 100 4 7 il B
EBMORNSHIHIL, 7 =71 MR
iz Photo. 5 1T X 5 70 b LEER T,
Th, IO BB 2oL S
) 78B4 (Photo. 1(c)) CTHEIN L ¥k
PG540 eEx bitd, 10044
PRI O X O e MRS BED S
RBE 5D, SO A G+
D, 7 =7 A PEPCE TR TH B A 20
F A2 AEORBOGE L L &b T

Photo 5. Transmission electron micrograph
K7 BT AR O B RS B LD, showing cell formation after 100 cycles.

SB: cell wall, a kind of sub-boundary.
Photo. 6 i1 200 + 1 7 A #EO MM

BTHBH, @ L BEONIMICE DT PNELF L EE N REBEBL TS &4
FLTWAHLDOTH L, COFRKICHBTAEEL D, BN X 04U ke fiEx
BERB AT A Z Ll b, SHLICHEMA v A REER IR TS 2 LB TH D, HFEHE
B THEINL 7 =74 POMBIER ST BEOIBRICISZL0EELTIV, TL
T, wABEL MR A v 2 A P EDBRI D, BRE v 21 MLV EEOWNERETS
AT ThsreELOND, (b)ik7 =71 PRAOHHv 2 v 21 P {EOEEORELR KL
T DTH O, Ay &4 bDOFEIHE IO RS X DR EL, A BY LT
Wh, CHbOEMIIEBAERO~ 7 a BT, B5IEE AV EL L ET 2 T4 FEO
B AIBYE I iz 2 v & A+ OTERO BB S R L fediZ/ET 24,0 EF 2 bR
B, @ —F4 a2 —RNEOHMMEAKTHD, ~F 17 =74 FCEHOEAN
Hbbhb, —HOBEIL L2 v 2 A POEmMMALREEL, RHAITHRLIEE V€AV E A ML
SR EE L T %, BREINENC X TRAE LB« A v 21 OB L CITHIVE &/
b, CHTO v IEBOBEXRTLEL DY &, BEMBT X 2 0FBEBEHEOZE
O ED 23 5 RERNTH I ENTE S, Tihbb, BENBC L5 THRAEL eisfs C
BT% by 3 AR E 2T, €A v 24 FOFLWHHAEBECH T 2708, =51 Ok

(18)



BORMEGT & B EIRKEMO BB ERMAB O BT oW T 411

Photo 6. Transmission electron micrographs, after 200 cycles. (a) new
cell formation in a cell structure. (b) dislocation distribution
near free cementites. (c) dislocation in pearlite colony.

PAERFBLLSEREDRIRIEL e —=F 4 b 2V 21 FBEHT, Lo KREINE—c
I AR IVET D LTS LT E B,

Phote. 7 (1 400 4 1 7 L O HAMMBHTH 5, (@) HHEPWM A BETHY, LDk
EXL2~6,THY, HER (w8 CRFEOXGNARE LD, Tibb, 400 41 271
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Photo 7. Transmission electron micrographs, after 400 cycles.
(a) typical cell structures of thermal cycled specimen.
(b) micrograph in a cell structure. (c) cell structure
in the spherodized pearlite cementites.

BItRBAE SN gL DD TH b, AWMt b) R+ X 5 BBl L7
BRAL 2 & D U BB NS B DA, BEO 2 IO L 510 & Tk, £ LT, 20 4
170D 7 274 MCRBD O N IHMIATEROERNRD DD, Hkiz Av 5214 FOXK
FXTO3pTHD, (0) 1X~FA by A ORREL 2285 (RAKD<~F 1 b

B —E5) OB TS D, KREL 7 —F 4 bho 7 2 54 b aie OB
BERL TS, wABIRIRE A v 24 P REARE LI T T, iz Ay a2 At etw
LEEL OBk (Photo. 6) LRI LU TH 5,

IEEH Lo 1 7 L DRBTIES B 2% FHO 55 LoD BT & > TR O
R~ A At E L, RIMBLCIBMERD b EREL T2, AR
B OB EEROMAE ML T TRLELCBEL TV 52, B~ T RERL
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TWAEBERE G, 19 A7 L BOBMCE~Y ALVREAYEL T2 L0L8BDbR25, %
DGRBS LODHIREL D ZEZLTC, 7V R~F o 73V F 7Ol 5 TEU LD EEEL
NIz, L, Rt AV & A PP E L TEHOEMEDIHE 7208 OX 5
BEINDZ L, 2HEOBR AV 21 P RBEETL L RBOBLATDLRDZE, B
D AV 2L PRIV A—F 1 b 2V Z A+ OTROAREAN B ICEEAr ks X OBERT
BONDIELVERZT, 7271 tHORICYPEAOFEEFREDBEDL LELTI, &
DRABRL S B I DICFEMe B ET 2B TH L, BEORBEDR L L FER SRS
GRORBRAORES ML b~ r RIS, A—F 4 tarv=—t7 .91 HEOD
SRS R L O e A 2 A P LT 2T A PO 2 rBISITH S S LE L DR,
0.004% C BIEDHKTH > Th 7 = 5 4+ 2MEEIEF 5 0T, BWEAEL EELD,
=T REBTHHERE L CIRAEEAE LOBRMOE T L o TRAET HRAOETT DO
THRATDLENS S 5, AREROEMOILRE L G ARBIIRIESD ©O7 — & 2 @i 5
EARL 2B G N EHO B FA UM UL Tw 5, BidoE < 0FETRLEE
o, mILEw &E%Hﬁ@%&Ebh%%b@fﬁﬂkﬂ%®%ﬁ%ﬁ®ﬁﬁ%%@$@
AR SR T D, R AN BRI 13 5 0 TR o X M,

BRI B BT L A - LI e A S TH A 5, EIEMENT X 0 Bk R O
DA B R Y & X OVHH O BERE (Photo. 6 35 X0 7) X b, MBI X - TAT
fo M REERRER OB E L LT ORE IV D LD EELBND, I HIEFEEEN
BOBETIIERIC Y - THREAFEEL, F0O8%, BiEAIhbdZ kb, {oRicBrO

—HHAEE XN B FOAE S TH B ARE T2 TH A 5, HRMEL ol
OSBRI S { b @y, BEOML FIHEEET AT AT ERETAEANEL
g B tcd, B GCHERY AW TR BIE L bise, Zofkd, ETE
iz & Tl 2 MR R O F AR EZ BN T5 2 S XHETH - 7o, BRBEEL < ¥
ThHE, A BEOREIIBRREOKE IR £ T/RXL D THH A, ZD0L5kk
%Kkof%ﬁﬂmﬁ®ﬁmﬁmi TH IR R A e A AT D & LR/ 2 &%
bbb, BEONTEALOBEG O AHEED B IORE A 7 VB OB v VRS 11
— B e A NEO R {7 B MEVLIC LB, TROBEARETCHL L RELD L,
BEMBMOBEO A EELTNOE R L2 ZLHBCTAIRTTHD EELRTELD
7o,

(AR SR D R I BT L o C—IF A RS R 54, BRI s\ THE3 58
&, WRENALATHCLHSFIREERRARELS 2R JOBBEES LAT2HE
T 89 LR IBO 287 X o CEATFIRED CEF2, AW TAELREROBEMEEETS
72 H DL A EEOMR & FELLBERRE S L ELZ LN,
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3. REFIFvIEBEOZEESHEAR
Biih U 7o BRI A 2 35 4 4 480 fin 284
AT S e BT E A BT oM TH
D, ZhbOBFORTCIIBEY 7 5
v 2L B e hs o o, BE L B
& OBRAEBRE T Dl dcin B 2 5
v 2 DFL L O BERR A LTS 2 L

HE L, Photo 8. Optical micrograph near the crack
by thermal fatigue of commercial plain

Photo. 8 (3 /5 iy rp 42 1 14 T 30 B A carbon steel contaiming 0.20% C. Speci-

(50.0 ¢ X185 ¢x 100 mm) % |8 & 4 men: hollow circular cylinder, 50.0 ¢x
) ¢ h Rt arl 185 ¢ x 100 mm. Thermal cycle: Max
B—kmiR) o n#y {77y, A& temp. = 650°C, Min temp. = 300°C, 200

cycles (X 400).

BB oW AIFL (1859 X100 mm) wHsdk L
TGS 7T 7 ENF B B 0B
O AR L DTH B, HERLTEO
bk S R R, S20C (0.20% C, 0.41%
Mn) ®BE#EH (880°C 1hr AC) THh 5%,
A AR L VERF L 5 Cn ik
L, ABFOBHLMET (PIEFL » 3 mm
DOAE) mm ARSI HEL o, W
AL A A A FTE B 8 S T A H &
1778 5 IR CREME A 1775 o Fop B 1
ORI 12 5TH O, KEERHEE
77y 7 RO NSRBI 7 -

FA VTR AV A4 PR L, R Photo 9. Transmission electron micrograph
near the crack by thermal fatigue after

ﬁ%%ﬂibf:%ﬂﬁ%&‘ﬁ% h, PEMAERRR 300 cycles. specimen and thermal cycle:
B OBEOREBIY LA TH D, same as Photo. 8.

Abhar=—pZPL T35 2 LEBESHBR AEL A EZ T T 52 ERRT L
DEEZLRD,

Photo. 9 X 8% 7 7 » 7 F30 Gmm UN) OMMMAKTH Y, BENMTL D«
BECTILL T w5, IO+ Photo 7 1R L 7= EMGRRERE O LS L RU
T %,

AR D KRR X 0, ERINBOBIETIC X o TEMARAEL, BAMERIEEE O+
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On the Fixation of the Standard Electric Charge
by Water Drops

Keitaro Orikasa

Abstract

The diameter of water drops dripped from the needle of the syringe is so uniform that if
the needle has a fixed electric potential, the electric charge on the drops should be taken as the
standard electric charge.

This idea has been used by some workers of the “Atmospheric Electricity”, and they assumed
that the charge on the drops is obtained from the relation Q=CV (Q: electric charge on the
drops, C: electrostatic capacity of the drops, V: electric potential which is given to the needle).

In this paper, the author considered that the above-mentioned assumption may not be essen-
tial and proposed another idea derived from the results of the measurements of electric charge
on the drops dripped from the needle by a Vibrating Reed Electrometer, and found some effec-
tive condtions to obtain the most reliable standard electric charge.

L # El

B x OPhOFTEELXWET L HEW, FOMEBMITOADNGI, ANEERELHE
THIELRIKREHECH D, £ CHBEEROBREYFL HE AT, TOBEMEYEE
BOBMEH D T A THREEMELBMINCEES 2 TREX TR 2RV, 2Ok
i, W0, EITC, #ERTR . TL—EOBMBY 525 L5 HEADIER G, REBRY
DL THEESCEN OBEM Y ET 57000 5 BT ORE T KEE A5 Fiksdh 50,

FTRREHBOFOKEY ~EOBMEF 2 LN OEREILHFIR, ZOHEL
oK BUFCE TSI THRET L2 HETH D2, ZOKEO L OBEM BT ERCBES 1
TEHT, KEOFE r ¥BBEARZ LREL, EHBCELLLBLV 006, KREOER Q1
Q=r-V L L TRD, Zhicxh+5 #8511 10% 0T & B2 bR T, I OFETIE, K
FTha L FEOBEILLERICIMIL, COKFEY &0 F < BEOHEOLEEIEE X
THHEREIN T 5,

COEZFHIRELIABHCRELHL 5 ELbRD, 2T D EHEEL I hEHELT
WHREBOMENRL OB EEECKEALEM VIR, TELRLEN QQ=CV) Oo—
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FROIEF X LT RBARM BT OANTRERCANEBORFEL & His FECHR
L, REKFEEETIRIZMELET » 57— -2 L OBOBROEELT~, KB EL S
PHELENTETTHOT, ZOLENOHENE OEENHET LD, GREE—~1 2
TR EHB L Thic, SEMBYEBERL B LI 5B dbrnks, KA
Bead L Tz,

#£z—1 ANBHORBEEOHR

ETEANEE xTAﬂer‘mm%mEof 0.368 E, WoE W o« | R
(oF) ) SR I ® | R
1,000 10 [ } 2.21 10.75 1,075
1,000 1010 6 ! 221 10.90 1,090
1,000 1010 [ 2.21 10.73 1,073
1,000 1010 6 2.21 10.99 1,099
1,000 10%0 6 2.21 10.88 1,088
1,000 1010 10 3.68 10.83 1,080
1,000 10%0 10 3.68 10.92 1,092
v B 10.86 1,086
1,000 | 1012 6 2.21 999.60 999.60
1,000 1012 6 2.21 999.55 999.55
1,000 1012 10 3.68 998.62 ’ 998.62
1,000 | 1012 10 3.68 1,004.20 . 1,004.20
T # i 1,000.50 1,000.50

1) EMHOADFIEOEEEORS

BAFOANEFC—EOHNMBEY 52, A4y FxU o CZOHPEEXRVWICH &
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BEYLLCLTER1LIOWL E L Thiz, ErbMbR LR, RRANFIL 102 L
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A1 & 1,000 pF & R A STHET 10¥ 2 LT o

|

0.1% OFFEZ LT & LT 7e DA% faREVICIE £
10% Q OFRFANGEAE L LAREL TRD % % .
AJIE R 0.06% OEETRIRA N EREE K 6@ ::g 3% E
L, Fc10®Q oFRA DB LIELY LEE (1000 PF) | (10°Q)

LcB AL 86% OBETH S, £ hifjOMGE

DAIGED D OIRELF 4 5% LN TH 200, T

10002 4 102 b FhLEALTRGEEbR B2 AJBH, ANEEOLAGE0—4
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#£-2 ANBEOHE

HEANEE | BRADER R | DMEE Eo 0.368 Eq ME R < /R
(F) @) (1) R 1) ®) (pF)
10 1012 10 3.68 4235 4235
10 102 10 3.68 42.34 4234
10 1012 10 3.68 420 420
10 101 10 3.68 41.89 41.89
10 102 10 3.68 4232 4232
10 10 11 405 42.25 12.25
10 101 11 405 41.89 41.89
10 1012 11 405 4175 4175
10 1012 18 6.63 4125 41.25
10 1012 18 6.63 4152 4152
10 1012 18 6.63 4113 41.13
¥ # 4197
100 1012 6 2.21 130.50 130.50
100 1012 6 2.21 130.50 130.50
100 1012 6 2.21 13035 130.35
100 1012 6 2.21 130.45 13045
100 1012 6 2.21 130.55 130.55
100 10 10 3.68 130.22 130.22
100 101 10 3.68 130.35 130.35
100 10 16 5.89 130.75 130.75
¥ - 13051
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A Virtual Computer for Education and its Simulator

O. Yamada, T. Tukuni, I. Tukahara, K. Abe
and’S ¥Kitamura

Abstract

To learn the computer science, it is required of us to have some preliminary knowledge of
the computer hardware. It is desired to do the experiment using assembly language.

But commercial computers are too complicated and inconvenient for students to learn
a survey of computer. Therefore, we designed a virtual computer EDUAC, an assembly language
EDUAL, and a simulating program has been written to simulate the EDUAC.

The EDUAC has one program counter, one instruction register, one address register, one
accumlator, two I/O buffer registers and a few core memories. The EDUAL has twenty-two
executive instructions and five pseud-instructions.

Whenever a instruction is executed, the simulator checks whether the operation is correct

or not, and prints out the content of every register.
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SWEBYZILOT, 7wV 77 —SBOLREBETIHEROBE L LT VL TEL LR
WZEiLk B,
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LEUA S S ML Y, TERREERIIKROBY THD,

(52 17 & &)
L (load) (D)=~>Acc
ST (store) (Acc)—D
A (add) (Acc)+(D)=>Acc
S (subtract) (Ace)—(D)—>Acc
M {multiply) (Acc)x (D)~ Acc
D (divide) (Acc)+(D)—~>Acc
AND (and) (Ace) & D) ¥y MMEORERE
OR (or) (Acc) & (D) D&y EOIHEFN
EOR  (exclusive or) (Ace) & (D) ® vy EOHEMBIYEHEFR

SETX (set index) ™  N-»index
AX (add index) N+ (index)—index

J (jump) (D)>PC
jP (jump plus) (Acc)>0 7 51¥ (D)y>PC
JZ (jump zero) (Acc)=0 7c 51X (D)—-PC

™M (jump minus) (Acc)<0 7cHi¥ (D)»PC

JZX (jump zero index) (Index)=0 7cHi¥ (D)>PC

JL (jump and link) (PC)>D, (DY+1-PC

SL (shift left) Acc DRFEH N €y P EITE~BEH

SR (shift right)  Acc DHEX N v v I E~BH

READ (read) T — 7B LIFFRA, Az — FIZEBL T Acc TARS,
PRNT (print) Acc KARENBAE 2 — MY T2 0% % 1 CEA/MT 5,
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STOP - (stop) Bt EROEE,
(1 o)
RSV (reserve) . N & o SR
DEC  (decimal) N % 10 EH & Ain L THMERR CER) i L2 5,
OCT  (octal) N %8R & A U THTERCE 2 S,
ACNT (address constant) D @7 F L A %N 5, '
END  (end) T a5 AOHY RIRT,

7721, READ, RRNT, STOP, END %*px&, +XC1EO7 Fr AL b, SETX, AX,
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L(X), DATA
FEHMART F v ABROEET, Ko3EHEHET5,
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WHELEZLRBM, ERM 7 v 7 2% EDUAL I Y 5 THI 2 EXEL DRV OTH
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AR GRoRRIBLEZL LR L2, AMDOBREZEET D L5 RIETHK - TEZ,
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COXSEEMILL T bk, 2E~10EOBH X4 OMEYBRL Tkh, ARHOEYE
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VII. ZEFU—~-FRYSLEVIZL—Y-TATSA

COTZODT R ST AR M1 LT, 7Y T — T s T aE—ROBETEHE
WL2<AULTHH-T, 7v7 Y ~BEIZRCHBEEOM Y OEFF & EHNTERL,
BT HETEB w75 A L BT v 7 aORIERLERIT 5,

EDUACo
ML
EYord

B—1 72v 7Y TRl FALYia—bv—2XK.
w73 A0FRK
Fig. 1. Flow chart of assembly program and simulator program.

v, V=213, EDUAC O¥fEx > 2 . v — 95 LB 1 &4 0%fTEic EDUAC
DREERRT S,

SOV AR (FRrIT A DIV E—, VS ALK, TRVAVE AL, 7%, A
Ve B, AV T p 72 A VP RAE) 1L L AT Y FBIULTRRT S, ST 4427 DNALE
EER2DC, 27 =Y 7T 5, AMN@STIE, ARz —FEEDr 7 by —2
HERRT D, TBoBRE, FhEITeHN IR T RXTOXFEYAFTL, 2O &it
EDUAC oREFIRE, TOEGKREOMNERA—OHRCHBI I D, WEOXG
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EDUAL Assemble

Source Program Object Progranm
1 L, Xe 000 021006 (0010001000000110)
2 A, Y& 001 001007 (00000010000060111)
3 ST, ze 002 022010 (0010010000001000)
4 A, CODER 003 001011 (0000001000001001)
5 PRNT& 004 032000 (0011010000000000)
6 STOP@ 005 030000 (00110060000000000)
7 X3 DEC, 1@ 006 000001 (0000000000000001)
8 Y; DEC, 28 007 000002 (0000000000000010)
9 I RSV, 1@ 010 000000 (0000000000000000)
10 CODE; OCT, hoe 011" 000040 (0000000000100000)
11 ENDE
Execution
Step 000

Prog.C.=000000 Inst.Reg.=000000 Ad.Reg.=000000

Acc.=000000 (0000000000000000) Index Reg.=000000
Core Map

021006 001007 022010 001011 032000 030000 000001 000002
000000 000040

Step 001
Prog.C.=000001 Inst.Reg.=021006 Ad.Reg.=000006
Acec.=000001 (0000000000000001) Index Reg.=000000

Step 002 .
Prog.C.=000002 Inst.Reg.=001007 Ad,Reg.=000007
Acc.=000003 (0000000000000011) Index Reg.=000000

Step 003
Prog.C.=000003 Inst.Reg.=022010 Ad .Reg.=000010
Acc.=000003 (0000000000000011) Index Reg.=000000
Core Map
021006 001007 022010 001011 032000 030000 000001 000002
000003 000040

Step 004
Prog.C.=000004 Inst.Reg.=001011 Ad.Reg.=000011
Acc.=000043 (0000000000100011) Index Reg.=000000

Step 005
Prog.C.=000005 Inst.Reg.=032000 Ad.Reg.=000011
Acc.=000043 (0000000000100011) Index Reg.=000000
I.Buf.=00000000 (Shift=UC) 0.Buf.=11111110 (Shift=LC)
Out Put '
#3#

Step 006
Prog.C.=000006 Inst.Reg.=030000 Ad.Reg.=000011
Acc.=000043 (0000000000100011) Index Reg.=000000
Core Map

021006 001007 022010 001011 032000 030000 000001 000002
000003 000040

B2 viav—vavo—4§

Fig. 2. A example of simulation.
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) @EEY: &EM72v 77 -BRBL2VC, EWIK, B 45 EEARERHL
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A Unified Algorithm for Adaptive
Pattern Classification

Y. Kumagai

Abstract

Supervised and nonsupervised algorithms have been developed for adaptive pattern classifi-
cation, respectively. These algorithms, however, have been studied under somewhat restrictive
conditions on the probability structure, and, moreover, have some difficult problems in the appli-
cations to practical pattern classification systems.

This paper describes a unified algorithm which combines these two algorithms to remove
these problems.

1. Introduction

The problem of pattern recognition has recently obtained great attention and
many approaches have been proposed for pattern recognition. In many of their
approaches pattern classification may be viewed as a problem in statistical classi-
fication. In general, however, we have little or no a priori information about
the probability structure of patterns. Consequently, adaptive procedures would be
required for learning the unknown probability structure.

Supervised and nonsupervised algorithms have been developed for adaptive
pattern classification, respectively. These algorithms, however, have been studied
under somewhat restrictive conditions on the probability structure. Furthermore,
under general conditions, supervised algorithms would require a large number of
training patterns for optimal classification. On the other hand, nonsupervised
algorithms have a serious disadvantage concerning the rate of convergence.
Therefore, there would have some difficult problems in the applications of these
algorithms to practical pattern classification systems.

This paper describes a unified algorithm which combines these two algorithms
to remove the above problems.

2. A Unified Algorithm

It is generally assumed that each pattern may be represented by an -
dimensional vector. In this paper, however, for ease of notation we consider
each pattern represented by a scalar. We deal with the more general cases where
a probability density and an a priori probability associated with each pattern class
are all unknown, where no assumption need be made about the forms of the
probability densities, and where they may be sufficiently overlapping. '

Let there be M possible classes w;, w,, , wy. A probability density p(x|w,)
and an a priori probability of occurrence P, are associated with each pattern
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440 Y. Kumagai

class. We assume here that each probability density p(z|e;) can be approximated
by a finite series of known orthogonal functions:

plrlw,) = jgll a;045(x) (1)

where the ¢;;(x) are known orthogonal functions and the a,; are unknown
coefficients.

In this algorithm, we first make use of a supervised algorithm. The super-
vised algorithm is as follows:

According to practical situations, an appropriate training period is to be
determined. The supervised algorithm will adjust the unknown coefficients a,;
using a proper set of training patterns. As a measure of the approximation, we
take a quadratic measure. TFurthermore, the normalization condition must be
setisfied for p(x|w;). Consequently, we have the following Lagrangian:

L1¢=§X{p(x|a)i)—f>(xlwz} dz—2, {z adi—1)  foralli  (2)

where 1, are Lagrange multipliers, d;;= S‘Ygo” Vdx.
Therefore, optimal coefficients a; can be obtamed by minimizing L,;. Then,
we set the gradient of L,;, equal to zero, that is,

Plu=V Ux{f’ (‘”{“’J—?(xlwﬁ}zdxﬁz{gaﬁdw—l}]:o for all i
(3)

Consequently, by solving Eq. (3) the optimal coefficients «j; may be given by

Ny Ny
ai; =E® {goz.j(x)} + {l- ;}E“) {gow(x)} d.”} dﬁ/gldgj for all ¢ and j
(4)
where E® { } denotes the average over the population of pattern class :.

Let a,;(k) be the estimates of the unknown coefficients a;; at the A-th step
of training process. According to Eq. (4) the reasonable estimates of the ay; at
the k-th step may be represented by

Ng 7 Ng
as®) = T goteint [1= Z{Zoutaldon |do| T

for all 7 and j (5)

where 7, denotes the number of training patterns belonging to pattern class ¢
until the %-th step.

For the a priori probabilities, let 7,,(£) be the estimate of the a priori pro-
bability of pattern class 7 at the A-th step. Then, the reasonable estimates for
the unknown a priori probabilities might be

Da,(R) = 1, /R for all ¢ (6)

After a finite number of adjustments of the coefficients a,;, during the pre-
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determined training period, it does not necessarily follow that the estimates for
the coefficients «;; have converged enough to the values of the optimal coefficients
a};. Therefore, the supervised algorithm need be followed by some nonsupervised
algorithm to continue the adjustment process.

The nonsupervised algorithm in this unified algorithm is as follows:

By using Eq. (1) the over- all probability density of patterns can be approxi-
mated as

M
b(@)= X, Pu, P(x|w)
M iy
= & ﬁwijglaw%f(x) (7)

where $,, denotes the estimate of the a priori probability of pattern class .

We again take a quadratic measure. Furthermore, we must have the fol-
lowing constraints so that we may identify reasonably each probability density
and each a priori probability:

Ng N
§ Z aijsoij(x)dx = Zi: aijd/;j =1 fOr all i < 8 )
Xj=1 i=1
o o~
P (9)

Therefore, we have the following Lagrangian:

L - L{p(a:)fb(x)}zdxﬂ-gzi{:éa“dw~1} +‘u{§}lﬁw£—1} (10)

where A, and g are Lagrange multipliers.

Consequently, in order to obtain the optimal coefficients a; and the optimal
estimates ;, of the a priori probabilities, we set the gradient of L, equal to zero,
that is,

VL~ VUX {p (@)~ b)) dz+ 5 {:éaﬁd”—q —I—y{éﬁmi—l}] —0

(11)

Evidently, Eq. (11) are not linear equations of the unknown parameters. We
make use of gradient method to solve Eq. (11). With the use of gradient method
to solve Eq. (11). With the use of digital computer we can obtain comparatively
easily the reasonable estimates of the unknown parameters. Furthermore, we
can obtain definitely the optimal parameters of each pattern class as the numbes
of observed patterns approaches infinity.

In this unified algorithm, maximume-likelihood criterion is used for optimal
classification of observed patterns. If, for any observed pattern x

Po, P(x|0) = P, plx]wy) for all j, j#¢ (12)
the pattern x may be assigned to pattern class 7. If in Eq. (12) the sign of
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442 Y. Kumagai
equality holds, it is assigned to the pattern class with the smallest index.

3. Conclusion

We proposed a unified algorithm for adaptive pattern classification. This
algorithm works under more general conditions and has some advantages for
practical applications. Furthermore, it can follow slow changes in the probability
structure of pattern classes.
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Isotope Dilution Analysis of Potassium by an M.LT.
Type Surface Emission Mass-Spectrometer

Seiji Nakamura

Abstract

The present investigation has made possible to determine the ultra-trace amount of potassium
by the isotope dilution method using an M.I.T. type surface emission mass-spectrometer equipped
with a single filament ion source.

This method can be applied to the determination of potassium in polar snow-ices, which
were collected around the Showa Station and at 29 points between the Showa Station and the
South pole by the 8th and 9th South pole exploration parties.

Results show that potassium concentration in polar snow-ices is at the level of micro-gram
in 1 kilogram of snow-ice.

L #

il

ARG CER TARREEHEEE SN EZ B X107 g 0 » V) v 2L WERA L LT
RE 1% LN, BHERE1078~10" g % 4 - THI i 2 L 2 HEL 1.

FRTIZI0 g Y TOBEE Y Y 20EY, —EBEO "KEMNITELYAM7LLT
mz *K & YK oRffklbd v 774 7 2 v FHRC L A REBHEESITEC X - W
ETHIERIVERTSC EAWHERZ L a5,

ZDOFEw HARFEBRBLHEK D5 8 Kis X OV 9 IROB S KITF — A 2SR L 7o BFNZEH A
DA E TOXERR & BAEBELOKREARFDO 2 Y v 2O GHCEHL TH Y ¥ A0
BEREN4pglkg THB 2 vHEDi,

II. %

L

AP HEA L RERIKROLDTH S,
A3y RMU-6# HBHE5HET
A3z MS-3020 8 EETEHERE
(51)



444

TN OB K

Hiy HUS-4# HZEHREHEE
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7Bt 00408 pg TINE ISBELAT VL ARBPEBLELZE N AKRKPTH 005 mé %
CEHE L7z, CORBOLBYHLNUDBEMBLICA VY EALT 4 72 b LICAEHE S +»
V) ~ERHCTEML TR LES Sk, CORB7+ 52V b2 A3 VRBCESL
¥K & YK o FEMAFLREIEL 7,

TR TELME RO MK A3 o 7 & LRk Table 2 i E#L 72,

0-1-3 8 # f&

A REBGKF O 55 Hi{E% Table 1 IRl 7z,

Table 1. £EEHMKFO K 0S5 E (Sensitivity X1000)

WK v — 7 DE X UK -7 0FE AK/HK
(39 A1) (2 VALY

1 10.95% 100 12.18x 1000 111
2 11.78 X 100 13.00x 1000 11.0
3 12.50 ¢ 100 13.80 % 1000 11.0
4 13.15X 100 14.48 1000 11.0
5 13.70x 100 15,12 1000 11.0
6 14.37 X 100 15.75% 1000 11.0
7 14.90x 100 16.32x 1000 11.0
8 15.32x 100 16.90 < 1000 11.1
9 15.70 X 100 17.38 X 1000 11.0
10 16.25x 100 17.86 <1000 11.0
£ 35 11.0

V-3 o (1) RIC L CTHY 7 A0BEYRDIEREAESMAKTO K BEX 017
pglkg GHEINTHBE Eiibho T,

IV. @@k EKRbDHY D LADORMEFERIH

IV-1 28 oHEg

KEFRRHT Fig. 3 WRL 7 21 M TS Wiz 293 Ch 5, & o Bh AR B
Do NBEBE T 5D OMLOEBDO L LRBEI LD TH D, AFHIRFICHEL
FIRIES L RRELC S DI ik, ICHBEIRCERI0IDOEARY =F v v BHBPID
DLz, COBEPAE) =F U VB TEZERCEELEK R ELLRABNFRIND Z L BEL
foo 25 LIcBRERC CTHR L EES AR L 7,

HEDSVABHIROL S LTHE L, ETXEREAR2 7 7 rve—~2~CF
LUK A3 2 D—EBZINZ 5,

B OE f

ki No. 22 0 1, X-37 96 m #HED L DTH 5.,
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F7evE~—h—HFE 27.4436 g

F7wvE—h -+ KEERKERER 322139 g

F 7w - g~ KEERAKRE YK A5 7 BIRER 322261 g
O B 47703 g

i YK A5 A 2 BB 0.0122 g=0.0173 pg (*K)
KEBWMBARR 47703 g %57 7 v v e —h —CIEEBCERT %5, FHHETC L 20O
Bz k i Fr 10 g 0 K WG ENTnABELDEEZBRD, UBECARD L5 YK A1

> 3 o8 i
7 00173 pg w2 2 WL ORFREOCREY Table 2. 4K A4 7 0 ETL

Table 2 \Z/RL 7o, UK A3 1 7 3k o K BURE

DR AELEYELEL:1IRARS L5 LIH BK 0.82%
BLOMBECRWERAEBLRE2, 1:10 aK 99.18%
Bk 10: 1 oREHETL R 1% OHREY AR A2 7 14152 pg/g
b THERETH 5,

WK RS 7 M2 TcBE R T 7 e v e — A —Z AT VUV ARRIZI DL, EEIFAR

W CRBEECIBA LS X% 005ml ¥ TR %,
IV-2 H#EHRERVAE

BZeREHENT 30~35 Amp OBHELHAUSONUDBMBELICZV ELT 4 5 AV
FIEERGTOERRIC LS E7 4T AV ME
W1 Amp DUF¢ix K i H S higus,

D7 4 F AV b RCERAR AL RS ¢ 10Volt FS
€5 Y — 2 HWTEML CHhb 5k U EE
iz, TORB 745 AV YRS F VY —A
e gzg Ule, R AEOESAT RO D

10volt FS

ThH 5,
B o E 107" mmHg J
IEEE (HV) 3,600 Volt - A
< AFF54VvEL 2,500 Volt Fig. 1. “K 284 7 350 do

B o —7
Mg (aAfrhrv ) 76~79 mA

CHE L, Fig. 1w ®K & 9K ©o v — 2% 10 Volt 7 4 2 » — 4 TR L MIE G2 3 L
Too ZOBE K AL 253 RO K ORI EEMITIFL: 1, Thb2, Z0L5
BB L - b ERCRAR RO ) v 2B EERBTSHZ ENTES,
IV-3 & 1 & 8
¥ Table 3 1WRL 1z,
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Table 3. 7 # @&
YK -7 0FX UK v~ 27 0F & AK/PK
(9 F11) (9 Err)

1 11.73 X 1000 9.25x 1000 0.789
2 11.78 X 1000 9.30 X 1000 0.790
3 11.83x 1000 9.39x 1000 0.793
4 11.85X 1000 9.38 X 1000 0.792
5 11.85x 1000 9.35x 1000 0.790
6 11.76 X 1000 9.33 1000 0.793
7 11.75x 1000 9.32x 1000 0.793
8 11.70 % 1000 9.28 X 1000 0.793
9 11.68 < 1000 9.25% 1000 0.792
10 11.67 % 1000 9.22% 1000 0.790
S # 0.792

Table 3 © *K/¥K ORIz & LOFHENE H Vv AaBRKRAC X VKDL RS,

{0.991)—(0.0082) (0.792)

39.1

« = 0017 6. 792)(0.935)— (0.0647)

40.9

SR lkg o Uy ABECHERTS & 51 pglkg &7 5T

HEEE T 107 g ThH 5,

(1)

ZDOBEDEXES025%, K&

WK, MK o —3tERHET A0 4 S ET S, BEI0HO v -2 ase KK OF
k2R 50, FOREEMPERT A~/ OB I0EEY 1% LRk EDH 5 2 &8

TE7L, YKAK OFENL 220.002/0.792=025% = & F B I ENTEI,

CRETE S BAROEEL, 715 AV FBKE
ORI S BB OB IIECEII LT Bk
BEERD,

V. BRkkHE

V-1 K R HERE
SkER RO H Y v ARG AR
30 g R EE S A G P CIRE L CREL L,
Bl 77°518, 41°10F o, & fvic, —F4h
Yol gy R BB C AR M RO % Y 7 A D
£ MK 50 g & MR L TIE L 7o as,
HERDERIIRD L 5 ThHoTc, Fig 212k
Wik o H VY AORAEEDO Y~ 27 B
(55)
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LOTHDIENZOEHE
K 100 Volt 7 &2 4 — 1 (F.S)
K 1 01Volt 7 rs# —n (F.S)
4K 1 10 Volt 74 24— (F.S)
THEEL Th b,
V-2 A F (@&

Table 4 Kot Table 5 it 4 2 ORISR OMEEZ R L 2o

Table 4. #i/k+o K o RfA&HE
YK -7 0FEX WK v~ 0FX UK v~ 27 DE X AR /RK
(Vv EL ) (v HAYT) (s 9y WA t)
1 16.86 X 10000 2.06 %10 11.66x 1000 0.0692
2 17.08 X 10000 2.08X10 11.83 X 1000 0.0693
3 17.25 % 10000 2.05x10 11.92% 1000 0.0691
4 17.30 < 10000 2.03%10 12.00 < 1000 0.0693
5 17.38 X 10000 205%x10 12.04x 1000 0.0693
6 17.30 X 10000 2.02x10 12.00 % 1000 0.0694
7 17.24 X 10000 2.02x10 11.93 %1000 0.0692
8 17.08 X 10000 2.056X10 11.82x 1000 0.0692
9 16.92 < 10000 207x10 11.70x 1000 0.0692
10 16.76 X 10000 2.02x10 11.60% 1000 0.0692
£ £l 0.0692
Table 5. KERFHO K ORNM AL
WK &~ 7 DES WK &7 DOF UK v— 27 0EX ‘ AK/BK
(s 9B Y) (2 ELL) (A
1 15.23 x 10000 1.90x10 10.55 % 1000 0.0693
2 15.68 % 10000 2.02x10 10.90 % 1000 0.0695
3 15.48 X 10000 1.95x 10 10.72x 1000 0.0693
4 15.18x 10000 1.82x10 10.52x 1000 0.0693
5 14.85 10000 1.80x10 10.25X 1000 0.0690
6 14.53x 10000 1.80x10 10.03 1000 0.0690
7 14.20 10000 1.76 X10 9.82x 1000 0.0692
8 13.88 X 10000 1.70X 10 9.62 % 1000 0.0694
9 13.72X 10000 1.63x 10 9.50 % 1000 0.0693
10 13.53 % 10000 1.63x10 9.35x 1000 0.0691
¥ B 0.0692
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Table 6 1=.i% 4 G YEBLAIA L UK Table 6. R HLROET I
TRt O RAz A &R F AR L, (D) EYEEE LIV K oH R B
Kot B TRERERO 7 ) 7 4 BE - )
‘ . ] BK 93.5 93.5
RDBDELHI=b O DEEERA L, WK 0.011 0.012
ag 6.47 6.47
VI. BiEKEFO K OEE HK/OK 0.0692 0.0692
VI-1, Fig. 3 ik BB 8 % 3
2 40F 9_505

B 9 kol SicfTBas, TR
BIEE TORB & B A2 A 2R
L7z,

Table 7 ik, Zhb OB AD1L
B A R Ll pi—fie Na 133F5 30
rglkg, K ix 4 vglkg, Mg 1% 3 pg/kg T
Botoe BL 2 GIXAHERER TR
SR L vk S ETH B,

Table 8 (= Rockefeller Platean,
Byrd St, 215 km NE Byrd St @30k
DT O M. Murozumi, C. C. Patterson
I X B HETT 69°008, 39°40F 1w 3513 %
ERBC L 5o HEEY2EER & L&
WL,

RIRE (797 5 B 8 X % 4 ifilia
Table 9 TR L 7o, E—RAFICcoOBEL
SHICH B, 1EEE 2EE O5HFHER
X< —#UL7, LEBOKR2ERIC
CHBRREWEZRL T b, Zhitl
16 B OB p i o Bfim Rz X D B3
Ihict D LEbha,

mEA
Fig. 3.

!
- TSR
TUYRAT T

NP R

BRHZ AF v L AREGIC < ) CHERT ADHENRPI I S Tt L S ELEOR

ANEREREE L Hbhs, 70°508, 43°05F 735 88°50° 41°00F F Ciiigfiits oS ©

OEEHO KBETH D, No. 20 F 100 25 kT £ TD 4 O rE A AL TS o308

Thb, F-HEREMELTO K OFEEERIL No. 22 © 2, X37 #k\C LEH 44 pg/kg

2@ H 3.7 nglkg TH o Tr, KA 125~132 ug/kg LMo 4, 0 & L # 25 5B EO S H
(67
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Table 7. {LERFEEE BREHEBHEETRLETHERLCLS)
Na K Mg
(1g/kg) (rg/kg) (pg/ke)
70°018  43°06E 31 2.5 23
70°508  43°05E 43 55 3.9
70°008  42°50F 63 5.0 6.5
76°588  45°50E 16 2.9 38
77°518  41°10E 28 1.2 2.2
78°848  40°45F 42 8.6 46
82°49%  40°17F 32 7.5 42
87°108  39°30E 25 3.6 1.7
88°098  41°00F 22 3.6 1.8
88°508  41°00E 23 0.9 4.0
Table 8. % % ¥
Na K Mg
(pg/ke) (rg/kg) (pgfkg)
Rockefeller Platean 32 1.6 4
Byrd St. 23~38 13~25 3~7
NE, Byrd, St, 14~16 14
69°005  39°40® 5,300 610
Table 9. ENAHERSHFHRC I KBEE
5t Pt 1 ] H 2 & 2]
(pg/kg) (re/kg)
1 F VAR 0.19 0.33
SREHRTBXEBK 0.17 —
70°508  43°05E 6.3 —
73°028  42°58E 6.8 —
77°518  41°10% 2.1 —
78°218  40°58E 10.9 —
88°508  41°00% 3.8 —
" No 20 F 100 50 3.9
No 21 F 200 4.9 45
No 2201%x37 6.2 5.1
No 2201x37 11.2 109
No 23 F 170 3.0 2.9
No 23 F 240 3.1 1.9
* 7l 132 125
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xR R R S i, —BCEH IR T B 14 VA BRAKBROEZEOHER L T %8Rsl
AEBETIEECHCESL Caadf T RARBEE CEBL TELMART L » ) 7 an
B EEND A A4 VKR TIL019~033 pg/kg, 20 ERBAKSTIL 017 pglkg D 71 Y
T ANERE IR T, 202 LITBEECFRS O 5HE s Jie S dhic b KA wE
WG HIREOLEELRL T %, BEFEE L TR I b OMKEZ ECHRERT 52 &
DEROFEEEZ bND, KBRS ~FREI0LOR) =F v v & VICANGERETH
SR LEMAZELUARERL OKI0AKLIAEL LM+ v E2HE L KHEEZ T T5,
CHhEBELR /05 2 X VLR SE BeclE L cBERSTAMKE L TH-5 2
EMTE S,

EW T ARMERBERER ST OAF v Y —AFO7 4 52V FNERLBEECHST S
LIk o THER A A v —akB, K44 vE% 10 Volt ik F CIOIBIEL CE%025% B
HRE 10 g &4, o CRIMGRLHEL 272,

ARG E LT OB R X AUEBE UL MK, 4 w288k, EitiigkEdso K
FIfLfk b & ORER LIEL 27,

COWMBEEBESIETOLELRE LT 2B M4 v v — AOBREIT 5 HEAPERDO—D
ELTAFHEDNHEER, EREHEEOMFEOL LRI, JIIRELTLE

h G OBEYRL F T, (W3 46. 5. 18 B 3)
X Bk
M. Murozumi, C. C. Patterson, J. T. Chow: Geochimica et Cosmochimica Acta. 33, p. 1247-1294
(1969).

S BREYc: C. C. Patterson, 4 ¥4, 8 19 %, 8 85, p. 1057-1063, Wifi 45 45,
RS . ERTRAFEH eSS HIE), #£7%, £15, p. 95-102, FH 45 45
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Recent Hydrothermal Activity at Noboribetsu
Hokkaido

Tsutomu Abiko

Abstract

The observed data of recent hydrothermal activity at Noboribetsu are reviewed. A hypothesis
on the production of the sulfate ion and molten free sulfur is presented. Some relations between

the hydrothermal activity and earthquakes which occured around Hokkaido are discussed.

Introduction

Noboribetsu has two explosion craters, Oyunuma and Jigokudani, the present
activity of which is considered to originate in neutral hydrothermal solution going
up to 200°C and 30 atms, and releasing annual energy at level of 10% erg?.
The chemical conponents contained in this original hydrothermal solution are
distributed between steam and hot spring water phases according to their solubility
when a sudden boilng phenomenon of the original hydrothermal solution. takes

place on the bottom of two explosion craters. (Table 1). (Gaseous components

Table 1. Daily Amount of issuing Chemical Component (ton/day)

- ‘ ‘
‘ 1| é . o Silici
(1952) Waier | $9h a1 | so, HCOp| Na | Ca | Fe | Al Slicic
e 1
i | | ! ! | [ !
Jigokudani | 3 x 10| 30 06 | 09 | 00 03 o1 o0z | 03 08
Oyunuma | L7x10%| 03 006 | 007 , 00 | 003 | 0.006 ' 003 |03 002
Town 3 X108, 25 12 007 ¢ 05 | 50 | 20 i 0.001 | 0.0001] 1.0
Total 8 x 100 28 127 | 11 05 | 53 | 21 | 005 |06 18
: i i !
[ i | 1
(1967) | Water | Cl . Na | Ca ‘i Mg
Jigokudani | 3.1X105 | 0.09 | 008 | 007 ‘ 0.01
Oyunma 3.2x103 0.67 043 0.2 1 0.03
Town 10x108 | 20 | 091 | 03 | 00z
Total 73x103 | 276 | 142 | 057 { 0.06

are extracted in steam and common ions remain in hot spring water.
The concentration of chemical components in the original hydrothermal solu-
tion can be calculated by Equation 1.

Original concentration C,= X V,C,/2.V, (1)

V,; is the amount of issuing water and C; is the concentration of chemical
component in question. Some one hundred analyses were required to get every
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C, value. C, value thus calculated might be considered to reflect the character-
istic property of the original hydrothermal solution. Continuous observations for
a long period are considered to shown a certain relation between C, values and
the intensity of activity if the assuption is true. The concentration of common
ions such as Na and Cl thus calculated we found to be in a good accordance
with observed concentration in hot spring water, secondary hydrothermal water,
as shown in Table 2.

Table 2. Chemical Concentration and Composition of the Original
Hydrothermal Solution, in mil equivalent.

Original Solution, Cj.

Date Cl Na Ca Na/Cl Ca/Cl
1052 917 58.2 26.9 0.65 0.29
1969 70.5 i - 175 — 0.25

Secondary Solution (No. 5), C;.

1952 ] 108.0 72.2 26.9 0.67 0.25

1969 1 60.4 49.2 14.0 0.82 0.23

Table 3. The Variation of Noboribetsu Hydrothermal Activity and
the Chemical Property of a Secondary Hydrothemal Solu-
tion (No. 5) in mil equivalent

Date HCO; Cl SO, Na Ca } Na/Cl Ca/Cl
July, 1949 2.31 108 08 722 26.9 0.69 0.25
July, 1951 2.2 109 0.8 743 26.6 0.68 0.24
Nov., 1951 9.07 68.1 23.8 0.75 0.26
Feb., 1952 3.0 935 0.8 64.3 225 0.68 0.24
Mar., 1952 3.0 85.8 59.8 20.8 0.69 0.24
June, 1952 3.8 707 50.5 160 0.72 0.23
July, 1952 62.7 472 ' 0.75
Oct., 1952 35 53.7 122 12,0 0.79 0.22
Mar,, 1953 39 36.0 30.7 65 0.85 0.18
May, 1953 3.9 315 13 274 6.7 0.87 0.21
Aug., 1953 3.4 29.6 15 26.1 5.1 0.88 0.17
Sept., 1953 | s1s 263 5.1 0.83 0.16
Oct., 1953 331 207 6.0 0.84 0.18
Dec., 1953 33.5 27.9 65 0.83 0.19
Mar., 1954 37.7 305 8.1 0.81 0.22
May, 1954 434 347 9.9 0.80 0.23
July 1954 476 37.0 106 0.78 0.22
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Recent Hydrothermal Activity at Noboribetsu Hokkaido

Table 3 (continued)

455

Date HCO, cl SO, Na Ca Na/Cl |. Ca/Cl
Sept, 1954 502 o2 13 | 07 | o
Aug., 1962 839 576 213 0.67 0.25
Jan., 1963 82.9 576 20.1 0.70 0.24
Mar., 1963 79.8 546 19.3 0.68 2.24
May, 1963 782 55.0 189 0.70 0.24
June, 1963 749 50.7 180 0.68 0.24
Dec., 1963 257 55.0 180 0.73 0.24
Feb., 1964 27| 505 175 0.69 0.24
April, 1964 727 50.7 175 0.70 0.24
Jupe, 1964 736 541 17.0 0.74 0.24
Nov., 1964 | 775 56.4 19.0 0.73 0.25
Mar., 1965 845 60.8 21.4 0.72 0.25
June, 1965 85.8 61.4 219 071 0.26
Aug., 1965 875 | 62.9 22.6 0.72 0.26
Oct., 1965 i 88.1 ; 62.8 22.1 0.71 025
Dec., 1965 | 83.4 60.0 207 0.72 0.25
Mar,, 1966 | 818 587 20.3 072 025
Aug., 1966 792 | 56.8 192 0.72 0.24
Jan., 1967 w6 54.8 183 072 0.24
Feb, 1967 740 | 07 540 17.5 0.73 0.24
Mar., 1967 72.7 0.7 52.7 17.1 0.73 0.23
May, 1967 75.3 0.7 55.2 185 0.73 0.24
June, 1967 73.3 54.1 17.7 0.74 0.24
July, 1967 719 06 532 17.3 0.74 0.24
Aug, 1967 | 734 05 540 17.7 0.74 0.24
Sept, 1967 72.2 542 173 0.75 0.24
Oct., 1967 71.4 0.8 51.8 171 0.73 0.24
Nov., 1967 714 0.8 52.4 17.1 0.73 0.24
Jan., 1968 719 0.8 52.6 17.2 0.73 0.24
April, 1968 67.3 0.8 50.5 16.0 0.75 0.24
May, 1968 66.1 0.8 494 155 075 023
June, 1968 59.9 10 489 13.6 0.82 0.23
July, 1968 | 572 | 08 452 133 0.79 0.23
Aug., 1968 57.6 0.9 ’ 420 13.7 0.73 0.24
Sept. 1968 | | 582 08 | 435 140 075 | 024
Oct., 1968 59.7 0.8 i 457 143 0.76 0.24
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So, daily values of C, as partially lised in Table 3 have been used for C,
with much ease to reflect the intensity of hydrothermal activity (Fig. 1). It has
been found that C, values of common ions such as Na, K, Mg, Ca and Cl, and

~
©
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T
#
¢
‘f
.

+ :‘.-*5 .

('1/46) U0ipuadu0s O] PO
0e¢

a1
:

I e P S S S S S S ST
1950 1955 1960 1965 1970
Date of observation

Fig. 1. The Variation of the Chloride Ion Concentration
in a Secondary Hydrothermal Solution (No. 5)

also of protium become concentrated when the hydrothermal activity increases
its intensity and vice versa. The concentration factor of each cationic compoenent,
however, has a different value for chloride ion. For example, Na/Cl becomes
smaller when the intensity increases, but gets larger when the activity goes down
to weaker side (Fig. 2). On the contrary, Ca/Cl becomes larger during the violent

090,

.
.
.
2
L2
080}- g ¢
- .
3 y I
§ . ° . e
N Foe Yo
=} . . FRER A
§+ 070+ . ... .c 0“ . .:.
3 ] - . : #
060F
T - Y 7 R | 71

Date of observation

Fig. 2. The Variation of the Ratio of Na/Cl in a Secondary
Hydrothermal Solution (No. 5)
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activity period but goes down when the activity declines. Ionic exchange phe-
nomenon between Na and Ca seems to proceed in pararell with the variation of
activity, and finally at the weakest intensity the chemical composition of the
original hydrothermal soluttion shows a similarity to that of sea water, deutrium
being concentrated (Table 4).

Table 4. Isotopic Fractionation of Hydrogen in
a Secondary Hydrothermal Solution

Date Mean Deviation from Chloride Ion Volcanic
Tokyo Tap Water* Concentration Activity
Feb., 1952 — 133% 450 gr/t | Increasing
Oct., 1952 — 1.22 3.89
Mar.,, 1953 + 1.73 3.45
May, 1953 - 0.52 3.37 Decreasing
Aug., 1953 —0.25 3.39
Oct., 1953 + 0.70 3.24
Dec., 1953 + 1.29 3.12
Mar, 1954 +1.40 2.83
May, 1954 | +1.29 2.84
July, 1954 ‘ + 0.91 2.06
Sep., 1954 + 0.54 ' 3.12

*

Analyzed by M. Kobayakawa, Tokyo Metropolitan University

According to daily observation of these, C, values, Murozumi could predict
the sudden variation of the activity 6~10 months before the apparent change
took place.

In this paper, present author trys to discuss the oxygenation of H,S gases
to molten free sulfur and sulfate ion through the chemical composition of the
hot spring water at Oyunuma. According to daily observation of C; values during
last two decades, it is discussed that there should be some relations between the
intensity change of the hydrothermal activity of Noboribetsu and last two Off-
Tokachi earthquakes which occured in 1952 and 1968.

Results and discussion

(1) Production of molten free sulfur and sulfate ion

Noboribetsu hydrothermal activity, originating in the end energy of Kuttara
volcanism, has spouted the high amount of acidic and neutral hot spring water
(Table 1).

Major gaseous components contained in hot spring water and fumarolic gases
are steam (H,O), CO, and H,S. SO, is minor. Therefore, it is considered that
sulfate ion and molten sulfur are not existence in the original hydrothermal solu-
tion, and these sulfate ions and molten free sulfur are produced by the oxyge-
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Bozer

Mt.Hiyoris

Sketch map of Noboribetsu

Noboribetsu
Town

Fig. 3.

nation of H,S gases near the surface.
undergoing with the following reaction,

Tsutomu Abiko

Strongly erroded zone

Erroded zone

7

Hiyoriyama dacite
dome lava

i

Noboribetsu sand
and clay bed

P

onayoro pumice deposit

Upper welded tuff
(dacite)

Pumice agglomerate

3 0o 20 soom LOWET welded tuff

Geological map of Noboribetsu J. Suzuki et al. (1958)

The oxygenation is considered to be

2H,S+ 0, = 2S] +2H,0 (1)
25| + 30, + H,0 = 2,80, (2)
4FeS, + 150, + 2H,0 = 2Fe,(SO,); + 2H,S0, (3)

The oxidant used in these reaction is oxygen, the source of which is considered

to be both of atmospheric and dissolved oxygen.

(6200m?®/day) is supplied from under-
ground water in which the daily amount

Most acidic hot spring water

Table 5. Daily Amount of issuing Sulfur

Component (ton/day)

of dissolved oxygen is 2 x 10° mole

with high estimation. While the daily
amount of sulfate ion thus produced is
2.16 ton. The amount of oxygen 9.2 x
10* mole is daily required to oxygenate
H,S to sulfate ion of 2.16 ‘ton. - But

Water | SO, | S | H80
Oyunuma 3200 0.67 30¢){ 0.006
Jigokudani | 30002 1.44 0 0.2
Town 11000 0.04 0 10-4
Total 7300 2.16 — 0.2

the amount -of dissolved oxygen is not - -
enough to required oxygen. Therefore b)
atmospheric oxygen is used to these c)
oxygenation reactions in.the fumaroles

and hot springs and the  solution thus 4

determined in July 1969

determined in Feb. 1969

monthly average of taken sulfur from
1940 to 1956

from referénce paper, 1)

oxygenated is considered to permeate repeatedly through the underground. And
these reactions are undergoing near the surface of the earth.

(66)
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Table 6. Chemical Properties of Oyunuma hot lake water
(determined in May 1964)

Depth | Temp. pH Cl- SO%~ Na+ K+ 2 Fe
m °C mg/é mg/é mg/é mg/é mg/é
0 48.5 3.02 123 268 85 12 5.4
1 48.2
2 48.2 3.02 121 330 85 12 3.9
3 48.2
4 48.1 3.02 19 300 85 12 34
5 48.0
6 48.1 3.07 118 317 85 12 5.0
7 432 ,
8 48.2 3.03 119 291 85 12 37
9 48.1
10 48.3 3.02 121 290 85 12 5.1
11 48.3
12 482 2.98 121 328 85 12 6.7
13 77.0
14 99.5 3.18 316 289 180 16 8.7
15 { 107.0
16 | 1125 3.27 359 283 190 16 ] 221
17 113.7
18 1147 3.31 370 280 187 15 34.9
19 114.5
20 114.5 3.24 355 282 180 15 26.4
21 120.5
22 120.7
23 121.2
24 122.0 3.30 361 319 183 16 374
25 122.3

Hot-lake Oyunuma, the maximum depth of 26 m, is formed of two layers.
Table 6 shows its chemical components. Upper layer is homogeneous and lower
layer is heterogeneous in chemical and thermometric. Later layer is sluggish with
molten sulfur, pyrite and weathering rock particles.

Free sulfur is considered to be produced by the reaction (1) in the upper
layer because of no dissolved oxygen to oxygenate H,S gases in the lower. Free
sulfur thus produced precipitates and melts by high temperature fumarolic gases
on the bottom of Oyunuma.

Pyrite particles mix in molten sulfur. This pyrite is considered to be pro-
duced near the surface, because iron is dissolved in the underground water and
H,S is dissolved in original hydrothermal solution.
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(2) Some relations between the intensity change of the Hydrothermal activity
of Noboribetsu and earthquakes

It is known that Noboribetsu has repeatedly shown remarkable changes of
activity since 1880. No such changes of activity on a large scale have been
observed in any other hot spring region in Japan. The phenomena are rather
similar to volcanic activity.

It was discussed that daily values of C, have been used for C, with much
ease to reflect the intensity of hydrothermal activity (Fig. 1).

The variation of C, has been observed three times during last two decades.
Before and after the periods of these variation, large scale earthquakes had hap-
pened around Hokkaido (Table 7). The accumulated energy of the earth shell

Table 7. Large scale Earthquakes around Hokkaido since 1940

Location
Date Name Magn. | -
long. lat.
1952. 3. 4 Off-Tokachi 8.2 144.1 ’[ 41.8
1958, 11. 7 South Off-Tturup 8.0 148.5 44.3
1963. 10. 13 Off-Tturup 8.3 150.0 44.0
1968. 5. 16 Off-Tokachi 79 14335 | 40.44
_ i

is considered to be effect to volcanic and earthquake energy, therefore these facts
should show some relations between the intensity change of the hydrothermal
activity of Noboribatsu and earthquakes which occured around Hokkaido.

The author expresses grateful appreciation to Professor Masayo Murozumi
of the Muroran Institute of Technology for his hearty encouragement and valuable
discussion through this investigation.

(Received May 20, 1971)
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Studies on Developing the Manufacturing Process of
Activated Carbon by Fluidized Gasification

Hiroshi Yanai

Abstract

It has been engaged in developing the manufacturing process of activated carbon by fuidized
gasification from various carbonaceous materials for the long period of 25 years or more. This
work, coupled with laboratory research, has greatly advanced knowlege of the fluidized activation
method and has resulted in the development of a series of commercial process that is usefully
pretreated with Cl, gas after sifting orfand surface grinding procedure of cyclone dusts. This
paper reviews briefly the nature of our process and operating results, while discussing the various
problems that encounter in the course of development, and also describes our research in this field.

1 Introduction

Although a lot of work has been published on the mechanism of formation,
manufacturing method, properties and applications of activated carbon, yet the
operating conditions and equipment design affecting the yield and quality of
activated carbon are trade secrets which are only available under licensing agre-
ements™'?.

In a case of preparing activated carbon from carbonaceous materials, especially
for the purpose of deashing from these materials, pretreating those with Cl, gas
has been known long since. And also the chemical pulp might be manufactured
by treating woods with Cl, gas and removing lignin from them. These pretreating
processes had come into operation with either a fixed bed or a moving bed. In
the fluidized process, however, the atmosphere of Cl, gas was extremely diluted
due to both fluidizing agents and generated gas, and then it was not possible to
obtain the desired result sufficiently.

In the course of fluidized activation, since it is difficult to regulate the holding
time of granules within the furnace and granules are activated from the surface
during short times, both reactivity of materials and reaction temperature become
essentially more important factors. Consequently there is a divergence of activity
of cyclone dusts owing to the size distribution, and also the inside and the
outside of granules"®.

For the purpose of a solution of these problems in the fluidized activation,
it has been resulted in the development of a series of commercial process that
is usefully pretreated with Cl, gas after sifting or/and surface grinding procedure
over - the wide range of carbonaceous materials. This paper reviews briefly the
nature of our process and discusses the various problems that encounter in the

course of development™~™.
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2 TFluidized gasification of brown coal and manufacture
of activated carbon from cyclone dust”

2-1 Relation between the gasification reaction and the activation of particles

Since 1957, the much cheaper activated carbon has been manufactured from
the pulverized brown coal by the fluidized gasification®®7%.
little reports along this line has been appeared””. On the basis of the operating
results, this present paper is summerized the effects of operating conditions on
the gasification and the activation. Various important factors concerned are dis-

cussed for the following items'®.

Up to the present,

2-1-1 Crude material

Material used is such a non caking coal as brown coal produced near Kushiro
areas, Hokkaido, being finer particles recovered in the concentration operation of
coal. The size of particles is usually finer than 3 mm, being about 15% in water
content. Materials are dried by the flash drier and the size range is arranged
from 1.5 to 3.0 mm by sifting. Analysis of materials and dusts used in this
experiment is shown in Table 1.

In this case, since it is difficult to make all of uniform size or to regulate
holding time within the reaction chamber, it is necessary to select the material
of better reactivity for the purpose of promoting the activation reaction throughly.

Table 1. Analysis of material used and of cyclone dust

Analytical Proximate analysis [%] Ultimate analysis
item . . - Calorific
Materials ™ ll/fl?:{:_ Ash Xg}i&le ci?l()%i Sulfur [kvallule{z Ash Carbon Hgélgo- Oxygen
S cal/kg]

Brown Feed (wet) | 542 1046 4503 39.09 0.23 6,537 |11.00 68.55 5.87 13.01

Coal Dust 3.89 4458 3.66 4787 0.30 4,217 146.38 51.85 1.04 0.10
(dry base) [%] Ash analysis [%]

Ngigjo- Sulfur | Si0; AlLO; Fe;O; CaO MgO MnO P,Os TiO; SO; KO Na,O etc.
1.33 0.24 411 2638 7.1 1253 352 007 146 178 327 159 097 0.22

0.32 0.31 39.82 26.26 947 1366 314 017 140 114 263 043 108 0.08

2-1-2 The reaction temperature and the holding time within a reactor

Both the reaction temperature and the holding time of granules within a
reactor are important factors. On the basis of experimental results of charcoal
in the fixed bed reactor, relations among the reaction temperature, the reaction
time and the yield are described in the previous paper”®. Since in general the
holding time of granules is the range from 5 to 25 min, as shown in Table 2,
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being different owing to size of parti-
cles and operating conditions, it
should be maintained the reaction
temperature above 950°C and also
at the same time it is preferable to
arrange the narrow range of size as
far as possible.

A particle size is gradually re-
duced, being activated with the prog-
ress of reaction. The granules of
the size and apparent density cor-
responding to the flow rate at the
outlet of reactor are expected to col-
lect by the cyclone separator.

2-1-3 The average concentration of
particles and the pressure drop
within the reactor

The average concentration of
particles and the pressure drop within
a reactor are the important factors.

Table 2.

463

Characters of three fluidized-

gasification furnaces with different

diameters

The average concentration of parti-

Cd = Vd/V,

cles is expressed as

No. of furnace T Paoo ‘ Psao Prso
A | 0.071 0.196 0.442
Scale of furnace{
Vi 0233 0.833 2.443
Feed rate  [kg/hr] | 35~50 | 55~120|100~270
Air-coal ratio [—](2.3~25{1.9~25|22~20
Steam-coal ratio [—] |0.2~0.3[0.2~0.4 (0.24~0.5
Wa 3~4 [(75~10| 5~13
Va 10~13 | 23~31 | 16~41
Ca=Va/V 4~55[28~3707~17
4P 40~80 | 50~70 | 16~40
g’;g;“fe 4P 42~56 | 38~51 | 11~30
AP/ 4P’ 1.46 1.42 1.43
i 15~20 | 13~18 | 6~15
Caz 35 51 63.5
. {[kg/mz/hr] 510~ 7001280 ~ 620250 ~610
Capacity
[kg/m3/hr] [160~215 70~150 45~110

where W,, V,: the weight and volume of holding particles within a reactor, V:

Fluidized activation
furnace internally heated

Fig. 1.

inner volume of reactor. The values of C; are
greatly effected on the gasification reaction and the
activity of resulting dusts. In order to promote
the reaction and to make uniform activity the value
of C,4 should be taken considerable small one. In
a case of this brown coal, the activation is remarka-
bly accelerated when Cy<ca.3%. In general, the
pressure drop of fluidized furnaces is calculated
from the expression, 4p’=W,/A. The values of
APJ/AP' are much more than unity, as shown in
Table 2. The operating results of three fluidized
furnaces with different diameters and the same type
as shown in Fig. 1 are summerized in Table 2.

2-1-4 The feed rate and the quantity of steam

It becomes clear that the feed rate is extremly
a important . factor. Dusts are sifted into three
groups (x, ¥ and 2) corresponding to sifting yield
Sz, Sy and Sz. The activity is expressed as
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n activation and
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caramel decolorizing power (C,) and the efficiency (cold) 7 is expressed as the ratio

of acquired heat of generated gas to the calo
of the feed rate on the activation and the
gasification reaction in the P, furnace are
given in Fig. 2 and 3. It may be concluded
from these results as follows.

1) There are the optimum feed rates
according to the scale of furnaces. The
optimum conditions for the gasification and
for the activation are approximately the same.

2) The yield of cyclone dust and the
average size of particles are directly propor-
tional to the feed rate, on the contrary, the
activity and the ash content are reversely
proportional to the feed rate.

rific value of wet coal kg. Effects

<

100

75 /,(1'/‘

Sx.5% .52
Yo
3
C
A
N
[=)
ar

can particle size ™4n

X
/ Pﬂ S, 02!
25— % 3 25
— A z
~
0 - >
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Feed rate Kg/nr

Fig. 3. Effect of feed rate on
activation and gasification
in Prsy furnance

3) Sz and Sx+Sy, in either cases, are approximately proportional to the
feed rate, however Sy is reversely proportional to the feed rate.
Provided that the reaction temperature is throughly high, the increase of

steam is in favour of the activation until th

e steam coal ratio becomes about

0.5. As a general rule, however, the introduction of excessive steam resulted in
the increase of the remaining steam and consequently the heat efficiency is

dropped.
The same materials as described above
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generator and the degree of activity are measured for several samples. All these
ones, however, are not of practical use. In these practices, since the operating
conditions are regulated to manufacture a producer gas as.a main product, it has
been found that the feed rate is too much to promote the activation reaction
compared with the scale of furnace.

The results of these experiments lend 50

some supports to these above conclusions. {
g0} %%S

2-2 Properties of cyclone dust

2-2-1 The distribution in the naturé

70
of dust Y \" \ %'
Cyclone dusts prepared in the con- &8 -
. . Q. .
tinuous operation are sampled at random. “(3'60 ~3
The relations between the size distribu- &
tion and the ash content, the activity of ”cg 0
dusts are given in Fig. 4. This distribu- @ \ /
‘tion in the nature are unavoidable owing 30 & 2 ¥
to the change of operating condition. In < \
20

general, in proportion to the reduction
of particle size, the ash content increases

10 \/

4 20 24 28 32 42 60 10 -00
Pasticle size  mesh

Change in ash content and activity

and the activity decreases gradually and
there is a break point near the size of
42 mesh. Judging from these experi-
mental results, it may be possible to Fig. 4.

develop a process that is separated the due to particle size of dust
& 40
55 35
50 30
R R
S \ .
&;
40 N \n]20
% 15
20, 30 40 50 60 70 80

Fig. 5. Relations among ash content, sifting yield
and activity of cyclone dust

2
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more activated carbon with the less ash content by sifting alone as described
latter.
2-2-2 Relation among the ash content, the sifting yield and the activity of
cyclone dusts
In the commercial practice for a long time, keeping the operating condition
within the allowable limits, several samples are sifted into three groups (x, ¥ and
2) corresponding to the sifting yield, Sz, Sy and Sz, as already mentioned and
the ash content and the decolorizing power Ca

are estimated respectively. Linear relations be- 60 /
tween Ca and S, Ca and a (%) within each groups - &% /
are observed as shown in Fig. 5 and 6. In other L. /
words, the ash content and the activity are re- g 44 'f I/ & /
versely proportional to the sifting yield. Further- '." />< H s “I?' ,'oo }/9/
more the activity is directly proportional to the i | 7 p-’ 5'0?/
ash content. In turn these relationships may not N ; / ’ ',/
always be observed among different groups. And 40 7 y, o 70
it is difficult to observe these relationships for - 7°
the powder finer than 42 mesh because of the ®
thermal and mechanical pulverization and the

20 25 30 35 40
change of operating condition. @ %

Fig. 6. Relations between ash
content and activity of
cyclone dust

2-3 Preparation of the activated carbon by means
of the separation and the purification
For resulting particles the activity is found
to be highest on the surface and lowest at the core. This phenomenon is ex-
tremely observed in a case of carbonized materials such as wood charcoal, espe-
cially coarse particles.

2-3-1 Experimental procedure!®

Several experimental apparatus are developed for trial. For example, the
horizontal rotary drum made of wire gauzes, containing dust particles and por-
celain balls, is rotated. In another example dust particles, containing within the
vessel, are mechanically agitated as shown in Fig. 9 and rubbed off a surface part.
In addition to the above test, a porcelain ball mill (180 mm ¢ x 180 mm), containing
100 g of dust particles and several porcelain balls (25 mm¢ x 20), is rotated at
60 rpm, being sifted by the Tyler screen at given intervals.

2-3-2 Experimental result

Cyclone dusts illustrated in Fig. 4 are sifted by wire screen of 42 mesh and
surface grinding test are carried out for particles retained on 42 mesh screen.
Changing the ratio of powder to core, the ash content and the activity are esti-
mated for each of these, as given in Table 3. For example, provided that the
ratio of powder to core is 1.5, the powder and the core are 58.3% and 35% in
caramel decolorizing power respectively. The larger the ratio of powder to core,

(74)



Studies on Developing the Manufacturing Process of Activated Carbon 467

Table 3. Manufacture of the higher active carbon from activated parts
ground away from the surface of particles

Before washing with HC! sol. After washing with HC] sol.
G [%] Cu [%] a (%] filterability | Cu [%] a’ [%] pH
60 Powder 58.3 28.0 49.4 82.2 15.4 3.6
Core 35.0 30.6 50.8 — — —

7 Powder 53.3 285 50.4 79.5 17.2 3.6
Core i 33.6 33.7 514 — — —

80 Powder 48.8 28.2 50.5 75.5 187 3.5
Core 26.6 36.6 50.8 -— — —

the lower will be the decolorizing power of either products. The surface grinding
operation, coupled with the sifting operation mentioned before, has resulted in
the development of a series of commercial plant separating only the higher acti-
vated part.

2-4 'The mechanism of the activation and the application
When organic carbonaceous materials, being either semicarbonized or un-
carbonized, are gasified at the fluidized furnace, it has been recognized that in

general the adsorptive behaviour of activated carbon prepared from resulting dusts
are similar to the activated carbon by ZnCl,, as given in Table 4.

Table 4. Characters of several active carbons prepared from
dusts made from different materials

N;cr?i\eze()f Materials Method of R Properties C ik
oAt Moisture | As M.B. ¢« |KMnO4l Bu
carbons aotivation | el | 1% | PP | [ee] | [%] | Img/g] | density
A lignite steam 4.0 85 6.7 70 | 905 85  0.200
(fluidized) ~0.230
B »” ” 4.7 8.1 7.2 4.0 65.0 50 0.350
! ~0.400
C brown coal ” 5.0 252 1 10.2 3.0 40.0 — 0.450
D » » 5.0 14.0 3.7 50 | 81.0 — 0.300
D charcoal ” 53 0.5 6.0 150 | 92,6 | 185 -
F ' pulp waste : — ! 6.0 31 651 100 ¢ 900 | — -
G ! saw dust ZnCl, | 350 65| 59| 70 J 93.5 | 147 —

Stated in another way, in this case the carbonization and the activation of
brown coal may be occured at the same time. The volatile matter and inherent
water are suddenly evaporated as a gaseous state at the higher temperature during
the initial stage and the steam and gases are penetrated into resulting pores during
the subsequent stage. Being purified the resulting carbon surface, the porous
structure should be highly developed. Consequently resulting pores during the
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initial stage are macro one. These pores contribute very little to the surface
area but serve as avenues of entrance to the interior. Micropores, being cha-
racteristic of activating carbonized materials, are developed in and around these
macropores during the subsequent stage. Clearer views as to the nature of this
mechanism may emerge from the results of further work which is in progress'.

The present writer carried out various practical tests for the activated carbon
prepared from lignite by means of the same process before this. Visual obser-
vation also showed that these carbons are extraordinary in sugar refining and
moreover are remarkable for decolorizing and deodorizing of animal and vegitable
oils as already illustrated®. Furthermore in order to desulfur an industrial carbon
dioxide and to purify the waste gas from factory, a process that the resulting
granular carbons, corresponding to the part of core explained in 2-3-2, may
be possible to serve in the fluidized state has been
developed™®. |

Judging from the economic prospect and particular - B
properties as described above, these activated carbons
will be favourable to pretreating of dark colored solu- |
tions, the decolorization and the deodorization of raw
fatty oils (especially fish oil), water and air purification,
and also will be possible to practice over the wide

®
range of industrial applications. :Wf ; L
T

3 Fluidized activation of carbonaceous
materials by pretreatment
with Cl, gas'’

3-1 The pretreating apparatus and fluidized activation
furnace _l_
The industrial plant used in Cl, gas pretreatment s

consists of several units in parallel and each unit is @\ _j/ ®

the moving bed reactor, being about 4m in height ' /
and 6 m in diameter. In practice, asbestos slate pipes ’

are connected with short lead pipe and slightly bent

lead pipe is also used at the outlet as shown in Fig. AN

7. Cl, gas is introduced axially into the lower end

of the vertical retort at the constant rate from the 1

pressured reservoir. The capacity of each unit is 73- ZTSLZ:T?:E;

possible to regulate the range between 100 and 400 4 outlet valve

:

7

|

retort

kg/hr, the contact time being about 10 minutes. This screw feeder

» 8 hopper
treatment is carrided out at room temperature at the backet elevator

start, however, sometimes it reaches to near 60°C Fig. 7.
owing to the exothermic reaction. Crude granules are Pretrating apparatus
charged by screw conveyer at the upper end, feed (Cly gas)
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rate being regulated by a continuous transmission. They are intimately contacted
with Cl, gas countercurrently. In order to prevent the leakage of Cl, gas from
the top and also to maintain the Cl, gas content of materials nearly uniform,
both the feed rate and discharge rate of materials are controled continuously.

In a case of carbonized materials, since the primary activated carbons are
pretreated with Cl, gas by taking advantage of their adsorbability there are little
troublesome due to the generation of heat and the leakage. The consumption
of Cl, gas is the range between 2 and 4 per cent per unit weight of the primary
carbon.

In a case of pretreating such uncarbonized materials as woody lignite, sawdust
and residual lignin, of course, the presence of water should be necessary. How-
ever, since the water of materials are evaporated due to the generating heat and
is condensed at the top of retort, materials
should be preliminarily dried to the water
content range of 10 to 20%. The range ’
of Cl, gas consumption used is 0.6 to 1.2%
per weight of feed materials. == I/

The fluidized activation unit consists Bt ~——--———-~—T—-' —

of the refractory vertical reactor with a oil ¢
combustion chamber, as shown in Fig. 8, \ ¢
being about 5m in height and 1.2m in ,
inside diameter. Since the results of opera- ‘ S /©

tion have been already reported®'¥, only ' %
the characteristics of this unit are sum- |
marized as follows:

LD
a) This furnace is possible to feed &L E \®

the finer granules and to maintain these

WA

oD —

granules for longer time within the react- 1 combustion chamber 5 first Cyclone
. . 2 otl burner 6 screw feeder
ing chamber. Consequently the difference 3 steam, v air inlet 7 hopper

4 activating chamber

of activity between the inside and the out-
side of granules may be minimized. And
also in spite of an internal heating system,
the combustion loss of materials may be minimized. It is thus possible to prevent
the increase of ash content and to increase the yield of products.

b) The waste heat is highly utilized and also the finer dust of products is
throughly recovered.

Fig. 8. Fluidized gasification furnace
with a combustion chamber

3-2 The two stage gaseous activation of carbonized materials

In general, the commercial charcoals consists of chars with wide variation
in their properties owing to their sources and the different carbonized condition.
Hence there is the difference among the degree of activation, keeping activation
conditions as constant as possible. In the primary fluidized activation, these
charcoals are gasified slightly and reduced the difference among these chars as
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L4

1

1, 2 screen 5 cyclene
3 surface grinding.apparatus 6 pulley
4 exhaust fan A,B,C.D,E,F products separated

Fig. 9. Flow sheet of sifting- and surface grinding-process

much as possible. The primary activated carbon may be transfered to the second
stage with or without sifting according to the content of dirty products. Ac-
cording to the nature and the size of particles, especially in a case of coarse
particles, the primary activated carbon should be rubbed off the surface part by
the surface grinding apparatus and separated the grinding powder by sifting
apparatus, as shown in Fig 9. The core is transfered to the second stage.

By the introduction of these operations, scattering and excessive gasifying
loss are minimized and the yield of products are increased, the property and the
vield of products separated by sifting and surface grinding operation are given
in Table 5 as a typical example.

In the second stage the primary activated carbons are pretreated to the
desired degree with Cl, gas or chemical reagents that are generated Cl, gas by
thermal decomposition at higher temperature. The adsorbed quantity of Cl, gas
is evaluated from a weight increase. The more activated part is possible to adsorb
Cl, gas more and more than the less activated part. Thus in the course of the
secondary activation, the latter is gasified more and more, in contrast to this, the
former is controled the gasification reaction by the aid of an adsorbed Cl, gas.
The adsorbed Cl, gas penetrates directly into granules at the highest concen-
tration. Thus the activation is accelerated and carbon granules are purified since
the ash is partly converted into chloride and removed by sublimation. The range
of feeding particle size is extended to use the finer powder of 80 mesh or less,
because of developing these processes. Consequently the yield increases strikingly.
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Table 5. Property and yield of products (P;) separated
by sifting- and surface grinding-process

Separated } Yield for cyclone dust [%] Property Ca(M.B)

product (P) | : , ,
(cf. Fig. 8) ‘ (1 (2) (3) (1) (2) (3)
A ; 86.8 7713 575 80 84.2 75.7
B 132 22.7 425 80 86.0 740
C ‘ 32.0 22.5 25.0 87 92.1 85.6

(14) (16) (13)
D 47.0 45.0 15.0 59.1 66.1 433
E4+F 7.8 9.8 175 90.4 95.1 88.4
(16) {19) (15)

note (1), (2): 3~4 mesh particles charged
(3): 4~15 mesh particles charged

These processes are possible to practice continuously within a set of this
furnace. Since a cyclone separator is maintained at the temperature above 850°C,
the Cl, gas may be introduced from a side wall of bottom into the dust collected
in separator.

3-3 The gaseous activation of organic carbonaceous materials

Among the lignites, especially woody lignites are less ash content and. are
more activatable than coaly lignites. Therefore it is attempted to concentrate
those by mechanical procedures such as drying, pressing, crushing and sifting.
Let the range be divided into two class intervals, 4 to 15 and 15 to 50 mesh,
corresponding to the average ash content 2.1 and 4.1% respectively. These
granules are dried by the flash drier to the extent of the water content between
10 and 20% and are pretreated with Cl, gas or other chemical reagents as men-
tioned above'™.

In practice, the operating conditions used in this process vary from 920 to
1000°C in activation temperature, 130 to 180 kg/hr in feed rate, 30 to 45 1/hr
in heavey oil consumption, 2 to 3 in air to lignite ratio and 0.25 to 0.3 in steam
to lignite ratio. The pressure difference between the oil combustion chamber and
the top of the reaction chamber is ordinarily taken to be the range of 20 to
40 mm in water column and the operating pressure at the outlet of the first
cyclone is regulated to be zero. The waste heat is used not only drying and
semicarbonizing of materials, preheating of air and steam, heat to boiler, but also
sometimes a part of waste gas is recirculated into the combustion chamber to-
gether with an additional steam and air. Residual lignin (wood sugar) is also
pretreated with Cl, gas, being dried to the degree of water content 13%. Thus
it is gasified under the same reaction conditions as woody lignite.

3-4 Effects of pretreating with Cl, gas
Effects of pretreating with Cl, gas on the property and the yield of resulting
products would be highly desirable, as given in Table 6. The development of
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Table 6. Effects of Cl; gas on the activation of charcoal

Particle Yield for Property before washing
size used Pretreat | raw material
[mesh] [9] pH M. B. Ca CY a
2~30 -— 13.5 94 155 86.0 — 3.2
2~30 Cly 14.4 74 15.0 93.5 0.06 1.5
2~80 | Cl, 16.9 8.0 14.5 91.5 0.04 21
i
|

the activation method composed of the 2 stages resulted in an uniformity of the
degree of activity, using relatively small amount of Cl, gas.
of the surface grinding test by a ball mill, significant effects were noticed on

either the uniform activity, the purity or the ash content of products.

In a case of such organic carbonaceous materials as woody lignite and
residual lignin, the effects of Cl, gas on the activation are compared with or
without the pretreatment of Cl, gas while maintaining other variables constant.
The results are shown in Table 7, where purified products (P,) are purified crude

products P, by washing with dil HCl and then hot water.

From the results

Table 7. Effects of Cl; gas on the activation of organic
carbonaceous materials
Yield for Property
Material used | Pretreat | Product | charge
[%] pH M.B. Ca Ccl Sm a
Lignite Cly Py E 14.0 10.3 75 80 0.11 0.43 6.5
(woody) Py — 65 65 93 003 024 47
‘ -— Py 14.3 11.0 75 71 — 0.70 8.0
i P, — 6.7 7.0 88 — 0.42 5.5
Fes@dual Clg Py 16.0 10.5 7.0 68.4 0.13 0.65 —
(wood sugar) P, — 65 70 843 003 025 —
| = Pl 120 10 75 700 — 080 —
5 P, | — | 67 65 80 — 050 —
I | r
Table 8. Property of active carbons prepared
by these processes
T
Active carbon Material used | Sugar sol. test
<P2> Material use S, pH of
sugar sol.
1 charcoal 62.3 5.72
2 lignite (woody) 54.0 5.46
Darco S-51 — 52.3 5.75
Darco G-60 — 54.6 5.05
Note  Sugar sol.: conc. 50 Brix pH 7.0 stammer color value 51
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These data are shown more effective improvement in the properties, e.g.
water soluble matter, ash content, pH and decolorizing power, etc. Some decol-
orizing properties of carbons prepared by these processes are given in Table 8
in comparison with the other processes.

4. Conclusion

In the fluidized gasification process for the preparation of active carbons
from organic carbonaceous materials and their carbonized products, the effective
procedure of pretreating their granular particles with Cl, gas in a vertical tube
after sifting or/and surface grinding operation, was introduced. The results in-
dicated that both the yield and the quality of cyclone dusts were improved, from
which it has been able to obtain uniformity in their activity at a minimum loss
of Cl, gas.

From the operation data on fluidized gasification furnaces, in which pulverized
brown coal was gasified by using steam and air as fluidizing agents, the effects
of operating condition on the gasification and activation were derived.

1) There are the optimum feed rates according to the scale of furnaces.
The optimum conditions for the gasification and for the activation are approxi-
mately the same. The activation is remarkably accelerated when C,<ca. 3%.

Based on the analytical data on cyclone dusts produced in continuous opera-
tions, their characteristics were discussed.

2) When dusts are sifted into three groups (z, y and z), usually certain
relations are observed to exist among the ash contents, the activities and the
sifting yields of these groups.

3) In proportion to the reduction of particle size, the ash content increases
and the activity decreases gradually. In each particle, the activity is found to be
highest on the surface and lowest at the core, so that it is possible to prepare
higher active carbon by collecting more activated parts ground away from the
surface of these particles.

The effects of pretreatment with Cl, gas on the activation were also described.

4) For carbonized materials like charcoal, the primary activated products,
with or without sifting and surface grinding procedure, are treated with Cl, gas
according to their adsorptive ability, and then the secondary activation is followed.

5) For such organic carbonaceous materials as lignite and the residual lignin
in wood sugar manufacturing, etc., lignin is chlorinated in the presence of 10-

20% moisture. Thus the reactivity is increased and the activating reaction is
promoted.

(Received May 10, 1971)
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Nomenclature
A : sectional area of fluidized furnace (m?
a : ash content of dust or/and before washing with HCI sol. (weight %)
a’ : ash content of dust after washing with HCI sol. (weight %)
Ca : caramel decolorizing index or/and before washing HCI sol. (%)
Ca’: caramel decolorizing index after washing with HCI sol. (%)
Cq : average concentration of particle (%)
G : grinding yield (weight %)
MB: methylene blue test (cc)
4P, 4P’: pressure drop (observed, calculated) ' (kg/m?)
Psgg, Py Prso: fluidized gasification furnace of retort dia. 300, 500, 750 mm ¢
P,, P,: Product before and after washing with HCI sol. (—)
S : sifting yield (Tyler’s standard screen) (%)
Ssz : decolorizing index for sugar sol. (%)
S : water soluble matter in product (%)
t, : average holding time of particles (min)
V : volume of fluidized gasification furnace (m®)
Vs : volume of fluidized particles {m?® or 1)
Wa: weight of fluidized particles kg)
Y, Y’: vyield of cyclone dust (observed, calculated) (weight %)
7 . efficiency (cold) (%)

Subscripts

x: particle retained on 24 mesh screen
9 : particle retained between 24 and 42 mesh screen
z: (=x-+vy) particle retained on 42 mesh screen
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The Secondary Activation of Petroleum (Texaco)
Cracked Carbons”

Hiroshi Yanai

Abstract

The properties of primary activated carbon of Texaco (A and C) and Fauser (B) processes
should be different owing to the structure of furnace and operating conditions. These are similar
to the cases where were gasified such carbonaceous materials as charcoal, lignite and brown coal
by fluidized activation as described before. The operating conditions are conclusively effected on the
nature of dusts. Therefore, these effects of a secondary activation on adsorbability and other
properties should be influenced by the source of primary products, especially the operating pres-
sure of the previous stage. This paper was discussed the mechanism of gaseous activation,
comparing the properties of carbons being examined (petroleum cracked carbons) before and after
the secondary activation.

1 Introduction

In recent years, it has been attempted to utilize the carbon that is essentially
formed by the cracking of various hydrocarbons under conditions of incomplete
combustion in the course of manufacturing a hydrogen gas. Since 1947, the
present writers have been developed a series of the commercial plant separating
the more activated carbon from the cyclone dust that is produced by the internal
heating fluidized furnace from such carbonaceous materials as charcoal, lignite
and brown coal as reported before?~®. In 1948, this process was started with
Mitsui chemical Co. Ltd. in its endeavor to pioneer the fluidized bed reactor as a
patent process”®. Judging the resulting data by comparison, similar experimental
trials had been carried out in a certain Winkler generator. The following con-
clusion has already been reported in the previous paper®.

The operating conditions are conclusively effected on the nature of dusts.
There are the optimum feed rates according to the scale of furnaces. The
optimum conditions for the gasification and for the activation are approximately
the same. The operations of all these processes are carried out at an atmospheric
pressure. The Texaco and Fauser processes are similar to our process except
that feed materials are replaced the carbonaceous solid materials by the hydro-
carbon oils. The Texaco process illustrated in this paper is operating under
pressure Therefore it has been attempted to activate secondarily these primary
activated carbon by the method similar to the ordinary gaseous activation.

2 Experimental apparatus and its procedure
2-1 Sample

In order to solidify, suitable quantity of water is added to the cracked carbon
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produced from different operating conditions, corresponding to A, B and C Co.
Ltd.. Properties of these primary activated carbon- are illustrated in Table 1,
where A and C are the products of Texaco

process and B is a product of Fauser process. 9

2-2 Activating apparatus

Diagrammatic apparatus for activation is
shown in Fig 1. The reaction tube is made of
quartz, being 3.5cm in diameter, and 1m in e
length. For the purpose of preheating, uniform %
distribution -of activating gas and supporting
a sample, the rolled stainless wire screen are 4
arranged about 45 cm in length below the sample. J

The sample is dried at 105°C for 48 hours
and then the sample of about 15g is charged
into a reactor encircled by an electric furnace.
The rising rate of temperature is regulated at
5°C/min, N, gas passing through, until it reaches
to a certain temperature. The activating gas
are passed through it at a constant flow rate
of 2 1/min for a given time. The quantity and
the analysis of generated gas are measured with
the wet gas meter and the gas chromatographic
procedure respectively. And the secondary activated carbons are estimated for
the following items. '

Fig. 1 Secondary activation
apparatus

: Furnace 2: Reactor 3: Sample

: Supporting wire 5: Heater

: Reservoir 7: Steam generator
: Cooler 9: Thermocouple

o O o =

Table 1 Properties of the primary activated carbon for comparison

A B C

Ignition loss % 0.5 0.4 04
P H 7.9 8.7 8.0
Specific filterability % 97.0 26.0 63.0
Decolorizing power M B ce 7.0 19.5 12.5
Caramel %o 73.2 91.2 80.8

Sugar sol. % 65.0 83.6 68.3

c.f By testing method of TAKEDA Co. Ltd.

2-3 Benzene adsorption test

Benzene adsorption test is carried out by the quarz spring balance® supported
within a thermostat at a constant temperature of 20°C. Being exhausted the air
for about 4 hours by a vacuum pump, the increase of weight are measured by
the cathetometer, while maintaining at the constant concentration of benzene
(220 g benzene per Nm’® air) for 30 min.
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2-4 Methylene blue test

Place 0.025 g of the dry carbon being tested in a 100 m¢ beaker.

Add 25

477

mé

of methylene blue solution of a given concentration (3~6x 107*mol/¢), stirring

for 25 min at 20°C and filter it by a suction.

filtrate are measured by the photo-
electric colorimeter (filter: 655 mp).

2-5 Relative true density

It is extremely difficult to me-
asure the true density of activated
carbon exactly. Because of this, in
this paper, it is necessary to com-
pare the true density of a carbon
being examined with the true density
of a reference carbon that is kept
as a standard for comparison. A
mixture of the dry carbon being
tested and the distilled water is boiled
for an hour and filter through a
Whatman paper. Again dry it at
105°C for 48 hours. Place this car-
bon in a pycnometer and add a dis-
tilled water. Allow a mixture to
stand for 24 hours after stirring.
Thus the relative values of true den-
sity are possible to calculate from
the observed data.

3 Experimental result and

its discussion
3-1 Effects of the activation tem-

perature on the yield, the ad-

sorptive capacity and the true

density of the secondary acti-

vated carbon

These relations are given in Fig.
2 and 3. In proportion to the rise
of temperature, the yield of the sec-
ondary activated carbon decreases.
The relation between the activation
temperature and the yield is approxi-
mately the same in the activation by
either CO, gas or steam and there

Yield of activated carbon (%)

Yield of activoted carbon (%)

The light transmitted through

100

R —— e
e X e e

94
80
70

60

50

00 0 8w em Jow
Activation temperature (°C)

Fig.2 Effects of activation temperature on

the yield and adsorbability of acti-

vated carbon

500

. : activation
vield | adsorption condition
X X oo N; 1 hr
— O | - O CO; 1 hr
A AN H,0 10 min
100 407

=
oy

L Benzene odsorbed (wt%)

MB adsorbed (/0% mol/1)

o
B
S
<G

705 g0 906 o0
Activation tempergture (°C)

Fig. 3 Effects of activation temperature on

the yield, adsorbability and true

density. Primary activated carbon B

—QO—: Yield -~ O-: Benzene absorbed

: M. B. adsorbed

density

True

<]

Benzene adsorbed (wt%)

S

9
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40

~

True density (relative %)
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100

50+

%% CO generated (CO/total gas) x 100(%)

75 7
Activation time (Min. )

Fig. 4 Relation between activation
condition and per cent of
CO generated
(CO; gas activation of the primary
carbon C)
A1 1030°C, O: 915°C, [1: 750°C
@® : 500°C

Hiroshi Yanai

is a break point near the temperature of
850°C. However in a case of N, gas, no
significant effects are noticed on the activa-
tion. This is probably due to the gasi-
fication reaction.

The relation between activation con-
ditions and CO gas (%) generated in the
CO, gas activation of the primary activated
carbon (C) is given in Fig 4. With the
rise of temperature the equilibrium of the
reaction, C+CO,=2 CO, is advanced to-
ward the right hand. It is thus noticed
that there is a intimate mutual relation
among the per cent of CO gas generated,
the decrease of yield, the increase of ad-
sorbability and true density.

The primary activated carbons have
been already activated at the temperature

around 1400°C. When these carbons are secondarily activated by CO, gas at

temperatures above 900°C the existence of
a trace I, gas is detected at the beginning
of these activation, as shown in Fig. 5. The
amount of H, gas decreases with the passage
of time and this completely disappears after
30 minutes. In view of this fact, it may be
pointed out that the pores of the primary
activated carbon are blocked up by the higher
hydrocarbons at the end of the formation
and these hydrocarbons are decomposed by
the gaseous reaction. This may be one of
the most reasonable clue to explain the me-
chanism of the increase of adsorptive capa-
city by means of the secondary activation®.

3-2 Effects of the activation time on the
yield, the adserptive capacity and the
true density of the secondary activated
carbon
These relations are shown in Fig. 6.

The yield extremely decreases from the be-

ginning till 60 minutes of activation, con-

versely both the adsorptive capacity and the
true density increase. The prolongation of

(86)
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A After [Omin | B After Z0min C After 30min

Fig. 5 H; gas generated at the course
of CO; gas activation

Activation temp. 1030°C
Primary carbon C
1: Hp, 2: Ny, 3: CO, 4: CO; gas
Column (6 mmXx2m), Molecular
sieve 5A, Carrier gas: He 30 m{/
min, 40°C
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100

=
>

Fig. 6 Effects of activation time on
the yield, adsorbability and
true density (Relative), CO;
gas activation 915°C of the
primary carbon C

Yield of octivated corbon (%)
BE/;zene adsorbed (wt “/;)
(I03%gmol/z)
R
Trve density (Relative %)

2 —O—: Yield - O Benzene
adsorbed - ~: M B adsorbed
3% [}~ True density

30 &0 20 720
Activation time (Min)

the activation time is noticed a little effect on these properties. According to the

economic consideration and the purpose of applications it is necessary to deter-
mine these activating conditions.

3-3 The primary activated carbon and the efficiency of the secondary activation

Comparing the properties of carbons being examined (A, B and C) before and
after the secondary activation with the properties of a reference carbon that is
kept as a standard for comparison, the

calculated relative values are illustrated in ol ~
Fig 7 as the efficiency of the secondary
activation. The cracked carbons of the Jrr 1 [ I
Texaco process are superior to the another 0 H
one in the term of this efficiency. 3 9r |
The properties of the primary activated :
carbon should be different owing to the § 8oy
structure of furnace and the operating con- % b
ditions. These aré similar to the cases s
where were gasified such carbonaceous ma- § sot || i
terials as charcoal, lignite and brown coal ;G L
by the internal heating fluidized furnace?~®, 507
The carbons of A and C are produced under ABcCc | ABC|ABC

i h )
con&derab?e pressure by the Texaco. process. Gonrens adorbed M B True dansity 0
In comparison between A and C, in a case (%) oo/sorbed (%)
of A it is consequently possible to recognize Fig. 7 Effects of the secondary activation
that the oil is excessively feeded per inner on the sources of primary acti-
volume of reactor beyond the optimum feed vated carbons
rate. The carbon of B is produced at the A, € Texaco process

. B: Fauser process
ordinary pressure by the Fauser process.

The operating conditions in these cases seem to produce some significant effects
on the efficiency of the secondary activation, although these are not possible to
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know in datails. One may be expected the intimate relations between the pressure
operation and the production of the enclosed pores with higher hydrocarbons.
However, further investigations are necessary on this subject.

3-4 X-ray diffraction analyse and electron microscopic photograph

The results of X-ray diffraction regarding the carbons (C) before and after
the activation are illustrated in Fig 8. Since the primary activated carbons are
produced at temperatures around 1400°C, no change is noticed in the structure
of crystallites by the secondary activation of 1000°C or less.

020 30 40 40 60
28

Fig. 8 X-ray diffraction photograph of
the primary (X), the secondary
(Y), crude activated carbon (C),

charcoal (W) and graphite (Z) Fig. 9 Electron microscopic photograph of
Time const. 1, Multiplier 1, . the primary carbon (C) (X) and the
Ratemeter 16, 30KV, 15mA secondary activated carbon C (Y)

The electron microscopic photographs for the same sample are shown in
Fig 9. According to these photographs, it is confirmed that carbon particles are
congregated each other to a considerable degree as the result of a secondary
treatment in either carbons of A, B and C. At the end of the period producing
so-called amorphous substances having the porous structure the pores of the
primary activated carbon are blocked up owing to the higher hydrocarbons de-
posited on the surface during the cooling stage of exit gases. For this reason,
the adsorptive capacity is greatly reduced. However these deposited hydrocarbons
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are decomposed and gasified in the course of the secondary activation®”. Con-
sequently the removal of the hydrocarbons is supposed to leave the carbon sur-
face free to attract and adsorb other substances and then these carbons show a
tendency to the formation of an assembly, because of the attractive force of
carbon particles themselves. Thus the surface area is increased and a tremendus
porous structure is developed.

4 Conclusion

The utilization of Texaco and Fauser cracked carbons (now called primary
activated carbon) with a fixed bed reactor by the treatment of oxdizing agents-
steam, air, carbon dioxide was studied. The mechanisms of this secondary
activation were also studied with reference to the results of X-ray diffraction
analysis, electron microscope and other physical adsorption techniques. The
results are as follows:

It is possible to recognize that to a large degree the activity of primary
activated carbons depend upon the gasification condition of crude petroleum, as
well as charcoal, lignite and brown coal described in the previous papers and
the mechanisms of a secondary activation are covered by a preferential oxidation
of hydrocarbons which had been deposited on the surface during the previous
stage. Therefore, these effects of a secondary activation on adsorbability and
other properties are influenced by the source of primary products, especially the
operating pressure of the previous stage. According to electron microscopic
photographs, it is confirmed that carbon particles are congregated each other to
a considerable degree as the result of a secondary treatment, and thus the surface
area is increased and a very porous structure is developed.

(Received May 10, 1971)
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Studies on the Effective Interfacial Area in the
Batch Horizontal Stirred Vessel

Koji Ando, Masahiro Hachiyanagi, Noriyoshi Naito
and Hideaki Tabo

Abstract

These studies were made on the transfer rate of oxygen into sodium sulphite solution in
the presence of Cu'* or Co'* catalyst in the horizontal stirred vessel.

Aparatus used were cylindrical vessels, sized 15.0cm in diameter, agitated by turbin type
impellers.

Results obtained were as follows:

1) In the state A;, in which the liquid is splashed violently by the impeller in the vessel,
the effective interfacial area is obtained to be linear with Froudo No.

2) The overall coefficient of mass transfer Kg was nearly constant.
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The Geochemical Study on the Minor Constituents in Bones (VIII)

On the Relation between the Manganese Content and the Age
of the Bones from the Cites in Hokkaido—the Ponnai, the
Kitakogane, the Wakkaoi, the Etomo, the Rebunge,
the Takasago, the Usu and the Sakimori

Nobuo Shimoda

Abstract

A new age-indicator for bones in its manganese content, which increases remarkably in the
course of geological and archaeological time, has been proposed by the author. Points plotted
in a sheet of log. paper together with the geologically and archaeologically presumed time and
their manganese content of bones from the several districts of Japan and Taiwan give a smooth
curve. The samelike relation has been found for the bones dug up from the foreign countries.
Moreover, the reliability of this method has been tested.

In consideration of the relation between the manganese content and the age of the bones
found in the cite in Hokkaido—the Ponnai, the Kitakogane, the Wakkaoi, the Etomo, the Rebun-
ge, the Takasago, the Usu and the Sakimori—, the kind of and the content of shells in the soil,
and the pH and the manganese content of the soil which the bones were dug up from have
been taken into account. The manganese content of bones which were dug up from the soil
(about pH=9) including the shells of oyster is smaller than that manganese content of bones
which were dug up from the soil not including them. And, the bones dug up from the blackish
soil at Sakimori which does not include the shells, contain more manganese than the bones dug
up from the soil which does not include them.

If the manganese method is applied to the bones dug up from the cite in consideration of
the kind of and the cortent of shells in the soil which includes the bones, the appearances of
the bone, and the pH and the manganese content of the soil, this method will be more useful.
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The Geochemical Study on the Minor Constituents in Bones (IX)

On the Relation between the Manganese Content and the
Age of the Bomnes from the Foreign Countries Il

. Nobuo Shimoda

Abstract

A new age indicator for bones in their manganese content, which increases remarkably in
the course of geological and archaeological time, has been proposed by the author. Points
plotted in a sheet of log. paper togethor with ‘the geologically and archaeologically presumed
time and the manganese . content of bones from the several districts of Japan and Taiwan give
a smooth curve. The samelike relation has been found for the bones dug ﬁp from the foreign
countries. The newly obtained manganese content-age curve-2 for the bones -of the foreign
countries runs under but in parallel with the curve-1 which was proposed by the author in the
previous reports.

The manganese content-age relation of bones of the Haua Fteah series deviates from curve-2,
and their manganese content of the bones decreased with the lapse of the age determined by the
carbon-14 method. The fact that the reliability of the manganese method will not be damaged
by this exception can be explained in consideration of the appearances of bones, and the pH and
the manganese content of the soil from which.the bones were dug up.

The relation between the manganese content of bones of SA, NA, BM and additional EA
and S series and their age will not damage the reliability of the manganese method being the

relative age determination.
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b, BOBREBLEOBBL CotHBEORERCTOLMOTEOHE S 51752 LITLATH
50T, ZhoOREMNEFEERELLHESERREETHLZLADEELL, Ok
DICHHEDY TR W THBCMYBIRTFEILT, D¥OHRFEYERTHELABLETHS &
L7z,

L BoltRi: S cBELRBEOSG L, RoFEEO0SY, FOMNE

2. +#o pH

3. Eo<~vIFEE

ChBH 1I~3 0FHIMECEBCHEGERD D LD TH D,

SEOHETIE, ZhbDOHEEYERL CTH#HRO Libya ® Haua Fteah O'BiC2 T DR
BE—BOo~vrvERLFREDOMCR &4 — ARBEGRAARACEERT, TLAFROEBL &
LILEO~ v A VvEERBITAEANRLD I h—2BHE L, Xbic, NARS L7 7
Y FRF), SART (B7 79V H3R%) IO EA & S RIORFERG L REORFEYMNLTE
21 7o,

L. = B

SEOWRIC S BB RIEED S b, KEEHELLPT LA NARI L SA RSz D
FWTEERF ELTAFLL, AieFABEOHETHRAR L L,

=V HVvOEEEL L TL, &SRS, EA, S, BM £k L 0BBORILEE R,
CU, NA 3 X 78 SA RIICHHSITEBEC L - TEEEI R,

HI. & # # 2
BoHti, #HEER, FOBE SIVOFOT VI VEREH 1~3RITRT,

BIR Ho~r s ER
Lybia Series-1

Mn content

Sample Locality Age. Description (%)

CU 1-1 Haua Fteah 4000 0.0105
1-2 4000 0.0181
1-3 4000 0.0185
1- 4 4000 0.051
1- 5 4000 0.071
Soil 0.099
2-1 9000 0.0114
2- 2 9000 0.0148
2-3 0.0304

2- 4 , v 0.018
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Mn content

Sample Locality Age. Description .
2- 5 Haua Fteah 0.050
2- 6 0.026
Soil
31 12000 0.0633
3-20 0.0300
33 0.0036
3~ 4 0.0048
3-5 0.0049
3-6 0.028
Soil 0.043
4~ 1 23000 0.0202
4- 2 0.0094
4- 3 0.0150
51 27000 0.0046
5- 2 0.0054
6- 1 33000 0.0089
6- 2 0.0055
6- 3 0.026
7-1 33000 0.0085
7- 2 0.0097
7- 3 0.123
Lybia Series-2

CU 8-1 Haua Fteah 39000 0.0074
8 2 0.0177
8 3 0.038
9-1 44000 0.0102
Soil 0.073
10~ 1 41000 0.0100
2 0.031

11- 1 44000 0.0070
Soil 0.050
12- 1 44000 0.0079
12- 2 0.0166
Soil 0.066
13~ 1 48000 0.0040
13~ 2 0.0076
13- 3 0.0064
13- 4 0.0198
13- 5 0.0062
Soil 0.036
14- 1 80000 0.0021
14- 2 0.0163
Soil 0.056
15-1 80500 0.0186
15- 2 0.0076
15- 3 0.0150

(1)
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T-®E & B

2R Ho~vrvER

North Africa Seiers

NA 119  Lake Chad, Late Lower Pleistocene/Early Mid. Pleistocene, Bone, 2.83

NA 120 ” »  Lower Pleistocene Elephas africanus dentine 2.25
NA 121 ” » ” » Loxodonta africanus dentine 0.345
NA 122 » »  BEarly Middle Pleistocene Elephas atlanticus dentine 0.167
NA 123 ” » » » ” Elephas atlanticus bone 0.178

NA 134 ” » - Villafranchian Sus tusk 4.30

NA 135 » »  Lower or Middle Bleistocene  Crocodilus bone 246

NA 136 ” »  Lower Pleistocene Bone frag. 5.05

NA 137 »” »  Villafranchain » » 1.37

; South Africa Series
SA 129 Elandsfontein, Hopefield Fauresmith, Early Upper Pleistocene 0.0020
SA 130 » » » n » 2 0.0014
SA 131 » » » ” ” » 0.0037
SA 132 » ” » » » »” 0.0036
SA 133 » »” » » 5 ” 0.0020
SA 134 - ” 24 » » ” » 00040
SA 135.. ” » ” » » »” 0.0044
SA 136 . » ” » ” » » 0.0021
SA 137 » » » ” ” ” 0.0039
SA 138 »” o » ” ” s 0.0020
$B3IEX Ho~vriveER
Sample. Geological Formation. Locality. Age. Description. Mn ?%?tent
EA Series
EA 52 Up. Pleistocene 0.072
. S Series

S 31 Up. Pleistocene 0.042

S 32 Up. Pleistocene 0.135

S 37 Mid. Pleistocene 0.314

S 38 Up. Pleistocene 0.114

S 81 Mid. Pleistocene 0.364

S B82% Mid. Pleistocene 0.053

S 87 Mid. Pleistocene 0.131

*  The surface of this bone is disconstructed.
Miscellaneous

BM 1  Selsey, Sussex, England Last interglacil 0.077

BM 2 Isleworth, London : Last interglacial 0.085

BM 3 Tornewton, Reindeer Stratum Last glaciation 0.085

St 0.105

: 0.083

BM 4 Tornewton, Glutlon Strayum, Renultimate Glacial 0.390

: 0.170

BM. 5 Tornewton, Hayaena, Stratum, Last intrglacial 0.083

0.099

BM 6 Kenya-1 1000 y 0.014

Kenya-2 1000 y 0.004

Taiwan
T.1 Early Pliocene 0.350

(112)
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Ho Late P Up Mp Mp Villa Lp =
T T T T T T T
Ho-Holocene -
Lote P-Late pleistocene ° .
Up.~Upper pleistone L4
M/Up.~Mid/Up pleistocene
Mp.~Middle pleistocene H
Villa.~ Villafronchain
Lp.~Lower pleistocene .
Pl ~Fliocene ;
L ® i
L o i
—~
$
< /0_13 - /0—7
= b 3]
r o o / .
L o ® g N
® @ x -
o 8 ® / xx
@ o ® o 8 x & A 4
+ ® ® %
2 ® @ .
o ® ° 8 X -@ Jopan- : -’
. 6o 8 R o s Sl ameLTaa s
- @ ©° : ® Hauo Fisah-Series ) E
° .
F + o i . ® NA Series ) ) 4
L ° A SA-Series B :
© BM Series © BRCLTHTYSU7 3
© aaa O Miscellaneous 7 |
A
ool 1 vl ooyl Lol
0* 10° 0° i’

Year

Fig. 1. The relation between manganese content
of bone and its age.

Iv. # =2

IV-1. Haua Fteach & (CU RFIDE) DN T . o -

MR THIT LRI 0L, B ELTCEO~YY v &R L HEFN L OBGEE T i
WEEBD, FAAEET A LA CEO Yy A VvERIIKS L T3 L o »EEx
hio (Fig. 1), chik, Fodhe~v v g 2EIEE8T BT L L THFEoN
’ﬁ,%%@&LfbtiEQpH&7VﬁV§%Kioﬁﬁ%ﬁEﬁ%T%C&ﬁf?&
Haua Fteah OB HEL T+ ERD B O CIEMICITEIE U2y, o pHodk,:
HLWHOERDOBILAEL CWictEo pH72 5 5 EROFCAEL Tt Eo pH
84 L BTL T, Fio, +HEPO~vHVvEREL EEALTEN, 0.099~0.073~0.036%
(DEOBRY—E A CER—SL ERTWE) EBMEL Toie, Licdtis T, 180 pH
LevAvaRLEbn, HOERDEAD< Yy H v OB{E BB L 5 TEWT IS
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Ll s, TEO=vFvERIELIRCLDT,

FHLWBO~ v #vaRE s Al “BERElE-1" (FL L TRREHMLOFEDO < v v
HREIFERLOBBERLELD) BHHLHTHB, ZHEHIREAUNL 5> T bl
nblhlew, BOABLHFLVELHCE LTI LTk D, HWBAELTHL LK
REBEW L ETH LB EADb R, ZORIRGEDE boBE, BARTE, HEYOX
57 pHY o LEEhe H+x HE LA REBL TV RBLADRDLDTH B,

EBROFMS S, Haua Fteah OBD = v # v EEIIHFLVWELLHEWENE BT 5E
FRABRIZ LB ABRERPATE S LB5bbh b,

ZhEBPUAERL, ALER O8BHENDHEETZ2EO Vv VvEEN, XY
FLOWBDS, 6, TEOBOLAL ) LEWHEHRELS S Z LABRD, JhE8BEMfIOL
Bo<viivaans 6, TEAAOLEO LR 12 GEWZ L RBEFRADHZEEELD
Nbo

IV-2. NA RFIOEBICDNT

NA RINDBECTFhLHECHROBTH 2, ThODOFO~ v v ERELFTRL B
%ﬁﬁﬂmmaa%%bhéomiﬁ%ﬁ$%ﬁ@f,%%k:amiztwﬁ,wfhm
LThELDTHEWETH S I LIXHEETE S,

NA RFNOFOHZL, <Y I VvERENR TETHLONRH -T2, B2EF T, HAIHRY
DGMEDFLE, FROEWLO% Fig. 1 KA L, WERBEORERO(LOE WEH
HF L) Cr v MV EENS% CETLLONH D, BELL, ZOWHEE, BFE
IR TR +HES B I ERED < v ¥ v SRS OHIRIC S 5RTRE WL 5 I BiE
ThottsBbbhd,

— 1 NA RFIDBEEEE LT, 2D~y Hva sl 5 CR 5T bR 3D A
OB L ETHA5, DFOLIERABIMECTH -T2l BEORENRED L 5 TH o b
LRHATH D, BOREMOREIC L » T, ~ Vv A VOENDELRTRLHCEIbhb
ZELHH OB,

1IV-3. SA RIOBECDNT

South Africa RFIDO B KEEWEE O LTI X % &, Early Upper pleistocene TH 5,
Upper pleistocene Z BtREHBHIDATN: & &5 & T~15 HEf L A DL bhb, BRHHE2 %
HELT BOTVYAVEREBALCARS L, BFOFMRILS~3HEFE LD, Hbtad
BTHo, ¥, LEOPH R Vv IvERESORERTY WD L EATERGCOTTH5OE
RS eW, COBRRBEHFENHEEENL LI REI R LEATITHAH S, b
B, BORROFORE THRE LR TChIE, oI pIvu~v v ERE
OEf, BB Ilmm OLrFEAL THERE LB LEEL T, TOBO~v v ERNTS
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ENSSHBERELDH D 5 D4, BROLCTAILEE A DOTHEL LRI X050 &
PR,
IV-4. EA, S &&U BM RIIDEBLCDNOT

R ORI ER THE S DR b DO TH 22, AL REBYELOBRFOEE b
7o, EA RFlo 118, S %50 7, BM K70 8 HO~v v EEOSFELX % 2. BM &
WHRBORIL, THLTEBELOTLOTHS, BM RIOEFOEN L LT, Last inter-
glacial B 53Dk, V 2A— v aRkodE & LT 10 F4EH], Last glacial 1% 4 Ak HH
O & LT 3 FERT & L,

EdRORBO v v ERLEREOBGRERTE Fig. 1) wFhd, BIRME-1 &
=2 OFENCL B, ZALORBIILLTHIHBAFR L 20T, BERME2XEFA
WECTHEHAL TOL S RABFO v TV EBEZ L LR L T2 - bDTHH I L EER
bbhd, BAORBNERTEELONL LY, bohhBo~vHvERLFTOERLE
DERE TR 2N D TH A5,

IV-5. 8EDBICDONT

Z OFL Early pliocene D4, D TH B LHEEINTE D, EROEDRBEY &Ll ER
ERER S ERTWIR I EAREIR TS, ZOF, £ 45 mm, k35 mm O—
FHME - EMELOEEZ &2, EhDdDTHAORBEBROETTH D, BOWEIAMN &N
M ECTTTRDZENTELR, SThOHEGFLEHLDTHLLEDTH S,

IO BEOEORE AR CRBOALNLERETH - 122, SEOFRREMNS T
BEOBLAORE TR bh, HHEOMICE, BERWCHERD 7280025, &
HBEOBEO~ vy FENPZ VD, BEEFO~v I vERD, HHOBOHLEO %
HE LD, i, BEPo<v VbSO RBOHEC LA bbb, 20
WP LSEREOBEO~ v v BREFREOBRIEE R -1 X 0 LBIRIE-2 0>
KLY #EETLEEZLND, FIMOBIELONEL LA TEED LERCH » D TiLin
mesbbh, I, FROLERC S ERTVEREFRDWT 2L bhikcBflE-1 1E
ALTWRERTER - ESbbhb, 5%, HEBORELY s Zow, HIERREEE
LT~y HFvEO@EH® L0 I T80, RERNTOFEOMIIT DL bz,

&

m

Haua Fteah (CU %) OB~ v v &8 EFERE OMGE R A BEGHME b1
 LobEROERE LD~ v v EEORDT B HEANRD I, 0L 5 iedg:
FPEBL T LBO pH S~ v v EE, £L TEOMNESELEET L, ~v i viko
BEEL L b/ 0 THA S ZERBHITE B 2 Lo 1o, SA R, NA R, EA &
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Tomof OB

Tov RINDEMS, SEIOBM RFoEO <Yy v aiksFoEMR L oG L, HIPEMA
RIEDIDD = v HVEOE kR Z 2R ITHD H 2 & hlbhs fo,

AR TS5 e RERBYE, v 7Yy O RFPENERE, PERESERA MBI

BHEBRE, ABOBAHES % UTT & » Rl EARFRED AR, MBoFERFILOWT
WER TR e BB A R A IERMRICR RS oB YR L £,

1Y)
2)
3)
4)
5)

TH:
TH:
TH:
TH:

(g 46. 5. 20 57 7)

X ko

HIUFLHIGE, 6, 175 (1969).

FEW LR HE, 7, 145 (1970).
ey EE2, 474, p. 18 (1971).
EHTRARERE RS, RSP

THERE- LB EZBERwe (L5 s, 7, 225 (1964).

BALELE 4 2T s\ THE

(116)



M EEMRIC X 5 = F v KBRS B2 #)

—E & XA RIS O
FHAEFELC DWW T—

The Hydrogenation of Ethylene on the Platinum
Catalyst as Electrode (Part 2)

~—On the Pressure of the Catalyst Surface of
Platinum Net during Reaction—

Keikichi Fujikawa

Abstract

Taking into the consideration of the term of the pressure of hydrogen on the catalyst surface
during the reaction, the theoretical rate equation of the hydrogenation of ethylene has introduced
on-the basis of the hypothesis that the dissociative adsorption of hydrogen is rate-determining.
It is discussed that the applicability of the theoretical equation to the experimental results
obtained from the hydrogenation of ethylene in the aqueous solution of sulfuric acid on platinum
net catalyst as electrode. In conclusion it is found that the rate of the hydrogenation of ethylene
under these experimental condetions can be formulated as follows; V=k(Plz—P¥:) PZ.

1. #

THi

B gt o PE TR % BOGEE R O LB h 5 R+ 28548, MR IShOBRERRG L2 E
BEELBA b, MEFAORHCKETL, FLRGEERCILTCLERARMRY S
5L 0L Bbns, FHILC, MEREORCESAFLHETH MERMEEATLE
BAHEEERL, RILFOMEREREC O CEERN I BE L2 TR - 7Y,

GBI LB =F v v EHAELR G DWW TILE S ORI END 228, - ORED
ERFERR O U 5 KRBEERRZBIE, T —F 4 F KEFEERIGDEELY S, #Hi—
PCHBELBLEARIE 2R IBED L ICBbhs, —F, KEBERIGCEWTHASIT
LMW OEBRFEEL B LEBBIEY ZFT 2 L O HENS Y, s Tohb 220
B OB D HBET 2705, KFEEBRIGCOEED WM& CEBMEERC L 5 =51
VIBHKRRISTE T, RIGHF OB BN S RISTEMETH 5 BREXRERLMD T &
T E D, RPFELZ OFITH - T, HSmIROERN B ZT/ 5 ONANTH S,
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2. I ]
FRE/CHEE L L CORDRERHRT 5,

1) H 4+e =Hf()

2) H,=2H(a)

3) C,H,=C,H,(a) (1)
4) C,H,()+H(a)=C,H;(a)

5) CpHs(a)+H(a)=C,H,

Z 2T (@) WRERBLC S HFERBCATOAE, ThbbLBEMRECEERST IO, 1)
DEBTHY, Fle=Fv v ARRIEREREEHCETT 2 0L, 2), 3), 4 ko' d) o&iiy
®5,

1) OBENFEECDH B LT HuE, BA ER,

E = Efit — —BFE In gB® ; (2)

2T EM 3 o W=1 0L EDOTEN, P BBREAREERCMHOLEREEOBKTH
Wh, @y, NEESUTREKEETEILDS S LEL LD MEREKREDOEN P2
Lo TRbTZENTES,

H,

RT ln a¥® = #2 - g (3)
HZ
- /«‘5 —pi® _|_-R2_T In PE: (4)

22T pfh, pFO 3R T REEKE, BREKEOEELERT v 71 2ELT. @) X%
@) R fRAL T,

HZ
E = B g (4~ )= m P (5)
RT
= Efs—pp In it (6)
BLZ 2 TROBFLERT 5.
H,
O -

Horiuti it Xk 52— EHY b EERGEE Vi, LFEE v=1 It 2FZRCOEVHEE
BFRER v, v ELTKRD X SREREND, '
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V=v,—v. (8)

—o = (5} (©)
I PR 0 OFBECRAT AR ERT D, T L, R IEBRIGOFEBRROAER
FEFT. o TEEHARCRCORERMY 2) DR THD L T5 &, HEREDOLIL
CEHRDESEET B,

Y PH. :
ﬁm = PH. (10)

Lo T0) K& 9) Rt fRA LT,
V = k. (Pf:—PH) (11)

=k, [P{;‘z—-exp {%}] (12)

R —ERPO TS KE BB L ZRBRALE S, ER=0V kT2 0bRAEHE 2,

V =k, [P§{Z~—exp <—2RFTE>] (13)
E 0 0 HEN
b oy Lodle

¥
AQ
ml\
/I\ J
Ja )
6B \NSAAN VAN ¥/
G
VP
EC
Lecpi . G.C
E.C s electrode cell E 5 ethylene infet
G.C 5 gas chromatography . H 5 hydrogen inlet
C.P 5 circulation pump N s nitrogen inlet
V.P 5 vacuum pump 0 ;5 gas outlet
G.B ; buret of gas © 5 2way cock
BY 5 buffer volume 5 3way cock

B-1 ZFREBERKN
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3. = B
Ao X B 5 &

KEREER GO RN L M-1 1R+, SELTEE 0.03mm O H[EHC X 5% EES cm
DB 2l DT, ZOHMFANEERIL B em? TH D, BEHEHRY K-21rR7, =
Nk Harlo # 7 A8C, AR BRIIBAE7 I v 7HESY AT FARLLIEBEE ANRTH
B, MEBFIZoONEREbNI, BEZTXTEERTH %,

A C : B

‘N
[
%

|| L

=
b

Y

H—2 ®E®AE®R ab,cde; glass filter

& 0000000 ~

1) kEBELRBFE HEBEOBEECNATEKEEMLTHDZ ErHERL, hi 7/
~ 7y 7 LT~18V I 2~3 MM L, 25\ CKEBRMICH 5 o MKET 5, Oy A
Ealy "X T—EBED=F Vv vERCEALTLE, BRAV 7L FHIE (T AR
G35, KiLzay 7 ADKYHMAML CRAEF AL B BERCEAL, I ORE LK &
T 5,

2) TFLIREER Lol ofESL T —F .y 20mE% RIGHKEE TOM
W =L Y R ERARICBESE CARNOG S L =F v v T2 BRT 2 BF2 302
LTHB, BT HICH S THEBEMIECE ) KIGHBMRICIH 03V Licd,

RIGBHAO—ERHBIZ T A7 it I D ER=2 v EEREL, I ORRZEL, D RSHHE
ExRDI,
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B. R # &8
775y 7T ;B IEEOE A R L O K-8 THDH, LEOTFEEEL
SHUTHEZETH D, MBEO DELIC L - T HERIEAT20TEH BN IHIEIE 2R
B7e b DT Ei s EBbh b, K4, RIGFROMEERLORENLElY, =Fv Y
GEHAT 22— LU TR LT FRBBEBMLCRTE7 /7 7y 7 LEHRIFBD HRILL,
FRIGEE O =5 v v 53 AR ROV BAL O 5 IR AR % B U ki ik -6, -6 RO

100

oo [y 0.574 atm
- 2 Hy
15 |— K
+/
sol-
A
X ©
J{72 uund
< PN
x
g
L
g X
o
X +
s\0,5——-
3

E—_
©
©

) 1 1 1 1 ] e 1 1 .}
) ) 20 30 40 s0 6 7o &0 90
— ! tmin.}

B8 7/ —Fv 7 ¥R %o o 20 30 40 50 60
O ﬁ\% ﬂ e @: 1@@}?& —_— ! (min}
A 2 EAE +, Xt BEAE B—4 fsEEMoRREN

14
| O
< L2 N
8 b 9
NG o® B8
3 X A
{08—' X §< + A
3 %
5 x X X % + +
06 O & x x
) g P
o4 + A
VLN
oz
0 ] | I | | |
o ar o2 o3 o4 o5 06
PoyHy (atm)
B5 KREEEOHRKE
£ 1latm

X,®,©: KFLHE, zhFh HSO, 1IN, 03N, 003N
4,4 =F U AHE, ThTh HSOy 1N, 006N
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100 1= 100+ 1
“_f_.é.i I 1
so | S . dop .
~ > e
3 v g
NP '[ W 60
Wy
40 = 401
T .
20 b TT 20+
-—T v
= 1 1 1 0 — | | _'6
° o 0z 04 Y 0 02 04 a
Pty (atm ) pC‘zhh (atm)
B—6 MEEroERKE B—7 MEEMLOMEREKR
1 N-H,S0, 0.03~0.056 N-H,S0,

H-7TwRs, MIEEMIL=F v v EOEIET T, KT EF I ABET 28546 &
—BOBEEND DA, BEODHBHETILRICEENS 13 0B LB L Hay, K
FRAOEZ EFHHETE - THRL I,

4 = =

RFEROFERIIECEAEY 7 v /IR THELICL O LEENC—FHEL T b, Tibb

D FISEEKRFERBFHE R KEY FoLB ofigc 5 %,

2) FEEAIERMCIHK & BEMERO O ST B 2 ERTE, o,

3) DO E RO IR & b pHEFERIED bR,

WHAFSTEC 350 C, IS O— 2 BB IRB T 2 ENAERE L D 2T, 70
Hiwk (12) 2R KR OBMEEOBE LRUTHD, o TRATER SN HIBOEE
vp TEMEI L o Tk, HEME L BHRAT5Z 3B H 5 & Bbh b,

vp = 2 (o) (14)

LI DMEBAET, ZhiEE < ORMFCONT ~10 7 emsec™ E LTIV, 0 IRIREL
BEEXCER ~10%cm E3h 3, Fic C%, Ch X th FHBERABROERCOKED
BECh D, EEOFEIL, Henry B A=7.76X10*® 2\ 3, fEHIL, ©vp=10"5~10"¢
mole/min+cm? © % % DI i L Fifix V=~10"mole/min-cm® TH 525, IRHHEED T
BIEEEBLESTL IV EELBR D,

A A) Wk Tt =F LU vORFC L A RCIHEOEBEIER I Tuitl, Lo
LSRR KBEROBAHBEEROEREN DI, 0 EUEERNERHTH S
5LELZBbRD, CCCERBECELEATENT=F v v HE Pe L £ O 2 kAR5
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&, KORBBRETH S,
V = k. (PH:— P Py, (15)
ThbbEREHEOREINLEHFT, 2 XERERLSh, F&cln VIPH—P) -+ 2

hl PE 01; LE%EE@%%%X’_ Z)o Z Qﬁ’{:ﬁ‘%%% l—g]_S &U\ [Zl—g W—‘ﬁ:\'?o

10g Py
-2 -0 -08 06 o4 -02 o
T T T T T T 25
27
Q
Q
N
~-29%
x
R
—-3./
M-8 (15)s8icrnory b
INHLSOY  ®: KEAE @ =51 AR
log P ————y
-2 -0 087 6¢ om0z 0
I T 25

-1-2.7

——

boy

6 v ) A

B9 (15 Rern7wy b
©®, ®: KFELE, 03N, 0.03N, ~-H,S0,
-©-: =+ v v, 0.05N-H,SO,

i, pHERLEBLALEMGERD D ENTE, ROEEXNELRS,
Ok 2 M B V==~ (Pl—-Pi)Pp"®
(mF v vil®) V==k. (PF—P&) Pzt
HET=Fv v OBBARLRIG ST 2 FRBENE b, & ORixUGH Ok
FEoEL &, ERECH L TRIEATHILIOTHS,
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T

®

L ATROEREECIEC KR CHA R T L ARETH D, BT OFEIR
B o TREMKEPTH B,

BOAERCEL TEERR IR LW e Sl TEREMNAMER &z 05

o

FOHABEHOEXERT S, (HH 46. 5. 20 2 H)

X 3

D BRI BB STRWEHSE, 7 1), 67 (1970). ,
2) J. Horinti and K. Miyahara: “Hydrognation of Ethylene on metallic Catalysts”, NSRES-
NBS-13, National Beurean of Standards, U.S.A. (1968).
3 B4: B&ALE, 33, 782 (1965), Wk, 33, 866 (1965).-
4) J. Horiuti: J. Res. Inst. Catalysis, Hokkaido Univ., 1 (1), 8 (1948).
5) Barton and Lewis: Z. physik. Chem., 33,99 (1962).
Kandler, Knorr and Schwitzer: Z. physik. Chem. A 180, 281 (1937).
6) W. J. moor: “Physical Chemistry” 3rd. ed. (Prentice-Hall, Inc.: New Jersey, 1962).
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The Geochemical Study on the Inorganic
~ Constituents in Marine Organisms

The Content of the Cupper, the Lead and the Zinc
in the Shellfish of the Coast of Hokkaido

Hirotoshi Tanaka and Nobuo Shimoda

Abstract

The purpose of this study is to know the mechanism of concentration of the minor inorganic
constituents into marine organisms by considering the content and the state of their constituents
dissolved into sea water.

In this report the variation of water quality which was given by the influence of the water
of acidic river flowing into the Funka Bay and of the industrial effluents and the cupper, the
lead and the zinc of the marine organisms-middendorffi, yessoensis, Paphia philippinarum sachalin-
ensis and grayanus- are studied.

The fair difference of the cupper, the lead and the zinc content of sea water of the coast of
several district was found. And the following fact has been found that the zinc and the lead
content of grayanus increased with the size of the shell and middendorfi contained the large
amount of the cupper compared with the other shellfish. The content of the minor constituents
of the cultured yessoensis in these districts is almost the same.

#*

]
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LEHMHORDELHEE MERHMESEOREFMRT LT, HoBREELLE S ELH#
W= 1,

AEIOBFE T, HABCHAT 2MEBMEAINC X » T, £ OK—FITRREEK—DK
BOBR, BiROEHEEDOBERS—H, BH, Aol 5B ke dbibdreE
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- T A

DR, BERE KESO~OBROBHESOZRCENY S (FC L, OX5KRA
b, FEEANO BXMUOEEORED L O LEXTED L 5 fbFRy LOoMEL b -

T B %

5RO L O b WIRONE L LT,

WARDHEE L, ZOLEBAKNT, JLHE T HBRIWHROD I EHLRE X

£1 ®BKRERUCAROD
SR
. X . -
L N N P I T T
(cm) (ppm) (ppm) (ppm) (ppm)
% b 7 + y 0.005 0.0025 14 2.2 1.1x102
" * X b2 0.005 0.0025 18 29 1.5%x102
" FYEVRT (N 0.005 0.0025 17 2.9 1.4x102
” = VA HA 7x4 0.005 0.0025 27 4.3 2.2x102
” 1 9X5 0.005 0.0025 45 7.2 3.6 X102
7 " 13x6.5 0.0056 0.0025 94 15.0 7.5%102
H g3 " (7} 6.8 1.1
18 25} TV EF 12x6.5 0.0009
" " 10x5 0.0009
7 kX F 1Ix11 0.0009 1.3
" ” 8x8 0.0009 11
= T 1 11x11 0.0004
1" " 8X8 0.0004
2 % " 12x12 0.0004
” ” 8x8 0.0004
” ” 45x45
m B | & v % | 9x7 0.0006
F " 12x10 0.0013
= [l F O 16%x16 0.007 0.0063 9 15 2.1x102
” 1 14x44 0.007 0.0063 12 1.9 2.7x102
" ” 12x12 0.007 0.0063 18 21 3.0x10%
# B M " 10x10
J\ =
% i
i3 i
#oF
L N 0.003
sp g = —fk Us%) ppm

Koo

ppm
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PRFRO REGIRIRE, A, BhOEBMBCEEOR (k2 5, &y, =41 44,
TV =yAEZ, THVERE, RO ATOEKRDERLE 2,

BEOEBRDTOCTHA EEY oMl FRnd %52, Tho oI BEEIrob 0
DEFCDLRE AT N, BROIEFERCOWTILET L 2 —BoExaHL T\ 5,

W EE B RE

2l i &

ook T A | e | e ok B B e | | o
(ppm) (ppm) | (ppm) | (ppm) {ppm) (ppm) | (ppm) | (ppm)
0.0020 | 0.0015 | 124 | 20 | 10x002 0.013 0.0036 181 | 29 2.2%10%
00020 = 0.0015 42 0.7 4x102 0.013 0.0036 150 24 1.8 103
0.0020 0.0015 40.6 65 | 32x10? 0.013 0.0036 | 3,199 484 | 37.2x10°
0.0020 0.0015 9.8 14 7102 0.013 0.0036 276 | 44 3.4 103
0.0020 0.0015 7.0 1.1 6102 0.013 0.0036 414 66 51x103
0.0020 0.0015 6.8 1.1 6102 0.013 0.0036 664 106 | 8.2x103

7.8 12 145 23
0.0025 0.00025 | 27.8 44 | 18x10? 0.009 0.0007 265 42 4.7%108
00025 | 000025 ! 535 | 86 | 34x102 0.009 0.0007 330 53 5.9%103
0.0025 0.00025 6.1 1O | 4x102 0.009 0.0007 194 31 3.4x103
0.0025 0.00025 5.3 0.9 4102 0.009 0.0007 165 26 | 29%103
0.0010 0.0007 54 0.9 9102 0.003 0.0005 183 29 9.7%103
0.0010 0.0007 5.4 0.9 9 102 0.003 0.0005 213 34 | 10.1%108
0.0020 0.00013 48 0.8 4102 0.019 0.0013 175 28 1.5% 103
0.0020 0.00013 6.3 1.0 5% 102 0.019 0.0013 145 23 1.2 103
0.0020 0.00013 48 0.8 4x102 0.019 0.0013 158 25 | 1.3%108
0.0010 55 1.0 | 10x102 55 9
0.0010 0.00013 43 | 07 7% 102 0.012 0.0012 63 10 | 0.8x108
0.0053 0.0043 52 0.8 2102 0.030 0.00063 | 158 25 0.8%103
0.0053 0.0043 5.8 0.9 2x102 | 0.030 0.00063 | 212 34 L.1x 108
0.0053 0.0043 5.7 0.9 2x102 0.030 0.00063 | 182 29 1.0x 103
5.0 0.8 151 24 0.8% 103

0.0034 0.024
0.0015 0.006
0.0010 0.005
0.0010 0.006
0.0025 0.007
0.020 0.012
0.0006 © 0,001
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BARKFOHMBRSEERISENC L - TARLAFEIHLLTH S, SEOFFERTILIHDERT
BEFOBROBMER S ZTED, NEIBC L AMELL-HE (== A PHT) OBEES D
T T, WKhOMBRSERECHEEREBY IR L THREITIR - 1.

£ B A &

Bk X owkoRicti M, % Ak, m, 29, s g, AR H OBE
B, TheEBETThALEEIRICRLTH B, BikhE 7, sy FLSHIRBRDOLOT
Hh, ThOTUM L THETHE, MBCEEKTHRCERI SOV, £ ORER
Bta~bg R L, WB—BERBCCEEHYEBLL, #2737 A=21T 100 ms 2454,
pH=1 k%, ZhEZETELEFMECTHEL L, BMEROFRICIIBOFETRY &
— T DB T ORBIE R N2 e, BAOHEITRK LS % pH=42 D, 5mé O
1% APDC &, 25mé o MIBK & CHi LR FRESHIRC TRIE L, Z OREROIER
i, —ERME U BRFCHET XELESECFEY O BEER Y Iz 7o,

BRI L B 2 v A PRTOMNEL, FEOAFER (B2 150 mm) TEUK 10 ¢ % 3200/
min T 30 5477e >, MBS T L 72 b 0% HF BB THE L 72,

M, ATIREIX HA Jarrell-Ash AA-70 R FBEEESFEHL, ROFHTITR 1

PN » Hetco

W B $0-3247 A, HESR-2139 A, $4-2833 A
S v 7: $-15mA, HWEH-10mA, $H-5mA
PRBE 2 0 KE (0.7 kg/em?)

HEA A 28R (1.0 kg/em?)

ERERRUEE

WBRKCEFL TCOAMEBERS XL OEYPTEBHEI RS, LORGOESITHEOEE
WroTRRD, SEIOWRTEEABRETIAEED, KUWEEc X » CEx METH
BWAT DT, EFRECEKRD ZHADBORFCOCTHALENRD D, ZhbeTr -1
CE L, WRKOGIEYKRL 2 (K1),

F X 5 EHPNNOEE L Bhh b BT, fng <, BERE, B~
FECEAL, LaabPRECHT TRREC EROBERARDH, THEAHEW CRRHMEY
RL T D, L BAEBROR L ECEOHR TS FEEKY OBMHBL bdis Th2HE
ExHbE b L ARMAMRATFRIHEEFERTIC L - TRENELL T2 HIIBS 1 TH S,

DERCHEDWTA L E, =/ AXNMEREENRKREL AL DICOoNT, HEHOSHEN
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WL Cw2F08brk, UL
oW TR HED BLED T 2
B G DT AL, I OB oW TIL
B R Lo, 7Y =y R 5k
B, SCHIZARLRD X5 T AmD i
T I ALK BRI Shicd
OB BOBEIC L 5L 00
EHEHEBE LIV, —FH27 B
DT RFBELRO T T Tn s
LEbRBELOEBMBOR (B ¢ 400,
KEHATHow) &, HEAkEO A% B E460100ren
HELCh, LA—FHFseERL
Fo R, A BIDOWTERTHTE
OB (GR, W) ik EL

WE LIRS, 2 U EEIC X
40T, BEIEET DL BT B—1 BmAERROEKOEERRS (1, BH) o51Mh

Tlabh T A HERO BEYZ T oFE, TULTEEOMMIEV-FEZFCLL2b0L8D
node

K, ze A FRETFEOWTE, F2K, AR OMEBRS 0BG HRE Y ZET 51,
BTN EZEZ T B, SEOWET LK OLMERFL FL R X 5By ES
FERTCONBL B -,

M, SOME W TERM R e o 1B, BEFBRESMEOMERET 4+ &
L7t OREBETE e 1o DIIERETDH 5,

[HEHN 46 45 B2 S0 4 Re TE BT R P R SR 1 — R 3R 3 ) (R 46. 5. 20 = 7)
X i3
1) THER-AAEH: FLKWH 7 (1), 102 (1970).
2) THER -GEAEE: FIHHR 7 1), 117 (1970)
3) THES-GAERG O EE: EIOEE, 7 1), 125 (1970).
4) N ESEBE-FERER: ER AW, 11, 163 (1960), 12, 137 (1960), 13, 98 (1961).
5) BptER (1969).
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A Method of Solving Some Problems in Structural
Mechanics by Means of Finite Integration Transforms

Sumio G. Nomachi, Kenichi G. Matsuoka

Abstract

This paper presents inversion formulas coupled with a finite sine and cosine transforms which
are defined by finite integration, together with the related formulas by which the finite defference
equations can be solved in a similar way of the integral transform method.

As an illustrative example the elastic analysis of the Warren truss of n pannels is treated and
the convergency of finite element method of triangular elements, which are applied to the plane

stress problem and plate bending problem, is analytically confirmed by the aid of the presenting
method.

1. Introduction

The definition of “Finite Integration”, according to G. Boole", in the inverse
operation of “Finite Difference”. The finite integral of a function with a certain
kernel defines a finite integral transform, similary the finite integration would
yield a finite integration transform. It is a well-known fact that the integral
transforms play an important part in the field of continuum mechanics, so the
finite integration transforms are supposed to be a some tool for the stress analysis
of the fram work structure, and grid work structure.

We can extend the method to the analytical evaluation of the finite difference
system which is made from the continuum elastic body by the finite element
method.

2. Inversion Formulas with Respect to Finite
Sine and Cosine Series

(@) The Formulas for the Function of Integer x

S.[f@] =T fla)sin = e
o i 2.1
C[fl0)]= £ fla)cos Tz |
a=1 7n
We have the inversion formulas coupled with the above, as follows:
fla) =25 s[f@]sinTa, ]
n
. 2.2)
fla)= [ (@]cos -z,
n

(131)
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where

(b) The Formulas for the Function of x+é—

Let us introduce the symbolic notation as

o3

2=0 2
- 1 = 1 in 1 (2.3)
Ci[f<x+*2—>]=§0f<x+7>0037<x+—2->.
In a similar way, we have inversion formulas:
1) 256 Tl 1\ sin e (s L
f<x+—2*)——nﬂi§]=1w[f<x+7>]sm . (JL‘+ 2)
+i(—1)”‘Sn[f(x+i>] ;
f<x—l——1— =l7§a [f x+i>]cos—llr—<x+i> (2. 4)
2 n i=2 2 n 2
+1 ¢, [f x+~1—>}
n 2
i=0,1,---,mn; x=0,1,---,n )

3. Related Formulas

For convenience sake, let us define the modified mean and the modiﬁed differ-
ence as follows

S+ )+ fle)=Vflx), Sfle+D—fla—1)=4f(z).

Applying the above formulas to the first, the second differences, the modified
mean, and the modified difference, we find that for the sine transforms, -

S, [mf(x—m] =—sini7”{<~1>¢f<n>—»f<o>}——Disi [f(x)] RENERY

n

5, [A f(x)] — _2sin TR, [ f(x)] : (3.2)

(132)
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et el oo
S, [Vf(:c—é—)] —2 cos%gi [ f<x+i>] , (3. 4)
ifd?(x—%)sin%(x«i—%) _ sin{_{zf< ; >—Af<%>

—(—1)‘52f<n—~2—) —Af(n—%)}—DiS%-[f<x+%->] . (3.5)

5 ﬁf<x+i>s n—1<x+%> — sin é%f(——l) Af<n~i>
.y f<i>} —2sin G, [ f<x+_1_>] (3. 6)
S [Af(x)] ——2sin 2 R [f(x)], 5.7)
S, ’Vf<x>] = sin —;"j;{f<0>—<— 1))} +2 cos 25, [f(x)] . (39
and for the- cosine transforms,
[ #fa=1)| = (~1/dfn—1) ~ 270~ DR f(a)] (3.9)
c. :Af(x>] = —(— 114 fln—1)—47(0) + (1 +cos %f—){(—lmn)
- f(O)} +2sin L;f_s [ f(x)] , (3. 10)
oot e )
(3.11)
C [Vf(x—%ﬂ —— (-1)f<n—-§—) —f(_> +2 cos i_’;é [f(x+% ]
(3.12)
x Af<x——;—> cos i;-(.r—l—j—) = — COS % {Af(—;—)
—(—1)4 f<n——;—)} _DC, [ f(x—#%)] , (3.13)
2 fﬁ(x-l—é—)co —Z——(x—i-L) = —Cos %{Vf(%)
-<—1>¢Vf(n-—})} +2sin-2 g, [f<x+%>] 5.14)
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n

C, [Af(x)] ——cos 22 ,{-f(0>.—-(,—-;1)”'f(n).} +2sin L8, [f(:c)] ;319

C’{Af(x)]chosgz—Ri[f(x)] e S (3:16)
where

D, = 2(1—005 Z—”) .

n

4, Analysis of the Warren Truss

As an example, let us consider the Warren truss as shown in Fig. 1, « and
w denote the horizontal and vertical displacements at a nodal point respectively.
A;, A, and A, are the cross sectional areas of the lower chords, the upper

_HDQ

n;/l

Fig. 1.

chords and the diagonals, and 2, A, represent the lengths of chord members and
the diagonals. ’
Then the stresses of the members are related with the displacememts by the
following equations ‘ ’ ‘ ]

S’r-r+1 :Sr—i-l-rzKl(ur—%l_——ur)) )
-

S. TR O R Sr+g.r+% =K, (”H,g—”ﬂé)a .

'Sr'r+%~ = Sr+%-r = K3{<ur+%_u‘f)a_<wr+%_wr)ﬁ} ’

S, =8, 4, =Kflu,—u,_a+w.—w, )8},

7‘7‘“'2‘ 7"-’_2'7‘
where

K —EA g _EA, g _ EA,
2 2 2

, a=cosf, f=sind.

. ) i
And the equilibrium of forces at the nodes 7 and 7+ written in, for the

horizontal components

(134)
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S,..,crl—Sr.,._l+(Sr-r-+%_Sr-r—%)a+Hr /D,. i_l
= K Llu, + Ko Vetr-—2u,) Sprt _7_-6’:%» Srafred
— Ksapdw. 3+ H,=0, (4. 2) \
S‘r—%-%_SrJr%—-rv!-g+(Sr+%~r+%"‘Sr-r+—%—>a+Hr+%— /
Srat-r 5r+-2L'r+l
= K2A2ur—%+K3aZ(Vur_2ur+%) z
+K3a‘BAw,. +Hr+% = 0 (4. 3)
for the vertical components
(Sr-r—%-%+Sr-r+—é—)‘8“Pr=K3aﬁAUr—% sr"‘"’x Sr‘r"%
— K (Vwr-—2w,)—P, =0 (4. 4) ' ' Vi
(Srigrs1+Smg )+ Prig = Ksa,ﬂdu S TH,—_’S’"”
+ K (Vw, — 2w rg) + Prsg (4. 5) 2]
in Whlch H, P are the external forces actmg at Fig. 2.
the nodal point.
Py 1
-/LTﬁz’_' 51 The equilibrium of forces at the nodal points 0, - are
/ \ o Kty + Koo~ ) — Ko (wi —wo) + Hy =0, (4. 6)
Spo St KaoB(uy—u,)— Kof*(wi—wo) + P, =0, (4.7)
Kodus + Koo (Vuty— 2n3) + Ksafdw,+Hy =0, (4. 8)
KoaBdu,+ K (gw,— 2wy + Py =0, 4.9)
Sp-t and the equations at the nodal points 7, n—%- could easily
/ be written in a similar way.
/ s Applying the symbolic operators §;, €;, S;, C; to the
Hy=—= o1 equations (4.2), (4.3), (4.4), (4.5) respectively and satisfying
Fig. 3. the boundary conditions that the truss is simply suppored,
we have

{K\D;+2K;0®} R, [u,} — 2K cos ;l C.lur+1]
n

+ 2K a8 sin ;_”s [wesi] = C[HL], (4. 10)
. |

2K °8; [w,] — 2Ksaf sin éléz [22-+3]
. 7

— 2K, cos ;” 8, [w1] = S, [P, (4. 11)

— 2K,a® cos Z—ﬂl?Z [u,] —2Kaf sin T8, [w,]
2n 2n

+ {K,D,; + 2K?) C,[urs3] = C,[H:s3], - (4.12)

(135)
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2K sin 25 Ry [u,] —2K.f* cos 7 8, [w,]
2n 2n

+ 2Kgﬂzsi [wr*%] == Si [P)—*%] 5 (4. 13)

from which we find out the integration transforms of the displacements, and
invert them into the actual displacements.

Taking the case when the concentrated load acts at the nodal point ¢, we
obtain

C;[H,]= C, [(H-+3] = 8;[Pr+3] =0,
S;[P.] =Psin Z.—WC,
n

from which the nodal displacements are written in the closed form, as follows

P g—‘n{(nz—cz)-fi(n—r)z} , r>c w1
u, = . .
Kip n—c {37‘2—0(271—6)} , r<c
3n
- Br—ra—r+)—r—c}, rxc
b | (4. 15)
ur%—%= . .
KB | n—c {e(@n—c)=3r(r+1)) r<e
3n
c(n—r)
w, = 2K1—K3a2 . n
. K,-K,p? r{in—c)
n
c(n—7) {r(2n——r)—cz+1} , r>c
4&2(K1+K2> 67
—KWP- o) (4. 16)
v -——~{c(2n—c)—7~2+1} , r<ec
6n
£ 2n—2r—1)
P n
Wrig =
Raf 76 (2r+1)
n

K 1K) —357—1-(272—27‘——1){r(2n—r—1)+(n__62)}, >

K- K,p° ‘ n—c

3n

(2r+ 1){6(2n—c)—r(r+ 1)} , r<c

(4.17)

and the stresses of the members are written in

(136)
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£ @2n—2r—1), r>c
i 7
S =2 (4.18)
T 2r+1), r<c
n
—~(n—n), r>c
Sr+%-r+%-: %' " (4' 19)
—Z(n—c), r<c
n
£ R r>c
Seeg= 41 (4. 20)
_ﬂ—c, r<c
n
__C_, r>c
* ‘Sr-r-% == '% . . (4. 21)
' n—c r<c
7

5. Convergency of Finite Element Mthod by Means
of Finite Integration Transforms

The most important question for the user of the finite element method, is
whether the method yields sufficiently accurate results for his purpose. Numerous
test calculations have been performed in
order to compare results obtained by
means of the finite element method with

. . f’}m
known analytical solution, but they have f
only partly answered the above question.
There still remains the fundamental ques- ;m_
tion whether the finest limit of the R {
element can insure us the exact solution "
of the differential equation.

We will illustrate that the finite in- (43
tegration transforms can analitically ex- \ T’
amine the convergency of the finite ele- . LT _l
ment method. ’ d

X

(a) Plane Stress Problem | z

Let us take the triangular element
as shown in Fig. 4, then the stiffness

matrix [K] is found as®

Fig. 4.

(£37)
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Kii K?}] Kim
[K] = K, Ky ij (5- 1)
[N Km7 ij Kmm >
where
1—y 1—y
z brbs+——2— CiCs Vb, c -+ 5 b,
A
K.} = T A=) 1y iy
vbyc,+ b.c, c.co+—=0,b,
2 2
b'z:yj_ym7 Cy == Ty L5,
A, t; the area and the thickness of a triangular element respectively,

from which we have for the case without y-1
body forces,

(FY = K] @, 5.2) ,

Y+5

where

{F}e:{Fm Fi/z sz Fz/z Fzm Eym}rs

(Y =fu v w v w v}

Assemble the triangular elements as

shown in Fig. 5, then the equilibrium of ¥-%

forces in the x direction are expressed by, at z—F T ik e
the node (z, ¥)
Fig. 5
4 1 2 1
1. <uw -?Amux—z— y> -+ Tty <uzy 7Vyuzg/—%—>
1
— 30—7) 44, 05-3y-3 =0, (5.3)
at the node (x—i— —1~, y—l—i)
2 2
4 1 2
12 Usrdoy+d— B Vocu’C 21*'%) + 1+ (ZL@+—Z vty
1 1 1
—7—‘71{”:”%1/) —?mdxdyvzy = () 5 (5. 4)

at the node <x, v+ %)

4 - s

112

at the node <x+%, y)

(138)
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’ 2 \
- 4 - (711,712.y—%417xu1,y>+ L <ux-%.y——;—l7'yuh%.y_%)=0. (5. 6)
—y v

Making the finite integration transforms from the equations (5.3)~(5.6), and
combining them adequately, we have

1 44 Do Iy D,}Risr[ux.y]
(1+v)(3—v) 1—y 4
| .
A cos T cos T C.8, [tiarjv+i]
(1+v)(3~y) 2n 2m
+ sin _12;75_ sin ;ﬂ 8., [ttartv+2] =0, 5.7
—y n m
S gD 1y Dr}asﬁ[um%wﬁ]
(I+v)(3~—y) 1—y 4
4 in 1
- —— RS, |u,.
LB ) % o €05 gy FoeSe L]
+ sin Losin ' $,R, [u,.,] =0, (5. 8)

1—v n 2m

in which boundary conditions are to be given as to eliminate the boundary values.
In a similar way, the equilibrium of forces in the y direction leads to the

following results;
|

1 D 1—y G~
4+ T+ Dy} 8,C, [tte+ 3943
(1+v)(3—v) { 1—v 4 } [t 30+3]
4 i T o

— COS —=- COS S, R {u,,

Q0@ ) % o O gy Sl lita]
+ sin ™ sin " RS, [u,.,] =0, (5.9)

—y 2n 2m

— 44Dy 1—”D.L-}S,~R,['vm.y]
3—v) 4

(1+v)( 1—y
4 i rw &/~
_— - COS cos 8.C.[v2rdusd
1+»)(3—)  2n 2m Lo toi]
1 in 17 sin T C8, [ttar 391 =0 (5. 10)

14y 2n 2m
1, 8.C.[v..1.,-1] in the equations (5.7), (5.8) and (5.9), we

Eliminating C,8, [«,, Lo 1

B

have
D ' 4cos~;£cos ' .
4 +~1_vDa} RS, [u,.,]— i) e 2m -{40'05—”5— ‘
1—vy 4 4+ 2 +_1——u D, 2n
1—vy 4

(139)
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X co8 T RS, [u,,] — Mﬂsin M sin 1T S,R, [2.1]
2m 2

1—v 7 2m
1+v)(3—v) . im o

A 2 sin —— sin
1—vy 2n 2m {

o )

4cos -F-cos 1T 8, R, [Vay]
4o - 2n 2m
1—y 4

_ 1+v)B—y) sin in sin 4% R,S, [um.y]} =0, (5.11)
1—y 2n 2m
which corresponds to the equilibrium of forces in the x direction.
Neglecting the higher order of D; and D,, we can write equation (5.11) in
the following form;

D, D, : 1 . im . Tw
L e 2 RS (g +——— —— SR v, =0.
{l—uz 2(1+v)} L] 2(1—v) )sm 7o m o]

(5. 12)

Making the element be infinitly small, is equivalent to letting #» and m be
infinite, thus we have

D= p (7Y gnimoa(im) TR
F Y n 2 r e m b n . n b m . m
In the other words, the more number of subdivision is used for the presented

problem, the closer the finite integration transforms corresponding to it become
the finite integral transforms. We therefore, write the equation (5.12) as follows

1 _32u+ 1 .82u+ 1 v
(1—% ox* 2(1+v) dy* 2(1—v) oxdy

(5. 13)

which is for the case of infinitesimal subdivision. Likewise, the equilibrium of
forces in the ¥ direction yields

2. 2, 2,

1 du " 1 A 1 v

. =0. 5.14
2(1—v) dxdy 2(1+v) dx* (1—v) 99° ( )

A couple of equations (5.13) and (5.14) are well-known as the differential
equations for the plane stress state. So it is concluded that this kind of sub-
division method would lead us to the exact solution by letting the number of
element be infinity.

(h) Bending Problem of Plate
A hybrid finite element method which was proposed by Kubo and Yoshida®
will be taken into account. The notation M=(M,+ M, }/(1+) leads to M= —D
(0*w/ox® + dw?[oy?). M,, M;, M, denote the values of M at the vertices on the
triangular element i, j, £ respectively, then the M-diagram is drawn as Fig. 6.
Assuming that the shearing forces along the sides of triangle are positive
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Mk /\
Q..
/ ki 4
AR

v

Fig. 6. Fig. 7.

-
\/,,r

directing downward as shown in Fig. 7, we have

1
Z,-j Qi = 4~A

{8+ L= B) Mo+ (B + 13— By) M,— 202, M.,

ik

in which A,;, is the area of the triangle. These shearing forces may be replaced
by the concentrated forces at the vertices as follows:

5 1 1
Fz':-_lz‘j 7;j+l¢, 77 B e
2( Qi+ Qi) A

i3k

{28.M,

(= L= ) My + (B~ By — U5) M.

The equilibrium of forces at the node 7 is expressed by

P=3F, (5. 15)

in the case of the distributed load, the equivalent vertex load should be introduced,
D Aijc
P,= "‘12—/(2%“”%"*‘%)

where g;, g;, g, denote the values of the distributed load at the vertices, and

P, ¢ = Z P ¢
which turns to
YP,=3F, (5. 16)
The similar discussion may be valied for the relation between the deflection
and M,
thus

= A
W= 5 (2M+ M+ M)

. 1 ) \
M;EE;@&m+%—&~@wﬁﬁr%—%mJ

which is followed by
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nW.=LN, (5.17)

where w;,, w;, w, are the deflections at
the vertices on.the triangular element.

Setting the layout of the triangular ,
element as shown in Fig. 8 we can write , , vz
for the node (x; y) as \/E Ki \

b3 LM, —an, ., Y

¥ = ~/ 3 - 4 o+l
_VszMar‘%zw%) >

_ y_zl
sz.y:% (8¢, + Aoer.y /N /\ \

A A Fig. 8.

g

so the equation of the equilibrium of forces as follows

4M,.,— LM, ., V.V Mo 3.y-1

I

%‘(8%& 7/+qux vyt Vvaﬂm —~) » (5 18>

from which the integration transform produces the following expression

(4—D,)8,8,.[M,.,]—4 cos él cos %’LS@_S'T [Meogvri]

~a2<1 )ss [+ 2 cos 2 cos - 7= 8.8, g, y04]
(5.19)
Likewise, at the node <x+%, y+%>

(44 D,)8,S, (M35 +3] — 4COS-2—COS—9—~SS {M,.,]

71 Zm

) D\s & a ir re
=a(1——21§, ot by s k] + —— COS —— COS 8:8.19,..1 .
( ) ar )+ 2005 7 cos [T 58, g,

8
(5. 20)
Equation (5. 19) and (5. 20) yield,
(12D,+4D,.+ Di—D,D,) 8,8, [Mw]
1 1
=a(6— D, —= D+ DD 8.8, [q..
@(6—-D— S8l
+ 6a’ cos —— in cos 28,8, (.. idoyd] - (6.21)

7 2m

Making subdivision infinitely small, and increasing their numbers to infinity,
we can write
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D, = ar Y D i<,ﬂlz
Z . n 3 7 0 m

. .\ . s
COS—ZEZ]L—i i s cosi#lfal_ T .
2n 8\ n m 8

We substitute the above into the equation (5.21), and neglect the higher
order term, the equation (5.21) finally becomes

{12<jf;f-k4<125f}xiﬁh[ﬂdzﬂ]::IZaz 8, (2] (5. 22)

n m

Denoting /, and /, the lengthes of the plate in the x and y directions, we
have

V3 ma=I,, na=I,,

then equation (5. 22) can be written as follows:

(=) (=)} ssia) = s, 5. 23)
{ x v
which is equivalent to
M | *M

{ oM _ 5.24

ox’ 0y* 7 ( )

in a same way, we come to the expression

2 2

Thus, the method considered is convergent to the differential equation of the
bending of plate.

6. Conclusion

An analitical approach; the finite integration transforms, for finding the solu-
tion for regular structural lattices or the assemble of a regularly distributed finite
element is presented.

The approach which the authors had partly presented can treat the problem
of the regulaly distributed triangular net by the aid of a set of formulas regarding
sin ﬂ—(x—l—i> and cos ﬂ(:c—f——l—)

no\ 2 n 2

(Received May 20, 1971)
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On the Tentative Design and Mechanical Property of the
Composite Box Girder Bridge with Variable Cross
Section and Both Hinge-Fixed Supports

Sakutaro Nakamura

Abstract

The present writer tentatively designed a composite box girder bridge with the variable cross
sections and both the hinge-fixed supports for the purposé of increasing the structural economy,
the lateral stability, and the quakeproof.

He calculated the axial force, the deflection, the bending moment, and the stress intensity
by applying the digital computer, and investigated carefully on the theoretical property of its
structural mechanics.
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IRAHTI I O KPR RERY 1w oW THIRREE R T\, FONEMRFEEROBREROBR
TR EERLRL LD, SERAERETBCENEYRAL, LrbfkrEEe v
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HRES DR Lo RERT 2 AL T,

LRI HEMOGRAHB L L T#EY & Bbh s 50m (B L LCokfl) #8281, &
ZIER 90 m DHEBE & L TRET A RS, TR K%PiE FACOM 231) #FAL T*
DIFRFED BSBRIFE L, RO 5B AHTIE & B L 7,

II. % st & =
1. & 8 & &

M 50m, HAEE: 9m (HE - A, BE: —SHKE P FBRRERES
FUFEHTER (W), ZORSEME: MBS « v o3k, WE: T-20 R L-20, WBEAR : MK
2% WsR, KB 85 v 2 U — b ERBE (02=200 kg/em?, 7275 L & BUAH & L1eE on=
280 kg/em?, FF 033=250 kg/em?), i3t : 7 A 7 » /L » &3 50 cm KR OBHKE 05 cm, $lH 0
FER: SS 41 R SM50; SS 41 oFAIGIE : 6..=1,300 kg/em?, 0,0=1,400 kg/cm?; SM 50
DHFBIETIE : 0,6=1,800 kg/em?, 0,,=1,900 kg/cm?

2. B EHEE
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WEte ¥, Ty, OB & K %0 % g Joos
fore ELE e Y 1Y A , Q% 'l’) .
aRAREORTRCEL T, kLo R R adbe o e
IR - WERT - R - T TS - B “ g .
BOWH - 7oh% - B, —E) | 8 N\ ey /| 2o
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i i m&t:mm
oW TIABR - BR L1, 45 MR ¥
A, K )i 1jo0 4400 Lloo
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N h : Q L X
W 60kg/m &L, HHEE T20 (% ||[LohS R W Tl
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L, fEEEABIL i=20/60+1) %\, A T R O Bz
—REEC i=0.375, HEET0.895 & ~ l !

e
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b)) = &R B ™
Bz %M om oW
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70 kg/em?, 0,=1,361.6 kg/cm?< 1,400.....-
kg/em?, KT 0.=45.2 kg/em?<70 kg/em?, 0,=1,191 kg/em?< 1,400 kg/em? & 75 . #-.

B. #t ¥7 '

HEMT DR F X S ERMEESHT ((=5556m) & UGB L, JEMEL 1.848t/m, JERHfE P=
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C. % 7

FEHT R KRR R=40.878t, M) S=30577t ko, HHMWmEA SS41 g4 =, 1-pl
20012, 1-pl. 120X12 L g, F=32.909t>30577t 7v.5.2 & # AL -,

Fio b7 7 v o MM O ER O & BT & RE L B 0B L T o o,

D. * 51 ‘

EFFIHM ER - RRERCK L CRIEERE L, kB 4% Bio—Hom&ERD
TS BV LTI A BT & Uil <ok 5 @Et Lic,
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BRETORMEL LT, K- #FTL vr0BER SIHEEOS6650t/m, ARE
DOFEL L TIL, HRMEOGE 1297 t/m, FHEHETEHRHRE =020 4T, HRHELYINL
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0.,=+195 kg/cm?, o, =129 kg/cm?
) B m VI
2-Flg. pls. 40021, 2-Web. pls. 1,316 10, 1-Flg. pl. 4,340 (E#4} 4,240)x 9, 2-Ribs 100
X8, 2-Flg. pls. 885 (H %) 835)x 13, 2-Ribs 110X 8 WiHEHE A A=1,0725 cm?
ARFTOMERT E 0,=575kg/cm?, ¢,=230 kg/cm?
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pt. 0: =939 kg/cm, pt. 2: t=630kg/cm, pt.3: r=412kg/cm,
pt. 4: t=259 kg/ecm, pt.5: r=172kg/cm
REZC I HHAREL I EAET  c=176kg/cm
HRIEC L 2 AR EMBEC L 28 AW L FRARSORDERB LIt 2L &1,
Tk o HElE pt.0: p=D/r=312cm, pt.2: p=552cm, pt.3: p=355cm, pt4:
p=565cm, pt.5: p=8.lem &7 b, EHMEIFhEH, 30cm, 50cm, 33cm, 50 cm,
50ecm EREL 2,
Fofl, FhibnORAKRE - BB e T RIS E, BEBoORE, Thik
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F. B OB
a) ZEME O ARG E
B RATRO S B D AT OF B F7e\ s, FORTHE LCRo Bl B,
k75 v ARET 2436 kg/em, AR 29 kg/em, &FHE AWITE 246.5 kg/em
7o Y AT 7634 kg/om, A B 5731 kg/em, A EFE AN 1,336.5 kg/em
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BAWISHE Ev5vy:r=1178kg/em?, w =Y 7 : t=1,3365kg/cm?, ?% 5 /
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2 AL DR ARSI r=gq/t,=435.8 kg/cm?
av 2 ) — FEBEORABIGHE  t=(q/t)(G./Gs)=65 kg/cm?>10 kg/cm?
b) REREI O IGT E
SS-41 $M & v, AR O R0l P=1837t ek L, 1-pl 240x10, 1-pl.
300 25, 1-pl. 300X 22, KiEREAET 1650 cm? & Lz,
6,=P/A=1,113 kg/cm?®< 1,199 kg/cm?
o) IR o
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1,012 emt I B, L>I LichREe, ,
d) ZRMEEAMNC L 5 EHOEECHT 554
HRIM ORI OBEICIAE v, BHROBEICET 5 REE v=r1,/r=42>135
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Experiments on High Speed Impact Tensile
Tests of the Steel (Report 2)

— On the steel bar with round notch —

Masachika Naito, Kouhei Hamada
and Hisashi Aizawa

Abstract

This paper describes the strength and the behaviour of the notched steel bar under impulsive
load. Carbon steel (S15C, S25C and S50C) with various circumferential notches are used and
tests are carried out from static region to 20m/s. The load is measured by strain-gauges attached
on the load cell, and for measuring displacements capacitance gauges (cylindrical shell plates) are
used. The results obtained are summarized as follows :

(1) The tensile strength of the notched bar increases when the notch becomes sharper, and
approaches to certain maximum value.

(2) The tensile strength of the notched bar increases with increase of impact speed.

(3) A characteristic elongation-time relation is recorded.

(4) The constraint of plastic deformation at the root of notch is one of the important factors

for the increase of strength.
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On the Effects of Submerged Body Shapes
on Cavitation Occurrence Part 4

Kyoékai Okuda, Takeshi Kaihoko, Tsuyoshi Endé
and Hisayoshi Ichiba

Abstract

The authors report the experimental results of the effects on occurrence and growth of
cavitation by changing the shapes of lenticular hydrofoils.

The main results of the experiments are as follows:

a) The incipient cavitation factors K; are strongly influenced by attack angles, but K, the
cavitation factor when the growth of cavitation is 130% long about the chord, are little influenced
by attack angles.

b) The following experimental formulas are obtained about Kig,

A A
Kipo=—Cpot—z» Ko =—Comint+—7,

where Cpo is the actual pressure coefficient on the hydrofoils, Cpymin the theoretical minimum
pressure coefficent, v the flow velocity; A and A are the constants obtained by the tests.
¢) Non-dimensional number, Kj3X//¢, has constant value independent of thickness ratio #/I.
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On the Characteristic of Liquid Surface Combustion under
the Forced Convective Diffusion (2nd Report)

Shigenobu Hayashi and Norihiro Sawa

Abstract

To investigate the fundamental characteristic and construction of the liquid surface evapora-
ting combustion, we measured mainly the fuel consumption, the distribution and maximum value
of combustion flame temperature, and the flame height and took photographs of the flame-shape
and sketched the construction of the combustion flame. These experiments are carried out with
the liquid surface combuster changing the velocity and the temperature of supplied air, the
diameter of the combustion cup, the velocity of the side air flow.

This paper presents the results obtained from experiments as mentioned above.
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Effects of Work-Metal Microstructures on the Machining
Characteristics in Electrochemical Machining

Yuichi Tanaka and Kazuyuki Kikuchi

Abstract

There is little information on the effects that different work-metal microstructures would
have on electrochemical machining. In this report the machining characteristics of some carbon
steels for sodium chloride and sodium chlorate solution, which is less corrosive for mild steel
than sodium chloride solution, were experimentally investigated. The work-metals were pure
iron, 0.47% carbon steel and eutectoid steel after different annealing treatments. The main results
are as follows:

(1) With increasing the volumetric percentage of the lamellar pearlite of work-metal, the
metal removal rate is decreased, while that with globular pearlite is machined very faster than
the other. Especially the machining rate for sodium chloride solution is faster than theoretical
metal removal rate caused by disloding of cementite particle.

(2) When machining the lamellar pearlitic steel, metal removal almost completely stops at

low current density hecause of indissolubility of cementite on the work-metal surface.
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Set-theoretical Foundations in the Empiricist Pragmatism

Yoshio Kinokuniya*

Abstract

Annexing the pragmatist dogma to the empiricist theory of sets in connection with the theory
of a priori measure, we obtain some important renovations, particularly in the context with ordinal
numbers.

1. Introduction

In the previous paper” we posited the following pragmatist dogma: a com-
pletely unfounded mere abstraction can give only a meaningless object. Applying
this dogma as a principle of induction, we have a very powerful device in the
analytical logic (i.e., in the set-theoretical logic). The empiricist pragmatism is
the logical analysis which uses this principle in the empiricist theory of sets
(particularly in connection with the theory of a priori measure”). We previously
have obtained the following two conclusions in the empiricist pragmatism,

I (Principle N A). If M is a practical set and
(VX M) (X is m-measurable®™ . > . mX =0), (1. 1)
then it must be that M is W-measurable and
mM=0.
II (Lemma E). If sess
M, (Q M, <
all are Mm-measurable and M= \JM,, then we have
mM =lim mM, .

If a description 4y which defines a collection .S of elements in a given universe
U implies that

(Vae U){aeS.V.a .S,

then S is called a descriptive collection or an aggregate. In this paper an
aggregate is assumed to be taken in a euclidean space of finite dimension K.
To date, some examples of non-measurable sets (with respect to the Lebesgue
measure) have been shown through constructions on ordinal numbers. However,
in Principle N A, evev if we take ‘an aggregate’ instead of ‘a practical set’, it is

*ORREAs F O

**  jn-measure is the empiricist generalization of Lebesgue measure.
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600 Yoshio Kinokuniya

apparent that any part of M cannot be destined to be of positive #-measure.
So, in the empiricist pragmatism, we may reasonably adopt the following asser-
tion as an axiom.

Axiom NA. If an aggregate M satisfies the condition (1.1), M is m-
measurable and
mM =0,
If M is an aggregate and if 9 is the collection of all @-measurable sub-

aggregates contained in M, then, as readily seen, MM is an aggregate (of sub-
aggregates). In this case, if

sup X =«
Xelt

there exists an increasing sequence of #-measurable subaggregates of M
M, cM,c---cM
such that lim #%#M,=«. Then, if N is an #%-measurable subaggregate contained
in M—UM,, it must be that
mN=0.
So, by Lemma E and Axiom N A, we may reach the following conclusion.

Proposition 1.1. FEvery aggregate M is W-measurable, under the convention
that mM=co is also allowed to be a case.

According to Proposition 1.1 an aggregate is called a (determinate) set in the
meaning that it is descriptive and #-measurable. Thus, the empiricist theory of
sets may, in the empiricist pragmatism, be renovated in many sides, standing on
the foundations above-stated.

2. Framed Increase

Being given a family (or a collection) of collections of points (in KE) U=
(A)(eel), if I is simply ordered, i.e.,

Ve, ke D){e#k. > 1 <k.V.t>k)
and if
<5E.>.ACA,: & :ACA.. > <k,

then A is called a framed increase of collections (in E). If, in addition, / and
all A, are descriptive, W is called a descriptive increase.
In case of a descriptive increase, the union

A = U:GIA:
is evidently an aggregate, so that by Proposition 1.1 we have:
Proposition 2.1. If A=(A4,)(cel) is a descriptive increase and

A = U:EIA: >
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then there is found a real number a such that

mA =,
otherwise
mA = oo .
If we have
UA, #A,

for every enumerable sequence (i) (k=1,2,---), then A is said to be of unfin-
ishable type. Proposition 2.1 may be reckoned to hold even when A is of
unfinishable type. Now, if sup #A,=< o (in Proposition 2.1) we have
[1:34
<.

In this case, if 8<a, we evidently have

(vee D(@(A—A)>a—8),
so that

limwm(A—A)>a—5=06>0.

Then, there must be promised an atmosphere (JA— UA[)® for which it is
destined that

m(JA—UA=d.

However, if we assert such a peculiar state to be involved in the simple defini-
tion ‘A— UA, on our a priori ground, it may not give other than an incom-
pitent assignment for mA. Hence it may be no other than a mere abstract
imagination and so it may be taken as meaningless, in the empiricist pragmatism.
Thus we may conclude:

Proposition 2. 2. If A=(A,)(cel) is a descriptive increase and
A = UzGIA: ’
then

mA =sup mA, .

€l

3. On the Ordinal Numbers

If a collection of ordinal type A is not a descriptive collection, A is expelled,
in our view, from the concept of a determinate collection. So, by grace of
Proposition 1.1, any aggregate of ordinal numbers is considered #-measurable,
hence as a set. In the empiricist theory the method of transfinite induction is
not generally admitted. However, when using the whole arrangement of the
ordinal numbers, this method may naturally be recognized to correspond to the
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ordinal construction of a collection. So, we may take this method as a fictive
one restricted within the collections of ordinal numbers. Then, in virtue of
Proposition 2.2, we may readily prove the following lemma.

Lemma 3.1. FEvery well-ordered set must be of W-measure zero.
So, we directly have:

Proposition 3.1. In empiricist pragmatism, no ordinal number can be
admitted to correspond to the real continuum.

To conclude Proposition 3.1 the following will also give a demonstration.
From the interval [0, 1] let us take a subset L, of #-measure zero, then another
subset L, of #-measure zero such as

LclL,.

Continuing this process, we may obtain a framed increase of subsets (of [0, 1]) of
m~-measure zero (L,)(¢cel). Apart from the selection of such an increase, we may
observe it only as the existence of such an increase. [ may be assumed to
correspond to an ordinal (number). Therefore, assuming / as the supremum of
such ordinals, we come across a contradiction in that we may then, by virtue of
Proposition 2.2, conclude that

mUL,=0.

4. Extension

By B(A) indicating that a set A has the property B, if for any set A (in I
it is destined that '

PA). vV .~PB(A),

B is said to be descriptive. For a descriptive property P, if it is always destined
that

ACBCE. & .B(B): > . B(A), (4.1)

B is said to be regressive and then, in the relation (4. 1), B is called an extension
of A in respect to . If a descriptive increase of sets W =(A,)(cel) satisfies the
condition

(Vee D) (B(A)

for a regressive property B, U is called an extension increase (in respect to ).

If a collection A is considered to have a certain descriptive property, 4 must
be descriptive, because a non-descriptive collection is thought, in the empiricist
pragmatism, to be meaningless and so to be expelled from our course. -Hence,
in producing any collection A on condition that P(A)*, we may always expect
A to be descriptive.

* This renders “B(A) is true’.
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If there exists an extension increase N =(A,)(tcl) in respect to P and if for
any set B (in E) it is ascertained that

UA,=AcCB. > .~B(B),

A is said to be maximal and then A is called an extension limit in respect to
B. If A+ E P is said to be maximizable by .

Now, in developing any extension increase 2, we shall necessarily be imposed
the following two matters to examine:

(1) Extensibility:
(3VAACE)(BcA. & .-P(4)),

i.e, it is decidable either % is extensible beyond a given set B or not;

(ii) Maximizability: it is decidable either P is maximizable or not.

In view of the above-stated preliminary definitions and investigations, it is
readily affirmed that, excepting the problem of real practicality, both of (i) and
(ii) can be expected as decidable. Hence, if a concrete property P is really
proved to be descriptive and to be maximizable, we may certainly be promised
a (non-trivial) maximal extension increase. In this case, we say that a trans-
induction is promised or a trans-inductive mode is established for the extension
in resrect to P. In our view of the empiricist pragmatism, it will be specially
fair that, throughout the process of trans-induction, all intermediate extensions
A, and the extension limit A can always be expected as #-measurable.

5. Unexhaustible Null and Metamorphosis

If, for a set ACB (in I), there exists a set A’ such that ACA'CB, PB(4")
and m(A'—A)=0, then P is said to have unexhaustible null above A in B.
Then, the following theorem is readily proved.

Proposition 5. 1. If there is a set B of finite mi-measure such that
~+%$(B),

and if a non-void extension increase W=(A,)(ccl) in respect to P is such re-
stricted as

(Vo (A.CB)
and if B is unmaximizable by N, then B has unexhaustible null above the
Limit A=UA,.

On an extension limit A in respect to a descriptive property %, following
two cases are distinguished :

(i) ~T(A), then B is said to be closed in the framed increase A of which
A is the limit; .
(i) ~F%PB(A), then it is said that P has a metamorphosis by U or A is
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B-metamorphic.

To the question if there always exists a P-metamorphic extension increase
in respect to any property ‘B which has unexhaustible null in a certain set of finite
m-measure, the answer is negative. For instance, as for the property P defined
by B(A)=(mA<a<o0), if a <mB<oo, apparently P has unexhaustible null in
B, but no metamorphosis is found by any extension increase in respect to P (in
virtue of Proposition 2.2).

Taking E as the set of all real numbers, if PB(A)=(Pr(xcAd)=0), it is found
that B is unmaximizable and has a metamorphosis by the extension increase
(A,) (k=1,2,---) (A,=(—k, k), because then E=UA, and ~ P(E) while (Vk=
1,2, (FB(A4,).

Addendum. If investigations are to be made on a general topological space
or on a non-metric space, the problems must accordingly be complicated. In
these cases, if sets of real numbers or of points of a euclidean space are made
to correspond, by a certain operation, to the aggregates in the original space, the
analysis will then be clarified in that all of the figure sets on this correspondence
can be expected as 7-measurable. When no such means of correspondence is
found, it shall be noted that, with no concrete practical instances to be involved,
mere abstract processes are possibly disposed to fall into meaninglessness on the
empiricist pragmatism.
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On a conformal Motion of Areal Space A},

Takanori Igarashi

Abstract

“Conformal motion” is introduced in an areal space A{®, and some theorems are stated.

In the previous papers®?®, the author considered “Lie derivatives” in areal
spaces and defined an “areal motion”. Those are followings:
For an infinitesimal transformation

& = 2 8 () kP (1)

we define a Lie derivative of a geometric object 2(z, p) with respect to &(z) in
the form;
£0=lim [2(z, p)—Q(z, )| [t (2)
ar—-0
where Q(z, ) (resp. 2(&, ) is the expression of 2(x,p) in a new point (%)
(resp. in a new coordinate system (7)) interpreting (1) as a point transformation
(resp. as a coordinate transformation),
And we call (1) an areal motion, when (1) does not change the area

dS = F(z, p)du' Ndu? (3)
on a domain of 2-dimensional surface in A%, which is characterized such that
£$gz‘j,kl::0' . (4)

In the present paper, we consider a “conformal motion” in A{Y.
If a transformation

& = z(27) (5)
is endowed in AY which satisfies
gij,kl = Uzgw',/cz ( 6 )

for the metric bitensor ¢,; ., of A®?, where ¢*=0*(a% p"") is a positive scalar
function, then (5) is called ‘“conformal mation” in AP.

A. Kawaguchi® defined an angle # between two bivectors X/ and Y*/ such
that

gz‘i,lchinkl
411X Y

where || X|| (resp. ||Y]]) is a measure of bivector X% (resp. Y%) such that

cos f =

(7)

* Latin indices 4,7, %, /, ¢, 7, s run over 1,2,---,n; notations and terminologies are employed as
the same as those of 1), 2), 3).
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606 Takanori Igarashi

HX H7 = ‘le“ g'b'j.lrlX@ij/

fresp. Y= Cann YY)

It is easy to show that the conformal motion (5) keeps (7) invariant.
If the transformation (5) reduces to the infinitesimal one (1), then the con-
formal motion is characterized in the form;

£e Giginr = 2¢g'éj;kl ( 8 )

where ¢=¢(2% p*) is a certain scalar function.

Conversely, if a vector &(x) satisfies (8), & generates a local one-parameter
group of conformal motions (cf. 2), 3)).
Hence, we have

Theorem In order that (1) be a conformal motion of A!¥, it is necessary and
sufficient that (8) holds good for a metric bitensor g,; ,,.
Next, differentiating (6) by p™*, we have
Oightsre = OGag 10508+ 2000055, 11
and contracting p* to both side, we have

R
ZU;M(TQU,MP =0

because Gis anrsp™ =0 {ef. 1))

Hence we obtain g, =0,

that is, o(x?, p™)=0(z?).
These facts tell us

Theorem If A®? admits a conformal motion, then scalar function ¢ in (6) or
¢ in (8) does not depend on p™* but depend on only 2%.
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On definite linear Dependences and

Gram—Taﬁssky Inequality

Kazuo Iwata*®

Abstract

Here the author both in a pre-Hilbert space and. in an algebraic dual discusses four types of
definite linear dependence of finite members. DBesides, he deals with the Taussky’s inequality
in positive semi-definite case. )

Introduction. In the preceeding paper 13) §1 (with respect to real inner
product space R and to such) by means of the properties** (P), (P.O) and (P.N)
we have discussed the linear dependence with positive coefficients (generalizations
of Stiemke?-Carver®-Dines”"™ theorems, algebraically, with no use of separation
theorem). And used it on a totally ordered linear space.

In the present paper, in §1, we apply the above to pre-Hilbert space and
to algebraic dual, and thereby in each case we characterize four types of definite
linear dependence. Next in §2, in connection with §1, we deal with the in:
equalities of Hadamard-Fischer”-Taussky*** type.

§ 1. Characterization of definite linear Dependences

Let Q be a quaternionic inner product space®*** (pre-Hilbert space) where
vectors are to be multiplied by scalars on the left, and the inner product of
vectors x and y will be written by (x, y). Besides, let.S be a quaternionic linear

* Em H - 8 o
**  The author, ibid. gave as follows.
Definition. With respect to a given system {a)} of n members of R, we define:
( P)Y: There exist 0,>0 (v=1,2,---,n) with <aqz,iﬂya,>>0 (i=1,2,--,n).
T

(P.O): There exist 0,>0 (v=1,2, -, n) with <ai,i/’yzly>20 (i=1,2,-,n)
and not all zero. '

(P.N): Non~P.O).
And he did also the others with respect to linear functionals. For the details, see 13 §1.
Q. Taussky says in his 12), p. 312 as follows: For the decomposition of a positive definite
Hermatian matric H=A+iB, where A, B are real ;

det H< det A  holds.

w0k Briefly speaking, the quaternionic inner product space (Q..is -defined in parallel with the

complex inner product spaceC with. exceptions that scalars and inner product are quater-

nions and quaternionic-valued. respectively. Here

. (ax,y)=alz,y), (z,By)=(z, 1),
where f=a—ib—jc—kd for quaternion B=a-+ib+jc+kd. In the following we mean
also RP=a, Cf=a+ib.
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608 Kazuo Iwata

space. And let § (algebraic dual*) be the set of all the quaternionic-valued
linear functionals defined on S.

Let a system of n vectors a, a,,---,a,€Q (1<n) be given (such a system in
an inner product space will be denoted by A, throughout), and let a system of
vectors fi, fr, - fo€8 (1<n) be given.

Now let us apply the results of 13) §1 to both Q and §. To do this, for
the former we proceed by the use of associated real inner product space Qp,
and for the latter by the uses of real linear functionals Rf, (v=1,2,---n) and
associated real linear space Sj.

In view of this, we shall get** at once the present Theorems and Corol-
laries corresponding to those of 13) §1 respectively. Then at first, these are
including the characterization of definite linear dependence with positive coeffi-
cients. In fact, for example, Theorem 1’ is applicable in part in the proof of Riesz
representation theorem. Next here, corresponding to the Corollary 3 (resp. 3/%¥%¥)
of 13)§1, remarkably there are existing three kinds by the present Theorem 2
(resp. 27):

Corollary 3. Let a system A, in Q be given. It is indep**** in Q,, (resp.
Qc, Q) iff every system {d,a,:v=12,---,n} (vesp. {¢"a,}, {a,a,)}) has (P), where
each 8, (v=1,2,---,n) (resp. ¢,, a,) stands for 1 or —1 (resp. arbitrary real, non-
zero but arbitrary quaternion) individually.

Corollary 3’ will be omitted (for this, also achievable via 8) part I).

By the way, for their determinant uses, for a given system A,, let us put
as follows:

G, =det(€(a;, @), Gi=det(R(a, a;)).

As regards the Gram’s theorem (stepwise), modifications :

1 @(au ARRE @(au Apo1) @<a1, il:PpA»nau>

G, =
Ann

2

@(an: al) te @<an’ an—l) @ <am i puAunau>
1
where each A,, (v=1,2,---,n) is the cofactor of €l(a,, a,) in G,; 0,=1 and
0, (suitably)>0 (v=1,2,---,n—1),
G¥ = the analogue of the above;

and Corollary 3 enable us to get the proofs at once. That is to say, Corollary
3 just means a sort of characterization of definite linear dependence with real

* §38F(Fe8) is defined by (BN@=(Fz)8 for zES.
w6 Cf. fla)=Rf(@)—iRfliz)—RfF o)~ kRfkz)  for feS, z€S.
#k  Corollaries 27,3’ in 13) §1 may be naturally considered.
*#%% In the following, for brevity, we use “indep in Q¢” and “dep in Cg”, etc. in short for
“linearly independent over the complex field in Q" and “linearly dependent over the real
field in C”, etc. respectively. '
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On definite linear Dependences and Gram-Taussky Inequality 609

{resp. complex, quaternionic) coefficients in Q.

And so is Corollary 3’ in S.

From these points of view, further we shall treat the Gramians themselves
in §2.

§ 2. Inequalities of Gram-Hadamard-Fischer"-Taussky'® Type
Let C be a complex inner product space.

Theorem. Let a system A, in C, where a,+0 (v=1,2,--- n) and 1<n, be
given. Then we have

0<G.<Gi<lal’laz*lla.]®,

where the 1st equality holds iff A, is dep in C,
the 2nd equality holds iff either A, is dep in Cj,
or A, is indep in C and J(a;, a;)=0 for 1<i, j<n;
the final equality holds iff Ra;, a;}=0 for i+j.
Proof.
(2.1). Proof of G,<G¥. (For the sake of (2.2).)
Let A, be indep in C. For n=2, it is clear. Suppose it is true for n—1.
As it is usually given:

b ’g.}-(al, al)"'m(al, an—l) 24}

(?1, al)"'(ala an-l) a
bn — . - ;

m(‘zn) al)'“ %(ﬂn, an—l) a,

(c.zn, a) (A, Qp-r) @,
and letting A,, and A;, be the cofactors of a; (i=1,2,--,7) respectively, we have
(b b,) = A,,G,, = G,_.G,,
(bns b2) = A;,G, = GE,G,

and
(b, b,) =R (b, &)

Rlar, @) Rlay, a, ) (@, a,)
=A,.-R : = GX ,GF.
E}t(an,a al) fe §):{(an) an——l) (any an)

Hence the induction hypothesis G, , <Gy, leads to
16,17 <(bn, b,)< |5l [|67]] -

Hence
(bn; DB Bl < 115717
And so
G.<G}.
(2.2). Proof of the 2nd equality condition.
Let A, be indep in C. For n=2, it is true. Suppose it is true for n—1,
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610 . Kazuo .Iwata.,

Now, from (2.1) we obtain that G,=G3 holds if and only if-not-only G,.;=
holds but also b,z, b, are dep in C. That is equlvalent to both
A,, = AL,
and
A, —AL,=0 (i=12,---,n—1)

hold. Then, upon subtracting the left-hand side of the latter formulas, we get the
simultaneous. linear equations in unknowns (a,, a;) —Ra,, a;) G=1,2,:--,n—1);
where the determinant of the coefficients exactly coincides with the adjugate
matrix of A,,. Hence by A,m>0 our equahty holds if and only if

(@, a;)— Ria,, a;)=0 (] 1,2,--,n—1)
together with ‘ .'
. Slas, a;) =0 (1<i, j<n—1),
and this conﬁpletés (2.2). v vv

(3). The final inequality is the Fischer’sV case.

Now, combining the present Theorem with the generalized* Flscher s case,
let us make use of them in two directions.
That is, on the one hand:

Corollary 1. Let a system. A, in C, where a,#0 b=1,2,--,n), 2<n be
given, Then

0<G,<GI<GHa, @, a)Gi a1, a) < lallal a.l?,
where the 8rd equality holds zf ezther and only zf either A or
A, ., isdepin C,, or A, is indep in Cp and
Ras, a)=0"  (i=1,2r; j=r+1,-n);
the final equality holds iff
R, a;)=0 for 1<z]<r & r+1<z,]<n where i+].

Here, A, ., is the complementary subsystem of A, in A,." (And so forth.)
And on the other hand:

Corollary 2. Let a system A, in C, where a,x0 (v=1,2;--,7n), 2<n be
given. Then

O<Gn<Gr(al9 aZa 7a’r>Gn ,7~(a,~+1, “'7‘171
<Gr (als gy vy ar)G;f-;»r(ar»‘r—la RS} an)< HalHZHaZHZ“' EanH2 >

where the 2nd equality holds if either and only if either A, or A, ., is dep in
C, or A, is indep in C and

(aiy aj>:0 (Z';l,,Z,'.",T;j~=v7"+1,"",7l>;

* Refer to 11), No. 1, p. 472, from where we get easily.

(218)



On definite linear Dependences: and Gram-Taussky Inequality 611
the 8rd equality holds if either and only if either A, or A, . is dep in
Cp or both A, and A, ., are indep in C and

Sla,, a;) =0 for 1<i,j<r & r+1<i,j<n.

Thesé proofs are easy by the foregoing statement.

Remark. Needless to say, in the above, changmg shghtly the final equality
conditions alone, zero vectors may be used.

.Here, applying these to. the n-dimensional. wiitary space we note.

Note. We enumerate the results here.- But we omit the-equality-conditions.
(1. Inequahtles 1,2 (On I{adamards znequalzty) Let an nxn matrix

(a“\ be given. We have

d ( }i {da(; (mw@mah +Sa, S%J) }1—
0| a )< ’
o etiay ! | det <“s,,y)!2}% . { 5 {det o )}[Z}

{1\<?p1<--»<1)wé7z 1y o<y, ,.<n

<[z, e T 2 e <tadied e,
where s runs form 1 through r, and t does from r+1 Z/zrough 72, and
Oip=Ra,, A<k<n), O = JaA<ELSn), a;=(ay, ap, ", 0,)
Sfor i=1,2,--n
Next, as a special case:
(II). Inequalities 3,4 (On Fischer"-Taussky' inequality). Let an n-square

positive semi-definite Hermitian matrix (a,;) be given. Stll we have (since it
coincides with a suitable Gram matrix™ of order n):

Nay, - ’
I . |
1 Ray,
2O ‘ : S}{ann‘
0< <i
: Ol | | %1 ’ [rs1ra1 :
! b !
i | |
| Xyp } i 229 }
aman 'm(/‘t’r‘ 1741 ‘
< } ! Ray, ! : Rayy Aty
i |
| %arr I 9%ann

{Received May. 18, 1971)

* 9) l.c. p. 266-270. And such.
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Crystal Distortion of Spinel type Oxides and
Its Temperature dependence (2)

Kensuke Hoshi

Abstract

Crystal distortion and its temperature dependence of oxide spinels is measured by X-ray
diffractometor, and parameter W which appeared in Kanamori’s theory is calculated from the
results.

According to Kanamori, W was supposed to be proportional to the magnitude of the crystal
distortion.

Contrary to the prediction of the theory, the experiment shows that W is’ monotonically

increasing with increasing temperature, and then reahes a maximum at a value of 7T=087%,.

I #%

i}

ACAALBBRIGHDE L DL DICHENERENA LN D, BRI ZOFBERFEOAE &
EIRE RSB IRSCEL L, BBREL ) FCRBRIERRKTHH2, ETRT
Figh kit CORBTEOHSRL, FBRIPOEBBSEERA & v R L B FHEMEMICH B
& %11, Jahn-Teller B X » THEFT A Z &% Dunitz-OrgelV 12 & » TERE Iz, O
EABOREL(LAHET A DO HEL, Finch-Sinha?, Wojtowicz?, Kanamori? 5
IZ X THR%E &hic, Finch-Sinha 13 & OfiEA AB R ~ &40 H A —RHEAEREO B
#ILL T Bragg-Williams 35 {& 4 LTI L72a% LA AB AEE&OREE L TRk
5RETHB &P Wojtowicz I L » TSI, TALOEB T, B4+ vOHED
DEARIEA 4 VEFERDOEFI, HNEECR W TXIEL WA (@) 2% A5 T 525,
BE RSB, R Ty B C@E E2 520, BEENEBREOKRE X
PR THLOEEL T3, Kanamori 13EOHK TIRE) & BEFOYERE L OMHEIFH %
BAMN, HMEEHEOEXRHLT S A~ —~OHEFL 34 =7 v ERHNTT, HRED
BEAELSE 2 H5HEREE Y, TORCEFERD T £~ 2 —~DOFONT, RKIZERC
REZNR TV OABHEDT, EBREDURETTRES, THEDZEZWIXE, Tl
Ve FERECREZA ST, FFCELOERALINTWSA, Thb DR L K
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TEHHM TR ENTLDIERERL =L, SEHOERTIE, ThbOHMmD > HTHRLE
AL D EEZ BN A Kanamori OBH&vh &1, FIRETNTWEHEAFTA—Z—~DHEL
OB EZARIENCS Ft & RD T,

I # % =

OFEERTEE, ERMEER 2 #CR - TEEL Tw5 L&, BARHEE 2 e - TH
NTDHEO=FAF —% —2W, T y B> TRITIHGO=FAF—% +W &
LTROBICE 2 b b,

Uz = tzo lexp (2W/kT)—exp (— W/kT)|/lexp @W/kT)+2exp (— W/ET)).

ST IRE T eV 2 ERBCTH D, o REHBECHT S HABTH D, 20
BT w, W O D ICHNNREREL Db T AT 4 —2~ 5 & W RRECHRAEL
NRFG A== A BL A TS, 4O, T, S OBEE» S d=T/2 In (142S/1—2S)
OB % L B TohkD B, S, 4 FKOBETE 2 b5 S=usfuzo, 4—-3W/2k.

Flo, BB u B TER o a EROBBRNRD 5 uz=(c—a)flca®?,

III. EREIUVER

A A TR LYy (K-1) OEMEERME (K-2) 2 Co®t 1 4 v ikshh oo, &
TR 3 BICE LT b (M-3) @, Jahn-Teller B T 2 {5 REARIE X 5,
ZOMB Cu? A+ v BELHERE (ZnosCuos) CryO,s (Zno.s Ctog) CryO Cu Rh;O, %38
D53y 7IHETERL, ZhbOBTH
B, a OBEEE, X BEHTHEEBC X
WEL 7z, MBEREELLEBRE T, %
TOWBEREL, RECHEE S BETD
BENR AT Yo dA—8 ~C L DBHL
foo MBI S b RIPTHRO ¢ 5 — 5801,

O mahaomry

VOB A e o B R : B—2 mmsarfs
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AR HBEYOERELREEL 2
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k {
AR I 7T
EFHE gt s
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BT 5 S, 4 0REEL S, 4 o R BB
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@—47 55 6 b‘:ﬁ:\.bf:o
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91, 877 (1970)

A Study on Reaction Rates in The Diels-Alder Reactions of Fulvenes

by Noboru Takeno, Kan-ichi Suzuki and Mutuo Morita
Nippon Kogaku Zasshi, 91, 877-880 (1970)

The reaction rates in the Diels-Alder reaction of fulvenes were studied in

iz
BRI SELE-> CTEODARAIRDLOTHY, — KAL) ZKRACELD =51 F ]

45. 4.

45.11. 25

terms of molecular orbital method using localization energies of fulvenes as an
index of reactivity. Maleic anhydride was used as an dienophile and the reaction
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rates at 25°C were measured spectroscopically.

The order of the theoretical relative rates which were calculated by the use
of S=0 in the HMO method corresponded with that of the experimental relative
rates. Further, the results of molecular orbital calculations by Sutton’s method

gave a closer agreement with the experiments.

Muroran Institute of Technology; Mizumoto-cho, Muroran-shi, Japan.

5 B 7 VSRV EEK LY 4 VEEL D Diels-Alder

Ko Bf SN e : Wby EP N (=
GoE g SIS RTBMERE L Hammert OEIIEA - 91, 1189 (1970)
A Relationship between Hammett's Substituent Constants and the Rates of Diels-
Alder Reaction of Substituted Fulvenes with Maleic Anhydride*
by Noboru Takeno and Mutuo Morita
Nippon Kagaku Zasshi, 91, 1182-1184 (1970)
The rates of Diels-Alder reaction of 6-(p-substituted phenyl)-fulvenes [1], 6~
methyl-6-(p-substituted phenyl) fulvenes [2] and 6, 6-di-(p-substituted phenyl) ful-
venes [3] with maleic anhydride were measured by means of spectroscopic pro-
cedures at 25°C. Their rate constants on each series of [7], [2] and [8] have been
satisfactorily correlated with Hammett’s substituted constants. Explanations for
these results are presented that Diels-Alder adducts with a similar conformations
are expected on each series. Differences among the reactivity of 6-phenylfulvene,
6~methyl-6-phenylfulvene and 6, 6-diphenylfulvene are also discussed in this paper.
Muroran Institute of Technology ; Mizumoto-cho, Muroran-shi, Japan.
* Reactions of Fulvenes. II.
M. Murozunﬁ Recent Hydrothermal Activity at Noboribetsu, Eﬁl[f%%f_ig%ﬂ:"", KAk
T. Abiko Hokkaido. Y
¥' ,llycl)lrliozuml Preliminary Investigation of Chemical Constitu- EE e, R{L
K Fujiwara ents in Polar Snows ik b s
S OE I BURAROR AR i
o o TELTIK P 35 0 b T (5T AL, 8, 1049
= I )
oA R R FEHLRBOKE RO > b Y v A DT STk, 8, 1057
C. C. Patterson

M. Murozumi
T.T. Chow. ead, Dust

Antarctic Journal
, and Salt in Firn and Ice from of the United
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