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What Causes Inductive Skepticism? —On Mellor’s “The Warrant of Induction”

Kazuyoshi

Abstract:

KAMIYAMA

D.H.Mellor proposes a new solution to the Humean problem of induction in his inaugural lecture of Cambridge

University ( “The Warrant of Induction” 1988). Taking an externalist position, he claims that induction is “warranted.” In this

paper, I will criticize his solution and propose a different one, claiming that the problem of induction does not result from the KK

thesis (or the 'we know what we know' thesis) but rather from Fumerton(1995)’s “Principle of Inferential Justification” or

something like it.

1. [FLCHIC

DIOIUIIR TR THEN DT Z &%, HDHWIEF Tt
THERS Lo Z L 2 s, RO W TS D &
T5, TORIIT, AR Z20 (B, EROtRL
72 5 MBS A 8 % 72 SMER) 5T BE - 2 odv v oo kil
DIMETH D, 52D O0RERFZE (empiricism) TH 5
(29Tl ABHFIZOWTOMRT, MERBRICHE
SNV EDONRH DL, &I DDONEEEEZE (rationalism) ) o
RERERIL, DUONLOEBRSRFOEF LT TH
HEBFERD, RERERICIIUT, BRI S ONEER
THY, 5 TROUDONIEGHNTH L, ZOEEMEDE
Yz kD, 728 X EEIMIBEAENR L O L LTHRE
N,

R E RO AR 2 BT T TR =R T D,
18if 2=y T FOBFET -y K- E2a—ATh
5, WO EOTRREIC AU, RSB A Mk, A
PR 2 R mi (CE TN L CE R &L, KR
KIZBWTHR YLD, &3 5HE) 2HNTALND,
EIAN, FIXESBEERIHET D Z & e LIZITIE4L
SN2V, B IES LI 0Bl R, GiiiRER a8 x
7o) HFUZET A Ve Bk b IEM b S vy (PAE
il 1739-40) . Zo#EmwAELITIUE, BIE b KRB
DDE D INEIFFEDOIR Y TidAev, Z O H WK
noh, EWHREN TR oORE ] (the problem of
induction) To 5,

JRiAE ES{bT 2 2 LI KD BEE R L LS &9 5
RIZ\, DH AT =D 7 U ORI AT HS

M@ OREE)  (The Warrant of Induction, Cambridge
University Press, 1988 ; URL= <http://www.dspace.cam.ac.uk
/bitstream  1810/3475/1/Inauguralhtml >) &©Z DU ESTH
b, AT —OMRPIE, 28IV THIBRED, Ry d—
(Dretke,1970)° ./ —< v 77 (Nozick,198 1) DAL 95 %38 U T Hn
RO TR Y 2 7 —RIMETFR (externalism)

—EEIRFEE 52 D OIXTOREAEEFI &R LI-EEI
FHEOFET, TINERIZEY BRI THDENEN
MR & F B—D R B DIFIIDIE S L TH 5 M
o, WEOEDIE, AT, JRMoBEOIRIL, F&
PRFES VTN DI DITIFRFES LT D Z & BHRGES
nNTWRITFEZR R, v BEEMEOER (self
intimating requirement) 5 \\ME (ZOHF/NN— 3 T
HD) NINHBZExEM>TWBERLIE, xtnkHic
HOoTWABIZEBHEHEH->TND, EWHKKT—TE (the
KK thesis) \Z& 2, LWOIEREIT>TWDETH D,

A T —DIFPAZ 1T 1 —= > (Cohen, 1989a, 1989b)iZ & %
RS D, a2—= O, bolXBIMEEFRDONE
MO OFREROBEMWEIZ BT TR Y, AOAFMEOER
(D VVIKKT —) 2s3RO AR T
HDEVIFRIIOWTIIE D720, IRk
DIMEERHPRR DO ZEMED E 5 7203, IiiEEaa 0F/E
FITESEmEOER (KKT—8) 1265 &0 )
RS DA CThH Y, Rihcfid s & Bbns, O LU,
HHIEOTAT—ORRE LD BT S, TOMRAEZELT,
VD372 5 BER DN FBESG R 2 8 E ST DD, IR
ZEDLIIZITEDNITI VDD, LD REICHOWT
B84 5n, @

2. A5— TIEMDERIE]

NENOMGE) 1, AT7—56LWT 4w hORIW =il
TIEH DD, DIV EHSTW=EZ A, JTWEL
NP o7z, WiT=z—x > (Cohen, 1989a) 1Tk 52 EHTH
%, @

HOLIEEMDEND LY, EDOZEITHOWTHET,
TRAESNTAEEE B O ETHD, LIWELL D, il
WIEF BT EZ D, RROLVESP, FOECLEo7
FEDH TN Z R TNDET D, BT ENFRLR->T
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ThREDFEEVETHLIT ¥ L ALZTDLOTH, £L
T, ZTORENEBRETCHZEREL XY, DFV,

[ZOHTTREETE] &) (ER) FaEbRiTd
D, ZDELE, HIRT-OBENEDERERIEL TN D,
EAT—FWV D, MR E RSN E AR EAICET D A T
—DIEIZLDE, ZOLE [ZOHTANRETH D]
L EBRIITMoTND, L) T kiThhB,

LML, ERXT—ITHT D, EDOHTVTRRETZ LN D
HRT-DERERIET D2 b DO, HRIeAR—FkE
B TIEHZRWI ETHHOITHERVTRV,  (BEIZSW
T—EHEWEZ &R0 BETIH RV EHRTME
U TR THEDEDRY, HRENEDOEEIZ DN T
DEEL LRV LI, SRR TWE I LadkE
ThDEZEEHRIENM>TNDZ EEBHFR, 725,
TDHTAPREATHD Z LICHkT 2 HR7-ORFEHIA S
EIH (selfintimating) Tl TXR B2\ (0FY, £
ORFEEHRAES N TV T b 722wy iy 272
W, FIHSTNWAZ EHHEEMADZ L7, HHHLON
RO THD Z a2 Hal=N b ZENTE L0 TRITIUL
725720y (Mellor, 1988, p.15)

AT —%, MRICHRTHEE LI 2 oND1E
REDT IR U—EREHT D, BRI D I TR
THIUTHDITE, £z, TNOMEOEDOITIVNREETH
h&&éﬁg,@@ﬁz»%ﬁéﬁ%ik&ﬁtﬁ%ﬂ?
HEAITEE D, BHRDED L X IHROETH L T9%E
WTF ¥ U ARH B 5IE, EOHEROEBIIRES D,
WD H T HERETZA 5 LTI 25 &7 Te DI %
AT HD1E, TTHD (HLLIL, 1FEAETRTO)
T ATFEATH D &V HER] (b L <IEHEEHHMER) <
b5,

—PCDH TANFRATHD LD Hil-DEED, His
TERENERTEDZZEICRVRIESND O LA, L

7ol oT, MEEEELTHFRIZOEREHRT-0F
WAELESEZLD]  (bid. p.18) THDD &L FHERIZ,

WDHTI)NIREATES S LD BIrT=D
RTOATIUIFRETH S LWV I EINC LV RFES LD,
RERD, HRIEOFOEELZSIESEZ Lo 0Bl
DIFETH DD, £ LT, HOBIOD = /UEFRER &0
DT LEFLDZEICHHT 2 HRI-OMFEN B ST
H DB D EFERIZ, BT ADEIZET 5 H 72720
ST B OEAN TH A ET R, (B EAD
ThDH=DI2iE, EAEmMLLENSH) EAEmS
T ERLITANRREEAETHDZ LRSIV ID Z &N
TE5, ZHUIb 5 &, BETIERNWZ EAB T L7l
HENLDPFETHDHZ L%, TNERDZ LIZK->THIS
L FELTHD] (ibid. p22), A TF—ITIhiE, B
TIREZRFEME 2 o7 SIERNC K 0 Igdiditar s n s, @

SRR TN,

3. a—I 2 OHtH

AT — Okt TRMOI[FMIE S 1L ] (inductive
Jjustification of induction)D—>& SD (DK —L~—
VIBWTHLZED L ) BN 2 S TS 1 URL=
< http://sms.csx.cam.ac.uk/media/19261 >) , 7= L 2T
HVERNZ FifE L7z ECORNOIES LTZN G, EOHEFEIL
HRED TEAR,

SR DAY IE S LI 9 D ERERISORIE,  dR R SE
(PEERERIE) TIERnDy, WO HEITH D, IO IEY
LR RDENTNDIZHE D HT, BORDHLNTND
JRAIDIELPEZ IR LTV D, ZAUTEmARSEIR W LGSR
FETS, VWO b ThD,

AT =X, IEERERIDME 2 OIFAREHER 2 RFET 5,
EITH5 'CE%Z) JFAARER B B3 2 PR T EE e
v, EEET D, L) FRTE D00, LU, #08
{RAERCENFRIZ DWW THMETFE (externalism) DI HE L -
TWDEINLTH D, T2k 91, AMEEETIE, F

RUMFEE B2 2 DIXEDEREFIEE D LR Bl EE
@fff TNRERIZE D BRI T D0E2NIEMR
BmNETS (ZHUTHL, ERICIVARSATWSZE
DARFRTHD LT HEN TNIEERKR] (internalism) T
»HDB) .

BIRDZ L Ted s, IMEEZRORGINREIC D, =
—=x (Cohen, 1989b)3MLHIT 2D HEDHRTH D, Wi
AZ—IZ LB (Mellor,1989) ZitAlza—T OB
D,

(AT — O EFLRY ) HEEIRTHEE, 27—
:ra YOBEICESETE T 2HER S 21X, &z
MUSHT DRI TR E LTh, (A T—DFEA
T“b\éf%%‘@z) TrT Yy TVDRIAN—FIEDO LI
HEE LTI, W) 0L, ZIUTEERIC R

RITEN BT (AT —ITAS TRILZ 5 2 R\WMEEITHED
EEILT D) S
BB, AT —OREOKHEST IS 5 5T

ofméﬁzéﬂfméoLﬂb,bﬂbni#ﬁt%_
BEWEILT, TL T, BEVWOMEREL F/IMET<<b
WOIIE T2, EPOEEINDL DL, 1TEICH D
DIEBIZOWVTM L NOHEREZ HONELEL V) Z LITH
%“( T2, AT =REZ TN T,

SDOIDRITANTE LD, BEHD NI A3 —3HR
HWDIRMERIZH L DEITHTHZ L ZWT LD LB 5
LR, 72O ENIEFE ST EEFE LD LiE
ETRICFRALNILLEE, Bx b oTc b LIz b
M#RT725 50

HRANERIZOVWTE 2D Z LITFEEIC VTS
azéoi%ﬂﬁﬁétﬁi,%@%#%ﬁ@ﬁ%%&%
T2 EVIEERIZH LWL O ORIA S 5 EfE LT D
BRI EIND, [HRTME LR EED L
THRIIIMELIZOTTD] EMINT, Bx oo
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& Leh, ZOEMMIERYBEICAZDTEAS I,

B AR CIEARVMEREE b o fE&IE, AR
R, BHAEENEE S TWD EWSEREH D Z LITR
STV EEDH DITAEILSD D, TD LX) RE&ICE
SNTITET D2 L3R, AT, BEERE N Eh L
D 128 A T DRFEZ JfI 5 2 TV UY,

4. BEEMEDOER (KKT—H) C#ERMEDY
bR

COXHBHANTH LA T —DHBE L THE0R, B
EHEDER  (self-intimating requirement) (Zxt3 HHEAIT
b5,

AT, DAL, BEVEIESNTNDTDIZ
IERFES N TN D Z & BHERIES LT IuEe 720
L) BEEAMEOEREZZ T AN TS, 2T, 1FM
FOTERIAME % DI ZRFE L TO IS b 59, H4E
DIRFEZRD T, IFHHNERI B & ORFEEZ Bk T 5 Z &1
B0, LinL, ZOERITIFHOLRGEZ A ATREIC
T5, LWL, WOXIITERD  [T_XTOHT AT
FOTHD] EWHIERIR, TRETREIZIVITART
FEZE LN ed b, RICADZ TV HEEIEA D L)
Hesma e 5, HOEAMEZELRTE, ZOBREEED
HOPRFES IV TWRITIUTZR B2, Z D7 DI
MEEDN, T, TR TOI /WA THD] L)
E O RERIMEEEN TS Z L THhD, LaL, [
TOHTVIREETH D] EWHEANT N BITE D &
LTW5s [ZNETREDT/UTTNTREOEZ LT
5, WICRAZ DTNV FREGETEAS9 ] WOz EaET 5,
L7 5T, BEDPICITHRIES I TOZRWOER 0 RN 5
DEGED 2 DAV, ZAUIERR, Lm0 C, TERNIMR
RESNZRV, T2 L, IEiRIHER b IRFE S 7Ry (Mellor,
1988, §5) .

(A T—HHEMEEL TWAIMIETHHN) ERFEI,
MRRES L) &0 RUERHR SN OPHRTH D
LTBL, BEMEISNTVALEDIZIIMEEES TV
ZEHEBES OV R ITUE AR By, &) HES
MOERIT, FEOERMICHT 2FTOEFEDOL & T
HLEWEH > TNDDITNE, ZOXIIZHMm->TWnWbHZ
EEFHS TWRITIUEZ B2, Lo Wnbpd KK

7 —7¥] (the KK thesis or the 'we know what we know'

thesis) LIRICTHD, IMORBEDIRICKKT —E2RH 5,

ENETETDHZ EZXVBEIIEN D, &) DN A
F—DTATATThbH,

AT =X, KKT — B AR i3 5e T
R, FINERT DARFEDMER A RFNIARFTRETH 5
L, BEOBEENELNENBEE -, FANETHD
F X AP Z BT TR (L, ETib7zk)
2, ZOT7—BIXFMORBEERRARICTS) . Ly
ST, TNEMIZEZ2NE NS T L FBIEOmC x5
BT 520, L1, [Z0XICOEWIEREICE

b oY, o7 BB TS D, Y
BETTMIEFACIZ L < b7y, HERIT 512, bihvbi
DEZHEZEBCEBNTFETHD L RBEZTNT
KK7 —FBZ#ER L2V TIEROD, 7288, EIUIAN
2T, EEEDRTHUWeW, ZORRMICE Y IEoRiE
IR %) (ibid. §5)

AT—IXZ 2T, TERERIAME & DI HER 2 (R
FET A T L HEEIES O RIT IR B2 R
L7 61E (BESEMEOER) | IRir9iER] B B IRAES 11
i blnwZ izhs, LML TS, Lasl,
MFARINERIDME 2 OIFIHER 2 PR35 51 2 & B &R
AESN TV RITIUER BV S ERT 572 51F, Iinnik
HIE FFFESNRT AR BN 21Tk D, LWV I DTk
BB H, BOEPEOERIL, H 2 OIFIRHERN % %
AET DIRMPNERIDMRIE S T U e B2y, T EE
BT 2715950, AT7—13EEE 57, BOEMEDERK
DIFFNESEROTR CH Y, ThEHET D Z LIk v s
MEERETE S, EEELTVD,

i AHRERIDME 2 DIFFRHER 2 RAET 51 2 BE
BEESHTOARITIUEZR S0 E BSR4 51, IR
EAIB HRFES 20 7e H720, 20 ) OIXEA Tz
W, ERUTE S, ADBERIET D, LWV DBAT—D
S TH LD,  DERRER] (A) 2ME % DIFHIIY
HEB (B) 2R 5] (ZhzCeELE?) ZLAHMR
AESNTWARITHIEZR BV & T, BIoDAH - TD
DCERFELRIT UL BN Z L2523, #3Lb,
APBIDOA” IZE D RFESNRTNT R By, EnWH 2
el Nl VA SR AN

H & ERH 5 VIIKKT —FiE, e o E
i (ERROBRNE) ZEFT2ERTH D, b a—LfiD
JTAESER OIS Z DEGECH D LD A T —DERIFH
EOTWD ERUTE S, A T—2, HOEMMEOEFEEIE
BITHZEHBBLTUHERLEY ELTWEDNE, THHE
& (BHVEHE) HABOGESEEEICE W RiESh
57e51E, EHEHAESNRT TR B0 v ) B
Thd, a—x LD THLONTNDSDL, ZOFMT
»b, A7—1%, EBHFORGHILERNETRL, a—
TUATMEER, LHERL TV D, fER, AT —oRfENE
A TWD DU, /M HEGR o TR & fREE
(contingent warrant) \ZTXF, RFEZ D H O TILARW,
GHfr& TRV e 52 X5 3572018, Rz
DELEDDFRFEPMETH D, ENVIDORIA—Z 2 DAT—
eHcH 5,

[HDEEHMHOEEEICLVRIESh D251, E
HERES 2T uEe b7 SIS ERRIE, R 7~
— bk > (Fumerton,1995) 7% I #E G A0 1E 24 1k J7 BE
(Principle of Inferential Justification) &WEATZHDD—H
Thsb, O UT, Z0oEEFEZOLO%E THEFHIE 4{LR
B EFESZ LIZLEL D, FAOE LTI, IRNERERR O
AL, KK7—E Tidle < HEaES{LFFICh 5,
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HERRAYIE S IR O & 5 IR ORI 2 A= L0,
HERRAVIE S L 23R 5 &, R ORBRANE & DIEY
ft (INETHLEI LoD, [EH & G 2%
HrReeRE L LTEMT %) RAIIE,

(1) =¥ FL R (JERR#T)
(2) EZirTiEE
(3) fEsR

DOWTINMNIT/ D,

FREE R TS E, Ba—AlE, QDHE, EX4{kiX
FRAZHET, BFERO 5 HIZ() DG b IE S idpsr T,
L7 o TESERARETH 5 & TIUEQ)DELEICR S,
LEZTWVWELIE (L a—20HEICHO W TIX
Ayer( 1972, § 1) 2 3012007, § DA SH)

Q)DE%E,

(a) IR ZNAS TESLESND
(b) fFILAERTHHS TIEY LS haen

DUVFTHDDIAL Y 2,

b)DYE, BERICHDEEDPEL LIV E, £
MICE VW IEXEENDIZ L DHDEES IES LSRR,

BHIE, (DG, FIkmEE LTE 2a— 20K 5HH
L7=Did TAKOF—MEFRER (the principle of the uniformity
of nature)] (T 72bL, TZNFTRERELZZ EDRNWE
BIERRBRE A DOFEF L LTV BIZHRNRY, ZLT, H
IROBREITSRUC—FETH 5| (Hume 1972, book 1,
§6) Thd, FNHAFTELLEND EIITRZDINE
LivZenas, EEZTIEY b2, BEREIIEE
WILENDA, MERITIE YU LEER L2V, L) B
LEDOEXIIHTIND ( (@) EWIHIEAE, FEBRIC
WEFELRYY)

fham TR ORBRMESITES LI,

AT — [ IIMEEFZDSIRIT ST > T H DM R &4
HTBZ L2k ->T, HERESLREZ BET 5, Zh
R L, HERPIITE LR OGEE, BEAEB NS AT
HHALNCEBICKT D, LML TVLI0Ra— T
H5, FAIa—=Nondbs LB 5, A 7 —0Fmns
ZTWDDNE, JRRIHER O S EAT & R IR A3
E Lo AR SN AR T E RV, IFHIRIHER D
TRAEZDH D TIF RV, TORIEE G2 L5 &T 5751,
WILZ Db ODHRIABRETH D, Linl, ZOXHIZH
2T, ImMORBITEL SN TITE->TLE S,

JFANORIEIZE D IESLORETH 5, THUL, FHL
SOHREZBAo B NTE R O IR CRAET HMETH Y,
ZOSMIHTHIEZR R L L 5 & T 29MEFERDOT T u—
FRIESNTHD LESH, ©

5. bhbhbdit o0& NMBEDOREE] OATHD
HERPIE S LFFIC OV TH SO TEZL TR LI, A
Mo Eaidma AREENbZ Y RL A LW r—2
EEBRIT R WEA S, 758, bHOIIEERY, ThAY
BITPRAEDZRMERTIEILED T —RA L5 Z LIl D,
TEBRIRAE AR L7220 & B 2 — A EEZ T b, b
2 — LD CEEICH DN TV 2 DIEER%Z D b)Y D 7 —
A, DFEVIESORWVERTIEILT 57 —ATH5, 1h
RAERDDLHFELEEE (coherentist) — 1 I L, b
NONOEERRIHEME L R DEEREFELRY, B&
BRIZE > THEROIL, ZIUCET AEEMHEOEAN
ThHH—LANDAZIL, b UBHOESRIZTF ¥ AR H
HETE, ta—a i MiolciDr—REEBEZHZ LI
05,

Z< DAADR,  HERHES LR Z 2T ANTZEEE
PDEDICHZD) TRTORBRIIEED IO 722
WEEDFIET D L0 ) AIREMRICA R A b o7z, DR
MATHDNTEBRD DD EZAIEAIN, B a—hiht
WV, DIZERERROFEMEETHLE L LD, 0F
v, TREOFHTBEOFHIEITND) HDWE (2
&z BARREOBIERINK Y Lo X S 2t E g
TboTND, EWVWITRERTHDLELES, FHEROHND
TBHE, 12 ZITRITRD I =/ UTHRATE & D HERI A
KRNZIX Z OB XV IRFEE 2T D, T, HEEERG
NE D X, BROF—MFEIIM LEREE 72200
75, D

WDEHIEZ DL HTED, WITHD T /VITHkkE
EEWOHEMARITR L= & LT, ZOHER ORIz XY B
ROFK —MEFFIIRAEE 2T B, T72bh, 2 ZICITHHA
TRFENL L TN D - (2 OIiiHEER L B R D& — PR
WEWRRESND L, BROF —MFIRILE % DI
DML VIRFEE D, BIfEE TIZIRIVUL, AROE—
PFEEIL - N E TH O BMEEE 5 2 722 < DIE&DIIC
X0 FEEEZIT TG, @

CIRRBH DA DDy ILRRESNEE (XY
R ENF BT, LT A FENEER) 3%
THF ¥V ARE, &V OITFRMNES, 2F 0 AR
DOEF—EIZ LY EEHLENDEETEDD, ZZ TV IHRFE
BEWF ¥ RAE2bbT, LIEExRN, bLEAEE
BB L, EEMmLE D, LnL, ZORECEERRE
TRWEREZ 5252 LN TE D,

FIUTREOHGEE VWO RFETH D, 22T, LRED
PRAE) LIESEIERWINCL Y 2N ETCRFEEZ T T
i HEEEZST, O BEOFIEELOORLIE, H
IROF —MEFEITMRGEE VN D 2 & TRV, LE>T
FNDNELRFEE NG, [EEORBRINE SIT\ARES, &0V
S BRI ARG ML,

BEDOIRFELL_EDORGFEZ R D 5 58 VLEEA vl
D UmmEEGR bbb EE > O, BEMIZIEZo
DETHAY) ., Lnl, TNEL52501F, WEZZT



RN E R A R ST LD —AT— [

RAEE G52 X5 L LTV ARE I THD, BIRK

—MFBZ e TIUL, DIVOIUIREOFEHERINET
DFHEEDLLRY (BHBHWE, TOF ¥ ATEny) =
LEFERTHIENTES,

BHARDOF—MEFELZ O b OB EORGEE b D72 720
G, ENEEICE < T CORBIERIT, R
WEDHRIEE DTS, E5-oTHENnAD (InxE
BT DI THEERIZIE LYY . UL, RS
E9,

SFY, HERIIESLEEEZZ T ANTSZETY, DL

DNORERINE SIIFEE — U =720 & W ) [5ERE O
fEmA BT B Z LN TE B,

HERROOIE S AL ) SRR R 2 H IR L Ch DT
DRI RBHDEICBEZD, HOHEEPIOEEZICK
DIESLEND =0T, BOESAFEY LI T
SR LIECAL=LAN AN kgkﬁéﬁ AAIES LREE,  TIEY
k1 Wz onTo— o@£m1%0(%®i9&_&ﬁﬂ
BThDH L LOELLEFRITER LIZbOTIE R,
WRD T JNIFFEATEA 9 LV ESEE, I 3Cohz b
RGBT E VI EAICL Y IESLEND, LW0H LA,
E%ﬁﬁmWn FFLEDN, T TOEYSITZ YL
(validationy—& B MENBOMEE REICEETH Z &

DFEA— T%éo::ﬂ% DIV AN %ﬁékkbfm
Te LD ITHSGEND, FDEEOREmMDY, A ERIE
Lipaeny, 72 b XX, %nm%t@%@:&
Thd (FUIHPTHIEETIEZRY) . EUdES b
IR, ERENDIDOEEENRH D, e a2y
fbEnian 20725, bbb oR#EEmnESIxIEEA
EEONIR, TR UEHESITES bS] &
MEINDNHRNIE DL, ETHRR7ZE I, HED
&9 ISR LB T A, (10

x
(1) AT7—Et 2 — AROFMIEEEGRIC OV T LT
2%, W E(Suppe,1989)2%, JiiniEkEin & A EEGR A
BRIZONWT, TN HAKKT —BICAZRNEILL T 5
LWV EEEITH>TWVD, KKT—BE B THITERRIT
REINDG, EVnHIORYyOERTHS, FEH
Qo0 BN S B, KKT—EZETHEET TlE
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®m¢®tw WA T—¥ (HEDE 5 [PEHKKT —
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FECTIER<, MERrEXEER] Thd I L aEmHT 2,
728, KK7 —B LRI (epistemic logic) D IEANELD
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BT HKKT —E DO OREHLFFE I T A w0
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AHOLRFE) 122N T
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B) N.7 v R~ JFHOESRIZONT, HiEDIE
LLEET L, RO K INTHRRTND - {2 OIFHNIHE
PRI —MRE RIS & 0—Buz L v IEX kI, —#K
BRI & =228 ST IRROHER & O —Fiz L v 1Y

CEEHEE U5 ONESLIND T2

BT OEATH->TW



RYET 2w M2 el (5F445)

fbEid, >F v HHAIE ZNBNIFE AT (double
adjustment) DFERZENENELLEND, T ZITITEER
1272V (Goodman, 1979, §2),

9) ZZTREDORIEL, WEREELR(confirmation theory) T
=9 [HEAE) (confirmation)Z BWR L 72\, ZALETHREIL
TELEVWHIEREZITETTH D, FEECOWVTIE,

1) AIRHGEFIDY (oL DRT R R) , 2) HFENS-
ZbNTz& LT, ZNNRREDTMELT 5 BRI/ DD
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A Study of Task-Based Language Teaching at a Technical College

- Designing Tasks Based on Learners’ Needs -

Rie SUGIURA

Abstract:
environment.

propose the appropriate tasks.

Tasks, if designed to meet learners’ needs, should provide optimal conditions for the particular language learning
The purpose of this study is, first, to identify learners’ needs for a technical college in an EFL context and then to

In order to conduct the needs analysis, students in a Japanese technical college (n = 882) were asked

to answer a questionnaire concerning their reasons for studying English, what skills or knowledge they needed to improve, and what

content and activities they wanted to work on in the class.

possibility of using English for business in the future as their reason.

The results indicated that over sixty percent of all the students gave the

As for skills or knowledge to be improved, the results of the

questionnaire also showed that listening and speaking skills and vocabulary knowledge were especially recognized to be insufficient

for the students in both upper and lower grades.

grades) showed more interest in content and activities related to the real world than did the students in the lower grades.

In addition, it was found that the students in upper grades (the fourth and fifth

Based on

these results, it was proposed that the corresponding tasks to meet students’ needs should be designed.

1. [ZFC&HIC

Al 2= —va VRBADOERERED 1 2L LTWn5
AARDTEHEIZBWT, FEHEIISLT, IRBH»DOZ)
R RE ST IR & BRI E 2 RE L, £ OHES
BEMSLT 52 LIXRBTH D, HICEEHEMAL LT,
EED) T, EMEEEPLICHENEERE ERE Lz
V¥ a7 AREMINTEY, FEZHEICBWTL, Hif
FHLLT MEx HHEE] OBRBMLELENTND (2E
EERMERIGEAT YR - mEREREICHET oA E
B4%,2002)

B SR E A (LT, SLA: Second Language
Acquisition) D4 EFCIE, BIE DS THRE L 2D [ X 27 |
EREOPTYIal—Tar b LTRY MR, FiELE
BRICHERT 22 L0k v, RErEZE L CEHEEMAZ S5
REZLGADIENEETHLEINTNWD, FAT %
BREITHY Ak, 2VRMZRIEE LT O T2, FEHER
Fok, EOXS GRCHRBLHERN L-Z A7 ZENT 5
VEBENRH DD, FTeEDXLIREZATNARE DD
ICHBEIR I - BN LT DX b D THEINEND
EERIREEMNMEEL, =— X WEM) ICRE-oT X R T &
FhE LT id7e 720y (Long, 2005)

mEAIL, BR, BT, artYa—FEoEMEE 2R

BELTEY, FRICKHT 2 BE070A A —VEkFR>oT0D
ERZ, ZOZEnb, BHEEO=—X &L, HM
BEIEROMAFNE & SGEFE ONE Z BEM 1 7= 2 A
7R, TOHEE U THERME EZREICTRYD AhD Z &
T, FEEFEA~OBMES T ERED, FEOR - FEED
HZLELAMETHDL EEZE X BND,

AR TIE, BEICRBITD (X A7 2H b LedEE
Bl OFRRHEIZOWTHRATHRDOHER L ORET 5, &6
2, BEADWBFEO=—X 5T v r—  NREL, @H
BT HE R OREERET S,

il

g

2. ROE=
2.1 ESEHEEICBITHIRY LBHHNES

SLA OB T, ¥ A7 &#Hilb LI-fRENSHEEEIC
AN THDHEENTWD (Ellis, 2003), [#227] Lix, #
20E, TR LA LWL Ea—% Y7 NI CIRES
LD OFBEELRFETIERL, BKT D) REOHFED
RN L TR Th Y, #EFIXEOREE fFRRT
L2012, CUETITRL) Avbe—VORZICEZEZEND
CERERENEITO LD, TOBRC, FEBE T EE
BUEEOFEFEOHBEE L COSREEHNRD LD,
ZHIC kY, TEHEREGEEICOWTOHGROESIE) 28, B
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EHEOF T BEYICHEH SN 8008 RE ~EBITT
HZ LT D (K - BB, 2004), BLEOHE T, FlE
KLY, MSNTHEAZHE LD EWoTokkx ey
AT AT LT RTNER LRV, BEAIC X - T,
SRR CRBI LB T —va v 21T, H
BRISEEATO VML DD, [RELHEZDHL51kD) &
W ZliE, bbb, TDOXIRH AT FYEETHEITT
XL NEDTDHENHIZETHD, TOLXHITEZNIL,
BHEDIH2TITORTWA X X7 & #E N THEENIC IR
SHELZENEETHD EWVZ D,

B AT DEFRIZONTIE, Z< OMFEEIC L - Tilin S
nNTWa, TOHT, A TIE, Ellis (2003) OEFKT D
DI D 4 SO aFOIEB 22 A7 L LTIRA TV D,

(1) SFEEMES BRH D

2) BHRHADIRERH - HThHD

@) FELFMIC, - BEARLOMEDO 3] 25b5
@) FEENANTERT, Sk (E)]

ZATNEEEBRORANTHDLEVIBZOERI
I%, SLA, #&EiE%, RALHFEOHIE e & T
MR H DD, RKEFEHRBOLELTE, UTOXLIREDON
#Fohns (FE, 2005,p.5)

(1) EBkDOXY & D (negotiation of meaning) %1T 5 T,
PR AT RE 72 A > 7> b (comprehensible input) %155
ZLATES (Long 1996),

() BHROLD LV EATOPT, WYRT =Ky
1852 LN TES (Long, 1996),

() BEHOSHEHME ERIENT 57U My Fog
RE/DHIENTE D, FEHET, EBRICSHELHEN
T5Z LIk~ T, Mo BEME (automatization) %
D, SERROFHELE (restructuring) Z1T 9 Z &2
TZ % (McLaughlin, 1990),

(4 MHE LWL THREEZERT D2 LIk, SFE%
HAET (Swain, 1998).

WROERICE ST, ¥ A7 ZHEECTEHT HHEENS
WCIERAREZTNH DN, XA7ICIEKREL 2 >O%
HRHDENVZD, £F, 1 2H1F, ZAZICEROMATZ &
TEEEFL, ATy by, A F—=T 7 arR
TNy NOWKREHRLZENTEX, ZOWBETSIEE
BIZBT 2RS0T ENFREE D (Ells,
2003), ZOWE, FAVEBEETHIET, SR
XRE, B RBRICB T2 5HEHEICA I s
Wb, Eilo, FAIEFERTHHT, LEGUT, #
B2 EOER % SFEER CLoEiER L) ICEEER

I7 % focus on form & MEZNLDIEEAITH) Z L HARETH D
(Doughty and Williams, 1998),

2OHDZ A7 DEENT, BfFOM#EEE LS Y, 535
DAL ZXD Z L TGS Z2MET 2LV HIREITH D
(McLaughlin, 1990), FEEED 3 I ==/ —3 = > CRIEIZE
MTELHEERLTL2DOTHD,

2.2 BRUVDRBELEZOHME

X A7 ZHuls b U= #5813, Task-Based Language Teaching
(LLF, TBLT) EMEENTERY, £—A TV TOI A —>
X7 RO B 5 THE, AMEREEEICRS T, 7T
OFHFT TBLT NEMINT WD (Rl 1, 2003 2R), £
72, SAX—DT T —AMFGTIE, F—, F_S5EL
LTCOAT U ZFEHET TBLT #EBATHEFRDH Y, %
DEBFINHLE SN TWD (Gorp & Bogaert, 2006 Z17),

7272, TBLT % EHIFIZENE L 723586 OZNR & o FeE ik
EDWHRIZ Lo THRAET A Z L IFE 2o lcidms sh T
Wi\, ET, ZRAV7ICET L OEITIIINE, FEEE
% " =7E L9 5 ESL (English as a Second Language) DOEREE
ThHolV, HEHNTH RIESHEOEMNLERETITD
NTWDEBENRE N, ZO7H, BARD X ) ICHKEEIE
FEL LC#HE LT 5 EFL (English as a Foreign Language)
DEET, A7 &EFLE LEREZ2E0IEAL T
DEFNT DI,

LU s, YRV EFERTHZEICLY, FFEDX
FEHBOEBFBICHER D 72 &0 9 FFEFFEIEH Y, EA
\ZET %, Bz 1E, Sugiura (2006) 1ZEHO 14EAZRTRIC
EERBREIT, ¥ A7 OFEED, Wfl& 8 GET TE
LRI OBMEE N LS B LTS,

B A F T NANEY AL 7k & LT, Ellis (2003)
N, AT T NAOFEE L. TBLT 721 T2 <, Xk
INRIREORTE AT MBI L7z, kY
FNARMEEY T NA L TBLT & %A L7Z0 45 TSLT
(Task-Supported Language Teaching ) 23 FJRECTdr 5D LR T
W5, TSLT T, BARDRGEHE CEiE S T30k
TGRARN =T 4V IRTAT 4 THEDAF VIR L
T INAEL, BRI HHE LTy T8RRI B
THZENARTHY, HE (2005) X, AADOPTER, &

LERDOIFEHRBE CTSLT 2 BATHZ L EREL TN D,
3. HE
3.1 B®Y

B AT BN T 72 010E, FEEDO=—X|
S UT2Z A7 ODBREBRMLETH D, -, =—XITEHIC

LoTHRARDLDOTHY, FEMO=—XJSLTeF A7
WREERD, 2T, SHEEOREEHICET LT
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— FEFE L7, B, UTO28TH5,

() BHEEOEEFEO=—X%T v 7r— FMREL, XA
ZapbE LRI UAL SN == 21T 9.

(2) Ef (1) ==&, giED=— X
Clez 27 OBMRBIZRET S,

3.2 =—XHR/EHE
3.2.1 ZmE

BEO 1~SEER S 7 T AOREERSBIC, HiEEEIC
BM427 00— M2%ER Lz, ZIEIL, 658824 (14
2124, 244190 44, 34EAE 19240, 44E4E 144 4, 5
144 4) Thot-,

322 HEEHIVX2FLOIWK

I~2EAE T 5 RO BEGERENRH Y, 55 1 KEf 2 %
AT 4 T A= —NESFEE, KV O 4 BHE HARAE
ENRHBLTND, 1~2FAEDIRAKEORETIE, 7
FAMERWZIOEEY, M 28, el &, 592 &,
B LD 4 BREBRAMICREL TN D,

3 AT 3 IFROBRERH Y, 56 1 KEEIE, TOEIC
TANDKEBEDTDDFREPITON TN D, TR ORERHET
%, TERA RV ERE, HEFEORENERDTZD
DFENERENTND, I HIT I~3FAICONTE, F
% 20 FEE 2> & Oxford University Press ¢ Graded Readers 72
E ORI DEN T FHNT, ZFHOEEEIT> T D,

AR, STFEAOREE, BIEREL STV D, REN
KX, FEEEORB I EERT D & & HIZTOEIC 7 A K
FRMAFRBROTZDORRE TR L TWD, Fiz, BEKZ
LoTlE, EHICLAAE—TFOT A ATy va xSt
5728, BRI ERD ANTZEEL L T\ D,

3.2.3 7ui—FriRE

72— N ORMIE 6 T, SR TRETLHLO
ThoH (EE 1 2R, BRETEUTONEZEML, %
RO F )5 3 LN TERS L D R Lz, BIE R,
10 0 & L=,

1. R REERERER (SH) OBk
FRMIL. TOEIC D15 A

L. SEREAMEA D & 9172 ) 72V E
BRIV, AR LT 2 B DORE S RA
RV, ZETIY EFTHHWVTEWNE
BMIVL 5236 THUY L2 T2 5 B

3.3 o

BRENZONWT, BRI EZRATFTZED NEOERE 25
HEZLIZE LD LORBR20E1~FLTH D, £,
DTSR T L ~ K4 0%, 1~344E CUF, K234 &
4~5 MEE (BLF, ®E) oRZANEEELEAFEL,
ZFOEGE VT 7T TRLTVD,

R T35 0Bl T, SFEE S kot
HICHKE] LW BRI ZBAZEANR b EL, 2F4F
TOHEIL 612% I =D (BE2. O 1 /), KITH
HTHDOIL MENRITET 2000 Ltz L) B
ThY, ZORREEZBALEGITE - @P4EL BRI
F40%E @ (K 1. B, —F, ERRBROXIHR] < T
PR H OSCHRZ Fide DICHEE ] LW S EIEIZOW T, K
AR LEFFEICHER DD Z EBATEND, 2 THE
P2 RA T NI E B HEOBBICONT, x° REZAT
SRR, BFFEOREOEMIAETCHo7 (1
(28)=50.41, p<.01), & BITFRFAE W EAT S ToFER, 1 HFAT
I TR, 3FEATIR TR O~ D Bk, 444
T TERRBOXIR ), 5 #E£ETIE THME B OO
fi] DOEIBENFEIZZNZ LN hoT-, OF D, 4 H4E,
5AEE L WIS R BICON T, BhIe I ER T D HE
BB N LD 2L BFF N TVAE Z R0 5D,

pi 4 & A z
L[4 st £ ES % | -0l (2]
id 1+ ftb

M1 HFFEOEMR (FRFEM)

IV IRELTWDHEEERES) - il T, E&EE L
T (HEE] OFRREZE U TV ARENE - BFEL HICH
WZ ERRZToND (X2, 2R), £/, K- mFFEIcHt
WLT, 480> 6 H< 1), T5ETI1) 28, [Hite i)
L TREL TS ER#EINTWD, —FH, &%F
LI U CRAICIR A D 1, 2 AT, SUEOHEA AL
LTWDEWIRIZNLL AT ond (B2 OR 2 &
), &2 CHBINEEARATE A E FFEOHEIZONT,
1’ REEIT T MER, FHEOHEOBEMIIAE TH -
7= (x° (32)=74.55, p<01), & BITHEESHT AT - T-/EH, 1
FATIE T3E ) 130E), 4 B4k T 1), 5 4T
I THide 1) OEIEZEPFEEIZZ N LRI, HIZE
ENFEID 7200, 140 TR ) TEde i), TH
BB, 24D T5ET ), 340 (305, 4540 [EL
711, T3F] Thoto, T72bb, 1 FAEFMOFE L ik
LT, TR ) Taide /i), THEE] 2o T, HEV AR
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L LTI TERRBROT-DORH] L EIEREL,

BRI AR & i LT, THEEIEEE ) R TE YRR
FE] BTV EWIEIENRELL o TVND, £ 1 TKIE
P Z RA T N E B FHEOBBICOWT, % MEERTT
SR, BREOREOEBMIEE TH-7 (x°

(36)=54.05, p<.05), & LITFRZAFHT AT S TofER, 24T
X TR 20655 TEMEIIROIEGE) 23, 54EETIE
(BRI 2 0658) & TRFREGE) ORIZEPARICEZ N
T EBRTREINT, MIZRIENGEICA NS DL, | FAED
MREFDEEE ), S A THE - FROKFE] Tholz, D
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—FROT VB T—vay, B, 74— ETDHENS
T2 REMOIEBORIEN DI hoTz, & 2 THIRINEL % 5
MENKE BEEOEBIZONT, x° REZTT- /R,
BEAEDEEDBEITAE Th o7 (1 (44)=79.05, p<.01),
S LA EATo TR, 1 AT 308, 2 4
IR AR, 3 R4 TIE T B MBSy, 4 4R TR TR,
SEATIIIAE—F - FLE¥rF—a ), THHREEL]
DEIENAEICEZ N LRSI, WTEENAREICD
VDI, 1FEAD THER, 2 4E4E0 TFER), 4440 TH
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EEROEmE RS E, TPRMEN [FEFEEE OB o

IHTHER D BIE, EBRICEELHEHAT 25 m 2 Bl L T
PRI ATV EENEFENTHDE EEZXLND,
RV TRE LTV D IGERES) - ik ORERC THEE),
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b5, LinL, Zofs, 49 Ld (FHeh 2 I#
<K BF+FIiboTVWH EWS Z & TiER, HFHEIC
FDRED I 2= —a VIRIGTERNnE N Z &
NHDLLOEHEEIND, RV IRETHEE LEVNE]
DRERZRTH, THHEHE OEENRHLL, WKiEx o
o= = arOFEELTEELEVE W) BN S
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Fala=b—varyOPRELELTHRATHDE—FHT, X
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TWDFEDRENK - @FHEL DN SI3FFE
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K- @R, RO FEOMEBORE E LT, &REV
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EDRRENTND, XBHIT, HMVIORKEEND, FZ 5 F
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BEIZIZE A E D b AN E 2 ITEFREEZREL TN D
TEREBL WD AREERD D, REEEE L BLEML
LD THRATWAS Z ERRTHRNS,
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HICHEEZZITTND EbEEZ LD, Fl2IE, 4 FETIE
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The environmental measurements on a language study tour in Australia

Yasuhiro OKUYAMA, Akira MORIWAKI™

Abstract:

, Ryuji I1iima ™

, and Ayaka METOKI™®

This is one of the research reports on this year’s language study tour, which deals with

the environmental measurements in Australia. The students (three of the authors) participating in

this tour measured the radiation and ultraviolet rays in an airplane and in Australia.
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Verification of learning effects on short study abroad programs at Ibaraki National College of Technology

Ken’ichi OTSUKA

Abstract: The purpose of this study is to verify the learning effects on attending short study abroad programs at Ibaraki National

College of Technology. The following two English tests and two anxiety questionnaires were administered in order to examine the

effects of the programs: (1) CASEC (Computerized Assessment System for English Communication), (2) original speaking test

(discussion task in a group of three), (3) questionnaire of English Use Anxiety (EUA), and (4) questionnaire of English Class Anxiety

(ECA). The main findings were as follows: (1) the result of CASEC did not show any positive effects on attending short study abroad

program, (2) the speaking test proved that the short study abroad programs enhanced participants’ speaking fluency, and (3) the result

of anxiety questionnaires indicated that the students who took part in the short study abroad programs reduced both EUA and ECA.
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b, FAEIFIATIOORAL « 77 IV —F|Th—2L4 « &
T4 L, kEe MATIZHDETUA T U X TR KFEDOESLY
TAEZHET D, FICLVTHENFICERERD D0,
BETEMINDBHETTRIHOHTISHEHIRITHOI
D, BEIIF AT - R— 2 THEHOESLERZEESHY L,
175 212 O AFITE < TI04 T KIREHOZAED K
DU T AHBHIVE, MEHSFEDNND—HKESLY 7 AT
ZHTH L DD, 9B DHDITEBOFHKIT, RFEO—
75 AOREC2H . v AT HRNOBDLIZSH, V28I
HHERFIZHTOND, /-, LHIFEARICHABT, FA
ke 77 20 —ICEN I T A 22IEE) &8 L2 AT
CAETHD, IALATER—L AT ATDHZ L, FMHELR
DRFTIIAARFELUSNEFE -SEL T HHETEE LOR
ML ZNZ EnD, ¥ F=—fB2IHEL Y b HICTGE
WZflAL DS IE 0,

23 BETHEO B - BERELOBR -SAIEETHE

FR2o0HHET T 7T AOMIZAE} 4 FENGO A >
7 AT F— REEEHEN E ST D28, BHED B iX
ETU TSNl [HEEE O SLER & HEELEICHT D
T EEmO L2 L) ICBEY .. BRNARTGEEA Om L
BAEfEZR CIERESN TV, [E- T, 7rr I MET
FATKIT 2 BT G13 Th T, Rl 7ises b i F
FERICEETHEIZSZINT 5 Z L BARETH Y @, SF
FILERDN 20 4 &£ SNDNEEERICE TIHELZRND),
ZINE DFGFED AL S FEBER D ZIEI DT 5,

SN LFEDHIATON DB FHHETH DL L2 b,
WEIY 2T AT TITON TV DL EEORIEE 3 DDk
FHHE T v 7T MR EowEE Ty, mRERIc X s
HETHEIL 3 [|T, EMEOE - BEEOFEIZ 1 ET
HY . R O2ENHREZICEHTAIHEL R — FoEX
FOBHEE | JFERAHE LV — e E ORI ENTT
b s, EEMRIEED L —=r Z3Thiiy, 1FE
Bix, BEOHHE BN T E O RAED AL B &Rl IRE
WMESNERINDD, BRNFITETHFEIEINTE
D BESRWEMIZBIMT H 1 LAV G AEDH EMITE
INTWD, £z, THEREE~ORET HHE L A —
MEIBMFAD B PRI 22 8L b FE i STV 2 23,
EHLE VA= MNMIXT 57 40— Ry 73 T T
W, BLEDZ &b EMBNCRZ 2 - F R T
PNTIEB LT, FEEENCFEREZ T TR
W2 Eh, FEE I TWD 3 SOMSNEFEEHE TV
T HIEOFEDOERNRE,

3. RITHAE

31 BRELBNEFTENBEEETRICRIEFIUNR

2 W MR O OWSEEAIHME & 135820 | AR
B EEFFEOEERINRIETT IR OWTITEE & 72858
PTHITE T D (e.g., Freed, 1995; Harley & Hart, 2002;
Sasaki, 2007), £ALHOHTH FFRE ORI E LIZHEH L,
FRAE—FUIEAOILO TGS oBficER L
75D % 5, Segalowitz and Freed (2004) 13, FEREMH—
SRETH D KRERFED AL VBB BICHEINEFE D K

W, WY IN—T (22 K. AR CORFETHIT 3
DDANRA VA= AL FE) ERENBHERES NV —T
(18 44, M 1 BIO@HEZZE) (20T THM LTz, Wi S Ofl
T2 1T Oral Proficiency Interview (OPI) 2fFA L. 7r /'
L1 BICHERTHNE, 138 BICERIEEZITo 72, S
DI HTCIEEEAL TE 2K BHIEE ToH 5 general oral
performance & LT 3 Bl (total words spoken, duration of
speaking time, longest turn)& . oral fluency & L C® 4 #BlA
(speech rate, hesitation-free speech runs, filler-free speech runs,
fluent runs) 23V G A7z, . FRTT A MR TOM 7 v
— 7 OEEMITFEHEN TS, SHOFEER, 8% 71—
TN FIRE T V—T 2T longest turn, speech rate,
filler-free speech runs @ 3 3H HIZHFHHNZ A B2 M L& R L
7oo ZHUT K VISR NEG S 2R LS 2 & AR
LTV D EfEmfT T T g, ZoWgEE. FEEEO /A
P CIE A< . BRI RSN T — % &2 BT -
EBRL TV DA TREmOEEEN Y, LavL, 2 BT
BOFEHTE T, BICHARBEDNE - SEOIGETFEE K
T2 S 1) LICBT 208 TRV 2, BARD G A
LAV DY B e R RAT o D W SNE I FEEHE T
HRROIER & 72 00T b bR,

Segalowitz and Freed (2004) @ X 5 7af « REICTOWFIM L
FOHRME & AT, 1 AT OEHOFEFHHE D)
REP S TTHRE LD 720 ARA (2008) 13, 3 B O
HWEESTHE DR A  SMT N—T19 4 LIESMT N—T
41 B2 TRRGE L7, SEREH D2 kiR, Sl 2 fk oo
LN OB UTEE 52 B 26 U AHMER 46 2 B Rl
EWHERT 3EMZICHE LTz, O OfEER, 7 X MR
DEFEICBNT, EBMI A — T IO m LR R Sh
o Tz, BNV — TN TERIE R A O ) B
Ao, Bickrvavm OUE: 10HE, RIET (B
& :SHA, V=747 :7THA, VA=7 :30H
) 2ot Lic e 2A, FRAEROBNFALED Y 2=
7 v s va VICHEBICE B O B RS i 2
ENG ., WASEFIHEICSMLIZZ LIck bV A= T HE
A EERET 5O TH D EfEmftiT Tngd, ZomE
T HARNZ G L iV IRE FHE OBE AR A2 JE
LTWAR, EHT A hots v a EOHBBOME)
b DEFEME LOMBEDIEN WRENRFETHD Z L,
F TN R T DEEFHHEICSNT 5 2 L Tl bEESI DM
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ERfF SN A =X U TRRONPE STV RNT L
Mo, FEROMPUTIEEIITO LNERD D L b s,
BRI - 80N - 83K - AR T (2006) 1%, 9 3 W OiEsME
HIREFIHEICSIN LTz 34 4 D A AR NRFAEZBBRE & L,
WHE/T EHHERICA Y —F% 2 - 7 X b & LT Harcourt/
Ordinate Corporation Bfl%& ? Versant for English % fifi L , Part E
D 3 oA MEEXEMORGET — % % b &I EHIEE
BORhREHE LTz, Part E & 1%, “Do you like playing more
in individual or in team sports? Please explain.” 2D E M 1
FACTE A DM TH D, oI AERE L REHER (BN
INTHBINET D ETORB) O 2 BENBIT-T-, &
HrofbR, FEMERICHFEFFERLS T RIS,
R ((MEEOHEENMELA TS LTY —
FeZ7730— (REFRERESL 5L LTHAD) ITIFA
BERRN-TZ b FRAERIZFEHER S A ZI03E <
o TWDZ EENHIA LIz, LLRICX Y, FEIIEY
WHEDZHRE LT, VA=V IR DBEN S DR E S
HABLE L, AE—F 7 - TrkRCBT HiEHE~D
77 AR O AL HEA IS RTREME AR L T B,
ZOFREERIT, A —F U ZREN A EENE LR E
FIFEFEDO R A HRE L TVWDLETHETH D, Lh
L6, @EAE LV OFEE LWL L LEHEIZH
BROFEFRNZ 72 2 D ORRFEITHI 2 . i GEHE & FEREIE R LLAL
WZHHTEE 2B L7 BEROMLEMEZ KL S5,

32 BHEFTHELREERDEL

FEARLLE VS TFEEERIIEAER O —>THY, &
FEEBIIKREREERH DL Z ERERH SN TS (Ells,
1994) , RZIELEFEDacquisition, retention, production|Z+
WL, B SHEOEBCEBMAENRME LY 55 L Sh
(MacIntyre & Gardner, 1991) . Horwitz, Horwitz and Cope
(1986) Ti, VA= 7 L A —F% VI NREDKRES &
HOTHEY FICHASFECB W TARZENME KT S 2 &,
ALK TITREN AR LIC S W I LER R STy
%, ¥7-. Young (1986) TIIAE—F 7 « T X FERE
BICADHBEPERIND R E, RENSHEEHICADOR
BehH 222 LI3kkA REATMETHLNMCSh TS
(e.g., Ellis, 1994; Ellis & Rathbone, 1987; J\ &, 2003), F 7=,
Clement and Kruidenier (1983) 1%, #MEGEAZ &80 &\
SBEND LB A, HIESHEE MM R < Z2AUEAR
BOWPIZOBRNPD LS ETVEREREL TODIEN,
Aida (1994) X BIESFEOULE O N 2 2305 & D #fil
BRWR D EARENDRL DL bBRTEY, Zbid
WESIEFIHE DAL DWW I HIRT 2 WREME A "2 L T
HELERD,

4. AEDODEB

EREDFEATHIE 2 H E 2. AWTEO HENELAT O 2 k&
HOEMNTTDHZETH D,

a. KL M OWSMNEIIEE EHE I BN L e A D R
FEINCEITE Z 5D

b. Ik S M OWSMEREEEHE IC B I L2 A 0 T3
FEMRARZ) b TRGERERL) BN 20

5. RERENITHER

ARFIETIE 3 DOEBREITo 7, TTHER 1 Tk, [5E5E
IIa=b—Ta VERIPHET A b CASEC) ZfEA L.
PRENOEERRE LT, FEBR2 Cld, Av—F 7 - ¥
A7 HEBL, TRUICK VIS EINAEEET — ¥ 2 BB
I E AW CHER L, BFEHOE(LERIELE, S56I1
3 Tk, BEEROZLEZERAIC IV IIEL, JHE
il EWHERE T 5 » AR DFEE DR LZOEEHFE LT,

51 EE1 EBHOEBEZ®D 1 TCASEC)

YFES O E — RO T BT IR, #
BPEAFEMEDOMEN . SN DT A MR35 Z &7
KETHDEHB L, FEB TR HEREMETO [F
B a=r—3a VREJPHIET A b CASECIZfEA L.
HEE S & JE L7z, CASEC (X 1000 i T4 5Dk 7 v
a v (% 250 BT AR) IC TR Y | Section 1 Tl [FE
DO FENF ], Section 2 Tik IFRELDOHF, . Section3 TiX [V
A= 7 COREEIERRI ). Section 4 Tk TEKFEHD
MEEVEES ) PESN, ZOREEEICHFEII 2=
r—va EhEHETLILOTHD, &2 Carta—H
A LCHEM S, HEISEEGRICH - 7B E O @O
ENFRFETITA 5 2 L BFFHE T, 2 < OEEBER—AX
BETEFEHEN TV ELEREEOREWNT A N TH D,
5.1.1 RERE

AR 2HEE6OL (BF534, KFl64) T, 2055
¥R = —FERMEIEBR N N — T35 34 4 (BT 30 4.
T 4 4) T, ¥ R=—fBFHHESIN T V—T135 35 4
(BT234, &1 124) Thbd, B SEd HAELID
& IGGEE DD OIFE T KRN 14 HIFZ B 2 5 RREEA~D
FEFAMERBRE 1 X\ e,

512 FIE

HETHE IXEEAAHERR 4E 3 R ATIC, FREEIIHHE K
T3 WEEZIATV., BHIECIE 8 WO Tz,
5.1.3 MO EFE MR

t MEEROWIZHHERBRTOW 7 LV —7 0 [HEa I 2
=r—va Vil OFBEERGEORER. mABEIZB W
THEBEATIRONT (A1 (68) = .49, p = .63, Section 1: ¢
(68) =.06, p = .95, Section 2: ¢ (68) =.67, p = .51, Section 3: ¢
(68)=.32,p =.75, Section 4: ¢ (68)=.33, p =.75), IEBIN
N—T"HBMITN—T BHHERNCBIT D RGEa I o = b —
a VEESITITE W RN T E BN IE &,
514 NHEREER

1 EW 7NV —7OEFHE L FHRMERFIZBIT S
CASEC OIS L fFHERELZ R L TN D, A, &&7 v
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F1 EBM - BT L—FD CASEC 1345

FEZ 2N
M SD M SD
Total Har | 3767 670 3848 724
(50 EA 3889 653 3992 7238
Section 1 R 89.7 249 900 268
(BT ERA 97.7 193  89.1 275
Section 2 A 936 196 969  21.7
(FHOH) =% 96.2 27.2 97.0 29.2
Section 3 Ha7 1044 311 1069 353
RSN F% 1007 266 1040  23.6
Section 4 R 89.0 272 910 233
(HARTEFROME T ) $?(£ 944 239 104.0 236

Note. n = (FEZN: 34, )0: 35), Tim = (R :1000, &2 2 3 >:250)

a VOWHEDFE L TN — T OBRREMEET H72DIZ,
IREBERO G EAT 512, MR OOHTRESRIZLL T D&
W CThd, £7. PWERH L 7NV —THOREAERICHE
IR o T2 (F(1,68)=.02,p=.89), FIZ, HIEH L 7
N—TENENOEHRICH MO FEZET R o7 (I
EWH - F(1,68)=3.09,p=.08, 7 /L—7 : F(1,68)=.39,p
=.54), WIZEZ ¥ a EOGIFERIZUTO®EY Th D,
FT, FAERH L 7 —TRIOREEHICBNTHEZIT
727> 72 (Section 1: F (1,68) = 1.87, p = .41, Section2: F
(1,68) = .13, p = .67, Section 3: F (1,68) = .43, p = .51, Section
4:F(1,68)=1.53,p = 22), WIT, FRRICBWTHEZEN
&> T DI Section 4 (EARIHFHOMEIY) 12T i
Wi (ERT - F%) THY(F(1,68)=8.75,p =.00), LEL
WOMBR, FAIT ALV LERT A MOBGABR LR LT
WD ERDNoTR, EOMOTER L 70— TITHE
PR EEZEIT o 7o (TFRAREH) : Section 1: F (1,68) =
1.18, p = .28, Section 2: F' (1,68) = .17, p = .68, Section 3 : F'
(1,68)=.04, p = .85, [Z/L—7 : Section 1: F (1,68) = .69, p
= .41, Section 2: F (1,68) = .18, p = .67, Section 3: F (1,68)
= 88, p = .35, Section 4: F (1,68)=1.36,p = 25 ), LL LDk
oo FATHNERE L D & FEBIERED Section 4 IZHHE D
EHABHREND OO, WIMEEEEHE IS ML Z &
T, BERM L LI EERTLHILIETET, & Ia
= —va CEHom EICVEFEFIHE IR TH S
EREROT DT EL RN E Do,

52 B2 HEEBEHAOELRATEZD2 TRE—F2Y)
CASEC CHlTE A 7= £ 1 Tl FEFEMHEICSINT 5
Z L OREMEE BRN BB CRTICE LR o7, Lk
L7278 B EEAHEIZ 2 WS L7720 TiEAR Y Ic ¥
FEAMBELRVON? ZE TICER L, FAEOERN
EZFAT U CHHESI T O FE DR % 2B b A BlE L T&
oS, WHEBRLAE# & e~ BHER Y2/ D L RED A
=% ZSRABDENRRL B ELTWA LI ITKEL
TWiz, LarL, 8 1 THIEIZHEH L7z CASEC TlTA
E—% U VRN R EENICHETE TELT, AE—F
TRINCEAD S DTSR ote, £ TEBR2 T

Rt gEsem (F544 %)

X, EBR 1 OBFEEROEFIHEBMEF AL —F 7 -
HAY ER L, WHERIZ TAEY —F U VRSB bR =
LIEREE LT, W, AE—F% 2 7 OOWII3mE . filg
S - EES - BEH SR EERIET 52 (eg, Ellis &
Barkhuizen, 2004), ZDOHTHFAED [FIGE ] O L% &
HEEIE L W ele o, otfid NG s oRrlcB sz
YT,

5.2.1 RS

BRI IARRAE 24 4 QAFAE 184, 3L 64)T, £
DHHY R=—fBEHES AT 184 BT 154, &
T 34)C. v MATEFHESINE TG 6 &4 (BT 4 4.
Lt 24) ThdH, BSm HARELSNOF, HEEE D
b OIFEFZITW 2, B MLTEAHESINE D 6 4 D
I HOAZBIFRHEEDO Y R=—3ERHEIC b BME LT,
522 RE—F 2522

AE—F 7« ZATIZEAT D AT & 3R FHHE O Ff
MEEEZ, KERTIIAE—F 27 - F A N T—RHT
HLEHEE LEORLY L) T PWBRER LA E TS
var c BAVERE L, T X MMER LT 34 1D
7 N—71X, family, school, hobby D H1 226 K &> 7 28—
5253 NT5HMBABICETHT S Lo CiERENT,
PR I 2 N & I3 —UIEEE 371 5 0 4 B CTHAET
T 2N G2 b, VA —2b - Ty 7 e LTENE
NAHERHN LIzth, 520N hE Y 21220 TD 5%
MO B HESFEPERE S Nz, FRTERERRZ 5 25 2 72
DI, BB FEEBEORONI-SFEAHEE ) O/ 28
Wi+ 25835 (Skehan, 1995) 7= TH D, £/2, Y
v VBEICER L T, SEFHEMIF ISR B LR L 5
L2 THAH NETORE TEHCRIT Thnwao) 728X
H{ % CiE!F, Common European Framework of Reference
(Council of Europe, 200) TEH S TW2D FE vy 70, 7
N—T N TOENRIFEA AW (dynamic interaction) (Z35\VNT
WX NE w7 OBEBWIERE 2R L1372 5720 (Van Moere,
2006) & DWEREEBEIZI SRFEE LT,

523 FIlE

HATANE I IHHMERR A4 3 B il FEHEIIHHER T 14 B4
ATV, WEGEIZIER 1 A ofg & 7z,

AELIZ3 LT OO N—T IR T bNT-pE b %
T N—THIZNEICEE S, FHAINCRAENEIZ OV TO
DHEI TR BICAE—F 7 « XA ZF LT, WEN
KBIWIVTRATFZ 2 BN E 9, EMK T LIZZAEN
T LT A EHsch B2 il L 72 K O BlfE L7z,

HHMEIE, F—T « ALR—=RUOE T N—TFIT 5%
Ry ZFERMEER—0bDL Lz, Zhicizs A
7 OB ENE 2 BALIZA, FAnE & FHMEITIL 30
AUl LB S D Z &, FRTEfHNR TERNWE S| FiE
HEZITH ZEAKREZ—UHMLET, ERMEIEETS
TATo =2 &nh, HIEDOKEEIIHR TS Ll LT,
524 HWAE

AV—F 7 « FAMIEE, P—= T %%
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ANSWFEBOFEEE 2, WG S - HHES - EESRED
TAEB Z &I S B RBRE CTREE DT 572 8 LTI
DTEMZEAETH D, ZOFITEITIER O FBIY
HEIZXDbOTH D2, FEEEPEHYR b —=7%
e Z & TRIEDOEEMERZ YR S LD, — T,
FRCWFTEDOEF TIE, %57 — 2 2T L, SVIERD
B, SWELOHEHERED THREHRSR) 2, EiFAL—

F7p Lo TR e8] ZFHT2 2 Licky, ST
— & H FBIEBAEI A U GRS 2 FEN AP END 2 &
B, TAUT XY EBATHIETNC X 2R O RR A &k
LT EDHEREE D BB T — R BT I ENTE D,

AREBR TITEATHIZERCEBR DM 2 FE L, Ellis and
Barkhuizen (2004); Kormos and Dénes (2004); Skehan and
Foster (1999) Z&#& |2, #BRH O¥RH2KELTH 2 LI
£ TGS ORBHRFIFIEZRA Lic, £72. 3
I DBRREES A7 OREEBR LI LT, T EA
WEU T O 2 BLE DR 6 THH @)~ (L Lz (BAAFISE DM
1K - #BSF (in press) &),

(1) Hesitation phenomena (FEEHL52)

(a) Repetitions (Rep.), (b) False starts (F.S.),

(c) Reformulations (Ref.), (d) Replacements (Repl.)

BT D RREEEEICI T D (a) ~ (A)DFEAERTRL,
WHERIR TR 2, 2L OBEITEDT21ZE TG
S MM ETHZEEERT D,

(2) Temporal variables (IRF[A]19 72 Z54%)

(e) Phonation time ratio (P.T.R.), (f) Articulation rate (A.R.)

. (¢) PTR.& X, B2 b6N7 5 BT — Ao
BRENFEEE LR OFIG Th 203, S EIOSHT TIE& %
FEICEEND 0.2 BLLEOR—XIIRFERRI D LR 5
&L, (DARIE 1 3HT2 D O syllable (i) %K
Thh, BFEAL—RFO—FETHD, (©kUMIL. EH
4o & TG E) ombEzE%RT 5,

525 HBREBR

72T hesitation phenomena®Z8{k., 23 temporal variables
DEACOEFFERTH D, F7o. Klldtemporal variables?
Pl aHAL LT b D TH D, FTFHRIERRG &b,
2 b5 mbing it E TR Lkl b
TN—TIFEETHY 3N E BIFE L2 VIRTE (long silent
pause) NEHI ~72, L= -> T, HIORFTORE D2
72 < JEEE LT D 2 LT THLOHEBRE D JEEE D IR
SHTLESBRILELT TN,

% 79", hesitation phenomena?®4H A (2551} 5 FRITEH% M O
MR B EEERRD-0, REEITo72, W, HIEIX
HEF—2ThHDLed, RTHEBR LRI LTz, &
RIFLUTD LBV Th S, repetitions: £ (23) =-1.33, p = .20ns,
false starts: ¢ (23) =-1.35, p =.19ns, reformulations: ¢ (23) =
-1.86, p =.08ns, replacements: ¢ (23)=-1.13, p = 27ns, 45HH
EH BRI BA Lens, MErAEZEIT RN o7, &
T, temporal variables?®25H H (22 T, phonation time ratio
XA ZEH% |2 IE % | articulation ratelX Wilcoxon D 7% &+ &

% 2 Hesitation Phenomena D251l

MEEE Rep. F.S. Ref. Repl.
., M 76.33 2.11 1.43 1.14 0.27
W SD 42.45 2.42 1.42 1.41 0.64
» M 108.67 2.50 2.09 1.94 0.38
f SD 45.26 1.82 2.16 2.20 0.73

Note. N=24, &THRF—4(%)Ths

#3 Temporal Variables?®Z 1l

HIEREIEL P.T.R. AR.
. M 37.65 12.55 24.62
" SD 27.09 9.03 10.44
P M 131.88 43.96 36.33
f SD 51.29 17.1 10.75
Note. N=24,P.TR.=%
NERLF e & hE LT oy

" /B8 BF L7z, RERIELLT
A/jm% DEBYTHD,
30

phonation time ratio: ¢
—P.T.R.
24.6?/ (3) = - 1021, p
20 4 -=4R. . .
= .00, articulation
10 12.85 ; rate: z = -337, p
il R = .00, ZOREREMN

&, temporal variables
WX & 27 m B
Roh, FEFIHEIC
ZMLTcZ L2k b, FRHERL Y b RIFHRFETED
RENDTEDLLOIERY, HICHFEDOAE -y EoTc
BB E Moo, CASEC ZRIE R E L TIT o £
1 TIEWHEIZ SN LI B EDSREET) D1 RITREiinoiz
D, AE—=F T« ZRAT F AW FEER 2 TIISNVEEGE
FHHEICBINT 5 Z & TRAE—F U ZHEHD S b i
S MDRELMETHZENDG, HERKEII~GF25IE
DR EZFEHTETZEE X5,

X 1 Temporal Variables MZ1t

53 EE3 BEZROELAE [FROEIL]
FEBEONEBEERIIIEY RBER D 503, RERTIX
(R0 ) ICER L, [REEEAARL) RO TR
K] #PEST D Z L L Uiz, HHHIX Kondo (2005) Tl
Iz 20 THH % BICR A0 2170 HEBE Ik D E
DI ZE DT KE (2007) THWOLN/Z 19EBAEHHL
oo PHEEZEE L7 TRRZF S IXEDLRV] b TIERIC
OB D6 FIETHIE SN TR A% R O iR

¥ERLZT, FEEDERETHIIEERERE NI LR

TED 1 H~6 SO/RANEZ 5N, ENENTFEH AR

LEARA (/N 9 M. FE 54 N, FREREARLES (RN
10 2, JeK 60 ) & L7z, 19 A H 9 IH A AN EFEM AR

ZRETS HAMNPEREE 750 © 10 JHA BN RFERERL
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REET, [FERIC S MEILEEE & LT,

5.3.1 {RERE

AR 2L (B 534, KT 164), TDI>HY
F=—FEEWHEI BN L — T 135 34 &4 (B304, &
T 44) T, ¥ R=—fB2HES M/ NV —T1351 354 (B
F 234 . KT 124) ThdH,HE im0 HARFELUSOF
FEREBE D OREF LR 14 HE %82 5 PEE A~
FHHERERE 1T R0,

532 F|F

AT LB FAHMER 1S 3 WRIATC, FHRFEIIIHERK
T 3IWMBIATONZ, £, S HBREL, HEDD 5
MRS LTz,

5.3.3 MEDOFE MR

t RIE & W HHEB AR RT O T 7V — 7 O JegE il il R %2
& IR AR L OEE RGOSR, WA EICB W TH
EEIRAONTOREREARL: 1 (68) = 20, p = .85, Fiahf?
ERZE: 1 (68)=.58,p = .56). FEBMIN—THBMT L —
T HHMERTNZ T DR LZIE N2 T EFER S vz,
534 HERLER

£33, FI/N—TIIBT HERRA - FEREA S 2
A#BFAEO VB EEERATHY, X2 & X 3135kl E
T 7L bDTH D,
5341 REFERATTOLLLE

IREFIH OGN ORE R, AR & 7V — 7 HIC5E
HAERMNR BN (F(2,134)=1.76,p = .00), 52 BEAERARNA
BETholeZ &hb, HMEDROMEEIT -T2, TOM
REBEVSED ONEOITFERRAERICE T 7 V—7

£3 HBN - BNI N —T OFEHS

N 2N

M SD M SD
fn E 36.7 8.1 36.4 8.0
i Fik 359 4.4 33.7 43
N 54 Atk 39.2 7.7 31.6 7.9
Ex A 36.5 10.0 35.3 8.5
e EA 38.8 5.9 36.3 3.6
U5, Atk 37.9 7.9 32.8 8.1

Note. n=(FESN: 34, BN: 35), Tifimi= (FealE R %54, sabi¥ERL:
60), Ire/Iv= (HEFEMEFRZ: 9, HAERERE: 10)

REERTR RERETZ
1 1
3 2 3 %3
I 392 a1
3 3 5
3.7 35
37 37 7
% F c 3 =%
| 364 #5106 33 ~— 56
% %
4 56 2 353 56

2 Bk AR 1 2% A%

2 HEEFEATRTEROEL 3 EEBREFZTRAOEL

Rl (F(1,67)=4,45,p=.04) L. SO ABHERIZRBIT D7
N—7TIF (1,67) =1627,p = .00) TH -7z, BT, MY
N—TOHARER L 5 A BTAERMICLABENR
BIVTZ(F (2,66) = 8.45, p = .00),

PLEDOFER DG . FBATHEICSIN L2 B AL F AR R
L5 AHAERONT T, EBZMFAE LD b IEFEHEAR
LEPDZETEY, BICHEFFAER & 5 22 H % RERH
W ARICKEEFARLEZWD S THD I Enbhoi,
5342 HERETROLLE

IRA G O BT OFER, HERH & 71— 7 Mic s
HAERIZR bNednoTz (F(2,134)=1.82,p = .17), FHA& R
HNZ BT 2 BMiZ R E Tid, 27— DR EE
DB (F(2,66)=4.48,p=.02), ZELEICL LT
EDOHBTIE, FHMAERLE 5 0B GRERRICAEEEN
WO, £, FHRPERFICEBIT 5 70— 7 HIZ.05
KIETHEREN (F(,67)=4.59,p=.04), £7-5»HA%HM
ERFICBIT D 7L —7RICIE01 KEOHFEEZENPBRD BN
7~ (F(Q,67)=17.12,p = .01),

PLEDOFER DG v R=—fE2WHEICSIN L o A 1T E
BIER L 5 A BRTEREON S T, FEBMFAELD &3
FEREAREW O SHTEY, TICHEERERTD 500 A
HAMERRIC, ARICHFEREARZRD ST T D L
Nbhrol,

6. RBRIERDFELD

AMFFETIE, 3 DOFEBREE LRSI D1t
HHFEFIHE D S/FHBEDIRNE LT o7,

FBx 1 TIX.CASEC ZEE & L THEFATHEIZSINT 5
Z L ORMNE & RBTD | BINFED IR B D sk
D1 FIXBRNT, FEERIME DA IINE AT HIZE S R0
Sy LDLRRBAE—F 07 « X A7 2R LT-ER 2
T, FBFHESINFAEICE L TGS ) OMORED
L, FEEEHEICBINT 5 Z & THEDO A —F /il
EERT D RN LT BN ENT, £, £
B3 TIT o e RLEDORGETIX, FEFEIHESINFEAITIIAR
OWHR—GIE Z 5720 DI H b B3, SINEAE LR
ERTHRIIIRLZWD S TBY . 20D BHHE 5 H»
ABICH R N7 Z &%, N FEFIHE R AR DG
ZDRNBER R DO TIERNZ L ERIBL TV D,

VL EDOFER/N S R ISR W TCERE L TV 5 HEAGE
FHHEIX, WEEAE—F U JHRENM LIS N H 57205 T
<, EBETHEREL S 2FEHEOEEERICEENR
Az b2 H L TWD EFEwmIT 20,

1. SRORE
KR 3 OFERIZEY | HEEHAAL -« FFERERL DR

DIR—IIED S DTN ENP LN R Ty, FITH
BRI ZIERT 5 2 & THEREROFEERH D, -
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Optical properties of B-FeSi, single crystals grown by chemical vapor transport method

Yoshiaki Hara and Kanichiro Nakaoka

Abstract:

We measured the optical absorption and the photoluminescence (PL) of B-FeSi, single crystals which were fabricated by

chemical vapor transport method in various growth conditions. As a result, the characteristic 0.8 eV-PL bands of 3-FeSi, thin films

were not observed in our single crystals. However, we found new two absorption peaks and new two PL lines in the fundamental

absorption edge at low temperature. The samples which were measured in this study were classified in two groups according to the

absorption peak energy. In Typel samples, the narrow absorption peak was observed at 0.858 eV and the two PL lines were

accompanied in 0.737 and 0.717 eV. On the other hand, Type2 samples show the absorption peak at 0.909¢V which is near the direct

band gap energy of B-FeSi,. By clarifying the origins of newly found absorption and PL, the new information about the band structure of

this material will be obtained.

1. [FC&HIC

eV aroftEWThr—Fk VYA R

(B-FeSi,) 1%, E&2EHLREAMDIKS 2K LT 5
PERTH D, ¥V a2 F EICVERL S 72 B-FeSi, MR
DI, ARIRIZIBUNNT 0.8 eV [FITIZ IR 7 2 — R 7
ke %St (Photoluminescence : PL) BRI & D, drakst
DN - FBNFRA~OISAE B L TS LT
W5, L2vL, BEICIGH STV 5 InGaAsP 52 DR EL % 1%
BT A2RMHEIRTEE LN TE BT, B-FeSi, # WV - EHM
TR TNA ZADFEBO BAUI > T, T2 &k
B-FeSi, OAZE M) 72 M X DR e D, F i3 ERG 1k
WL VBEORMPEH LD, HENITHILERD D,

B-FeSi, DA E I 50T D 7-0IiE, BE R
FERmBLERAIR CTh D, SBIEEF CIER X 2 B-FeSi,
HfEOMMEE, KIRKFOME 512 X > TR~
bhTn5 “L LosL, e RE 22 AR RO D &
STV A {LFKAHIEYE  (Chemical vapor transport
method : CVT &) CESL X 4172 B-FeSi, B IZ DOV T,
EREIERMEIT Arshanov B D 7 L— 73 OYTAED KIEE B 1T
LD ERIEORE 7 35 503, SEEMEHEORE XS E
D§<ﬁwo%@@m®#oebf CVTIEIZ LV Ebhn
HFEEIEERRTH Y, HFWE IS A XBRELRIC
LW EBRETFLND,

AR 41X, CVT IEOBEREMEOREIZE Y, 15 Imm
B SHmm FRE O IR X RBCR O BRI S HND 2
LERHLEY, 22T, 2 b0RBHIR L TG
ER L ORI OBEEITo 72, FORSE, HIKTIX
BLOND 0.8e VAHID PL FEIIE, EOHMEEREND B
Blshiz2ode, UL, BlOoZxAF—Z, ZHET

WEORWRINO E— 7 SNBSSz, £, HE LR
BHE, BISNAWNE—2 O=FUX— 2L b, FEE
DEATIHEINDZ EBghoTz, ED—DI,
0.858eV (LW A BRI S D (Typel LFES), &5
12, Typel OFEHL, KIEIZIBWT, 0.717 & 0.737eV 128
W2 AROPLFEXBLBRISNS, 5 —DiF, ZoWE
DEBENY Ry v 73U =4V 0.909eV (IZWRI B
— 7 BBl ND (Type2 &FES), B-FeSiy Hif b & H
72 5O B — 7 B S o L v E Tl

<, TNLORBFEZEHONZTHIET, ZOWMEDN
FHEEICET 2 LW ADNERESG LN LD EEZ T
W5,

2. REBRAEK

Fig.1 [ZABIZE THWEFRE S AT L ORKIK 2 7R
T WIRIE T, SEARSMEIRICHE DD 7 nWE v T AT
VI T ERAFIRE LTHY, Fa o= LT
~HH L7z, REtoE@EeiE, IRy T4 H
(IR-LPF) & 3@ L C, 43 ftdn (H ARS8, 7 L — X & 1.0pm,

Cryostat, Ge-pin
WoLAMP DETECTOR
- I:I-{)-- —-— LOCK-IN AMP

£100 Grati !
CHOPPER | d rating !
\noo Monochromator I
\ i
——H - !
Ar* LASER 1
1
1

Fig.1 Block diagram of optical measurement system.
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Table 1 List of the samples which were measured in this study and the summary of the results for optical measurements.

Absorption PL
, 0.858¢V 0.909¢V 0.737ev
Sample No.  Ampoule No. Source Doping 0.717eV Group
AP84-2 ) @)
AP84-3 84 Fe(SN):Si(5N)=1.2:2.0 non O O
AP84-5 @) ) Typel
AP84-6 (@) (not measured)
AP86-1 86 Fe(5N):Si(5N)=1.2:2.0  Cu90mg @) weak
AP63-2 63 Fe(dN8)Si(5N)=122.0  non O (notmeasured)
AP63-3 ©) very weak Type2
AP65-1 65 Fe(4N8):Si(3N)=1.62.0  non O X

600 A/mm) ~AH S, LK E Gepin AR
(EDINBURGH INST. EI-L, Liqg N, %) THHT 5, B
HBEOH L, vy s A4 077 THIRL, BEfBHET
CHENHRN b A= —TFHAL, GP-IB #/r L TRV Ay
~HUY IAATELPL HIE T, Ar A A4 > L—H—® 514.5nm,
200mW D%, Fa v =% L, TFH7orx (IF),
a— bR (BRI 7 4% (SPF) %@ L Calph
ARG U7, PL AL O R, SERIE LRI L TH 5,
HEHIB L% 7 K T THEIFEEZ:, He M%7 714 4
2By b CARHA, I=AF v ) ZHNT, RELZE
b7z, 1% B-FeSiy DIITRAIE Tik, SRR a 2
KEWZ EnD, & Htum BELLTICHE L TiTh
BN, AENE, WEBICLIBXA—VERT A0, 7w
lEE (HF(46%):HNO;(60%):H,0=1:1:4) |2 X 27k FEE O
Ty F U T DR ERE B EITh o T, REIOE XX
HEum BETH DN, WEEEIZhZ Y BH—TiRniz
DESOEHRZFHMENRE TS D, 2T, WitRika ®
Mo OFAMIIAT T, AR I, & 3B b DFilEL
BREE I O DR DB LN TE HHFEEE (optical
density ; OD = log(Iy/Iy) ) (X O WIL A~ ML &EFHE L,
WU AR DA LRI AL O IC i Le, F2i
B A ADFIEF/ NS W2, JERIGHIE TiE, SUEMELL
TOERE 0.3~0.75mmg¢ DREITZ Al B IR [
EL, REPLOEBRIOHERHTED LT LT,
BIE ZAT - 7230BHE, 2007 4512 BB L7 7L
5 84, 86 THOLMNFEE, 2005 4 10 AIC/ER L 727
YINEE 63, 65 HELNTIZHEHI OWTITo 7,
Tablel ([ZHIE L=t O—EZRT,

3. EEHER

Ak oE Y, A EREIE U 723080 SRR FSs OV PL
BeElx, Bpd "o A AT oD Z ENyhoT,
IR, o ¥ A4 72 LICflEERERT, £72, &
PR THRIE L2 T X TORERERIZOWT, Tablel IZF &
TR LT,

3.1 Typel @ Hifkdh

Z 2T, RE4 AP84-3 DRIERE R A REE L LR
9, Fig2 OFARIT, 7.4 K2R 5HBOFE B A2 |k
N ,0.705 0.8 eV TOBBIEIRE DL H E3 0 I,
Ge BHHZRDIREIZ L Db D TH D, 0.8 eV LLETIIRENE
T D HIFRICTH 20, BLF09eV TIEEALE
WL 2D, TD XD IeBEEIERE DY L ¥ — K7
PRI, ZOMBONY Ry v 72XV F—% KB LT2 b
DTHY, BICHERHDH Y, LorL, 0858 eVIZ, ZH
FTHE SN TWRWVIEFITE WIS 54172, Fig2
X, B & ASSEOME L DR LB E 0D
AT MVTH D, TR BRI AR AN B 5
T ENG DD, Figl o, ZOWINE— 7 OIREELERT,
WAL AT RV, BELZE 20K TR ELRWD, Zh
U EORETIETOLY RUT7 MERL, AT b
I 7 a— RiZ7Y, 150 K YL E TR &< i

ST,

Wavelength (nm)
1700 1650 1600 1550 1500 1450 1400

ol T=74K]|

oD (a.u.)

07 08 09 10
Photon energy (eV)

T=74K |

0.75 0.80 0.85 0.90
Photon energy (eV)

Fig.2 Optical density as a function of photon energy at
7=7.4K. Photon energy dependence of the intensity of

transmitted light (inset).
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Wavelength (nm)
1470 1460 1450 1440 1430 1420

150K

~ | 100K i

5

8 75K

Q W’—- 4

O M
20K

- 10K T
7.
0.84 0.85 0.86 0.87

Photon energy (eV)

Fig.3 Temperature dependence of the absorption line in the

fundamental absorption edge.

Fig.4 1& PL WIEDRERE/RT, HHE, B-FeSi, HE T
BoND 08eVIHIDT v — RARIEIZER LS, HIE
LT _RTOREHIB W CERICKIET 28 E R
TENTE Do, BAGROB-FeS, BT, 08¢V i
T PL BEABI S - & os Y8 BitEd 503, W
b RN D ORI ~NBENRFE L <9<, SN K
MEDDTENCOWRRIEIEFET D Z LT LV,
FIT, IVIEWVEREHBICES>THIE L E 25, 0717
eV & 0.737eV IZ 2 KDOFNMP R S iz, b DFsk
DAL 1.5 meV EIEFITH, TS D PL R
FREO ER L L HI25<7eh, 0.717eVOE— 27X 30K
T, 0.737e¢V O H DX 60 K THEEICIEE Lz,

Wavelength (nm)
1740 1720 1700 1680 1660

9.0 K
25 K
30 K

35 K

PL intensity (a.u.)

0.71 0.72 0.73 0.74 0.75
Photon energy (eV)

Fig.4 Photoluminescence at 0.717 and 0.737 eV from
AP84-3 B-FeSi, bulk crystal.

3.2 Type2 D Hifkdh

B AP65-1 DRIER R A REH & LTRT, Figs i
7.8 K IZBIT 5 I E OD OIRFEMEFNEZ =T, Typel O
B S CHUO TR 2N BLIE S 7z 0.858eV AT IZ T4 < %
HENREL SN2 1278, Typel TIHAEE L7205 72 0.909eV
RN O E— 27 BRI X 72, Typel TELH 72 0.858eV
DO E— 7 (2, Type2 D HAEHOWIL O v — 7 |34
F7a—RThHY, ZORERITIBLZ SmeVIRETH S,
ZOWRE —7 D= AX—F, HWEOLFIZE LN
4K UL ELBETFOL Yy K7 haRL, 140K TEHIT
Xl ot

—J7, PLIEDFER, Typel D HEE THEDB O
0.717 eV & 0.737 eV DT RV F—ZBIT DHNFEITE S
N7ehotz, FRRIZ 0.909eV (TN B — 7 2Nl S 7=k
B AP63-2 TIE, 0.737eV IZE DD THWRELENE LI,
L, FDORNEEET Typel DHFEHICH~NTELLH
Y,

Wavelength (nm)
1440 1420 1400 1380 1360 1340

Thl

oD (a.u.)

086 087 088 089 090 091 092 093
Photon energy (eV)

Fig.5 Temperature dependence of the absorption peak in
the fundamental absorption edge for AP65-1 B-FeSi, bulk

crystal.

4. EE

B-FeSi, Hiflifh 4 W2 RIAE 1L, ZAVE TRIRKFD
RO LY, SREHBET CIFER S 7 BRS & A RSN L
L7z BHI T 2 MERH DL TH Y, WITRLFEIE R
7 MZBWTHIWEEIT R B S Twin, H50E, ot
WINAR S e D7+ F T R —RAFEN D, EHEANL R
¥y v 7 ESB IO 7= % L X¥—E, 2R T=,
Fig.6 1%, #BEONH1-, BEEANY R¥ vy v 7L ¥ —
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Fig.6 Comparison with the characteristic energies which

were obtained in this study and the energies which were

determined from another researchers.

(@) BLUMERE = xLX¥— (m) OEEKEFENE,
B L O OWIFEE T L D B-FeSi, HIFIC L 526 ORlE
FEREELDELOTHD, HITHBE SOk 4) LV
WEETWelZWie, £72, SR BHE7 Typel 8L DY
Type2 DRINFRD ' — 27 DT LF—, I8 LT Typel THl
LT RO T T X — DRV Z O 720 &
NTRR LA, £, Type2 OWILE—2 23, B-FeSi, DEHE
N RXy v TR NVF—DFEICHDZENRER N
5, Fl2, TOWIYE —7 O RV XF—0E1E & & HITH
TFOL Y R 7 hERLTWDEZ EnD, Ny LK
LRI —2 THhHEZEZLND, LD &b
Z DOWRIR ¥ — 7 %, B-FeSi, DEHEH BB 112 X 2RI
FIREPEDSRIB X5, 120 K AHF F CRI E— 7 2 EH S
N5 s, EEABBROMA T RVF—Rex 3B
LZF10meVRRETHD ERELD ZENTEX D,

— %, Typel THBIH S V72 RIUHR D = R L F—15.0.857 eV
THY, TRETHESRTVIEENRY FXy v 7= xR
NF— LN Ry v TRV —ORIIALET D,
FIT, TOWRE—Z X, R0 TR Man &2 A
SNTETIZ X2 R H D, —7, 0.717 eV & 0.737
eV O PL BIEHRT, TOHEND 0.857 eV OWRILD B — 2
ERENR DB EEZLNDN, A R—J AV T FOTRL
F—L LTUIORXRKREL, 40 LA, ZORFIZH L)
TR,

INFET, ZomEOME N MEEICELTOX, /il
BEPLETDHPLEXOZFLF=D, BLO, B IC
LN R¥ Yy v TZRX VX —(IETOT 4/ D
Y, SHICHKICE D T~ U BEL 2ORE R E NS H

RENTWD, LrL, ZOWEOEHE Y REEEIZON
TOERAZRERIZD R DONBIRTH D, SHOFK~L D
FERIL, ZOWE OB FEGICET 2 AR E
ELELTH0EEZLTND, L, 4RGSR
BILORIORIFUCOWTILRIEATREEOERBETHY, 4
%, FMZRERICEY ZORFEEALDCT HLERH D,
Bz 1%, AEIOWIAEERL X5 O Thiu,
B FICRBWT, ROz RV X—23 B0 — 3 THINY
LEMEMEY 7 v MRS B IETTTh D, RICILD
BTN S W2, BUE, 7SV AR T CORIEIZT,
WHE D TV D EETH D,

5. F&o

LKA EETH O R ERERNEOND L)
7o TR, HFRENFTRRICZ/ZR o TE T, R T,
(LR HFRERIEIC & 0 15 S A 72B-FeSi, 23 /L 7 fdllz st
DIEIGHIESR OV PL JIEICB W T, FH TR
T L ORIBIE DWW T Lz, 2D oW B #E
Ny R¥ vy v 7 OME S KM L7 hiEe 712 £ 2 ATefE R
bbb, 5%, EHLIEZORBOBPEEITI L& HIT, 4
Wl FCOMTEEITO Z LT, ZHHDOWIN, FEEORIR
BN LIz,

A
BRERE D DU & T2 T () BEERL SR RS
il (MST) (i L L&,

ZE 3R

1) Y.Maeda:Applied Surface Science 254(2008)6242-6247.

2) H. Udono et al: Journal of Crystal Growth 237-239
(2002)1971-1975.

3) H. Udono et al: Jpn.J.Appl.Phys. 41(2002)L583-L585.

4) H. Udono et al.:Thin Solid Films 461(2004)182-187.

5) E. Arshanov et al. : Phys. Rev. B 50(1994) 2653-2656.73 £

6) T. Ootsuka et al.: Appl. Phys. Lett. 92, 042117(2008).

7) T. Ootsuka et al.: Appl Phys. Lett. 92, 192114(2008).

8) Y. Hara et al.: Thin Solid Films 515(2007)8259-8262.

9) Y.Maeda et al.:Thin Solid Films 461(2004)165-170.



&)@ K e T 7 RRERIZ B 35— RS RE T L OMFSE

ERRUHIIVIRBIEEFICEHT S —ROMCERETILOHE
i N S 1

A study of general thermal conductivity model of temperature function on metallic and ceramic
superconductors

Eiji NEMOTO

Abstracts:

In order to use the superconductivity efficiently, the structure of thermal conductivity and its thermal characteristics of the
superconductors need to be known in detail. Authors surveyed the structure of the thermal conductivity for the metallic alloy
superconductors (isotropic materials), the anisotropic high-temperature oxide superconductors, and researched for the
temperature dependency function of thermal conductivity on the superconductive region. Generally, the superconducting
electrons and the normal state conduction electrons flow as a two-fluid in a superconductive state. Then, we assumed that the
electrons flow as the two-fluid of electrons independently in the three-dimensional structure space of the superconductors, and
thought that the heat conduction phenomenon was governed by the two-fluid model. The thermal conductivity of the isotropic
metallic and the anisotropic oxide ceramic superconductors is obtained by multiplying the thermal conductivity function of
normal conducting state directly by Heisenberg’s thermal conductivity function. The heat conducting model of the
three-dimensional anisotropic superconductors in superconducting state is corresponding well to the experiment results of actual
measurement for the isotropic metallic alloy superconductors and the anisotropic high temperature oxide superconductors. We
found the thermal conductivity function of our superconductor led from Heisenberg's thermal conductivity function and BRT
function being able to be used enough as a thermal conductivity function of a general superconductor on practical use. The
thermal conductivity function of the anisotropic thermal conductivity model that we proposed can be used as a thermal
conductivity function of the three-dimensional anisotropic material in a general superconducting state. The leverage theory can be
submitted by thinking that our theory concerning this thermal conductivity is the one that became basic of the thermal
conductivity research on all superconductors in the future.

1. Introduction

In 1911, H.K.Onnes of the Leiden university in the 2. Theory of thermal conductivity
Netherlands had discovered the superconducting phenomenon
[17 of the electric resistance disappearing for the first time in 2.1 Isotropic thermal conductivity function

the world while measuring the electric resistance of mercury
with high purity. The superconducting phenomenon is a
revolutionary phenomenon because it can completely adjust
the electric power loss of power transmission to zero. Then,
the research of the metallic superconductor conducted at the
high temperature or more became active.

In 1986, a new discovery [2] of 30K in the phase transition Qs
temperature discovered by J.G. Bednortz and K.A. Mueller in
Switzerland, and an extremely big impact was given to a lot of
people in the world. However, not being clarified is still 6iLs P ol
completely well-known true, and the research has progressed /
now though a lot of theoretical researches and the theoretic
models were proposed about the superconducting mechanism
of these high temperature oxide superconductors. H

Authors researched the thermal conductivity temperature :
dependency of the phase transition neighborhood on the ;
metallic superconductors, Nb;Sn and V;Ga, and the high T, '
oxide superconductors, La;gSry,CuO,, and Y;Ba,Cu;07.y,
and reported the measured data of the thermal conductivity
basing these consideration. In addition, the temperature g
phenomenon characteristic of the thermal conductivity model go15 .
of these metals and the high temperature oxide o<nt
superconductors has examined with the experiment over many \

model
The theory concerning the thermal conductivity of
metallic superconductor (isotropic superconductors) starts in

310

s
o

-
S
o
+

00
years_' . . . . e 7] 49 50 %40
It is the proposed one because it considered the isotropic

and the anisotropic thermal conductivity model of the general Fig.1
metallic and high temperature oxide ceramic superconductors )
in this thesis.

Disappearance electric resistivity of
mercury discovered by H.K.Onnes in 1911 [1].

35

of

metal and metallic alloy superconductors: First kind

a



36 PRI 3 v 5 P 240
=< fj
(=
2 ;/
s 7/
¥ /
H ]f‘"—S:. percondycting
Sy AL
‘0" !
’ Py
e"’ 4
l”’
00 I 2 3 4 5
T K

Fig.2 Temperature dependency of thermal conductivity
for indium in superconductive temperature region [3].

Gorter-Casimir model [4] and Titza model [5] from the two
fluid model. In the theory of the thermal conductivity of the
superconductor, the L. Landau’s theory of Russian physicist
that applies two fluid model by the proposal of Tisza to the
super-fluidity phenomenon of helium is the starting point.

W. Heisenberg had established the thermal conductivity
theory [6] by applying the two fluid model to a metallic
superconductor in 1948.

In addition, J. Bardeen, G. Rickayzen and L.Tewordt had
showed the superconductive thermal conductivity theory [7]
(B.R.T. theory) was established the collision equation from
which BCS theory [8] that applied Cooper's electron pair was
assumed to be a base.

Superconducting phenomenon is to assume that the normal
conduction electron and the superconducting electron flow in
the conductor while the superfluidity phenomenon assumes the
two fluid model of the fluid with the normal viscosity and the
fluid without the viscosity in the flow.

Then, authors progressed by thermal conductivity theory of
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289 —=

Fig.3 Apparatus diagram of thermal conductivity
measurement of metallic and high T, oxide
superconductors [9].
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Fig.4 Measured temperature dependency of Nb;Sn on
superconducting region [9].

the metal and metallic alloy superconductors that used the
Heisenberg theory. In this theory, the thermal conductivity
with the superconducting electron assumes the one with A, and
the normal conduction electron to be A, and is given as a ratio
of the thermal conductivity function AJ/A, expressed by a
non-dimensional temperature variable & .

A, 2&?
A, 1+¢&d
On the other hand, the thermal conductivity of the
superconductor is shown by the next expression (2) according
to the theory of the thermal conductivity (BRT theory) by J.
Bardeen, G. Rickayzen and L.Tewordt that uses the Cooper
electron pairs idea in 1957.

A1, :jEZaldE/jEZ@dE:
OE | OE

&

2F (= y)+2yin(i+e” )+ ) i+e’)
2F(0)

= CD(y); 1i§§4 ........................ (2)

Here, the function of y and F,(-y) is as follows.

y=&,/kT (3)
o0 Zﬂ
Fl-y)= i (4)
- fis
1.4 [
12l oo Nessn |
. *—-0 V3Ga I I
.- o ———
."
o 0.8 |
= I
<
oS :Present Theory
04F i
1
1
0.2+ {
i
0 1 J L L L 1
0 02 04 06 08 10 12 14 16
TiTe

Fig.5 Non-dimensional thermal conductivity function
of non-dimensional temperature variable & on
metallic alloy superconductors [9].
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The characteristic value yj is expressed by the phase transition
temperature T, of the BCS theory,

Vo =6,/ kT, =1.75
and the following special function.

¥(£)=

4,/4,],
A,/ 4,],

D(1.75/ &)
" ©(g, /kT) 20:

If the proportional constant is assumed to be Iy, the thermal
conductivity of superconductor in the low temperature region
can be expressed by the next expression (7).

2,2T,(T/T.) =T,&

Therefore, the expression of the thermal conductivity of a
metallic and metallic alloy superconductor can be obtained by
substituting expression (7) for expression (2).

®(1.75/&) 5 _ 2&°

A =0 (E)= ek =i =

Fig.6 shows the temperature dependence of the thermal
conductivity of the metallic and the metallic alloy
superconductor of expression (8) were calculated. Table 1
shows the coefficient of the approximation function W(&). We
can easily calculate the ¥(&) function using by Table 1.

Table 1 Coefficient of approximate polynomial of function

().

Degree of 2 3 4 5
approximation

function
ay -0.24 0.0067 0.177 0.152
a 1.507 -0.681 -2.861 -2.453
a -0.216 4.530 12.50 10.35
a3 - -2.876 -13.77 -8.941
ay - - 4.954 0.1326
as - - - 1.758

le | max 9.15x107 | 2.90x10-* | 8.79x10-" | 1.46x107

26 L) L] F T T T T
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& el
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14~ b
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Fig.7 Measured temperature dependency of thermal
conductivity La,; gSry,CuQy,., [10].

Thereafter, expression (8) will be called the first kind model of
superconductor of the metallic superconductor system
(isotropic metallic superconductor model). In the normal
conduction area of the high temperature, the approximated
thermal conductivity function can be shown by the next
expression (9).

A2, =14020(E~1) oo 9)

The function of this thermal conductivity is useful for the
thermal conductivity in the high temperature region.

2.2 Anisotropic thermal conductivity function of
high temperature oxide superconductors:
Second kind model

Next, we tried to attempt the thermal conductivity of a
high-T, superconductor YBa,Cu;07., compound systems that
exceeded the boiling temperature of the liquid nitrogen for the
first time.

When the sample was made, the oxidation compound of each
element was mixed with the mortar well after the proper
quantity was measured, and it sintered at the temperature of
920 degrees centigrade. Afterwards, the sinter was minutely
crushed, it put in the type, and it built with high pressure.
Afterwards, the sample was able to be done by sintering. Fig.8
is a measurement of the superconducting transition
temperature by using four probes method.

8 T T | L] L) T |3 L{
E ¥,Ba;Cu30;.y i
w
o 6} -
‘e
x4
2 -
1 Te=95K
0 [} '] L | ] L L [ 1
0 20 40 60 80 100 120 40 160 180
T K

Fig.8 Temperature dependency of electrical resistivity
of high-T. superconductor Y,Ba,Cu;0,, compound
system [11].
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Fig.9 Measured thermal conductivity of high-T,
superconductor Y ;Ba,Cu30;., using one-dimensional
plate comparative method [11].

The high temperature oxide superconductor (Ba-La-Cu-O
system superconductor discovered by J.G. Bednorz and K.A.
Mueller in1986) is having a peculiar structure. The feature of
the thermal conductivity is that the phase transition
temperature (zero resistance temperature) decreases rapidly as
follows after the thermal conductivity's rapidly rising with the
decrease in the temperature and indicating maximum value
Amax Of the thermal conductivity when it becomes. This change
form is just similar to the thermal conductivity of the high
purity metal in the low temperature region.

Then, to clarify the temperature dependence structure of the
thermal conductivity of the high temperature oxide
superconductor, authors was progressed theory shown next.
The composition of the theory is as follows. In general, it is
known to the transmission of the conduction of heat of the
material to spread by the electronic conduction and by the
phonon conduction.

10 1 T T
| Ba,YCu,0,_,

o
A.Jezowski(l988§o aap
E & 'T“ s e
o
% E.Nemotof1988)
l - e
.o | x
& o C.Uher(1988)
& - -
Sy o
a b &

e xx3\ 92K

F A & / D.Morelli(1988)
. r'y .

0.1} ° ¢ F i

AW/,

0.01 1 | 1 1 1
- 10 100

TK

Fig.10 Compared with reported reference data of
temperature dependency of thermal conductivity for
Y Ba,Cu;304., superconductor worldwide in 1988 [12].
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Fig.11 Theoretical thermal conductivity function of
general superconductors (-2= n =2).

Therefore, the thermal conductivity A can be shown by the
next expression (10).

AxA, 42,

Now, the thermal conductivity that normal conducts can be
approximated by the next expression (11) in consideration of
conduction by the phonon conduction because it can be
thought that the factor by the phonon is more predominant
than the factor with the electron when thinking about the
thermal conductivity of the high temperature oxide
superconductor.

A=A =&

n P

Therefore, when this expression (11) is substituted for
expression (1), and the approximation function of thermal
conductivity M\, in the lower transition temperature region
of the high temperature oxide superconductor is requested,
the next expression (12) is obtained.

————]

Prlesent Theory

La,_BSro_ZCu,OL_y
Y;Ba;Cu307.y

a—a FEr.Ra Cu.0-
=hoabtsVr-y 4

4—= Bi;Sr\Ca,Cu,0y

ey i
0217 '
7 1

1

O 1 1 1 1
0 02 04 06 08 1.0 12 14 16
£

Fig.12 Theoretical thermal conductivity characteristic
compared with measured data of high-T. oxide
superconductors.
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Fig.13 Temperature dependency of thermal conductivity
function of second kind model for high T,
sunerconductors.

B 25:11’, B 2§2+n

A =0 8)= T =10

Here, expression (12) is considered. The expression feature
of the thermal conductivity of the high temperature oxide
superconductor is having that maximum thermal conductivity
A max €Xists in the temperature region of 0= & =1. The
value A 5 can be requested from the differentiation
condition of the maximum value as follows.

2|: 1_n :l(2+n)/4
2+n

[A/2] =224 — (13)

imax 2_]1
1+
[2+n}

2-n
2+n

é[ﬂ / lﬁ‘ ]max =1

To know these outlines, the numerical analysis result of
assumption from n=2 to n=-2 is shown in Fig.11. It can know
the low temperature characteristic of thermal conductivity of
the high temperature oxide ceramic superconductors by
Fig.12. As shown in Fig.13, expression (12) is classified with
the second kind model of the isotropic high temperature
oxide superconductor.

2.3 Anisotropic thermal conductivity function of
high-T, oxide superconductor : Third kind
model

2.3.1 Two dimensional model

When an actual high temperature oxide superconductor is
made, and the thermal conductivity was measured below the
phase transition temperature region, the thermal conductivity
shows the electric resistivity characteristic as a typical
three-dimensional anisotropic material [13] different in each
principal axis as shown in Fig.14. Therefore, the two
dimensional anisotropic thermal conductivity of third kind
model of the high temperature oxide superconductors [14] is
considered.

In general, it means that heat is transmitted by the thermal
conductivity mechanism that the heat conduction
phenomenon of the high temperature oxide superconductor is
different in the direction of three principal axes.

g
=)}

=
~
Kd

o
o

ik W/(m-K)

. ..o.‘ /7\?1
\;"m

o
=N
T

=)
~

=]
o
—
—
=
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Fig.14 Measured thermal conductivity of two
dimensional anisotropic high-T. superconductor
Y Ba,Cu307., compound system on phase transition
temperature region.

Then, the following formula is obtained by assuming that
principal axis 1 and 2 are orthogonal, and assuming that the
electron and the phonon independently transmit heat to the
orthogonal axis in the high temperature oxide ceramic
superconductor.

Therefore, thermal conductivity function M. of the two
dimensional anisotropic high temperature oxide super-
conductors can be requested directly by substituting
expression (15) for expression (12).

A, zi/lpl +j/1p2

25;’1/1" B 2§2+n
1+& 1+¢&°

212, =95(8) (2,0 + jA,,) -~ (16)

I

This expression shows the temperature dependency of the
thermal conductivity of the two dimensional anisotropic high
temperature oxide superconductors in the low temperature
region below the phase transition temperature enough. This
expression will be called the third kind model of the
anisotropic high temperature oxide superconductor.

It proposes the following model of expression (16) as the
two dimensional anisotropic superconductor of the third kind
model.

300 300.5 301 301.5 302
T K

Fig.15 Measured thermal conductivity of two dimensional
anisotropic ~ high-T,  superconductor  Y;Ba,Cu30-,
compound system of high temperature region.
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2.3.2 Three dimensional model

Next, it proposes the following model of expression (17)
as a three dimensional anisotropic model.

A, midy+ A, +kA,, (17)

pl P2

However, i, j, and k are assumed to be three dimension unit
vectors in the orthogonal coordinate system.

n 2+n
2, 28 k) O9)

A, =Q,E)= e e

Fig.16 shows the result of calculating the temperature
dependency of the anisotropic thermal conductivity of the
three dimensional anisotropic ceramic superconductors that
uses expression (18).

A1 2, =all+0.20(& -1)]

A calculation example in Fig.16 is the one having shown in the
figure in expression (19) in case of 0=1.0, 1.1, and 1.2.

3. Conclusions

In this research, the thermal conductivity below the phase
transition temperature (zero resistance temperature) in the
three dimensional isotropic and anisotropic superconductor
materials were theoretically considered, and the following
conclusions were obtained.

(1) The temperature dependency characteristic of the thermal
conductivity of the three dimensional anisotropic high
temperature oxide superconductors when changing from the
normal conduction state to the superconducting state can
obtain the expression of the thermal conductivity function
based on two fluid model proposed by Heisenberg et al.

(2) The thermal conductivity of the two and three dimensional
anisotropic superconductors can be expressed by the thermal
conductivity component using by the orthogonal unit vector in
the axis direction.

(3) The metallic isotropic superconductors and the
anisotropic high temperature oxide superconductors can
handle the expression of the thermal conductivity as the same
structural ~ formula, considering the non-dimensional

temperature variable of the low temperature region of a normal
conductor of expression (8) and expression (12).

(4) It can be shown that the maximum value of the thermal
conductivity of principal axis exists axially each when the
anisotropic superconductors are in the superconducting state
using by our models of the anisotropic superconductors.

NOMENCLATURE

: Fermi-Dirac function

: Boltzmann constant

: temperature K

: energy gap

: thermal conductivity, W/(m -K)

: non-dimensional temperature =7/T,

: B.R.T. function

: non-dimensional B.R.T. function

: non-dimensional thermal conductivity = 2/ 4 ¢

5
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Analyses of Evanescent Waves at Total Reflection using FDTD method

Katsuyoshi AOKI* and Takashi WAKAMATSU

Abstract: Evanescent waves generated at total reflection were simulated visually using finite

difference time domain (FDTD) method. A polarized light beam with the Gaussian profile is

incident into a glass/air interface and generates the evanescent waves in the air side of the interface

at incident angles larger than a critical angle of the total reflection. The FDTD simulation results

were comparable to calculations based on the wave optics theory, from characteristics of the

evanescent waves: the field decay behavior, the penetration depth, and the Goos-Héanchen shift.
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Catalytic reduction of boron oxide in SCF for recycling of hydrogen storage material
Yasuo SAITOH and Atsuhiro YOSHIZAKI *,

Abstract: Inorganic metal hydride, NaBH4 ( reducing agent, Hs highly production at near room temperature ) has

been noted as future hydrogen storage materials, following fuel cell. However, reuse of the oxide NaBOz as a result

of the of direct reduction to NaBH4 is hard, against looking forward recycling system, because of the restriction of
the chemical equilibrium ( difficulty in the back reaction ). Catalytic hydrogenation of NaBOzin SCF ( COg, or CHx

—super critical fluid ) by the supported Pd catalysts has been investigated including collaboration with the company.

The amount of NaBH4 was calculated from the weight of converted and trapped water, by the use of oxidation of the

hydrogen from the reaction mixture via reaction of CuO + H2 — Cu+ H20 . The yield of the hydrogenation was less

than 10 mole %, and some experimental conditions as a aim at the improvement of the yield, have been examined,

especially in checking the remove of water ( by-product ) from the reaction system.
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X e A= h¥yy b DRUEESZIT 7 0. 5wt %Pt/ALQ,

(Lot. No IKS-S-03) K& T} 0. 5wt%Ru/A1,0, (Lot. No TKS-S-02) ,

S I A AR OZ Bl = F L (K-A F ) — T
P LT % —Be5 AT 7 ) VB L AKIBLT R 7 AT
R ZEASED EALDNETH L TN IZHLES< 5,
Ni BT 42~44%) HRBR L 7=,

bt & X BIEIC Mg 38 & O Call, D538 TTABIA & Hefi L
7. SN OMBAITER DICEBSh TV b0 THY |

AIEE BT DICHT- 0 BRTDILERDH -1, Al
IR TSN LB YE T D | il & (3R 5 EH %
FoTW D, 7285, Si OFMIE Mg ROBHERIE Y oi-
HTH D,

B U F LAY 2 E ORIECIE, B R XARESTIE
AT o T MEER IR B OWR Y 47 7 84 RINT2500 % i
U7z, flBEEUEL o e R R 72 & OB ERE X ARFFE & 1351
AT o7,

2.3 Rkt

WEETTREHTIZEE K O NaBO, S EEZA, ik ST
2V T AT & 400~500°C (3~4 HFRE) THNEABLE L
TRz, MEARPILX R D THEFR L7228, NaBO, I3k
FEIRTHEHIZ NaB 0 IZEEHT 50T, MRUIE AR L
RIFEZR B0, BV E, Ar R R AR > 7 AN
TiTolo, F7o. KELABELISMZ T, Bl s LT
Call, (1K), MgH,, Mg,Si #HtY Eif7-, %2 II&ERE%
FEHRAKFEEE L T, 2o OBTHBANL. Wb
Bk A EBROBFICRE I N TEBY . AFEE LS B
HENZ, FTERTLHZ LT L
2.4 KFERAL

NaBH, ¥R (BBIHALZE O il i) & T2k %6 42 520k
B AWE EERNCAT o T, —EEO NaBH, iK% =o0
DZEAT T AT D, ENEBRICET ToiEe —
FNDEEKE DS VES, BAETHARERZHOMO
AT AR EFHS TRIET 5, BB DRI 40~80C & L
oo B NMADRERESED72DDT F—= v 7V
FAE (TR 132K CHKT D DT, ZRRAKRPICEAR
HFL, AT 5 & XITFDEE NaBH, HRICIES T LITL
oo ML T H KD IRITE TS 225, RSICIEREE A
TFET B 00, PIOIFAKERAERE DR, KEBITIZIE—
T CARENAM LIS, BLITIIHRELS ooz, £
KT KBS E I~ DR E DG H DA, B
(2 NaBH, DREW D DD TIERNNEBZ TS, T/
bbH, FE OB 26T T — B TRBNFEET S,
7235 NaBH, 7K B RTEA B> © O FE 22 K FRGE 2B LT
FHGOHE 2| B LOHAHIAZ 1N UL LLFICH
TE LTz & & D NaBH, k= X b OFHli & H0 & L7 FEA M
CBIL TR, B LS P esRan .,

3. MRBLUEE

3.1 Tk Y BEER T2 T OKRFBHTMIC LB 0HE
500°CLL LD @R TH - T, HIETIX Mg/Si £72i%
CaH,~Mg/Si 1% NaBO, D/KFGIZIEH Ligino7z, L,
Mg/Si 1F7E F. &/ (18MPa 0 Hy/N, JREH 2) | 550°C, 2h,
[]5y 2 ERE ) TIHENR 23D NaBH, DAL 2 TesE (R
FEE DO TR, BEE 1 %R Lz, #IffIhd Kk

RO EED,
NaBO, + 2H, — NaBH, + 0, A G,=-8[kJ/mol] 1)
NaBO, + 2Mg + 2H, — NaBH, + 2MgO A G =—342[kJ/mol] (2)
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NaBO, + 2MgH, — NaBH, + 2Mg0 A G ,=—270[kJ/mol] (3)
(A G IZRISITHES ¥7 2O H BT FLE—251k) ¥
IERAME o 7B & U CiE, 2 O &k R o il
(RIS DHIBICEE o722 &b B X HND D,
Mg 2N B NaBO, \IZ/ER 4 % O Tl 22 < . — B F#Eb (ghl,)
o THBIEMT 2 1 L S D B Vi g,
MgH, $ 7713 Mg/Si & NaBO, & % 1~20MPa D/KEE T, 400
~500°C TALE T 5 L EULE T NaBH, 3G 6N b £ H, £
7o, IR DKFAIEZ | Mg SR (100 w m LLF) & NaB0, &
R —/L LN THEERIICIR G (AR S D2 =R
FERELEZ?) LERIIToHEZA, Mg EMmICT 1 X
A RH)BMERHLTWS Z E&HfEsm LTS, LML,
Mg/Si RITONTEE LRBEREIT 72 & 25, NaBH, i3
fE L5 BT, Mg/H, 52 Tl NaBO, DIEILAIT & A Eit
TLRVO TRV EREROT b, L, Z03FE
BRCIE Mg,S1 RO EEBEA I (S DFTEICEY Mg D
BEE A BV OO R A HERF) AR IS X o T L SKEN
FAERKLIZZEBLPAG, DHHEL REWZ &S
Z DOFRTIHERMC & o TR TT RS HETT I 5 TREME S &
VW, LU Mg/H, &R TiE, MgH, DR R LF—nE<
B Mg, (TR Sy (Mg O R Z #ERF T & 220))
EEBZBND, PIDID Mg, & 37 I TRBEO LB 21T
ZANEES b ETe D TIX RO & IR L7228, Mg, X iR &
NTELHT, Mg RICOWVWTEEREZK &L, Thicfb
5HDE LT, AG, (MixHE) NI HICKE L, AFARE
72 Call, ZHe Y BT 7z, FEBRAERIT Mg R & RIFRIC, NaBH, 1%
EN LGB h o T, Cal, DFRE IR L E THL
SR (CO, He/F T)ITAE L2 2 & 2 X BT 22 < ie
L7z, KFEME LTHER Loz Ll s 5,
feds. e IC LAUE Mg, INRRR S ICAFTX B &
IRFLBNBHST=DT EELHLEDN— N ETo & ooy,
BAEBWAT L ENTE TN, B, A—ILILT
OFEBITBR L T WA, 7'a ¥ A KOIFEIIARRREK
IR O BRMFICEE R R 5 X - 2 EIFFEETH D (14
B, EIAT, HEXAZDELTBEANRKYIDE LT
H Mgh, 72 & OKFEAY ZZ AN B EEIE, Ak L7z
B b Mg0) AT W TE DD TLEETH Y L bIET
H (KIEW) 1ZZEICHAWRTIER B2 0 T, HE
RE R ERRS TIER Y, FZMEMYE (E-E-K-
R) OBERPERSGMER AR THD Z Enb, miR&EE
TTOMGEMEERERSEND, 20X RLROT X
X BT v X%, 4 OB KOBREREER
WZT D130 Tldie <HEEREL S A7 AT iany, H
M7 me A TEETREAM /NS, LrbaA o
DB IR WHT OGRS T H AN 2 BRI 2 L ERH B,
BICHBIF OB 2 F D, BFiizic U — 2B fkIEEEAE o B
RAEREOFRREDLSTZFTLATH 5, BRI 5 R
Rl & UCHRBRBUCHAGA D 5 DT, RIS B D5y EEDRY
MEINCT 5 EEH LA T D, Bl (BhAlIC

I Mg0 72 &) ZHSPREICANE 5 22V R TH Ao
HEHITAEDTH D,
3.2 Pd filfit 2 AV 2 BIERET (S CF) TOKFRLE

Pd-Zn0/Ce0, fillfit L NaBO, i K ZHLATE I TV O5L
BALT, @EYY & —@0ml) IZ3ET A, CO,TATY —
JTANEITD, EOBRMENER 7 TRAEZIER. K5y
R EORMMERES, FTEOHTAZEAL, FOMEAE
BAtE LTz, EHITKFEHTAZEHEAL, £& LT 550CT—
BB et T, Sefth & L3228 W72 28 Bk FEML
HE D NaBH, BHH -2 25, HE W AKEITETLT
WRWZ LR o 7o, BORE ) ITWFiLbik< ., &
RTH 10 WRETH -7, KMk OkHE) & 2 FOEE (NaBo,
&) B o BEMR BB SR 72 5 2 L2 B L diE Rk X5A
HIUNEE LNEEBEZONDHDT, BIE VT i L7
WO SEH DS ORMRE —EHECHHESED 2 & T,
WEAARBAMEE Lz, Zhics LT, #EX (Hond
DR =72 L) TIERMRAE M & izt = &8
HEETHY | OGS ET DEIEEENRIBIAR T T2 &%
Zbib, L, WERTH-oTH, WEfENnGs
NiepoTeDlE, WS OLOBERNEZEZ LNDLD, 7T
IR IEFR 2O TIEREITA S TlERl . BELEKIAR LS
FHMOWE OBEMBEI TE R bE X LND,
LShIX. BELTZS CF OfR: BEERSCAR Y 7 ORE)
B L OEEMA TR EFIE IR 2R L7 E 8 O e ERRE
HLNETH D, TIE TITAT - T KELEL IR O 17255 5
R 2ITRT,

BEFEETHSTHS CFIRLARWVEARITIE, 1ZEA
EB%BODENRERTH -2, SCFZFMALEZEAIR
17%Zm EL7=2 85, SCFDORIGHE L TOREMN
Hizb o bEZXOND, LILASDEZ A 20%LL EDOULE
FEELRTWRWY, D7 bt 50%LL EOIERTRNE
FEAEE L VO TR N EEZXTND, B, %
DR 2 RN RS 5, PKLEZIT> THL
727K D NaBO, % AW T2 AT T # /K (@H,0) D
W2 NaBO, DA IXIFE A EBTINR N E b7,
TR0 FRmAKIIARRISERET 2/ER L o7, 728,
HE7K D NaBO, IE TR S AL T UMW,

3.3 it s

NaBO, 1358 A A U FEAHALAEY T, 2 BT 2 12i%
DB DE R X —"TC B0, A A D B-0 fEE & LI L7
Nix7e oo, Ui & 2 ATRVIET/ER 2 Ff>7 1 ¥
A RM) P EtsEs, LERoT, HE Lok icH
AT DDRARRRDOFEE 725, Al E 72 1332 ST HiBh A 2%
DOEE RT3 O TIZ ARV EHERR LTz, BEmbhAic o
WCIERTR D &30, Pd IF/KF TR L TROLBIFIMEZ FE D
KEOWINEZEEHZ LiFL<MbNATNS, Lizao
T, KOK3, 4DXHITHBNERIND LHERRm LTz, &
ZCiE, Pd e X D H ORI OWTELET D,

NaBO, 7>% NaBH, ~DZA{bZ il & DR Y THEEZLD
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# 2 NaBO: OD/KFRLHEERMER (FHEWAAR) (B : Pd-Zn0/Ce0,, S CF : BERFMAE, AHEIEE : 500°C,
SVERBERT - 5~20 FERE. AhEEDOAKERIT 1 400~500°C 3 FBrfE)

% NaBO:z | CO2%y/E CH. 73/ & 2 E(COx+Hs, % 7= | &FHEE | HaO tE&E I = s =
it E R | 7 - E[MPal 7=y JE[MPal | 1% CHs+Ho) [MPal | [gl [g] [mol% "
1.61 0 0 W E 1.85 0 0
0.45 0 (FE SCF) 0 12.5 0.62 0.02 2.4
1.74 4.5 (K SCF) 0 12 1.36 0.02 3.9
1.59 4.5 (K SCF) 0 12 1.07 0.02 3.9
5.86 5 (K SCF) 0 10 2.08 0.04 6.0
0.27 6 (£ SCF) 0 13 0.44 0.01 2.8 JEF NaBOz-4H20 75
1.56 28.5 0 12 1.53 0.04 17.6
2.00 10 0 12 1.52 0.02 8.2 fiE 4o
0.56 0 4 (R SCF) 12 0.89 0.03 4.3
1.87 0 4 (R SCF) 12 0.93 0.02 4.8
1.06 0 4 (R SCPH) 12 1.05 0.01 1.8 JEF NaBOs-4H20 5
PdO + H, — Pd + 0,0  (BUFTF COfililiET) HZT : HZPTH
2Pd + H, — 2PdH (- D) Ho P 3 3 Pd _mo
NaBO, + 4PdH — NaBH, + 2Pd0 + 2Pd  (H™iZ X 53&r) Hﬁ H— = H rﬁ
. NaBO, + 4H, — NaBll, + 2H,0 PdO <—¢l:f + b#B=¢\+T§ —Pdo
Pd <weeesPd [ B Pd o » Pd
X 3 Pd flfitiz X 5 NaBO, 08 TR HZ{ '1‘ J l HL \HZ
PdH [H \B - Hj PdH
H-~ H

(EEEEEET)
X 4 PdfhitRm o U RER{L DIE TR

TONRRE THDH, fHREUTKENIG LANET S,
B—0 # & O R L X —13 932k /mol TH V. NaB0, +
4PdH — NaBH, + 2Pd0 + 2Pd IZHFH X7 A0 HH T RV
F—LL LD R ¥ —% S CFIC Ko THEST UL,
U NaBH, IR %2455 Z L BAIfFC&E 5, T72bbH, SC
F 2 & > T PdH K+ & NaBO, RiF3 3R B < Bafil L, A
ANHF—ITL->TB L 0DFEEEFED T, MHRR113 PdH
D PAJFICHEE L, 20 & % Pd EfEA LTV 2/KSEIL Pd
DHEEDLE MR, R YRR FITHES L THL, BRSO
BRED /71, Pd & BRSO AT L o Tk L7 b L
—ThrEEZOND, 22T, {EMMEIZPd EEZTNS
23, Pd, /K&, NaBO, D 3 F & HAMIZIREG L7272 TG S
H LD &L TH, NaBH, OEIRIIHIFCTE 20, KFETH
520U PdH 2RSS ®, 2Lk BO, A A & DIEA%ESI
ST HERD D,

ZHH 5 191%, NaBO, & Mg OBYRIRAW % KFEINE T TH
BV (800 KLA E) 95 Z &1 K » TN ER T NaBH, & ARk &8

FREPAMSDH™ AL
2Pd + Hz — 2Pd"* - (2H")
4 Pdz_.Pd

[ NaBOz + 4H:

M5 PdHEBO:— &M R IGHEME

NaBHs + 2Hz0 |

LDHEERELTND, ZOHFETIE, H, W LT Mg,
ZIERT B DO TIE72 < | 800K LL ECide L A/KFE DL HTHE
WTHDHZ LD D NaBH, OAERKIZIE MgH, 1ZBF5- L Tu7e
ELTWSEMERIND, TrZA FH) M Mg Kifi b
BRSNS ZENEETHY 2R3 Mg L REICHETD
NaBO, ~ L BENI§ 25 Z LI k- T NaBH, MRS D, 2D
HEE 2 AWFRED G A IRETHIE, PAH 225D H DIERLES
FOEICHEE H D NaBO, ~OBE R HEHIZ /> TWND &
EAHND, ZO2O00FKMEFRRICHT=T Z LITAL T
1720, 7eds, PdH OFFTEIX Pd D/KERE D FEIZ L - T
We7rsb BTN D, H D NaBO, ~DBIIES CF DIFLEID
LoTRIESND LHFEND, KFED SCFITEEITIAT B
HIZAHR D L0 TH - T, PAdl OERKIEE L WIFIN D,
T ZA FHT) D& REISHED VAR, T vl
V&g T ) TESBOKFDIZEEND H B
NTWABR, WS CTEES LTS Nall (255 NaBH, D#
EEEZRW TR, FFrFCREEss 00, Zhox A
V72 NaBO, @ NaBH, ~D3&E LT EM L ST,

PAED X 51T, NaBO, DI TCIZT VA U BV L,
PRI LFBE & LT Mg0 RN & L CTHEH T 5 5K
EE DR EFEM LRREEZ R TRIR L R D FH BIT.
ZOWFEEKE UTHRET 2 507, REATTOZ2W
2 Y= RBATREREHATLRBLERTZ, 5% IHIC
FEMEPERATE TR 2D D5 TETH D,

NaB0, o T2/ 72 38T i) L 72 BED NaBH,&NaBO0, 5k}
Ry =% VYA I NT HREOKFZ LI —HED
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B
ez

: -FP
iﬁfé&“%‘ T | EFEOUSAIL | Aﬁ
EELTE L [227L0ER |
v AAZANAAAA AR

mﬂfmw‘ Grn) o . [re])<—[rr]) womnrs (o)) “amanm

E6 BmiEIZHBEHFLELMAREMORRE

T34 Eith2005 ) (B#EBP#SR)
ETNER6 IR LT,

3.4 NaBH,® PEFC & L TDALAAy G 2

NaBH IZRTR D &30 7K & Bl U TEGITIKFE T X &
92, ZLTCZDL ) el 1 K74 MeGid, K
FEAEPELBBEAFERE LTS FE LN TV S,
KB AFAERED RISARIL, Bt 720 LITKER LS
TH DL, WEIFFHSIEZR B2\, Az kE
LT DI O TRBMEZ /2D, Ledo> T, T
Al BEIIIARRHIC2 5,

NaBH, DAL FEEEIC DN TH D & A HOKFEILB &g
FEAICHEA LT, BH, A A 2BALTWD Z & idand
DERYTHD, SO Na' A 4> EfEE LT
o< %, BHIZBWT, B-H &L RU RAA HD
ZeTrmyA eI R 2HOETE B L Ok
AIZHWTZBNIRE A L BT 2 ENTE D, ZOMA DT
LY, ZoREOLEMITEERKFE LD & LiTn s,

— %2, NaAlH, Z & Tefattd 2 WIT P MKIRIRIT R L &
THBENR, TAA VT D L CREMBLEICRFETE
%, 10wt%NaOH (259" % NaBH, DR 1T 600g/L LL 1T
V.FE7= NaBH, JREE 30wthLL F722 HIXEIR CIRIETH 5,
—J5. BERT VA VKRN, RIEITKFEEREAE S
LFEE LUUMBER Wb D, 72L& 21E, Ry, Pt-LiCo0,,
7 v FHE LT Mg NiH, 72 ERBEFRE STV b, Pt-LiCo0,
ERBECAWA & ORBETREAT AZER L, 15 531%
ETC NaBH, #KSIZ LV & THET D, Le-T, K
WBEMET L CHARBEREREMETET, ARG
BL LB ThH D,

ISy C kSR % F62E 4 D BE. NaBH, 1L B0, 122k L, =
AT R PED NaB0,-4H,0 # 47 5, 10wt%NaOH (23 2
NaBO, DEARIEITERIE T T 2mol /L & Ll S It g 24 ©
DM, MR ORAL, AKFERAEEORE S/ L
TIME L THREERIBENLRD S,

BEIRK AL DK TP L& LT HAFERAR 2N I D
ST & o MFiE, 1997 £ NaAlH, ICBET 2 8ETH Y |
T—F VHC TiCl, £721% Ti (0Bu) , il & L CHWD =
LT LY NaAlH, 7> b ORI 70 K SE DB HE - WU 78 FLH &
Niz, %A LA BIE LIRS Hivizns, K

BRI KSR & 3 2 A ITBRER TR Y - 67220,

NaBH, 7 V71 U KB O BREFE R~ on-board K& {lk
WWHBEOEHIE LTI LT 2 AMEOBAERNT 5,
NaBH, RN 2 v 7 10 B IRIRA v 72 L0 il v o X —
WZEDIL, Z ZTHKRGRBIEZ 5, Z O TFES
ROT, Fr N\ —E U RKITEAE R o 7o F ERIR T
T -CoB & A, 8 EEIINGE S A7 KFE A A DN AR (4
WG SN D, FfE, Z OBREHER Y 2T A ORR T x
JUR—FEEES 600WH/L LA EERE L TBY ., 2z F v
LEHO2/FE LTS,

NaBH, 7K ¥R % .5z  BRBHEML O BRI iE 9~ 2 F 7818,
TEBe R, #&E, B i~ 7 B citbhl, BiniEsE
JE1.64V L 720 | P EF CHEDOEFKFMREIERD 1. 23V
EHARTREREEZRT, ZOHEOHHRELT, 7/ —
R (RHE) I KB A& NMEH Sz, T7abbh, Kk#E
13 MHx DT TYJE S 41 %, NaBH, 255 2 OB &8 2 0§
LZEIFHLENTWD, =& ZIE, KB, KIERICR LA
BIIKFEEWRET D L RESN TS, BREFE LTO BH,
I, BIBOG & LTRSS RN Z W AKBH A E2HRAEL, #
B LU TBFIAREZE TS50 T, 7/ — FiElo®E
PERRL B2 - TL B, BREIL, 7TAH U KEKRD
T 7 4 A DHNLN TV D, B R TORE %
FEIX, SR T C 80-85mW/em® EE I TRY . HHEM
~ORBPEFEN TN,

IKFEHT AL D NaBO, I3 FHIIZLETH Y | # D IR
LAHIIRECTH D L 5bhT&k, L L, &L, Kojima
5 D%, NaB0, 2> NaBH, OFAEICE LT, MgH, 722 L
Mg,Si il D FF1E T TMPall, T C,550°CI LR RIINEA T2 & |
97U EDONGECHANARETH L L L TWD, £,
B s WiE, NaBO, & Mgh, & & HICR—LI U v 7T 5
T LT NaBH, ICHAET D & LTS, Zhid, A—13In
HWOFERET R —PRIGICFHIA SN TWD L ZEZXBILD,
NaB0, % AWV = HA DU 100%TdH 5 DI LT, A
BB BRI L725A1E 56%TH D, 7272 L, ik
HOWENE L FHFICHHETWDIOT, HEEH L Mg, 72
WL Mg,Si filft & Yl U CIBRBR AT o 7223, AGRSCORE
BRI L2 L 912, 13 & A E NaBH, 3G 6 e o7z,
BRI —DRZFAINTND E NI B, EiZ
CHMTIIARSZE 2 ThHD, LEER-T, AFRIZIZOX
S 7p gl I L TiThhcE o Tl

SHOFBREE LIS 4 b DBH, $EERKELIT/ N
BKERE LTHIR b N EMTHA D, 5%, KHE
FAEPRE LCE, BN L 7o X OBRNEEICA
2 TL %, HIT, SERKFIMAKIRZD Y YA 7 v
DOREBUEIZ R DR, ZOTEREZVDDISRFIICTX 5
DT LT, BN A NT A NREFEM ORISR E 5
EEo THIME TRV,
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N
ﬁ\
il

oo M B Al & L T Mg, Mg/Si, Cal,, fii i & L T
Pd-Zn0/Ce0, & V>, KD NaB0, Z# 5 FES C F OIFEE T i
IREETKRELRILLIER, WOL S22 L floTe, 72
. NaBH, MK 2. 0g DMK FRERZBIBIT o712 & 2 A,
filbfit « 60°C - Hi¥RdH VD T, Ty 300mL/min DK FEFE AW
ZBLIN U NaBH, 7K SEBREHITIASEE & L T 03 M4 FE5E
L7,

« X R DBEIEIZ ZAvX, Dok orgts DR {bA R IE NaBo,

TIi372 <, Na,B0,+ 10H,0 TH - 7=,

+ NaBO0,/Mg/H, (F&JT) & TiX NaBH, DL ITER &9,

- NaB0,/Mg/Si/H, (7 [£) 56 Tid Mg,Si 72 52 && ik i,

NaBH, DA AL & R S iz,

« NaBH, DEE %, Cu0 |2 X BKFEOEILIIGIZ L > TR

LI ENTET],

- NaBO,/CaH,/H, (§JE£) 32 Tl NaBH, D4R Z MR T X 720

S>77,

* Pd-Zn0/Ce0, fillit X S C F 74 F C NaB0, DK FE(LIZ/EA

L. K 18mol%DUN T NaBH, 235 b7z,

c KBRS BT 2B OTEHEREIL, Yeg A4 K H) Th

LT EEHE LI,

- Pd filit 3 i _F T D NaBO, D /K & SRS 2 HE3h L 7=,

5. L&

AW, 2 SO RSt L OB R & oILFERPFgE
DI TR 17T FE SRR LTz, [FRZ, J ST (S2AT
BUEN HAREHIREEERD o [ — XEF kBRI
WZHIFEE L7228 IAE O S C— B RIX T BRI E N e o 72,
LinL, BED ] STHT Z74 xR TERLOT=DOR]
RetERER (F S)) Ol [ass KR RS BRI~ K
T A FHMEIOIEERMBFIH] OFEL THRIRS ., 18 FFEIE
(2D 2) RUBRBIHONFERIETY A 7 NIEORK
L 19X T (2o 3) BEREIRS L OEREE B At
WA U R OFHEITTE] O RIE TR
BHEOFMEZ T T2, 2B, (F0O 1) ITHERFERER S
AT AMER TR, AHEARD [EEEEEKE NS
DLEMIKEIAE T o 2O 2 2L,

SR ~DFEER & L ClE, 19 4F 9 A O 100 [FIfitiiE ama
fLi) 9. BLO 19 8 ADE s HILEEHET 7 ) 7
4 —T LB (KR (iods) sk 20, Kk
XA TRS CERL L 9, 2 04 A AL RIS
RERD L,

FFEFIZIE 2008 4R 3 HIZ 1 RHIE L=, R DL BT
IRy #ERmoFRELE VThb,

NaBH, % P EF C ([E{AE s 2R eEM) H o KHEIR

WCHWDRFZEIE, LFBRERT I =7 Atk (T F4) |
FoRIaTAFCkE), baX¥EBESICEIVITPRT
VW5, NaBH, KISIR & B HE, BRORHE M OPREMBIZ G2
WFoEiIdesE | B3~ 7 ', TRBRERFESE TIThn T\ 5,
NaBH, Z#REHE L2/ O P EF C  ([E 2y R e E
M) AEEEIS.  — FPCREDHR BRI LD
(2003), AEICRII L7ZDiTEAf a—A VAV U TH D
(2005), Hi77 5V, 5WH T 5 RE DO BB 2 EBLL T\ 5, 4%
ORERMNER S, @ IMES DI, BEHEE A~
LTI,

6. fEFER

6.1 4Apk# (NaBH,) DEE:
KESDAERY T % NaBH, 2 E 8T HI121%, FSH=e
IS S BT 2 MERH DN, TR TE TRV
ED, HEAETDZ ENTE oz, £2T, ERR
DT L2 £ 912, BEHRIEAWH O NaBH, & K55 F
LCKEFEEZERTDHZEIC L, LvL, KFEOMHEE
WHZ &k, 20BHEENRB/NIBOTH LY, L1y
GCTaREAsZLbR#ETHD, 2T, TRDOLD
12, BBAEAI (CuD) IZ > THEDRKEZ W (91F) K L
TENEEETDHEEERZ L, WE, L#EHE O Nab0,
DEE% algl. £ L= NaBH, DEEZ bleg] GlIALZRY)
Etpl. Fhbbrd ko,
NaBH, + 2H,0 — NaBO, + 4H, (4)
Hy + Cu0 — Cu + HO (5)
anﬂmm%$®m$m(W”&
(a/65.8)
174.1(b/a) [mol%] & 722, —7F . B)FNTER I 4172k
elgledsdE, (HXDDHLLNDEII

x100[mol%] =

Cc=

bs x4x18, T72HH b=0.525¢3% 0 SLoD T,

(TN
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DHUERFT TH D,
6.2 NaBH, 35 & O NaB0, DETHRERE (RIS

(DBayer Process:4Na + 2H, + 1/4Na,B,0, + 7/4Si0, =
NaBH, + 7/4Na,Si0, (@Rohm & Hass Process:B,0, + 3CH,0H
=B (0CH,) ;+ HBO, + H,0, 4NaH + B(OCH,) , = NaBH, + 3NaOCH,
(31/4Na,B,0,-10H,0 + 1/2NaOH + 5/4H,0 = NaB0,-4H,0
6.3 & URILEM D HTBIRFEAM (2007 4HI7E)
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