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Idea from needs, and creation from seeds.
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Metallurgy of Titanium (III)
—A Historical Review—

by Joichiro MORIYAMA

9. Bureau of Mines [CBITDEADTH = L8
BODHE (5)

BIAT T~z & 5 iz, SREgILR O TR 3B 25
DOITREO & 5 T 5 =7 5D~ 7 33w LB
EOWBTHRE S, R Ch 2 IMELF 5 =
LAV AT A P ERBRUFP TS 2B RT L TR E
BEUTAZ ZWREEMZ TR L, S00CHRTTHE
fLLBEE SN D, ZOHFKIET Claalaress, 19 sk
KHEE OSNTAFERISIC > Tnd, REOTMIZY
=y AO8E L FRCEFEES R OBk
RT 2 VT CEILRIG 2 RO RN ETT
57:HTHL, $RFORS SRR s nER L
LS 5 = 2Pz N D, RO ICEBAT AR
MBI OPEERT, ORI RIMEET 5 = v A
O (136CCHTITV B D Si,Cl, VOCLLH D, 7,
BEOBAEAL 50, BEOELbOTH, SiICLO
i Cl, COCLY&EEND, WWELF & = o ARG D
BETIVRGERL 77 B, 5B, A & S i(tihsdng
Th5, INSOTRHBOH B S D, Bl2iE S.Cl,
SiCly, VOCLE X # OEl S IHELT 7 = » ADHhHIC
OO TR & 2 9HEC B E v SpEtt

WZ LV, F T, Bureauof Mines Tld/NF ¥ 44k
EW03%EETIWEF ¥ = v AOFBEIZ DWW T, %
MU @b TRAGT L, BBIEEE, 808, mibkEsc

ARSI ER MR Az, F ORE, Hilks L
HICL B30 Yy AOBREF A S NIRRT
BEfahl, COHBREEELTEEBECAVSRTY
5, ZOUIETHRAE 138COA & iz SCL, (A

5PC) MRS NB, STV e AREEORE L LT
Wty et s ]

ANAFA b
P et
|
AT w7 75-85%
BibF vy >
SR S 7
Ui%‘i‘:
LT 5 = o A
Wbk — EmE s Y A
SRR sl 4
I%%%H%ﬁ%&;
vT Ay A EILEUES
i
z
R
z&@% st e
2L DA MY

AR F Ty A
£7:ld Bk
D NT T
|
FIZw LA Ty 1

B D TEHEBO TER

B 25 Bureau of Mines {2
(1947-1952)

U LBRET 5 2 eniks, BHLORZI DB
B3 VSCLXIEZ VOHSHCI TH 3 &L Tn 3,
ZOBENELT ¥ =y AL~ KE L RIEL T
Ti-Sulfo-Chloride 23 2E 5 USVpLB 3 2 & R IC 5
LT b5 —» AR S BEO L2 3,

Bureau of Mines OIS ¥ = » AOBHTED
TEHBRORFR 2 26 .ok T, Wik




336 FF =y AQBEORER (D
F6 SERET IEBCBAT 2 TR LR OFA
(TiCl, 136°C, s. g. 1.726)
volatile FeCl, SiCl, Si,Clg ZrCl, AlCL VOCl,
boiling point (°C) 319 57.6 144 331 183 127
volatile SCl, S,.Cl, SnCl,
boiling point (*C) 59 138 114
Nonvolatile FeCl, MgCl, CaCl, NaCl KCl
boiling point (*C) 1026 1418 1900 1465 1407
Condenser E:__—J
77 g Crude Storage Tanks
Receiver Tanks A (,—4;
0
&
pomnt] e:’
9 ¥
£ } et ~ E I 1
o ] @
® § °
3 a P Rotameter
1N ° S B ]
o & ]
Pt £ —g . .
& P & 5till Boiler Hydrogen Sulfide
@ F —
RS B A | |
I [
5 é g S 1 [ J , Scale
I 3 = =
5 @ Treater Vessel

26 Bureau of Mines @ 2001b 95 =

w ABEEFERD 72 ORI ORBELTE

(1952, Bureau of Mines, Boulder City)

F = AEIANATA P RESFCRT LSS 2RV
AT HBOENF VI RE LSRRI EE L
L, &5HERLS O2BEERT 800CCHEDRET

EAELBET 5, OBLEEBROR CIRIREIR IHTER
BB EHRTONTB D, BOREIEER

I viTbhi. %@t@k@ﬁk#4§@ﬁk@%m
B 26 i BWTHOIBELT ¥ = » L 3EEICE
n%.;@ﬁﬁ¢umm%@n%/7A@ﬁm%k0
T%RIBOEE Ly 1 B3 EE N5, £7, FRERK
BRSNS, T DEEBIEE IHEITE 30,
FEX 40 in OFET 1350~1400 b LT & =
LEEA NG, BT 2T ISCETIET 2. 2
Db, 1/21h OFYLAERINZ 65, K 3 EHHE
T11/2~3 1/21b OFKERTMEN B, FESE
BRI 72 % L KR BT 5, Z ORLKRLE TN
FYw NFHIED & O HLE LTHERL, £, A
A AL S.Clix SCL & SCLIZ B 5 L e s
nTW»3,

EEE I 10em, £ 2 400 cm OFHE THERIK 1cm
BEOT Yy e ) Y ZPRMENTE Y, SMNET AR
b, RAVTETHRREESNTWS, 4 BEOSEMTH
na, TR 120CUUF 0 obaY), B, xRS
v, LT 4 FeERENE TN 5, 8 2 EOSEF

WD BOMEELT 4 EXEEND O THAEL THE
T35, IhoDEHIEHHERLTTbNS, EREIRE

IR TR LT £ = v AT, BRI, R
BT NE b, FF2w 04 FEIIRERS.
WMROZ ETRH B, FERPOMELT {1 ROEH
BV 1%L T OBE BB RUE 258 3EA RO
UM & 8D, HE - TIELT ¥ = v A OFRHGERIR
08, BRI 30~40 g/1 OMUE Ly 4 FEETHS
CIEEE e LT OS5 = v SO 50%058
F TABIC TR 5.

BLE#S Bureau of Mines THIHIIThh B
%S L ORBEOBETH 0, BHETHREBEHT
PITWw 5O THE LY 4 BOBARYZW, Ler LR
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Cathode
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NI
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A

AT 3

27 Bolton DEZET — 7IF
(BIESY > 5 VOVEIE)

TbARFRA I SO FThh Tw 3,

Z O, Bureau of Mines TltF ¥ = w AGR OEIE
HRIZ DLW T HIREHR &N, TEIFORRESTHNI:,
COHEHI BT S, BNIEEREC L SRR
FENTA, A013H L U CTEADSHIEERHR WS
ENERRY ST, # 2T Kroll DRI & 51920 HH4
DiZ L& von Bolton 28 2 7o 7 — 7 T & LT
bz, Bolton OEZET — 7 IFZ DWW TIN5 0» A0
THHIN TV S, FEX R R A0 T> 27
WRBERUTEL, oSBT I AMCHET 5%
K ¥ VOBEEREEERE L, KSTFEO LICE s
¥ I WOBEREESEPNIERE L 4 5, F 28 13 Bolton @
e Knoll W B LU TEEL: b O TH B, ZOBER
SRUETHY, IHOBOERICIZS v AT VA
WHNTW D, 1930 FEIZ XY > 7 A F oS TERITK
BICHABEINERBRTH D, 1272, 7727 v idis
ELLS (3410°C) FERSRLIRELIHEY (1550~1650°C).
FNHERE LTHWAEER MY 7 Teotsatt L
Thoriated Tungsten OFEHABEE L, Zff, &
ELTRERVAVLONS, COLIBEBHT—F
WA OB T O £ 2 M A5 O CE
TH 5. Kroll 507 — 73 Battelle B9 Tl
ENTo(E24). 0 gBEDF I = v 2RB 2T 28
A7 — 7RO O T, TR LT 18cem

d’”

4
5

H] N ,,"\
P \\0‘
.‘ "/.l' " \" l"l”

P14
P
S

28 Kroll iz X Y& 727 Bolton B
BZE7— 70 &R
(1940, Kroll)

(A )

I

=
=
(I

fp

29 fHEEERR 7 — 24
(Monsanto Chem. Co., 1954)

%, BE2cm M T 3mmE @ Thoriated
Tungsten Q&R L AREHOIEE 22, BELLT50
~150 A, 40V OUFEERAZIEREE M, 10~20 V TH#E
EITD . o WHBE 7 — 7P RE s N TL 3,
29 & Monsanto {bZSHOBIFEFR TRV Rz )



338 F5 = AQBEEOEL (D)

DTHD, BEEL2 ¢ OBHERD “belljar” T, H1cm
E & OSB8I & O ik Neoprene /%y F > 712 &
DEEPFEI NS, BRIITEHED—IRCY VAT
VR 6 mm) SR E N, BB L BT A THE R NS,
200 A, 30V OBEHAERERVSHAVSNE, 2~6g D
AR 2t/ cm* DS TR S WEHET H 55
BicE»h, 77 AT RO 150 A OBERHFLE
M, d~24H TR OBEFESR S, FIHMITIE 200
mmHg O7 VT UBEAEN, 35K 1mmEE, 60cm
DE 2O T 20~25V OEE T 900~1000°Ciz i
Bany vy - LTERENS.

INSY VI ATUBERGET — 7 EEBRAE
BRTH 505, BRDYERIC L DESTERINDREM
HD, THNEORENA Ty P OEERRETH
5, ZORRROTDEREEGMCEE L, BEEEER
35 N ERES T & B SEROEBPEO RS TH
7250 B TEMERR B L ToF 9 = o LB BB ETHT7—7
FERKEIDA Ty OO DFFEINTL S, K
30 1& Bureau of Mines OFR&EIC & 2 BIFEBEHV 5

AR U Bk

P

30 MERERICLATERT—7IF
(Bureau of Mines, 1947)

T — I EEEOMETH L, IOEBRTIHEREEE s
THER OB EZED 5 W B AR TR L5
ah, THO7 —ZFc#kensd, I CHEEGER
WEMEE D, KSEHBTOBRIERE L OFO7 — 71z
X VBTN S, RUGEESEHT 20 TERE
7 — 7 SRR — 2 47 (consumable elec-
trode arc furnace) B LT > &N, F— 7 LN,
SHTEF F =y A RUFDOEEOTENENEEED
FWTH5B, TRIHLTY YT RAT 5BV IGENRE
OERE V5 b O RIEHEEERT — 748 (non-con-
sumable electrode arc furnace) &I T3,

10. HBF0 20 ERODOHEDF Y = LOHE

1937 £ H kS0 BAIc £ 2 RE oA R OB
& DBk, 5 ORFEOMALBE AL noT,
1941 SR DA L DBIRIC & D, BR TR D 5 DRk
5 OEMFEIRIISE2 M U7z, 1945 SEIC R % B
25, EAROEHIEL L, oA F—, AR
O, HoWAWENKEDOVTBY, KRFERXB L
LIZEAETHBETH -T2, ZOBLEI L5 LT D
IO TNz, BRI 23 F, Y&FEETOF
¥ = AOPFEBNELREETTbNLS Z Lwiko i,
FHASBEEOHRE TH - IHER K DS S HEED
BEROEES»S, KEBEBOTRFF =y ADOTEE
BEOWEERFASENATON T3 L w3 R EELOT
BHoiz, TOZERMFICBYLENEE, BEETR
LOERETHEN, ZHECIVIBEEESETI LR
7z,

MR & HEE IR, SREER, FoEE
B & MEH ZEEEE, U0 & RN, ABWEE L
EENERL A LN—ThHo T, PHeT —~ & UTHEED
PRMEERE, BOEmEMREN g v EE, HAREEL
F = ©ADOTEMSEIC & 5T E FhENER LTz,

EH O, TRILT 7 = o 20O, 7o BEO
T OEBA VY v AOBEEDREBOMER E, FEEOD
RN, MDLTEIEWT, THEREERCE, EH25
£ 12 AR U CHFRAS TEE LR TEL2E
U, BT 5 = o ZAOEEECERE L0 TH B, DK
BB IEEOSBFEOBEETHRE L., S RER
OBFE R MR OBRTECEI L 725, B 31 T TR
Fwic7 vy ORBIER R BTTERBEOLMTH 5,

ZOfh, KERAFEZBTAMEECBWTHF Y
= AEEEOEREZ M Thb iz, UL, ZOEOH
Yo b EBREEEO b O TTEEEBRICIZIE L
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H0, FIRBESET AV CEELHAD S o
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31 F4 = v LhBLEREE
(UK, HERD 25 4R)

SDOThHolz,

0%, LbOEOT S =g AEEDERICKERESE
BITEAMSD o o, W 27 F3R, MomESLE
OHLEERRET AR FHE L, Kroll 2 HA
AR L TR bR U e, Shie | ERE L ERE
Lhlfan S EE& il e ny, CoERERSL
Jo. BBRI284ES5 B 1 Hrd 23 HE T Kroll RiIZHAR
WAE LB CHEER VR E T2, OMDZ LT
¥ =w ARSI L B 7 u—VEEEEESO R s h
T3, FOWALHEICONS L, ZOFHOBETO
~ 7z Bureau of Mines O¥IEIORFEHREZ DD T
Holz, Kroll i &k 2H{EMORTI L 28BS ¥
=y AQBEERFNTERTH o8, EBF I = b
BNETEORIIIZUEEO7 2 Y 4 OES & Bureau  of
Mines OEMIOER L BE R AMIZ L D 12U THEE
ERDTDTHS, T, 0O Kroll ROWHRHZHA
EF Y= ATEOBNICRAKRHEE 2% Lz0TH
b, IR Lo THHAOT £V A TOTEBEORFN
DEFOHEOBME CHEFEs N, BT XU Ao
OfEREMED TR N T,

11. BT o ADFEEERBICLDET

11.1  FyH LA IBEROR NS

1950 FEED a7 AEMOBTTEBEO SR LT
72 QUi DFENERH S, ZHET AV IORTFHER
%)% Manhattan FHEO—HIL LTE LD DT,
% < O NECH&EMNF|H ah, (LFHIFOWFEEHS
Eo TERSNTND, JhcH LGRSO
Fr o anic b oL LT Kroll OS5 5
D, 852 Kellogg I7 & 2HEZEEOHENH B,
FHIZINE TOHRIFEHEED & Kellogg OWFFEZE TEF
HLTELDbDTHS, EMHELTREBEELR
Bureau of Mines @ Kelley*®D#EEHE WL T
w3, Kellogg &M S, TiCl, MgCl,, CaCl,
NaCl 0¥ LR BHED AN F—EEE | HT 2 L RDE
DTH 5. Kelley DEJIFEEDRE OB EHT

ZDL D HESIREFRFORLE G, H
ZE,

0. Kubaschewski and E. Evans: Metallurgical

Thermochemistry, Pergamon Press (1958).

A. Glassner; The Thermochemical Properties of
the Oxides, Fluorides, and Chlorides to 2500 K,

e

ANL-5750, U. S. Atomic Energy Commission.




340 F5 =y AQBEHORES (1)

BEOTINSORLEMHE D,

- Ti(s)+Clo(g) =7 TiCl(g)

AG = —83,830+9.60 T-+0.565 T*

+1.13 TlogT—1.083 % 10°/T
Mg(1)+ Cl(g) =MgClL(l)
AG’=—148,380+73.85 T —13.59 TlogT
Ca(l) + Cl(g)=CaCl(l)
AG"=—192,580-+94.14 T—19.16 TlogT
2Na(1)+ Clz(g)=2NaCl(1)
AG =—189,000+91.77 T—18.17 TlogT

(Birhal)-—)

D, TEILF 5 =y LAOEESEIC X 2 BTEIG
DESIEEFIX Miinster 502 X WfThhiz (X 32).
o, M3BKBEEORNIFHERT L 2EEL O
e Ry. RCEBnKICos#E TS 2 0%+
RLTW5,

NS OESIFED S ORT TIEESEOE
WIZ L BRERELIZR S,

~i

S 2sF

< AF !

] L

- 5
= ; Ir

(5 10

N F

_& 5 il 1 L2 i L3 L 1 LA L L] L 1 i3 13 1 13
200 400 500 808 PONT 7200 100 7800 1800
T K
5 32 Db & = v AOFEEERIC & BETENF

(Miinster &, Metallgesellschaft, 1953)

TiCl, + 4 Na = Ti 4+ & NaCl
(Degussa-Verfahren)

4G = —226200 +652T

TiCl, + 2 Mg = Ti + 2 MgCl,
(Kroll-Verfahren)

4G = — 129200 + 45,4 T.

-100 -~ Mg(l)—MgClE,(l) //’
THN -
o - o
< Na(1)-Nacl (1) 7 -
P
B JRe
b - et /{/
g 150 oo ca(1)-cacl, (1)
S 2
O
<3
- =200 } } }
1000 1500 2000
Temp, K

& 33 Mg, Na, Ca-Cl ROWHEHOERE DL R
AN
(Barin, Knacke O#fEz & b &)

11.2 T F9 5 ADEEERECLDET

Wb s 7 = L OFETH & LT, Mg, Ca, Na %%
Zohb, b OEEERSEE TONRBIFNL
WHERTZ EBBETHEM, Ti LE&EE2DL 6TV
CELHEEREMNTHE, INOSOBRTHICLID EDL
3 R SNB I DWTEET B,

BEWNC 7AYo AT M v s QERBHET
HB) FERVBECETVH, AV AREETH S,
Eiz, PABEHOSRS TRV 9L, F YL, HL
Vo ADIETH S, =7 AV y AREERE TR T
EDD TSR, FRY vl ANV ARE
WECET 3 0BT H B,

BRI R IGHE 2 R0 7 DG TfTh h
3, BTTRBNB LD, BUA~I 2y bk
WBESRENT I A Yy ADBIE TI2CE~ T 2y y
LADPE NICCHBEND, ANV ARV IEER
A vy w L OlE 810°CE % OBk 1200°CHSEITD
BEEGHEE3, 7 MY o A2H0aESIT A0S
801°CE 7 b U 7 AD¥hS 880°CH 2 DI & e B, F1
#, PIEAD Hunter OFEBRTIOR PO KIGHTH I
7o, ZOMOBEOHFIE LT, #5 =y ADEHICE
CEST HIRE ITFCEREL T3, —RZ< A
¥y A K BBITCOBORE X 800~900°Cle i 7o in 3,

RT EESE LT OEHOBS AR (O

A Bs
S SN 651 1110
X (A SR IUN 712 1412
F b A 97.5 880
BiE 800.4 1413
ANV S A 810 1200

X (A WAV N 772 1600
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34 Maddex OfEZE

I - (— 60% reduction
5ast T . MR 90 % reduction

230 Yo reduction
-— 5% reduction

b
7 7
\
A
=
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- — Initial Mg leve/

35 Wartman O%EER
BICRIGO#ETIE DT
(Bureau of Mines, 1954)

11.3  Maddex (g5

Battelle ELaHI4eRr © Maddex V9 LT ¥ = » A
D= TRy LB DV TESLORA FHEEL T,
B34 1z OB ERT, BRIL o= 72y w AILERE
o Ry 7 TRIGEBCHESN S, Oz Mmon
BbF sy =w A8WINansg, ELFr=y Ll
b= 72y w AFEBNETHRL, 7—27FCELEE
WEsRs A Ty P ERD RIS Eoh, B
IR CRANCBREENS, ZOBEERY A vy
LBTHEOESEPEEL L OT, FREN
Battelle SE8&HFATOMEETH D, ] Metals L1
B OEMERICER AN 0T, Kroll 305 5
Wik Mc Quillan DEFA/EBNZ B BIHINTHEH, v

HG L DHA
(Battelle Lab. 1954)

Ay A& BEAOBRTEERIC E VHAZL DS
BUETEISTER LI 2R P IRBcE s L,
g 2 o & HskRw,
Bureau of Mines [Z85[7% Wartman (DZEEE™
Wartman & BIHEEF 7 = o LD 2w AT L
BETTIZ DV, ZOETTENTORIGOBI#EICDWT
BERPTo 1, RICEIRE25em T, 5kg D~ T3y
LADBEA SN, HERERE L TEDRDARTH S,
B 35 BT - TO, ARV VEEBRIE N
POPLERICHE S THRET 2T ERL w5, EiE
LTI, 23T 5 = o AREFERD S%EmL, #
ITRGEBHL, AR AV v AB LT
Boler 72y y ARRE, FINERYE L CHHORK
RERERET 5. [ 35 1 TiCl, 0#Elg %8 L, Z0OER
ERZAT, FRENEERERZ ORFEEHEE
RLIZBDTH B,
BERIETE, £ ORINCEA LYY 2Y v AOW
S LOBETARY Y OWFHBIEL, —EDRTE
Do EWIERO AR Y kS, T off
BEEETEb A Yy AR EESIBL, OB
RO, IOBRTREOFER 7 o—VEER0F 5
= LAEEEOHEG L EEBC L TW 5,

& 512, Wartman i3v 7 4 ¥ v AHE FEOFIGH
SHEBKIBLDTHEPIEDVTHENLTHE, B
36 DEEBRTE I Ay y ARHED S EE D EH 8k

BLESL»STHCOULEHEND L, BEHORBEY
TRy AEICEL TRy, 20k 3 IRETIUE



342 F & = w AOBSHOREE (1D
= [ TH, Ti
A=y {NaCl A {Ms
MgCly
LR £
S ROCKTX K RTRK S £
% % xR k) XK X
X X b
2 I
x X X
i, Mé > 0
Uy 9 L E TR OLE

38 Naikt MgiEDRARY YO

(FhEE, 1973)

[ 36 Wartman O3
{55 DL
(Bureau of Mines, 1954)

1bF &= LIS % " X 5 E» S B D
SHUSBICBITEF ¥ = A0MIE T 508, WHEH
SEEN TS BB RECRY, ThlE, ORISR
SARIETRRL, =732y o ADbhEsnEST 2 2
EDSFBE,
MWL F 5 o AFZEAN Y 5 ATETUEES™
BRACONY » LBAWD EHEF Y = AORIE
BENEAOMNEDRERE->TL 5, 37y
LABLUZOEEPETHE LTIHEEF Y= v 28D
TR %4T - BB RIGER D AR Y DERROIREE R
LT3, BILKINEEE =AY v ADOBEIZ 6
TRRE S W0CTIT> T3,

RIFHEBEOFROEREEE S b T2 »,
Bureau of Mines DFEBIFABORTEZIC L 5
bOT, EREONIOWR LD b, THEEEND
Fit% & 0 ECHEESR2 SO TH - 2,

MR LY W V7N o P11
FE L I[Py B

Ca25-Mg7s & 4ric 2 %
SBICI ST % HIhN By

g

b o - ..
. A

Ca 50-Mg 50 &y i X %
ST SR H IR AL

Ca75-Mg 25 & Gic L %
ST ST B HHEP gL

B 37 Ca 8L Ca-Mg &&2&THICHWI-EE
(BUK, HEFI29 %)

JTDEI, BNy y ATEILUISESICENTE
WA { BB HBETE 5, Ca2b%, Cab0% & Mg LD
BEOBEEZET LABFRRDT 2, BREOBETF TR
Cal8%-Mg &£ & DETL 21T L EWNEE & OREFH
BRIET &2 LEREL TWBE™,

EEEFY o LAEF NI ATERULES
F U w A kBT S =y ADRTTIE Hunter
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£8 <Ay APOTREY
(Dow %, Freeport, Texas, 1958)

Mg P OS&OEHR (%

Rk Fe-Sid: BEEH: Wbk R =1l
i e
0.015 0.001 0.03 0.04 0.04 0.045

DI B 7R > RO RELSE, % < OB T
bz, Shol 20 TRBETHRR2 1T 5, ¥
38 IFRE™IC L % Na it s Mg Bt ORIESRATO
P OV TENCRHE L. b O TH B, Naltd b
BWIE AT L7 F 5 = w A1k NaCl & 8— e
BECHEEL, HiHF 5= v AORISERNEADOME I
v, Fhulg, Mg BTl MgCLERMETH & & 545,
Na BT THEW WL 74, BHITEICHES, NaE
JETIH: NaCl Olsiss 801°C, Na Dl 880°CThH %
DT, KEEIE L OPHEOMOEESE & gk
2,

Na, Ca, Mg MOS0 ER

Na DM DI W DV ¢ IS SRR O Bt
AL LTOBEDLDEF THREDThbNTwa, byt
ECREFRREEREIC L 28E08H 5™, Nath
@ Fe O ¥ f# /& 12 800°CT % & 100 ppm, 700°CT 30
ppm TH 5,

Ca DWW TRFILET DL 5D T Fe &FRIZEL,
FEEgiz k5 Catho) Fe §FHRIZ 50 ppm TH Y, BT
JIFTIE 20 ppm © & DHSTHHER E L7277,

Mgz oW TidFE 812 Dow fhiz & 2#iI&H D Fe ©
SERRRT™, BEERIC X D B> T3, Fe-Si ¥l
FAEETH 5 DT Fe FER D, BEETRYE
K & DAL & OFER T 0.03—0.04%TH YD, F4
= ATLEOBEROBIIC X 2 5 D1 0.045% T
HH., Naikb~r 10U ETH 5,

2 5 X M
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VARSI, ABZZHE, FUAR—ER, Hakar,
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BRI 26 4F 4 H, SB¥S TOERE.
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LEBEES:, BERD 28 4E 10 HFT.
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Micro/Macro Properties of Materials
II. A Homogenization Theory for Visco-Elastic Material

by Yasuaki ICHIKAWA

moo R B

3. ZUNBEZEEY DD NE

TR B YMEDSIEEEE, —RC, PIERCERIRMR
BHEHALTOTALILEEEL, Newton DI
Eo T OEHEPTRL &3, —7, WHIZEBLAYYT
T, 7OV OB BIEE R EEEE A L T
WET, oI suiBER o IFEEIICcEOX
SRR RIZTOTL X .

CD XD RMHEOBEEE L L IEDIE, AV A
& =w 7 A (mesomechanics) ¥ FrLE9, ZIC, A
Y (meso-) &EFPEOEEEDLTFY & v idNkT
LEREFETY, kbbb, AVRXA=ZyI7ALEI
AT — bR I OAT—VEERAY AT —VDIB50
T TH B TT (Kafka 1987).

RER IR 2 T 2RO -0 3 HBAGR (R
B sk, UTFO320EC L> TRV b TE
F L7z,

1) BHEERHE TV NS OIFREEEE T T,
Bz, B o~ 7 o LADT
EFNTT. TONEERE, 7 oEEctL
TH53e k& 2 5FT 58808 By ioHEERC
Lo THREShET.

2)  NERABCEE | WEERC BRI S LT SR AR
W E - CHEESEDE A RFRL 3. FIAE,
Valanis (1971, 1980) x> K7 o=y 7H

(endochronic theory), & 7 ¥ HEiH

(Lemaitre and Chaboche 1990; Murakami
and Ohno 1980; Kawamoto, Kyoya and Ichik-
awa 1988) 32 OHIREC BT A HERTY .

i BRI ER TR = B
(HE46 - HIFZS)

Ty R r7o=y Z7EHO “endo-” & THER] %
HIRT A ¥V Vv OHTH N, “chronic” 1
(B T3 e, T F7o=y 7HENE [H
FORE R 2 B & U CRWHREERG ] twoE
BT, YRR OB D [P L L
TIEE, UF A (OHSE) 2B E THY
UlfEEFVE T, — AR OB o 5l
U, [PIR9HEER | 2 - T % Boltzman DR
B TEBRL-EB P Valanisik = F 70
Zow ZHEERVIEONE Uk, 722, BEESC L
BIEOFEBRBL Y R 7oy JEHROARE LI
E2 ¥, Bazan (1980) I3EEMEROES GEE
VRERRS & IR L T R IR R A
WTWET,

BIETIHERE, L U TR OMIRRY
LV AROVIZ B B A TREHBIIE %R Y, F ORI
W7 ARSI 5.2 B IR B R L TR
BlREALET,

3) wAZuRAh= v A RS T S
JEEEA PR BTS2 ViR T OERE L
TOESEOBEME LUELET. BlzED
YOS N TWETOT, ZOELE
bELLTZ7aRGI-U0TABRERBL %
T, w4 7uXhzw 7 AR HIll (1967) ®
Hashin (1970) #B% & L E95%, Mura (1982)
BEDEREE T A 7 uAh=y 7 ADEESE
WHEME R R L E UTe, 208, TR IEEM S
T A EERDS, B OEE D 5 A T Torguat
(1991) KV Ea2—8NTWET,

I OEER L AN, PEORER L RARSELH

HERG 7o R U (RIS periodic condition &FEU E
7. B1 %28 2ETMECELT, BEEOEL
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X1

<7 afiE
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B2

I ofE
(o= bV

BAEL o(xy) DREEASGH
dxy) = o(x,y+Y)

B1  :ruokEines

FeEA L3 70~y oS EERRNT T VA
(Sanchez-Palencia 1980) & v 7 (Bakhvalov and

Panasenko 1984) CBER & Lk L7z, Z OBHRZIYEL

7% (homogenization method) :FEUSE 3,
EENE | AR I, IR /AR
MEORLERE R 510 O—FFETT, Thb
B, BERNST A—F ¢ TREFHEHL, c=
01c1 2 (BRER LIFIZh, B, ZORIZEE
RITHHELET) b Lit, Db OER
D & BT 2 U NEBIN R IR TN L Ry
TREERDEYT (Aimes 1965 BH8). %8, #lx
EEREREIR BWT, e=0 OO HER OB
EHREEORDTOFERN EDb S R wiEE
TERAHEEIRIE, =0 OO AR OBEHMYE < 2
D, BASHEEREL ZTRER S RuEE%,
FEETRE O R T,

R ERTE

FEOHER | s = st + A1t + €285,
(x,)e[0,7] % [0,00)

BERGME T w(0,6)=ulx,t)=0

PIGAE T a(x,0)=F(x), 2:(x,0)=g(x)

EENC LT, FRIEEMESMHECHEL £
2B, ETAE0THY, 72, v IR
NZ R, B u« D x, £ BT B EE» OSB3
HBLTWET, Vg, g%

u(x,t)=100(2¢,t)+ 2, (x,1) + s, 1)

e

HT 5k

CHRERBL, Zhokd ORI AT
5L
{2t0xx — 2oee — Antos}
+e{stie— 10— Atere— ud}
+ X ttoxe Uaee — Attar — S2Beey )+ =0
PEOSNET. ZORPECRIT 3ol
e BT 2 ZHBETR S RVLOT, A,

Uoxx = Uoee = Allor =0
Utex— Uree — Allre = U3

Unxx ™ Uzee — Atz =SS

TRUNERD E8A, OHE 1 Rt
RTHY, BEABHTY. % 2 XEIERDE
BRI R () CHUHEET, sy
WG 3, 72120, Zhoofifld, DEOH
St ISR IR LU NIER D E8A

20(0,8)= 2o, 1) =0, 2o(x,0)=F(x),
20:(x,0)=g(x),

w:(0,0)= w7, £)=ui(x,0)=2:(x,0)=0,
=1

TR L EEE T ¢ BABNICEHAL/$T 2 —
FTLI, THERULT, WEE TR~ 7 o B Rk
Hiz, TERT LD 7 uliEsB R LENS
WEEEZ, SO 7 ofhsic s 7 aEERR v R A
L, 7 ufERE I 7 uBiERE y=x/c DB TH
AT, TOeTEMERTLIEE2ELET,

FPERII T B b IE Sanchez-Palencia (1980)
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OERETHL BRONTHD £30T, DIT TS
BRI UGB U 7o B bR OB DWW TR L &
4 (Ichikawa, Wang, Tsuji and Jeong 1995),
3.1  Laplace BB VR EADIEIER
R RO TCHRIEL O, INH-0TAERR
(EEAD TF. Maxwell THN, VoigthTHIL (U
21972 22 1 [ 2), MR ORI, B

E; E;

=
=
?

S

(a) — %k Maxwell EF

—

Ey

e

E, g ':j i1
E; é tj M2
I
l
E, g .

co

gl

(b) —ji%{k Voigt =T /L

2 R O—R{E TN

IL RS AR 03 B R

BATRSHEORMMS AR TRbENET. L
5T, In% Laplace BT % £ /%5 2 —7% p(Four-
ier ZHUCTIIG LT “EIHC LR ) R ARSRE
ABEBLNETOT, 2hd Laplace B2 Z 0 7894
Witz EEEMRR 2 UA L T 2 OE RN R
B, By CEELLEPESNETOT, #Yk
Lapalace 325 % F VU X SERFREGERIC 38 1) B SR
FDFT. TOBEBOBER 3 WRLET.

Laplace ZF : Laplace lEF% L [e] £#<

r, B $(#) @ Laplace BHld

LISDI=d0)= [ d(D)exp(—p)at

CEBINET, I0p N “BEE T,
(1) Laplace IR DHER
B8 L T2 OBWEE L THET, 205,
OB S BB 2 720 LT T Einstein O
WERBWET,
Einstein OEFEK - ~7 b AERH w7 Y
NER AR, BEENZ MU el #HWT
u= guieh A= él jzi:lAijei®€j
EEFET. 22T, eQeidz—7 Yy FEERH
DF VI NEEERERL, R AT L
TwEd (e} 2B EDS o7 DH 2 B
TV NVEROREETH D, T 0ERNO
SO LEHECT AR EFE L sNET).
Z O, BREE 2L P L EEMLT,

u=ue, A=AzeQe;

EFELTIEICLET, Thbb, ERORF
JIER2EENETOT, IOEREMELEL Ik
PEHLET (BHE dummy index EFRUNE T,
—JF, uDES T u b ELBEEOWRFE (X
ool LERTELETOT, ZOH5ENEE
HOTRERL, Big, =122 33 %K
HULET (B free index EIEUEF). FEL
< id Fung (1977) O#EEEERZRET IV,
Eh%E o(xt) (BIRF & BIEERI 7 0Ar—V
ORI B TEHT AR THL ZE2EDLETD),
iR ulxt), 0Tz eilxt) L LET, WE, 2%
FE QT WHETREIND &5 W (x5
D, BRI, BTER adx, ), BRI ETHE f(x,1)
BEZzoNdELET. O, Laplace EficBir3
KO FERBR O E0 L S wErNET.
(TR #9850

_aégi Fe : 3
axJJrfl—O in £

oy
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EHZER Laplace 224
BBt Laplace 24 TSN BB
Laplace Z#
FEEPEHE R ey | BB X LT FE RS Y B
I/u/Sw I nfEE xy
B

PR R R D IS

< U VARSI DI

IO ORE

Laplace #7Z5#
B —

Laplace #Z5#
O S—

Laplace #iZ5#
P R——

Laplace ZMIcH(+5 2 7 0ofiE

o SN T B AR R AR R
v
Laplace B 1T5< v OEE
v
Leplace ZEMIZ i B~ 27 afnl

v

Laplace ZEfIZ 31 5 3 7 vk

3 AT O 7T € A

(FiFrath)

ai=a; on Iy

Gun;=1; on Iy
(WIHEZ)
Lluf(x,t=0)]=a%x)

(ZhL-03 BB

e ney [ OHF | 0dS
A e
& A X

CREFEME AR

ﬁe": /)(2 Géf} + /\igisars(l)\ij)

—pDurst Ursc 7‘5

[
{4
o)

Xy=R»)~%C(),

G(ﬁ) +Z[)+(1/TS)’
_Ka i K
K="+ et

12 Laplace 2 & N7 R E T H D,

()
(3)

(4)

(5)

(6)

i AR

RGBT BB, o R i B 2 SRR
<.

A1), (@), (3) (5) {6)ix Laplace M%< & T,
HERORITHE L CuE T, Lisds->T, Izt
& RS RO IR LRSS D D £, B,
77 Maxwell ROIGE Z—#IC, BENSOET

6‘(/)=2[;G(1‘—s}c’gds—‘rBI;/I(l-s)§€d€

1 .
;j:"g”é’fekaij, Gf‘j:&c‘j‘ &5

(y
IS

EFE, KO 2k Laplace 28z 50 THEIESRE L
TBElhoTwnEd, 3L, A (1972) #E53%
ZRLUTT SV, WAk, fbkommeiy s
& LTk Christensen (1982) 28RN H LT85, 1
A (1972) 3L L bE S WELETYT, BAR I LI
BRI T T,
(2) Laplace BEICHIFDION/VOOME

TR adx,p) BRI E TV 7 o BER L 7
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Forced displacement:
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A Simplified Calculation System for the Evaluation
of Climatic Conditions in Underground Openings

by Xiaoming ZHANG and Yoshiaki MIZUTA

ABSTRACT

A simplified calculation system for the evaluation of climatic conditions in underground
openings was described in this study. Evaluation and control of climatic condition in
underground airways or large openings are quite important since forced convection and
natural convection are driving force of ventilation in the underground openings. FEM
(Finite Element Method) is commonly used to analyze natural convection in a small scale
opening. In a large scale opening, however, due to high Reyleigh’s number of natural
convection FEM requires mainframe computer and great computational efforts to achieve
numerical convergence. In this study, a conventional airway network analysis technic which
has been run on personal computer is modified and improved to make it possible to evaluate
climatic conditions in large scale openings. The large scale opening is expessed by network
of fictitious airways in which airflow velocity and airflow temperature are to be calculated
successively. The main features of this calculation system are simplicity of the physical
model for the opening and the usage of personal computer for the calculation.
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A Fundermental Study on Wet Type Gas Leak Test
—On the Removal of Bubbles in the Water—

by Masaki OSHIUMI

@‘*

Synopsis

On the development of the wet type autonatic gas leak test machine for the small size
relays, some experiments on the removal of bubbles in the water were performed.

Bubbles in the water are classified into dissolved air bubbles, bubbles by disturbance,
boiling water bubbles, bubbles by electrolysis and so on. In these bubbles, the removal of
dissolved air bubbles was most difficult technique.

Theoretical views show that dissolved air in the water is less at the high temperature
than the low state. However, from experimental results obtained, it was found that visible
bubbles adhering on relay were less at the low temperature water in opposition, and that the
bubble didn’t adhere at the boiling water at all, but as time goes by, bubbles adhered at the
high temperature especially, and that even if in a short time, air dissolved in the water by the
disturbance and/or aeration.

As the result of the study, following methods were found to be good for the removal of
bubbles in the water.

(1) Gas leak tests should be performed immediately after cooling the boiling water, or
conducted by replacing the above-stated test water with the newly boiled one as much as
possible.

(2) Test water should be adjusted on lower temperature than higher state comparatively,
and relay cases should be kept at a high temperature.

(3) It is desirable to be performed in the water as quiet as possible.
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Tatara Steel Making
The Japanese traditional method oreginated in anciant year
and disappeared in consequence of morden iron and steel making,
which has been revived in 1977 at the site of the Myth
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