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Several Properties of Metallic Uranium

Though metallic uranium has vecentiv been noticed as nuclsar fuel, the present
condition of Japan does not allow us to research it sufficiently. Ther2 remains a lot
of matallurgical, mechanical. phvsical and also chsmical probl:ms concerning it. and

we must mostly look them to our further research.

We completed here an investigation of severzl propeities of metallic uranium,

studving the research reports at Geneva Conference and other reports.
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BsO3 1200 | 360 525 23 59 23
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ﬁg&m%‘ c) | 7 6/om? ‘m§ﬁ° X108 psi xm“c | ea/ec
! 0.021 ( 600° c) 50 ( 800°C) 7 ( 500° C) 0.25 ( bﬂ0°c)
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Mg0O 2800 3.5826 o012 ¢ » ) 12 (20°C) T 02 ()
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5% CaO-7:0, | 25008 5.3218 0.004 ( » ) g5 () 7.2(70~1000°C) :  0.12 (20°C)
-~ 2 . 0.0049( ~ ) . o™
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BC - = 7= ==

4 <10 — <20 <1 <l
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I [ -] ! -
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g Tl - - -
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B OSSN 120000 LB LA DIE, TOR
B 3 SHEBLEDL, & 13 4 V7 OHEET
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B-224 Pz 1.5 5235 B 802 18 <13 — 10 <I1. 3 15 0.5 <0.5 5
B-226 O B T 28 <10 — 10 <1 2 10'0.5-<0.5 8
B-227 |12 i 36 L 1o B-244 B 70415 <10 8 8 <1 1 13/0.5 2 <10
B-232 | 20.22) 2L21 210 B-272 B 806 10 — — 5 1 1 7'<0.505 5
B-233 {16151 — 155 B-335 ' B 19- 7 — 5 <l. 1! 2:0.5{<0.5 10
B_Zﬂi i21 | = 21 G 40 — — B e — e
- T 17 4 — 5i<2 2 205 <0.510
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97 R AENCER S BROTEILEE DK
JEIERT, B LeY, Ehlich LTEETHY
2. BT HROBBEE L THWEEE, BEFHOD
BHICk->Cz &b a, BEK, 8K 7 AHEX?S
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BLZdDTHD. v 7B ANIHIED—IRIC
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450 ? UAl,, UAl,, UAI,
500 B % UAl;, UAL, UAL
600 " UAL, UAl, UAI
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EQ, I vETAI =y AHBREICIZE 250°C T
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CH-2BE4E VI OEBMEEILTTAI=
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c) BREASBRVREEYHCTYS 7=
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HAED/NIN O ThETEL bW, DX ZIHEIC
DWW TEFMC AR TH LS.
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BRICEd o KRETEN 200 5 & & BEOEM
FHRBLES. 93 0LT70 3 =9 AQERE TS
oM BEERAMEL .

1 SUE 25w 25w (EPEA)

0.6Watt/cm*°C 2. 0Watt/ecm*°C 3.5 Watt/em*C
FEFFRTRTAI=7 208BXMELIZ TH
HIWDTh-T, PW.R BICREBK IS Ko<
W5, BCADECEN NG TR ARSI R L E
PELA AP0 EEbhs.

b) #2AROFIEMC X B FH:

T T =TI =y ADHEBICKE, ~y A, I
[IEARIZ L EH AE 1/20 RETOHOEDI & EHER
Rz .

K # ~Y 7L ZE K
E 5 2.4 2.0 1.9
25 K[HE  Watt/em®™C  Watt/em®C  Watt/em*C
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INHOHEL OABITORETIXIY S v, TA3
=9 AHEBAB AW EIBEC S TW S5 %E
L Cfibh, MBEROHAN A X 2BBTRITEY
PNz Labhd. AFEOREN 102 2{RETS
L, MEBLERICEML Q5851 102 28T,
Th b EBARESEEC ST ICERAY BRIE
BLTH2LDEELLBNS.

c) TRIRFEMIC X 5H%

(i) Pb (43.522)-Pi (56.5%) &4&
s 125°C

COEERY T yBIOT A = 2T KE RIS
ER%EBIET. ARXh A sERAABOERRS
BEALDEEFMCAERLT7A I =9 A0HEMN
BEINS. IHCHENTREASEN RS LB
HRIFFCEL LD

(ii) Pb (97.5%

#sghs 250°C

IOEERY I VKERLEC T Y 2 =9 A KT
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32T ALY T UL EBEORENEZ Z20O05H LA
m&kéoﬂé.ﬂb_amlm$aA“K%W®o
s,

Mg (2.522 &%)

W

(i) B fAE 232°C
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(iv) Pb-62% Sn 44, Sn-2% Mg £4%.
WS URIOT I ARIEBCHELLIBT.
(v) Na. #&ghs 97.5°C
BEAERIZED T\, T 3= ARESSH b
YV AEBLTCY 7 > ORECELINDL H TH D
A5, BEEANEEICAINDT, Y 7 2R F
THEBMOMERRETE b LK. Ll
IR BKEORISEHSERL AT IER .
d) BEEFREEEC X5 HE
(i) 2R $h
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HBH, HAKICELEE > LHENEREN 25T
b, cOBEY T =y A - -1 rOERK LS E
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0.6 7t L

=

H
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i Bk

1) 38, ¥ “ETEMES L OCHEZERLE”, HEX
B2, may. 1956.

2) Reactor Handbook. Vol. 3, “The General Pro-
perties of Materials”.

3) Bernhard Blumenthal: “Mezlting of High purity
Uranium”, J. Metals, Nov. 1955.

4) J. R. Johnson: “Ceramic Fuel Materials
Nuclear Reactors™, J. Metals, May. 1956.

5) J.E. Guoningham, and E.J. Boyle: ICPUAE,
p/953. ’ '

6) “Sound Uraunium Ingots Cast Using Consuma-
ble Electrode Arc-Melting”, J. Metals, Sazpt.
1955.

7) W. R. Dehollander: “The Melting of Small
Pieces of Uranium Metal”, Sept. 1955, HW-
38912,

for

7

v D B E 13

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

23)

24)
23)

“The Metallurgy of Reactor Fuels”, JCPUAE,
p/825. :

R. F. Dickerson et al: “Metallographic Identi-
fication of Nonmetallic Inclusions in Uranium”,
J. Metals, April. 1956.

The Reactor Handbook vol. 3~section 1 “Geqe-
ral Properties of Materials”, United States
Atomic Energy Commissn, March. 1955.
(F¥&E, & 3004 FEFIRBEOHAIF,
BMEROZE & LI,

Paul A. Beck et al: “Deformation and Reerys-

B

tallization Textures of Rolled Uraninm Sheet”,
J. Metats, Nov. 1955. ’

George Durst: “A new Devzlopment in Metal
Cladding”, J. Metals. Mar. 1956.

Nucleonics: Sept, 1955, p. 38.

(E%Y, &= 2178, WA =L v F OEE).
C.E. Web2 et al: “Dispersion Tvpe Fuel Ele-
ments”, JCPUAE, p/561.

R.Kiessling: “The Solidstate Reaction hatween
U and A1, JCPUAE, p/786.

P. Gordon et al: “The Alloy Systems Ura-
nium—-Aluminium and Uranium-Iron”, J. Me-
tals, Jan. 1950; Trans, ATME, 1950.

B.S. Borie: “Crystal Structure of UAL”, J.
Metals, Szpt. 1951.

R.E. Rundle et al: “The Structure of Some
Metal Compound of Uranium™, Acta Cryst,
1949.

T.K.Bierlein and D.R. Green: “The Diffusion
of Uranium into Alumininm”, Oct. 1955,
HW-38982.

A.D.Lz Clzire and H. Bear “The Interdiffusion
of Uranium and Aluminium™, J. Nuclear
Energy, 1956.

H. Gurinsky et al: “Nuclear Faels”, ICPUAE,
19356.

F. Bozshoten: “On the possibility to inprove
the heat transfer of U and Al surface in con-
tact”, ICPUAE: p/%4".

W.J. McGonnagle”, Nondestractive testing of
Reactor fuel elements™, Cleveland. No. 130.
ICPUAE, p/555.

“Preparation, Properties, and Cladding of Al-
U Alloys”, ICPUAE, p/562.



14

#

26) A.B.Mc IN Tosh et al: “Szlection of Canning
’ Materials for Reactors Cooled by Sodium-

#

$IVE

EEv 7 v OYENL b BRI
TCIE L DBABLINTNBDT, = o TlREH
CEEE BB, ’
§ IV-1 ipBehiE
HhE : flisefE (25°C) 19.05+0.02 g/em?

el (Xg)(25°C) 19.04 g/cm®

2 R
a—3 668°C
b-r 4°C
L A 1132x1°C 7
P (RS HIAR X D 41E)  3818°C
£ % FE  (1630~1970°K)
logl’(nﬁn):=*g§§§§;521—4—(8.583j:0.011)

BhiREE (FEEfE) 4.7 keal/mel

87 OE E 106.7+0.1 keal /mol
(0°K) 116.6=0.1 keal/mol
EHE (25°C) 1521.4x1.6 cal/mol

. #(25°C)
v bhuae—
(25°C)
= A
a—3, 4H (668°C) 0.674 kcal/mol
B—r, 4H (774°C) 1.131 keal/mol
FRED= Y pur —
@-3, A4S (668°C) 0.717 cal/deg—mol
4S (774°C) 1.081 cal/deg—mol

6.6120.007 cal/deg~mol

11.99+0.02 cal/deg—mol

8-,

E=5

&

(1)

Potassinm and Carbon dioxide”,

Institute of Metals, 84, p. 25].

J. of the

DS UDYEE L

B EE (70°C) 0.071 cal/cm-sec~°C
F EEREESH  (100~225°C) +1.5x10-%
5| E (225~450°C) +0.4x10~°
e—tEOHRHEER ‘v 764" O Fig. 2 KL
»Y. COERESEAEEYS 010 FRkdL, =
OEMOAEHTCHRBAERERS EATHS (Fig. 1).

fy

a0t x10?

i 1 I 1 1 1

0 100 229 300 400 500 600

& E (0
Fig. 1 a-7 50 3 FTHOBRERETIRIOFEL

D= RBEARLZML Y R—FRCELLTHE

WSz LBEEL T, B4 s o BR, BEREES

ICHREDHEYETS. KR IRITCRBOE NI

RATHEDLES (T 11 °C).

75 DR EER

m meE | zomoB  =w

D MREOR® C B T OB

BT R R A (1624 cc) (10-2% ge) (g/cc):
T j T - % o
@ | Cm cm | 23°C | ag=2.8341%0.0003 83.02 20.75 ; 19.04
i : t H
=T | | by=3.8692:+0. 0015 : :
H H 4 4 ¥ e i . ; N ;
i f R¥/mum | ' c—a.9363+0.000¢ ! f j
'z i ; - : -
g E 3 P,/nmm 720 | ag=10.75970.001 654.7 ‘ 21.82 18.11
i H i
i 30 [F/BR 1 6p=5.656:0.001 1 ’ 3
y RS 2 BE/BiEE 803 ap=3.525 13.76 18.06
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Vip=Vas(1+32.03x 10T +52.87 X 10~°7*
+16.25x107127%) (1)
L1003, = Lrioo3,, (1+10. 64 % 10~°T
+47.46 X 107272 —16. 65X 10~ 12T%)
(2)
L0101, = Lro103,; (1 —1. 503 X 107"+ 9.09
X 107972 —31.79x 10~ 127°%) (3)
Lroo1d, = Lrooid,, (1+19.69x107°7" - 7.79
X 107972 443. 26 x 10~ 1273) (4)
¥ e ARG OREMERE Tase 1 WL g
BRI 25°C KB WWT 25~35X107°Q—cm ¢
bV, cRRERFACLVEZIOTLTOREELR
BRAETHSD (ZDEREOK 2 f, STk 1.72
TABLE 1 -9 5> OVEks L BIEREK

e } ax10% ° 5X10% - cx108 V><10‘B
25~100 17.7- —0.68 22.6 32.70
25~175 21.02 —0.91 22.3 49.40
25~250 24.62 —1.28 22.96 46.60
25~325 27.33 —2.10 24.01 9.2V
25~400 23.7 —3.27 25.61 51.10
25~473 30.73 -—4.62 28.03 51.20
25~550 33.24 —6.49 30.36 37.10
25~625 35.16 ~8.49 32.62 59.30

X107 Q-cm). BRIEHIR a7 LEETSH I
WINE 7% ZhRBRBCEBHAEELZEL TL
5—HITHD.

§ IV-2 BHEINE

e~ fHREFEFBL CONLDOT=Y DOREMBER AT
mEORBR LS. Tf&b%F%PIL@ & M ERIC
Ko TITbins.

Fi=hFRIF (010) HT-b Hm (100) TH5

glizb %Rz {011} T FrEiRk v (100) Hu<
5. FREERA O BEDDLN, Fi=h (010) »is
SMNENELz ik (001) Tha o e nkEdhrk.
(010) MR 5D BRAE IR I HBELRHRSH
BIIST7 0.30 kg/mm® LHIEIN TS

BHimMBEZRIT TABE 2 K LB THADDTHD,
Zoftie {112}, {121}, {01} oWEHED LT
W5

TABLE 2 W & @

{

By ke i omy | omg 2p s
(130) (110) (3101 | (110] ! 81°30" ©  0.239
~Q172)  (12) (3123 |~ 83°32'  0.229
~(176)  (111) (5121 ¢+~ ' 83°50' 0.216

ky  E—SEEE (WS
ko BOFEEE (BT U0
ny : T" 5@
ng t ke KX 2301
2k & ko OO
S:FNE S=2cot2d
§ IV-3 MIkcksXa18E
FIRDZT LK e-T 7 R DEBKRIEK 1 OThs
OTMIIC X VEAHEBEEICTV. ZOBAOR
RHMERED - ERAY A 2 VPRSI X % a—
5 v OEEBRESYNRITLIDODCHRETHHND, £X
DO ERLINTS. ULrL, FIRECIETCEER
CEEBAINDI D ERBITOREZDEDE BB
QJ ’Iﬂ%&iiiﬁkj\ ‘_‘ELVC% ‘5—?‘:: @’i’@ﬁ%—‘ﬁ;ﬂj
INTWD. ZSTREDOEHLDHEDEARNEB.
(1) # (B) OBRHKEL
IMTEEIREE 300°C, 600°C HndH205HEOK
BRdED biO%VJ TWARLOT 3000C (K &),
600°C (&iE) @© 2 BHOMILOBAOKRIKONWT
HR_XD.

NT & WTRBIZH B )

TABIE 3 HPFIAEOR RO E

' BR
300°C EEROR T | : —_—
i Se)mour Seymour & Duﬁ‘ey
Mueller, Kpott, Beck | -

xymour & Duﬂ"ey !

3

Chernock*

‘ ‘Muelle: Knott & Beck

(Fi«.:‘g«“ai‘ﬁi@?f)

. { 600°C 60% !

I | | 600°C 85% FEIE | 60U'C 0% | sorc s
" | 600°C FERET&ES:

o e - e e

! ©600°C 60%

I ; BB 01% FE | 275°C 8% K & 600°C 8% [FE | 600°C $0% 300°C 87% [FH
: f | 600°C [EHE#E

i1 &) E

™ E8 0% EE | 25°C 8% [FE | " £

* 600°C 60% IEH O % Didfhic (033) (100) KFHEH.



16 E I % (1)

(010) (110)

(621) (100)

O (010) 0 (110)
J (oo01) A (100)

o

- {139) (141) (036}
(552) (031}

Fig. 2 300°C 87% FH DD Pole Figuie & ideal orientation (Mueller, Krott, Becrz)

(041)
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300°C [FIEDCES

p—E AN L 0 131E random K HRIH B L T 5 HEY
FREL T &, RECESRZERIM 2 - TS
ZREICKY, #10% omIxszse, (010) &
(041) DR (Kik (091) BHE) o —A AR < D
B A pR—FRE < (120) HFTIC b0 LE D BRICRTD
MR CE S, ZOMEE 575°C CTHERIED
EHFVELURVESHERS LS.

600°C [FHEDIEA

BE AR TT - 1o ih# 802 L% ¥ 2 & (110) Tk
F, oEn (010) cEIERBRAMAREZEL
FUTERREEC X - TLEMLLR.

(ii) WOBRGAL

BOBA L Ak (010) & (110) FHFIAMELL
Ly, [EETIr (010), BRERTI (110) oFn%E
LOEEBKEN.

LhLoRbBEBCX s TRAR > TH D,
Mueller, Knott, Beck O#iH % Fig. 2 LT,
FREMOMREORER L OL#EAY Tase 3 ITL®
LTHL.

BRI DIERMTOH0RE FRFHEMLT S
DREZI.

§IV4 B B Ik
FIECIBIR RO DWW TGRS, - OBR%E
FriEe T X-BoREC L 5b0THS. il
NI ABEREORE X - TERT bhp. TabLe
4 BROBOOEETINILADODREREKOH
EETHH. ZIC LD EMNTIC k) ERETFAORE

TABLE 4 HBAOMIBMAIL a-v 5 BEOFHRBERRK

e PRI (51000000

wom om e :
0BT - 10%  45% @ T0%

600°C EEE 80% = 300 | 13.47 10.16  8.62| 8.94
600°C [EHE 80% { g -
s a0 300 0 15.08 128 10027 9.17
5} E 1 600 i 15.86 14.9 13.39 | 12.71

RN LT B2, ZiuEER I (0103 5
N EREREL R, - OFANARERREAD
HEDEDTHY, 300°C [EFEDHH 600°C FIED
B4 X D RDOELAKE ORER TR (010) DR
2% (110) OFEDERL ThBEWS. X RITK
SRR E —FHLTNS. Lo THEEFmORER
FEARET LT TCELEBRORBIKRKEELD
na.

OXREKHHEHER, RIOEABREEMCK
WLTKRAFECHR L WHIEETHS. Fig. 3%

OEFELDTH, —BREY EFThLTT5E,
FEHFHOEIRTORILI VLS. hxfED
BRLTIT ETATAECBRMEETUTL. 208K
W “y I3 rOER” CHER, By 4 sk o TR

X

1 I ! 1 I {
1 2 3 4 5 6

Fig 3 a-fIf (30~630°C) £l 28T 1 s itk 3HRIOE(L
(Pt)-(P1-10% Rd) ME3HIC L 3BT (millivolt)

MLLAdODARHBINDIERT, 8-PEAZRLE
random 73 OPHEERICRAD LRV, DT &
IDOED B4 s R DIHTHFL KBNS,
P EOBSI o~ HORERBECST 2R FEHT
5%, Fig. 4 DT L a>p->r LRERXRMLIE
EBEACHETS. ZOMTABKCELL ThBHi

230 %i

B K
Fig. 4 SEBRRERCE->TORIOEL
(300°C [F3 575°C PR
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BHEETHD, BRIV T e-HicsWTEHRK
CEIRRPLT W 5D I1E, K X D random
crientation ICiro e HTH 5. RUKKIX Fig. 5
DT L BEXECHPRVELSERERE > TD
Dbb5b. CHRESFAMGEOFELBDND 8-
BEACIWLEEL TRTREALRWRRTHS.

~
==
&
8
¥u
~
B K

Fig. 5 o~fitis} 25 HORDREEE
(300°C FEEESNEY)

-HOABREHRETERPOWET S & a0 F
R 23%x107%, ¢ HIAT 4.6x107° TH, FEH
{12 675~750°C T 9.6~47.6x107° TH 5.
EANE SR T EED RO E L DHANIVDIR,
BT U-Cr 225V -EAXTo 2 18 20°
C CRIELE —HOMEEEROE L DRAEERIC
BEALIELTRDELDTHY, BLH ZHRE
BEHIDAEECBWTRAECELTIHEYE - T
B ELRETHAS. KB r-HEOERETE
¥MEIpTsr 22.6x107° EAHL 18xX107° THY
COERIIEREBEOBVWCLBEBDTHSH D Linvbil
T3

§ IV5 @y 2LBR

RO LML LE ey 5 v OEHERIE D
BEGENTEREEY FTI#% LIRBICEES TR
Exid. hiREy 4 72 BREFENRTHDHO
THD, BEHEEORRYL L CEBCEELLDTH
5. WD ORIE “BHBR” TRILHNTWST
22, a-v 5 vRPHETEHCHERYET. RV
4 7 A OBEAREFRREE LRV IRHETRHOS
LREETHOTCHEEOBEBRE s T05 R, #d4

#

& (1)

s NTHEETHHORMETHEIC X » CHHTHER
T LidioTHY 4 72l DERTEH01
MEERL L TREETHE L WIBFNTE DT
<, RBELLTEEROTHS.

By 4 s X BAEROEERY 7 v ORI XU
YA INDE~NFCIVEBDNR, ¥4 7 VEOERT
% %. random orientation ¥ o b ORAERET,
FEECHRTCERRLTTHDA, (010) FoFEEL
OB LOCERECHEI VD DIELEETS. L
o TEDEMLLVWEOR -HACIDE &K
% random KL, I LAdDTHS.

¥4 7 ADEZFOFELL TR a) N, wHAIO
EE, b) BEES LCEESR, o) —ERECkY
BERERES. 1 44 s re W TR ERT RN
LTRG-S DB LAKREB L, RERREER
BELXRLZETHD. RESER 350°C LRT
55k, EERDW. FhD ks L RUEESER
CRERICTIRERRRE DM, RFKC—EEE
T TCHDHSH. Eie 350°C Pl bRl kdokEE
E¢T3E, RBoRAKAERTIHRRELE LK
h —EflrES < -

sy 4 2 VR LD SRS e E Ly AT
5. Kyd=¥— s, BEOWD (FRORLE),
=D ORE, HENAOBHENLOELRIOTH
%. HELUERIRMESNEETS LEL, HUAER
FEERE > TN TARMPO TN OIEFEEL T
B DEEREE RS I VERRAI LS THS.

COEEOERR, BETHHREOMCETIN
@, randon DBAIEZERNLEE L TREFN
C#H D RBR MBS IRELANCE { 2B T
brEEZLNTND.

P EOHM WL OV TREAZEZ DILTE
Yy, BNBEESERTIHICIERT D TR M
L, FHET2HRESHOT)TINERNT S0 D
RSz eTo60, Fhd 71— %M
LEDHDERSBH, WINDRACERYHAT
B bRTERN. - OMCHEROBELRANS &
EiHLb0L b Tn5.

§ IV-6 7> ORRAOEE

e b RIS L Y, e T Y REFESERCR
¢, Lo TIIE LoBMBEOHE, ROKE
B L o TERAEERIERIChb> T 500, 7
— A RUTAEIVCR OB TREER LD
g 67w,

v 5 v DB D RECEDN D HEE EMRAIER
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WINZIWZ & THD. ThbbHEZNZ5E T
BHEFELZZLIRLDS. ERcX 20 EHKER &
OB, BEOEEHO—FIZ Fig. 6 XX TabLL
S kL®TA, £7 v vHiz—E TR ISHRER
TH5EEML TS, L LIS HEES SREREYK
FRDDLFERBERI L EVOT, MIcEHDORE

R F) (10%1b/in?)
w
T

Xy, B4« OMTENE 21T - 2 BORBEEKD
HEAfThivE.

COREPICRE *DEELBN TR IR DR
Y, TOHEYERTSBE, Fig.7 ORCEERLE
AITD2EY Y 7RRTY, 7V v HREBE W5
B2 LHLTn5.

SR BRI N T3 X o B
JOEBCEEIND Z & —TR~ %k
A, TOEF% Fig. 8 tLH»T. o
#4E 500°C DITTo texture 13 (010-
120) HrAasE#L, 600°C Pl ECciE
RS (110-010) Hrorn@EskL
W5, FEMTAFRCI 2EEBLEL0RE

&
DOENBEHRKRLIZ 2. 7
ir DMy 7 v OBBIEEORERE L
THT enr0RkERETHS. 75
3 1 1 1 1 | 1111 1 3 1 1 i1 . A - o
0 2 4 6 8 10 12 14 16 i8 YERBEST ARG, EERTCITo ke
% % (10°5 infin) FrIUH APTIToBEE TR, TATPCT
REML Y 5 > AR EREI—ElhH o FRRBNCHEMATS. chirkTr I3 rdies
UERIIRF) (a)
0.26
4c
0.24
@ =y A
£ X ~
~ = -40.20 ~
o’ N . R %
R l FEAEIRE \}E"o 18
| T ool 630°C
% z ———= 555C
—-— 480°C —50.16
20 i 1 1 1 i ]
0 50 100 150 200 250 300 350
B E ("C)
Fig. 7 FEBTORMLLTOY 7EBIIET IR

.3 (10%in/in)

RENL B RNOEREI—Fiag
(& %K) (b)

Fig. 6

1ABLE 5 ¥ 5 ORNENSEE (FHHE)

¥ OE OB B (Pd) 25.5X 108
® 7 v r Kk (BEHKT) 0.20
-4 :3 E (Psi) 10.6 X106
B E £ £ (Ps) 14.6 X108
E & £ & (b/in® T) 0.176
>4 L | B (Psi) 3000
B K B & (KB Psi)

0.1% 1 T 27,000
0.2% it 33,000

INDHKRORLDTHY, KEXARDZIZ L LY
25~65° WEBSEETIREBEERVBRT Hbh
T 5%. ZOZREBABRTRAEREL {Hbh,
100~130°C BB ax3HRbS (Fig. 9). AEDH
7T HRBN LA LA TRAVA, HOEL
MAB NGB RO LEEOLOTDH
55. ‘

v 7 roRBCRY 2BERAMEEIEELR DT,
BEx~OMIRNE L 2Bk 5% TasLe 6 1©
L) THAERIC D LBRIES, HRIRELLET
LTn%. ZO7 ) —7TEDERBELEEINT
Va3, ZLOBAEHORERZ-ZVLDHINT
WEWOTERIKRBELALRATEI L BT E i




20

paix10-8

psi X 10-8

& (2im)

% fif

Fig. 9 #RBFEE Y 7 VO EZER

E®Z o % % B %
L bEiva)
130 . 180 |-
160~ ’ - 1601
5
%
1401~ g 140 +
120 120
o
100 |- ol & O 2 a0
O
80 L 4L LI 20 T TR N N
300 400 500 600 700 300 400 500 600 700
120 iR aam 120 +—
100 100 —
. ;
5
80 |-
80 g
60 60
A\
40 40 A\A\
20 i i 1 i i 20 i 1 1 1 g
300 400 500 600 700 300 400 500 600 700
~ X
25 25 |~
20 E 20|
a8
B n 15l
i0 N 100
S5~
L L L L 0 (S | |
* 300 400 500 =00 700 300 400 500 600 700
AGHEERE AFEFERE
Fig. 8 FERF BN EHROBS
O : Hand-Round Press At Oval-Edge-Uval Press
sor
= L =ro <
2 55G°C BB KA
- =
=
=-d =
= 30
1
28
2
w200
H
10
1 1 1 1 |
—193 —50 0 50 100 150 200
# B (O



BIVE

V.
TABLE 6 HRIsY 577 OBRRNEH
0.2%
300°C i
ot # w8 111.000 43,000 6.8
B A E 64,000 24,500 8.5
_ 600°C [ERE
afE  # w® =R 88,500 26,000 13.5
B i@k 62,000 25,000 6.0
300°C FEIE
afE 8 300 35,000 17,500 49.0
600°C [THE
ol # 300 32,000 19, 600 43.0
B : 300 27,000 15,500 33.0
300°C FE4E .
L 500 11,100 5,100 | 61.0
B ‘ 500 10,500 7,100 | 4.0
600°C FEZE
o 8 i 500 16,500 5,500 57.0
3 1) =Bl 0.505in DAE

2) o FEHE 600°C, 12 B, BE
3) B M 700°C, 12 BEE. B

§ IV-T v 0oBEREZESRE

BHEER ICEREREOMEIIZE 5 L CbHKE
AR N SSRE L L 5O CHBCRAETE .
L LML L 2B o i Bt
THREDCRES LTCHINEORNBELHETHS
OT—BLEFETCREVWSEE L OBRAThbIT
W5, ZOBHERKERELORTFHEEL 50T
FDOEHEDOEL TGRXS.
' i) BESESo-RECWTIMIoEE
DEMILAZLORERMTCHERMITD
Z OB OBERRAC X D HERCARE -l ET 5.
INETEBETAL THLDCR—EOMLEY
402z e L 500°C frehesie L CoXomL
CBESL5TBh, TLRELIMILAEAE
BEAFIT O THE I

i) AHPHDE

a) HRBERRIKCIWTHHE

e 7 YIEETAHRMIOBRIFEC L L ES
W2 THOTRMPRER L EEY 52 5. ZO%
8L TR BRI ALEIC TR L T 58
IR AAE .

F—BT oYX Db rHOFSERRIREN
OTC rEAXITokbDIR 3000C FEDHICIEE
T U TS OMEISR % L 923 600°C ERET

Sty Gl B TR ()

S gt fl Lt RE (mm)

v 5 OBEHRE

¥

21

AR & DT 5. :
Fig. 10 1ZBEs0iRE R LAY DR & FRERRLOD

KX LOBEYLDHLELDT, FMnE<, &
RS RS AE AL LR LBLT
Wa.

.05

.03

.02

.01

.10

.03

.02

.01

500
geEE (O

ig. 10 BrOBRECSVTR-IFRYTHER L T03R
£l 1 BEEMLCSAOESMENER
. -, {230 C, 40 N
A AEY T ( 30 boa Fe. 30 ppm Si)
A k (230ppm C, & 10ppm)
—+Ta N, Fe, 5i, 200 ppm Ta/
=1 QAR St [OF SRR
A £ —Faporvio
B b —F#PoFRSnIO

o
3

OO0 w

oo

SR |
3

1
\“- :
m g

o

- B

B A (%)

Fig. 11 650°C 3537 3 Fig.10 OREOHE L HSNEEOBE
Fig. 11 11 Fig. 10 2 A URE % 630°C CHESL
FIBAOKE L ESHOARZ I LOBFELZLDL TN
3. Ao TWAFREAMSE R 2L D
L, TOEX%bo THARNOKEIZLDLE. =
PETEEXETIOR A BEFAETEL VB0
B, CANIVWERROEETHD-LTHS.
b) BEREECLWTIREHBOEZE
BFHLEEREFCEWL THREHREYCE



22 #H #

Briiz b Bbhsy, “hicBT5MEReE
D iTbhtniEs.
Fig. 12 238D A & DWW L CHEEEY Y

300
£ 280
a
b
{
® 260
EN
"y
w200
=
220
200 : L i 1 .
0 100 200 300 400 500 600
HEEE (CO

Fig. 12 300°C ¢ T 50% WL U72#&. R/EBEFRBLT 1
pa A Uaad oY 1
(FFhs Fig.10 EL)
H— ZABECHNILBATH 58, BHEOREOFH A
# 0°C BELHEENRR L E>T03 2 E5TH B
5. ThEEHETCHNTASE D #HHid Z4H
REBEETLTWEH, Rk A ABcr+5Hcr
Nz LB
i) HERKEWTZNTIoESE
a) HERRELEBEOTLOBEE
Fig. B KL ToE<MIE (BR) BAEk

625
600

'
’
R
575 \
|
v

2 {HBHATT

< {HEE R

I T S B Y ]

2471015 2025 35

] . 1 1L (8]

415 -55 65 75 85
BExoBPE (%)
Fig.- 13 HEENT LHE#HSEELOBG

BYE

§V-1 ¥im %
U I RBEHRECEE L BA royEn Y

#

& (1)

B BRBEERT - LET TS, ZaEESKC L

DHEEROEEEAHERCHNC IR L THSD
B, 89 1~2% OBBEMTCRADEEN LD, +
NEDMITERARELARD LIRECHLTS. =L
HRESEEFEL LRATHEORTES. bz om
TEFDS THHEBETRUDT, Kk 1~4% #i%
DRETHIBZNR—BOERE L KE .
b) PSRRI & B O

TasLe T K LOTREBEGERS D 2 v SHEED
TABLE 7 HET 8% MT UMY 5 v icinnd 3 B

i & BE OB
muwanr 2 AEHaSBE

O 1w om | = 7
350 2 ERLE
375 1 BELE
400 24 B W
425 1;_ o | % MHE
450 - i3 1;— L
475 1 s 5 5
500 1 5

— i

EHE T 2 F— %k B & 100 keal /mol & 3.
¢) MIFOHEBHOKEXOEE

Fisher O H#EFEEHOERICEI 52 1mm © 3
D% 1.3% OMILTIRT 650°C CHERY R X ki o
7243, 0.0lmm DRk 1.0% oM cHERLE
ZEHBRRTWS. Zhd—BOELBLAETCHS.

iv) ZEEEICE DR E O

IHREBOMTHOBIIEHAINTWAHETH
b, BEETHLNM, HTRENLRER. —B
KEEPEFLDD & 1 OOFERHPIChT»ABED
R o fz/h87; subgrein BEXRTEXS. ZOTEXHRR
BHIEEICHERICRE S EBIR, KEARITS L/
L CEIES L BRHATEERFE 2L TRS
EREL TERNEFERA Y H- ik s. oh
BRIHEE L NABRSEE L R 2 H - T3 &
HTHY, ZhZXFHALTCHAK 5B 2>0 % Fit
(REAEHE) IV 7BEOHEERZES - 2
Fisher 1253l T 3.

95 UVDOREES

OEMARKERBEOEBORHBELBREBE U tH
LEEZTIIV. Az ZBRAEEL S RBAOKE




BVE v 35 0B HEE 23

HEZL®»TL, BRIEEE, BCEELER—RCE
I 5%, BRIRBORECEELEE®LDTTH
55,

Ll Y 5 v OBEAIZOED 250 S0 50ic
HBOEBERTE-sTWS. # 1 miES8ER
YMInRET R, BFREEXFRREE OB T HE
KESFEEL, ELHLVEARZLDTZETHS. =
DRDBERDC L > THREHRFPEDLIET &
12, 737 D& TH <L, boron carbide ® X 515
BAELZ S DBEEPAEYTIED L R T 5.
Senio, , Tucker? #3 BC; TRHE LA XBONEOK
HRXMOENIMOEBLRIED DNEVWEDEDT
bB2212, “0 1 SDOEbLRTH5.

DECELLWY S v OBEERBEICE b TE
IMELLLEATDHZLTHES. Zhidy 7 DH
BREEPEFATH S -DCRIBETHB LEX
BNBN, ZDXHE]IRY 7 v OBREE L TOH
BLLREBDTILANHDTHS.

INTRAREITERDHMER L VS, Pkho
HHEOEBCOWTERTED LS.

§ V2 BEIcZBAR57 5> 0%ER

Y5 UDERBERYA s AREMTIECESTH
BES. LrLAYVA 72 3EBREERCRE
b, LZARBHICY - TREERTCIEEY
Y. TOEROEHIIS CTHRHECHE WL T
Hif 2 2 3 H L b 2 HATCORBOEH DT ik
Ll LLEHEOTHER L T3

C— In(l/1y)
BB L REFOHR
RB—EEYLED, FACI > TEEIIEKTHS.

AFEITY 7 v OREBELYHHAL KL 2LFT
ZETHWS E 3 ooXm (100) (0103 £001) i
W35 6 OffiE Tasie 1 K Ld T akflilib.
0 &3 ICRBEIRA A B O F T, EOKRIZ

TABLE 1 Btz v35>0%EE

RSETIm Gi BRZIRIRE 1078 per C° (25~125°)
1003 —420+20 21.7
[o10] 42020 —1.5
o013} 0120 23.2
RIBrbLEVWHHEE N TS.

(100) 51 & (001] o Frnfih b BEEREEAEI
FLWwc b bk XOEMIZ (100) TS (001)
TRAETHS. O RECEERZOBHLR
BBEED 1 DOfLics.

1) C.W. Tucker jr, P. Senio KAPL—1180.

KA X 5T HOERDOEREY Fig. 1 kLl T
<. (100) TRHES (001) CRAEALDICASET
BHETH - eWESEHEBICIZEAR & ko T 5.

(a) (b)

Fig. 1 M#ictsRE (a) BHRT (b) B
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Nb #5<Td0835HY, LD
B Fig. 3 kLI n5b. 482 28CHA
ZLY, ¥BIEE®- OHL e rHE
BARZRET20C, EERIALAS. BEVWEEEE
Bk #HELDL, hoE~NOEERTVWIRLOESE
/O TWS. ¥ r HhLRUDERLEDD,

TW/ie Pl Mo,

7

THZERABNTNS A,

AR 31

PRIRE CALE TS L, chbD& . IilEahH%
7.
(i) BEEf7 v H OAE
3W/o Nb 75~ &&B3RENLDIDOTHY, Fig
3 AHLNA LS EMEREIIHEERE CHS. O
LEEREERDWERL TWDL rBhbvrF ¥4
bmtﬁﬁ%Utammté b L HINEES
FNEYEBD ¢ HLLIFTERBZ o Ty AT v ¥ 4
TR B, TROLDEERINT YA MY
75 @ HAE-s TWARDEBHICHENDTH > T, Hr-
MRz 5E5ELX5.
(i) &RBERMtEYEL oS
COBOL&ER U-SI ZeXERIE (UsS) ik
s> THELEN, BAEERSE 2 HO/LLARKTD

TABLE 1 BB 72 Us-Ss ROZEEK (100, 178°C) Tk

w || m/om?
(wjo) |€)

uci g
mg/cm?/hr

16.4

I023551‘
16 H ) 32E |

5.0 -

1.8

1.4
0.5(28),

2.58Si 100
3.071» »
3.637» »
3.82# #
2.58» 178
3.077 o
3.63~

0.011
9.7 0.008
4.3 . 0.003
1.1 | EEAK D
| 1H TEh
lb~3ECHlN
0.9 | —

2.98] 10

(Gene\a Paper No. 338) )

TABLE 2 ZLE U Us-Si ROKF (260, 316°C) TORM

el (mg/cm"/mo)

& F | mamom

260°C : 316°C

3.70Si, 0.08C 3 H, 800°C 50 |

3.755i,0. 03C ~ 6 H, 800°C 50

3.82Si,0.05C | 3 H. 800°C 30 1250

(Geneva Paper No.538) 9

5. TOAED 6 HOERICIIEERTHAKERD
CERMETHD. BYVIOEEEOSbicZD ¢
MHTEBLH5TH5H, SRCRERR>ZEHIY
IR LT L5 TH D (Fig. 3, Tase 1, 2
§ VIS5 o35> 2kREORRE"™™

75 vRAKELRIETS &Y 5 v OkEMHEER
FDOEEEIREE F
N DEBEEZOND. A P RROE, Po®Y 7
kR BOREE THL, P-P.,OFEE%
430, 150, OmmHg * L, EEFF 96~400°C icTh
i, RISEERESERC LR . 52 bhER
# P-P, TR RE %~ 250°C wbk-T, @&
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EAETI LR > CERBRREMNTSL, i
250~400°C ORETIRIBEHEMC L 223> Tx O BB &
BHATH. 96~% 250°C CRELFEHLIBEL T
EREROELRZOEDRATEXLRDIND.
r=4.11x10%p** exp ( — 1820/RT)
ok r it ml/em?/sec, p 1 mmHg QHEHITH
%. [RESE 250~400°C OfTI1Z, RIGHEEEET
L OBRIZEINP—Py/Po OEELLTEEXHLD
INRTW5B. LA LKL RISEENREH O TDH
o TNRWDT, EHORERRENTEL. UG
DT 2 BORESEHBALORTWS. EH
% P-P, 7 70, 50mmMHg TEEM 96~% 250°C
DOfE, P—P, 7% 430 mmHg CEEHR 96~400°C ©
FIC, cOFEENERBERIC S ETKEORDD

400 300 200 100
10-1 L T T
P-P, =430mmHg
P — Po=150 mmHg
g
=
g
= 102
g
]
P — Po=70mmHg
10-3 v 1 1
1.5 2.0 2.5 3.0
1000
T ® K

Fig. 4 953 2KEEORTRBIIZEHEL K (linear rate
constant) & DEHE

HETHRAENZLDL TS, ¥ —FTiEP-
P, 3%, 70, 150 mmHg ¢# 250~400°C o R§cing
BRARICL D 2 hwbh T3 (Fig. 4~6 28).

§ IV-6 BHESET7 Y vakxa@Ees—"

U35+ by YA TETCREBHEASHREEL
L, 93¢ P Y AatREADESONHAER
BREXHDOL5TH 2.

600°C PIFOBETY 7 & + Y o ahi—Eicin
BINBL X, F MYy alhcbhbohThBEAEY
7 vHRFHOND. BR, €K, KEREREKEE
TREAOFHYITH - T, BRIz R T S5

#

= (1)

200 150 100
[3.18 T T T

—3.221

-3.30}-

©

—3.3 |-
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—3.46 \

—3.50 L 3 |

10-2 T T T

10-?
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104 i 1 1
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1000
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OTHEREBOEHOERLEE->TWS. F YT A
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BRI Y 7 > 58k by Y ADEEDD & TMAX
3L HMATHINS. SHBEY 7 % 600°C T
TREEF M)y ahr R e L TEENS T
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HEBEMINSG.

v 7 DRAKC U0, BTEBH, TORRERR
F by AhOMECBICE T bk 5. 1 H AP
LOBUMBBORE CRBAEE RS ICE X <, 30
~100 g/month TH 5. [EakA 50 g/month T3
D8, ZHhLTOEETH 5K U0y DA X
NBH, OB 2 Bhdo TEThEFRERk- o
BrhdboTnd. 9735 :FEELTCNS RO UG,
RIETHD B —FHAQOER SFLECHIAK
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LRBHIERE L EATS. BEXSAKESE
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F MYV Y APCY S yEMETSE (475°C ¢) UO,
HBT& 505, U0 Fo (110) FmhsEoRECE
T bATED, ZOECEXIZK 100 2 f1TH
ThV, 77 v ORECHFBC LS EEL TS,
#WEEAc b UO: o 2 BABHBIED bh, NER
BaTARRERTHS. TABEERZREN 600 5
B2 450VHN 2L » L T35, X i Lhug U0,
BEREETHD, FABERRVWAEIR T, 600°C
T UO, O S/ REAES 100 4 MO RETLIC X
> THEBINTWS. WEHFHELTOIVE Y 40
0.042 L 5t Y v ahT 0.12% Rimc X
D, 300°C, 1 Y HCESZ 10z OEXELTEY,
—~F 82 IRMTIRIE LAY UO: [EOERIZA B
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LerhEL D ENBE Via K UTHk- THKL.
MEOEEATHELYREFSE Taste 1 02k 3.
FTTEBRRNONTWBRICY 7 »iciz 3O FRK
BEETD. D efr- OHEBCLELTOHOY
5 OREZETRS. ‘

(i) et8
mﬁﬁz@%%%ﬁmfg.lmbbT.d&iﬁ
REBHEAERE> T2 OF BIEKAIK - T
¥V, TOLDIEFESEEL, TLL&BERER
T 5. WETFORRK 4 THEH, #EBELOD
OB THEED Ti, Zr KA LEEL W (HE
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TABLE 1

\#E IV Va | Via | Via
AM |
0
=742

4 | ~880 Ti Y [¢] Cr | ~1095Mn
1
[«] ~1134

52840& [ Nb | & Mo |8 Te

6 ?(1500)11{ E] Ta G W Re
8]
T jnax)
. - > ~660
= -
£ o 20
]
G % & =
Bl RLSAlsF [ CEFEF
I3 OB = RLE T
@ BEAFET o HFEFNT
® c/a>1.63
ey c/a<1.63

HOHTRERBE

Fig. 1 -7 5 > ORKEEE
a={100]=0A=0D=2. 852A

b={010]=0B= 5.865A
¢=[001]=0C=  4.943A
OE=3.3A
iU TRARER).
(ii) r-48

-9 7 RELEBAHEYEL, HREEDK
DI T, TOMEFRH 6 Ths. HEUKLIL

FmxETS IVajk:Ti, Zr, Hf, Va & :V, Nb,

Ta, VIa ¥ :Cr, Mo, W LRENEKZEIEDRTWE
EZ2 b5, FIRERcRRECABEORE, T4hbb
4 F#o Ti, V, Cr, 5 FH#o Zr, Nb, Mo 2x38
MCERT 54, 6 Ao Ta, W LRRFBASEEL
. FAEBORC O ORERMSERC X ST
WHOREEWHEETH ) EFHEE LM OB
55b0EEbhb.

(iii) B-18
8-7 7 ik o Al EH ROEB I ERHEEL S
L, MEFOMIAHETH S, o & - O
MoE»ETLLEDRNBENLESFSETHAHH &
FHEINB. LikhioT Va D V, Nb, Ta L[
BLRTWbIThsrh, EBCRINLOTRRR
e—FRIC WL T W EL OEBEY ~HEcitnwL T
BALTWBIERBEDRFRT rHOBRBRED F »
FE . E7 Via #Eo Cr, Mo dHHBOEEESYE
T5.
§ VII-2 v 5> &donEy
75 v EETIRENO L LHETH L ARBL T
X0 2 o,
(a) &BERAEYRELDOD
(4) RERASPHAL TS0

Al (0.21) Be (0.009) Bi (0.0045)

C (0.0045) Co (37) Cu (3.6)

Ga (2.7) Au (98) H (0.33)

Fe (2.4) Pb (0.17) " Mn (13)

Hg (380) Ni (4.5) Si (0.13)

Sn (0.65) Zn (1.1)®
(») 2BREAsLTHERWSLEYOFERER

HEAL T35 30

Sb (5.5) As (41) B (750)

Ge (2.3) In (190) Ir (440)

N (1.8) O (0.0002) Pa (8)

P (0.20) Pt (8.1) Se (12)

S (0.49) Te (4.5) Tl (3.3)

() NOYFRETEODHET R W #
(Bf,5—)

() ZT R TR
—Al-Si, -Be-C, -Bi-Pb, —Co—Fe-Cr-Fe, -Co—Ni
(b) £BEHAEGHEZELLNHOE LY termi-
nal phase L KX ABAREXETH5HD
(4) #£E% (eutectic)
V (3.1) Cr (2.9)
(v) &ERZF (peritectic)
W (19) Ta (21)
(»~) IE&% (monotectic) )
Mg (0.060) Th (7.0) Ag (60)
FOMIRo XY LW, KBTS 2Ebh3
3Dz :Ce (0.70) La (8.9) Nd (44) Pr (1)
(=) BREIKESPHEBEZEL DO
Mo (2.4) Zr (0.18) Nb (1.1)
IHBRWTFRAEREL r-HXERICEV T
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THOEHTHY, PHERSBARELXETIO
TEBEMMAMEREZ DRI, ok Saller B X
X Rough OFFFEY itk sL Ti(5.6) ZDBIKA
HnTh 32, Udy 3 Xf Boulger'® OBfEIC LB L
thfific U.,Ti o# (RFS) BEELTW5

KT P EORBIRED, REKOHEX X
+ATRELABELODEEYZ T 2300550
L. SEHETRERIC DWW TIRBER 8) B &
”9) BEEINAWL.

§ VII-3 H&oMH

LEEZOWERBELLCOY 7 v OUEYRET
ZOREEMTHS. LR TASRIVKEIR
HHERBTCHRS.

(a) BRICRT?HEAEEOLRE

W5 UERENTE & LT 400°C PIE OB B s T
AIN, BRRBEHERDO N SEDEXLGRTOMHEA
BEEIFNTNBOT, SEFEOWRERIC 7 ) ~ 7K
HOKRENWZ &, FEOEELAVEREREINS.

(b) BEHBBRECIWTBETOEM

77 VREAD T & B RE L BEHREG A=
3%, CHRBEEL TRELATNEIRDWIESR
CEETHETCHS.

(c¢) WEHOKE

75 OWMBHRIEFCE . LichsTrr o=
VI EToTHREELTHERLTWEDTHHH, ¥
7 vHEKOWEM XM EIE5 2 EBEF L.

(d) EriEA&S

Wl el U TERT o BRSASYESD =
LR, ABROETFHFORBIE - CTEELRFEDO—D
ThD.

AEGEK Tz L DU LOBRBERKES
N5, ZhERINCEFFYREY, hiFREOm
PHIE4<OMEREL, BREE L TERATIHE,
KRR 7 v 0&5&L L TEAINRSOREEDRNT
RCIYVREXZTABLIHEDATH- T, £OMD
BARRELRD LD EBETOIMKERDLHOLE
bihs.

TR DEBEDHEE L TRVWARLEENEL
LNDHDTHS DN,

(2) SEHHow=
(4) MNEEITHEBE BRI

& Cr, K Zr &%, BIU AL Si 20BANE
BEENREZONLN, ThRIFEHOEIFDET
ERERX BRI LS5 TEHHDTHS. LiLIE
Bri{hsz iz¥Ebiwn (TasLe 2).

%

& (1)

TABLE 2 506°C iasl3 6%&’*5‘2@&5}29‘3&?1”

D
) (m'"l (kg/mm”)(kg/mmi’)’ (/_W)m f%)
U >0.118‘; 1%7_239 oy | s~
<0.01C . %g:ég‘)’ : G~
0.01Cr &% 1 0.557 . g;’;(}) ﬁ;}?g‘)’ 215 ~37
<0.01C | ; ﬁé_gg()) J g(‘f’gg) 2.5 ~85
0.42Cr &% ; 0.025 | ?2773‘)) %‘ifg‘)’ o3 82
<o.01C D 2800 | 2w
1.10Zc &8 ‘ 0. 0335 ‘(136.32;) ?ﬁf‘f? 13! e
<0.01C | ?i'zf’g()’ ‘(‘;35_23‘)’ oo 91
2oz e | oo G100 IO g ws
<o.01C 23643‘)7 k Giley | o o
(m) ~aFyvy4 PR YD BRATO
o' ~FHHEES B
VI UESTREROCERECES T aHOE
BEEEDZDORBRAERN. LEB-THIBEED

BHET %5 UEBERZEL 2D REERD - £
R -l KRSWTEERCH L BOFEAL TR
NEAREZELRER LN, TOXINWAEDERICX

D (b) OHEDOEKRRS (c) DD 2 DHBRT &
5. BEIMWEAR (¢) OBTH-T, Z08A
BEEBRITONRYATF 44 F REECH->T, a-
HIGROBEEDS W ¢ HRTES. ZhiRERK
BWTERW. 2ofEL TR §~10% Zr 54 (v B
A), 2% Mo &% (r BeA, 400°C Bs%h) HnibiF
Bh5. LALAERLZOAERALETHY, @i
i & a-HOSBRIES O T 4006°C P EicizfE A
TEILW.

() rHEERCOALLTH

TABLE 3 12 w/o Mo &a0lRiItRY

- HEvR {h u"'(/)‘ﬁ i
HMEEE B F g?gﬁﬁidjl Rt 7%
co (m/mmﬂ) )Lg/nim y & ER ‘ (%)
500 102,000 . 104,000 | 3
(200) )7Ler: (s3.1) L8 691 50
600 107,000 | 108,000 }
$00°C 24 hr (316)  (75.2) (75.9), 208 3.6 23
K BOA 600 104,000 105,000 | i
(316)  (73.1) (33.8) :
700 98,000 102.000 Lo
(371) (68. ¥) (7.6 3.0 | +31 33

FLE 500°C 3h- 600 103,000 104,000 < Co
i % (315)  (72.4) (73.1) L3 581 485

Fl 500°C40hc 600 114,000 118,00 , ;
i % (316)  (80.1) (a9) 1 53 32
500 111,000 116,000

& E (e0)  (80.1) (als) | L4 5'25 37
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(b) DBEELEKKLAETHSH, Mo, Nb, Ti,
Zr BRHAMBANLESSREAZARBETEON H T
EETHER rAZERC LT LRTES.
Lavdz ORERE4EKETH S L, rHEIZLLR
MTHBHDTEIELETT, FLBEY FTF THE
HEXEILNWEWIRERAERDD. LOEIRRY:
% TasLeE 3 L ®»F. TasLE 2 &HEBEINA.

(b) WRGHEHEOHE

BIRD (a), (¢) ODEEBRBEHTHS. 77 DM
BT Y 2HEER - BERBEDEFHIELDDTH
505 (¢) OBOTEL rHEBL TS O
WTRBEOEBLRIA2BEUNADOLD R E B 7k
W, ZOBEFD 1 Fix TaBled4 I L»T. ZDET
SED R EEA, WML %L 922 Mo 4413
T-HTHBHDT, £ BUEELDHL TV, TiFH 2
a>rﬁ@ﬁﬁmiﬁﬁﬁfﬁt<ﬁ@(ﬁﬁ)%t?

, —RCHMEETHMLUEL, TBREICIDEE

BOWHEX LT (Z0OZ LML Tik Mo 44 0D1F
Th<3).
DERERTHLBDEL TR (2) DROEETH
5. & Cr, B Zr &S5RI TEHC L DERELHK
ML LEECTHDT, B XD EELXDLTE.
Ll Zhid (¢) BOAE L RBEAMCE > TW50D
T BEERE v KIRICERSRET. —hb
DEEDETA 7t L 2EROH% Fig. 2 KLy
7.
(c) W &b #

v 7 O o it 2B LR EE X e
BArEL I AD: TOEBEERLD (c) BOAEMN
ELBEIFTHD. heonTid (a) BDALSTH

D, TakEDO X WHTHBE L Tid UsSi, UNi, UsFe,
UAL E23hF b3, ZOET% Fig. 3 1cLwn7.
R L LRI Z0 I BATH > THHIC
S 0ELOEELPZTDTS. WAE Swio Zr- 1.5 w/o

TABLE 4
| oS Fde g emtm | REs XS E m)
O - # ] s T (%)
v 5 v : 8.05 (//) 7.5 (//) 0. 303 0.30,5 +0.7 1 60.0 (//) 64.8 (//) +8
(a—nLiso( | 166 (L) 155 (1) [ 678 (/1)) 740 (/) +9
P71 () 735 () 0
— ———— — }777w“»~ S
Ak el () — [ o0.288 0.299 +3.8  60.0 (//) 650 (/)|  +8
600°C % 4 f16.5 (1) - ! | :
- “ — - S 7l —_— ma———— -

0.6% Mo & & | 83 UN L8y () 0.330 0.240 +3.0  60.0 (/)) 645 (/) +7.5
GBmm T | 161 (D) s (D) 728 (/) TGN 485
: : 7.21 (J;)S 721 () 0
| Los9 () — 0.337 0.353 +4.7 | 60.0 (//) 60.7 (//) +1.2

600°C B @ | 145 (1) — : 5 i 1
I S S, i J i L
9% Mo & & b1z () -~ 0.¢60 0.8 37 60.0 (/) 60.0 ())I o
(ﬁk%ﬁmx)llLauni - ‘ : | ;
o o T H T B T T T T T ] o 1 -
=] E ' i ) | { i
— ! — . 522 P12 — — -
. i 0.523 0.603 i 1 i
X i T _ . J,_,,,,,,,,, | Y B _
(1) & “v30HEES” £ 4+ FE B

ﬁ J/2e—nhE | Bo—LREAHRRNEL: L. BRERR e - TR, BRI 0.25X10% av, BITER 50%,
HE Mg O¥AfFERAbE TEIANRSD Al T Vv Ihva, RATOBER 66°C DIT.

3

U-Bi U-Nb C-C-
(1 wfo Bi) (1.6 w/o Nb) PNEE .
A= +16% d=+65%
dd= +25%max Ad=+27%

(Iw/0 C-)
di=8%

2d=+8%

U-Al U-Si U-Mo

(1w/o Al)
dl=-13%
“d=-27%max

(0. 49w /o Si)
H=+43.5%
4d=+7%max

(0. 33w /0 Mo)
di=+6.5%
Jdd=+10%max

Fig. 2 200~700°C 500 ¥ { Yy Uit 2375 & &DEE

g. <&



38 E =
1000 — @ = #)
ANL
————— WAPD

100

o
(=3

P

corrosion rate mg/cm?~day

0.1
~a
&) g GG S O
1=} o (= % s
2 = = 3 & ]
oot i o 1 L L L. L
1.6 1.7 1.8 1.9
1000 ,,
T (%
Fig. 3 ZEkicrsvsadony®
=r.
BVIHHE 9

COHECBWTREBEEEI TCHMEINRTCWHEEL
AEOBME, T, FEOWE, YEAMFEEA
I OWGRR S,

§VIIl-1 U-Cr & &

COBRERPBACID - HERERCHELTAS
LLTHERHD, ZOFEECOWTRFELWIFES
REINTHBY. L -HAREFRCK T
DOTEANCRILTEE TR,

PR EERLETH DM, L YR Swio fif
ITRESHLVY XLV AT LATES. MIH Cr
DEEERDPICKRERNASTH Y, Wiz 800
C D r—HHB LT 600°CHID e—FET, S 800°
C, EZEx 600°C CTHIEETH 2 BHEMIIR Cr 04
AENELADE Rk 5.
DIFBA&R 275°C T 4afo DIEAR 550°C TH T
&b, 50°C THSI T & X bmTaapEicksY.

swaging CTiX 2a/o

& (1)

Nb &€k 7 1 2OTHEMRREINS
25, B 205 LEBkAxs. Tk 9w/l
Mo &4&RMAkMEIR X < corrosion rate i/
IVBRPTARCEL LS. = @ failure ©
BHIL hydride OFERDDK E Wb v T
57, Bahe kD failure DR ZHRZEL
5.

(d) EREEE

TREREBBREIO DI PRI BEEL <
MEINTEL. ERHEEL T 2 8D
b, 1 SREBSAEIY 5 v &IERLTTL
FHET, 77 v ORERIERCD L 5 03MEM
AREBONE. Z0OFlEL TR Bi, Pb, Bi-Pb
LRHD5. MOFERERSEFATSHET
=k 800°C DI T O BERIASRE DTV RE
RSN EEZ EETHE. ZoflE
LT Cr, Si, V 2355,
FDOMEADRE, EERSOFERE LDRIE
DHEOMESZ S50, hbrBEL Tk, -
HEETHEEREENENE NS & & LI
Ao EFEDR L.

S C>EEEHR
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5.

Hantord cooled test hole:

1 MWD/T =6.46 x 10 a/cm?

MTR:

1 reactor megawatt-day=1. 15 x 10*® thermal n/cm?
(=1.25x 10" total z/cm?)
i L-unit=4, 5 x 10'® fast n/cm?




