e
||.-

z '\.
1‘\ o) 7
iz, HOKKAIDO UNIVERSITY
l\ N
Title Ni-TaOOODOOO :(0D10)00000000D0O00O0O0O00OO0
Author(s) 00,00
Citation 0oodoo.oo@o)doaslsid
Issue Date 1979-03-24
Doc URL http://hdl.handle.net/2115/30167
Type theses (doctoral)
00O0D0O0D000,00 00 =KAGA, Masayuki, Ni-TaD OO ODOO :(D10)000000O0O0ODOOOO
Note 0 00O = Studies on Ni-Ta Alloys : (Part 1) Mechanical Properties and Discoloration, 0 0 0 0 O 0O O 19(48), 1978
OCT, pp.271-278
File Information thesis.pdf

®

Instructions for use

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP



https://eprints.lib.hokudai.ac.jp/dspace/about.en.jsp

] X

-

Ni-Ta ZR&4& DD
(B18) BEOETSIOCWERREIL oW

& IE T

Studies on Ni—-Ta Alloys

(Part 1) Mechanical Properties and Discoloration

Masayuki KAGA
Department of Dental Technology
School of Dentistry, Hokkaido University
Sapporo, Japan
(Director: Prof. Mamoru OTA)

The mechanical properties and discoloration of Ni-Ta binary alloy were evaluated to determine their
potential as dental alloys. Ingots of alloys (Ni-30 wtg5 Ta, Ni-33 wt% Ta, Ni-36 wtg Ta) were produced

by

melting high purity (over 99.9% pure) nickel and tantalum, in a high frequency induction furnace at

2~5x107® torr in vacuo. The tensile test samples were prepared by using a standard mold preparation
of phosphate-bonded investment and using an arc melting casting machine (Argon Caster) with an insert

atmosphere of argon. Then, mechanical properties were investigated by using a strain gauge extensometer

and a tensile test machine. Discoloration was also observed by soaking Ni-Ta alloys, in artificial saliva,
0.05% HCI, 195 C3HgO3, 0.1% NagS and 1.0% NaCl solution, respectively maintained at 37°C for 72 hours.
The main results were summarized as follows;

1.

The tensile strength of Ni-30 wt% Ta was almost the same as that of Ni-33 wt% Ta. But, the tensile
strength increased rapidly from 62.4 kg/mm?® for Ni-30 wt% Ta, 62.6kg/mm? for Ni-33 wt9 Ta, to
86.5 kg/mm? for Ni-36 wt% Ta.

Ni-30 wt% Ta had a higher clongation rate. But, the elongation decreased rapidly from 27.9% for Ni-
30 wt Ta, 12.29% for Ni-33 wt% Ta, to 0.9% for Ni-36 wt% Ta.

The proportional limit increased with the Ta concentration. Ni-30 wt% Ta was 28.5 kg/mm?, Ni-33
wt% Ta was 35.9 kg/mm? and Ni-36 wt% Ta was 51.3kg/mm? Their values were the same as or
greater than conventional commercial Ni-Cr-Co alloys.

The modulus of elasticity of Ni-Ta alloys increased gradually from 22. 0xX10° kg/mm? for Ni-30 wt9
Ta, 22.4%10° kg/mm? for Ni-33 wt% Ta to 22.5x10° kg/mm? for Ni-36 wt% Ta.

. Ni-Ta alloys had a hardness in excess of conventional commercial Ni-Cr-Co alloys. Namely, mean

microhardness number of Ni-30 wtg Ta, ~-33 wt% Ta, -36 wt% Ta were Hv 481, Hv 651, Hyv 1055
respectively.

6. Ni-Ta alloys showed excellent tarnish resistance, however, only Ni-30 wt% Ta was discolored by

0.05% HCI solution.

Thus, it was tentatively suggested that Ni-30 wt% Ta and Ni-33 wt% Ta were suitable for dental casting

alloys.
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WAT03E. UhTH Co-Cr RASUWHERTHT A
EERBLOLEL SBENE TN T ED,
OERA Y75 v PR B X OERARMEE LTHA
WHENRTHS.

LinLé&deich~, chboad iRl HER
B, BHHRIYERS 3 M ESICEOIZBAIE,
AElBMMEOBEMTICIWETRELMMBED, h
COMBEEAHBET 3D ICESRTOREY, BNkt
B EBULEOHLEY EBRAHONTVEY, TLEES
ISRREAMIZ I LTI,

~%, Ni-Ta ZE4E&EREI LS FA4 Y, Siemens U.
Halske ¥ TERRINTE D, Bic Ni-30wt% Ta &
RIHEESSHLOTRIFELY, TERTBNT, 4
By E, AB/ ZVECERIATH 39,

AR HENBREBEARICET 2RE0FEDH
mEBESASOBEEROESZHEEL, WHICE
FEHLORDOBLEBASEMAETLIEHNT, Ni-Ta %
&5 EDHid, Ni-30 wty Ta, Ni-33 wt% Ta, Ni-
36wtz Ta OHBOAELERL, HBERFOBRMAE
B, BIRME, U, BEMMRE. AR, B o
F—%RK, bleSEBUEL, PoEARBRETOEER
BERA4E LTOBETERE L.

EBHHbLUERT®

. 480K%

WERBIZME 99.97% O HMREY F= vy v BLU
99.9% OEE W04 Oz vrVEEER L. A&
vy POMERE Ni-30 wt Ta, Ni-33wt Ta, Ni-
36wt Ta OZMAlC, 28 20g #EEL, Fig!l
WRUICEBEROCEMERORREERHEE LY K
KA, 2~5x107%torr OEZEICH UAA T BEAES
BFECIEABEL, BBRTREALTI YTy b 2E
7. :

2. BIEREER

a) BIERBAFOEH

BIESERF OTEIR & ~TiET ADA #lE No. 147 o
HONTOBD, Asgar 5P, F—G4ERL -8
BFEHETHEE L. FIERBRETE - e, HEENE
HHRICRo v F 4 BE IS RBOMERE S &
H|ELTW3.

ARRTHE, BIEHRBFOEHKEND, Cchox®E
BICANTEREIRERZER L. Z0okE 33
Fig. 2 TR L &S KEZERBADAOTARED LD OHE
F—URRERER LS I dom L L, EFHE X
0mm & LTF v v/ PEagUL2EL 0nm L EDH
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Fig.2 Shape and size of tensile test specimen.

Fig.3 Spruing of wax test specimen along
with a tensile bar, and its mold.
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Fig.5 Tensile test specimen with strain gauge.

INETEMY ) a—vTAPRERLT,
LBAER L. cofEBOhi T v—q v
7 ARWMAL, 7w ADBEER, 7y X0EBF%
ol L. RIKCZOEBEHLER 4mm O7 v 7 2
APN=B T, R—NETEFE 85 mm, &% 40 mm,
BE 05mm OHEAMEEHL, ) vEBERERM -
BARNZR P Z2RHANT, Ty s AN —vEBEL, 24
WRRGE Ulc i, R ViRERIEE U8R & Ui (Fige
3). ;

BN, Uy AOEHNBLUHBONBRER
5 850°C F TE 4 KLY T, 51 850°C ©
LB Uic. Eicid, Tova v dF v 24— (BE
BENs K. KE) 2EAL, 4282 1 Eic>2# 30
g AEELL. 0%, BRI THRALBEEZROH
LB v F7 54— (22— FEHE SRIH)
TEHEMEREL, AT -2 UCRERBR 58
7o (Fig. 4).
by BIERE

F, KRB Fig. 5 IWRT &5, FApdhsiE
EN-R7VvELBIUY) a—-VvRI Y FTHEL,
BAOTABREDYD, §7 22707~ (GERIE
i KFC-5-C1-11) % #EH GtAsEdi CC-15)
TR MEAEALEE UL

BIERHEBRI MR RE (BEA -1 7 5 7 Is-
5000) 2#ERL, 792~y FXE~— F% 0.5mm/min
W LTiT-7.

WANOTHE01% FTRET /20D, 2 L yy—

258D
="

Fig.6 Tensile test apparatus.
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UCHisEd 3 &dkic, KO ERZISH-0FTHMRERK
5%, $EmUE (Instron Straingauge Extenso-
meter G51-17TM, #¥—YE 10mm, H507 4 50%)

ERBOLTICEAEESEL W0mm &b (Fig
6), BIEMEIHET 20THLEEEN £ 0l 2
L, VI—Z—=TF =~ +AE—F 2mm/min [TLT
EEpae L.
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BEICH0T, 4 AU EORBR 2/ UBIRARICH
L.
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BRHEEBSIUEEREE, PEIOMENKT L
KEE 2 BXU 1e OTVIFEEBETNTHEL
7%, H,0: HCl: HNO;=12:5:1 OEAEE" TH
WEBE 2V, B 1A THBMERCKBWTEHE 4
L, €BBE#EE (4 v 328 PMG-TI) 2F 0T
-7,

5. FaERY

a) EEEBRFOES

HEOERTE, 5374 v 7 w7 2 (G-C 8 %
20x15mm QORICEWH i UEERBAERER —F
BETHEHEL, 7y 2ARENE, HE2T-7. 08
BEEREOHR LA V-2 Lictk, $ v FT 524
—THERMEBRELL. FOEEELA Y —R—s¥—T
0/1 5 0/10 BECIERHEL, 2¢ OT7 V3 FEE
WTEER7HE UTERICAV.

HEFE 13 Ni-30 wt % Ta, -Ni-33wt% Ta, Ni-36
wt% Ta OFHMEICHVT, 2REh 5 EEH L.
b) FEaHER

choDREBE 2 AT E %Y, 0.05% HCL 1.0%
CsHs0s, 0.19 NayS, 1.09% NaCl O&EHdic 37°C
T 72 BEERE LG EEREERBECHEELL.
BEEBRIBHERCA (BEERRKUA LS-T#) T
Hise L.

EBRER
L BlRAR

Ni-Ta ZE40 BN EORERHRISER 3l 1
Table 1 R L. Frh n BREH. 7 QEHEER
L. REBHEEOHE, ¢ IEHEEFEETH 5.

EHHEICOVTREHTRNSGY, Fig 7T K OTAHE
1.29% ¥ COIGH-0F HihiE, Fig 8 M TtD
SH-OTAMBERLEL. b LD Ni-30 wt Ta,
Ni-33 wt94 Ta I HEARELE S HBROLD LMD
KEiod (Fig 7), HAREEE 2 LR RIACEPH,
IS0, ISHEOTHRERMICHEML (Fig.8). L
LK S Ni-36 wt Ta Zfioag kb bHH ¥ &
HRBXoIkEL, HARGEL, BIERISELIK

1001

WNOF

Ni-36wt%Ta

80F

70F

60

50+ Ni-33wt%Ta

Stress (kg/mm?)

40f Ni-30wt%Ta
0k

20+

10F

0 L i I L 1 L t L I 1 1 :
0 0.10.20.30.40.50.60.70.80.91.01.11.2
Strain (X 107?)

Fig. 7 Stress-strain curves of Ni-Ta alloys
Strain is within 1.29%.

&L, HUOREDTNE ok (Fig. 7, Fig. 8).
FREZOKELD. SR OB hRBs X
UZDRBEICEZBEDLN, R OMSTHEE L O
21 HBRE O S bbIhic2flch-7%k. Fh, Z0OH
WD TR 1 Ni-30 wegs Ta, Ni-33 wtgs Ta TI3 cup
and cone OIREETL UNTHH L, Ni-36wty Ta ¢
BN O B R AR L.

WL 2B EIRBCHET AEVED LI
»oto.

a) BlIRBI LMY

BIEMX L MUOKEEIT Table 1 © 1, 2 iR L
7.

BIEEM X 1L, Ni-30 wtgs Ta % & 08 Ni-33 wtgg Ta i3

Table 1. Mechanical properties of Ni-Ta alloys.

Compo-| 1. Tensile 2. Elongation 3. Proportional | 4. Modulus of 5. Resilience |6. Hard-
sition strength limit elasticity (x10-2mm- ness
(wt%) (kg/mm?) (%) (kg/mm?) (x10° kg/mm®) ke /mm® (Hv)
g/mm®)
NeTa|n|m [ R |0 [n|m | R |6 [n|m|R|[o6|a|m|R|o|n|a|R|s|[n]|n
70-30 110(62.4 27.5i 9.2) 8i27.9/12.4} 4.0 5i28.5 4.2) 1.7) 5|22.0 1.5i 0.6/ 5/2.04/2.42/0.94) 10 | 481
67-33 | 7]|62.6 17.55 6.3] 7/12.2/10.4} 3.9| 3/35.9] 9.4 5.3 3/22.4 0.8! 0.4) 312.99/2.17/1.09] 10 | 615
64-36 10186.5 28.3110.4 6] 0.9} 0.6/ 0.2] 5/51.3/18.1] 8.9} 5/22.5 0.8] 0.4] 5/6.42/5.13/2.38] 10 |1055
n: number of test specimens  Mm: mean value R: range 6: standard deviation
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Ni-36wt% Ta
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Ni-33wt%Ta
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o
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Fig. 8 Stress-strain curves of Ni-Ta alloys.

100
:[95% Confidence interval
POF

80~

70

Tensile strength (kg/mm?)

60

50

40

Ni-
30wt%Ta

Fig.9 Histgram of tensile strength of Ni-Ta

Ni-

Ni-
33wt%Ta 36wt %Ta

alloys.
FNEN 62.4kg/mm2, 62.6 kg/mm® TIEFEAEER
7308, Ni-36 wty Ta i 86.5kg/mm? 3% | #
K Ui (Fig. 9).

30F
%7 195% confidence interval
20
S
C
S
=
2
ks
W
10F
=
2
1 7
0 Ni- Ni- Ni-
30wt%Ta 33wt%Ta 36wt%Ta

Fig. 10 Histogram of elongation of Ni-Ta
alloys.

—%, WUE Ta BMEOH M > TERIICHES
L#: (Fig. 10). Ni-30 wt% Ta Tl 27.9% DA & i
U&RL, Ni-33wty Ta Ozhid 12.2% %R LT
COfER Ni-30wty Ta @ 1/2 PITThH-7c. IHIC
Ni-36 wt% Ta i 0.9% OHmU%RL, Ta JFMED
BN PEISOBBRE S B KRT 2 — 0, BURETOM
m%ER L.

by  HHIE & HEBERE

HAIR & M RO R Table L @ 3, 4 Hific
R U7,

KA T2 WO RICH T, Ni-30 wigg Ta
Tt 28.5kg/mm?, Ni-33 wt% Ta T 35.9kg/mm?,
Ni-36 wt% Ta ¢ 51.3kg/mm? QEARL LR Ui,
WA Ta FMEOEMCHE-> T, Ni-30wtz Ta
Tt 22.0x10%kg/mm?, Ni-33 wtg Ta Tl 22.4x10°
kg/mm?, Ni-36 wt% Ta 7% 22.5kgx103/mm® D{E
ZRUEROMEEZRLUE.

o) BT kov¥F—

BT F ¥ —OREFEER Table 1 © 5 PiKRL
7.

BT A vF —iE, Ni-30wt% Ta T3 2.04x1072
mm-kg/mm?®, Ni-33 wt% Ta i 2.99%x1072 mm-kg/
mm® 2R U7chs, e Ni-36 wty Ta Tl 6. 24 1072
mm-kg/mm® & JEFICHNMERR LI
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- P2 —
Ni-30wt%Ta 100zm

Ni-33wt%Ta

100pm

Fig. 11 Optical micro structures of as cast.

~HFRE Fig. 8 ORIEH-OT AL - THE
NIHEE,LHESE XS C Ni-30 wigg Ta Hif & K
%<, Ni-33wty Ta, Ni-36 wty Ta OJFiIcH - T Ta
BImBO#E M E @b L.

d) Evh—ahkX

Ey A —Apfle XOWEHRBERR L 10 5%
HisEL, #0¥HfEEky Table 1 @6 fficH L.
ENOODcIRABREICE L Ni-30wty Ta T Hy
481, Ni-33wt Ta T Hv 651, Ni-36 wt% Ta T3
Hv 1055 2R L7z, ZNZFhoBEEERESHEE N
-30 wt% Ta T Hv 475 & Hv 494, Ni-33wtyg Ta T
Hv 596 & Hv 625, Ni-36wt% Ta i3 Hv 1027 &
Hv 1103 ©h b, oo&RALNEL T,

2. BEMASEAAR

Ni-30 wt2g Ta, Ni-33 wt% Ta, Ni-36 wt% Ta DO
EHROBEBEESE Fig. 11 R L.

Ni-30 wt% Ta OB AHEIT & VIRMBEER Ui,
Ni-33 wt% Ta REEQ EH»OEFTHIChI » TH
Btk R Ulc s, AT HFEARE RS 2 R~
EEMMBEEIN. Ty THENSBERCER S
BOVHEEMTH - 7. Ni-36 wty Ta IR HEIRMAMKT
ol EFEEFOHMEICEN MO R 2K
RBOBERBEHEINTOEOHRE L.

3. EaHR

&R A TR, 0.059% HCL, 1.09 C3HeOs, 0.1%
NasS, 1.0% NaCl O& Ak 37°C < 72 ], FBE
Uiz, #O%5R, Ni-30 wtg Ta 13 0.05% HCl 7551
DNTOHERE U EFRBRKETES L. 0Bk
o0 THELEMIPFDONTREMNEBROEREE
RodsEEERER .

Ni-33 wt9 Ta, Ni-36 wt% Ta 3£ TOEBKIC DV
T EBRAD b -/,

BELERC OV TBABRREBERXCAZHNT
FELS, ZORRBAERZOEHNANTH D, HEE
BHBTERL .

=4 =S
EESEREEBES T,

B, et EEE L

T, ¥ 16~30% @ Cr gl Co &, Ni &, o0
It Co-Ni £AEMRANLNTH B,

—7, Ta 3 Cr LEBICAREELZERT 3 &05
SN TV 32 L AFIFETH Ni-Ta RELo0
TBRZELE. L, CORDAEENEREERAE&EL
THEROEE S JURBESHERE LB 2 D0 THhiL,
Fig. 12 1R Lic Ni-Ta RITRIREER™ 0T Ni-
96 wt9 Ta 5 Ni-37 wi% Ta ¥ TOME AR Lz
BA, Cho0OA40 A I 1360°C 5 1400°C 0
WHEATH - OEREEHASE LTORRESER
T&5%. ZOXHHEHEHBIC X b Ni-30wt% Ta, Ni-
33 wtgs Ta, Ni-36wt% Ta @ 3 &&BRAHREL, &£
BAEffi T,

ZOME, INOOHMEOASRARICELS, ¥KoH
CHBSERASLE LTORNMABTERTS 3 E0RYE
. PUTahoolEik>0THERE L.

1. hrHE

APRRICBOT, BIEBEIB I Ni-30 wiy

Weight per cent tantalum

10 20 30 40 50 60
TaNiz
1600 4
1545°
/
. ;o\
1453 I\
= /
1400 f 1400

15.4(

(Ni)
1200 “*""12.2(30/

1000 4

800 2.6(7.5)

Temperature ‘C

b e ok o i e e

0 10 20 30 40
Ni  Atomic per cent tantalum

Fig.12 Phase diagram of Ni-Ta system.
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Ta, Ni-33wt% Ta, Ni-36 wt% Ta ~ & Ta FiIHED
Binc - Tk L, —F, WUOREL L. chi
Ni o9 2 Ta OFEERLSE AL, D> Ni & NigTa
OB (Fig. 12) KETLcHEEL LN B,

BERESBEASOEAMRICE T 2 BBHIEE O
TR, Asgar S EBEPICL - THESL TV
BEICT &0,

BB X 2, AWE TR Ni-30 wto Ta, Ni-33 wigy
Ta [FZ207Fh 62.4kg/mm? 62.6 kg/mm? %5k L.
WREEER Cr-Co A& OBIRMXIT ADA K No
147 63kg/mm? P EABEL TS,

Asgar SRBESLEBASOEAMBE LTREL o 40
Co-30 Ni-30 Cr 44 DEBIEHR XA 56.0kg/mm? Th »
feEBELTWE. Fo, HER 28 o Co-Cr-Ni
EEOBBAHE AR, Coho 2D A 65.Tkg/
mm?, 64.5kg/mm? 2R L. XS5ICHED Co-Cr 3
A& 10~80 kg/mm® DEFOESE Y. BIHERS
CoWTINEOHMD A4S E B L, Ni-36wig Ta
{2 86.5kg/mm® TRPLENEER LA, Ni-30 wt
Ta, Ni-33 wt% Ta OBIREI L, Asgar B L UPMHE
PEICBBRB DML, ADA Hig No. 14 02
WGEBIL, RIFTH2EELZONS.

TR, Ni-30wt% Ta 13 27.9% & k&<, Ni-33
wtg Ta 13 12.2% ThHote. CNHD {E 12§ 8 0
Asgar B, (hEMSZNENOASTELY 31% DHY
LDRRNZ . T, WO Co-Cr Zaé 19 BiC
DO THH 52 PELFCDOBERED T.4% LOKREL
CNODEEDOWUTRBIFTH 7. L L, Ni-36 wtgs
Ta QHUE 0.9% 2R LED TER- 7.

HHBIoON T, Ni-30wty Ta T 28.5kg/mm?
R Ul COBUEREED Co-Cr-Ni i &e o 28
Mo TEF 30.8kg/mm?, 29.2kg/mm2 EHw L
TRPEOBENEBEITD SN T, Ff, Ni-
33wt Ta Tt 35.9kg/mm? R L7z, COEITRE
S HEED Co-Cr HAé 2 B D TE AR
RO EAR L. %7, Ni-36wt% Ta O AR
51.3kg/mm® 2R L, OB EHELEASOR
PRI B LED - .

BHEAME, AMEO Ni-Ta ZAETHR T2 fiNE
A5 30, 33, 36 LBINT BT - T, 22.0, 22.4,
22.5x10¥ kg/mm® EhTHRIHE L, ZHEMicsHT
FPME AR L.

ALY Ta 0~10.9 wig A4 Ni-Ta ZA$IKIC
ST, BEAEBRETEICL DB HEEREDL L ARE
DEESHRBOWEFREE LR L TiiEd 5 &, 22.5~
22.9x10° kg/mm® OEPMAIA Y, KHFETHER
HEBE—F UL 0T oRERTELRBERIE

EHNEOVEELONS. $, ChOoORBEETHRS
DT 19 O Co-Cr B44D SFHEIHY L,
EHICRESOBEREER—FEL-TH L WK
Co-Cr ZEEOHME L SERED L NI, -T2

Wi 3o —3 Ni-30wty Ta & Ni-33wty Ta
TENEFN 2.04, 2.99%1072 mm—kg/mm3 R UTchs,
B Ni-36 wtzg Ta Tt 6.42%x1072 mm-kg/mm?® &
JEEICE WAL L. Ni-36 wtgg Ta 252D k51K
EIEZER LD Ni-36 wig Ta O BB §iR U
feddEL, —HRERESASARH b T hicE
AT 5. 0TCH5.

M7z X3 Ni-30 wtgg Ta ¢ Hv 481 & & { Ni-33 wt
Ta T3 Hv 681, Ni-36 wt9s Ta Tld Hv 1055 *Z |
<EWEARL.

B 5 IR Co-Cr b4 20 BOM I S ERHE
L7-f5R 3 /EHs Hy 400 P LOBEIES L, TOKE
B2 Hv 410 TH -7z, 1, HEHEL Co-Cr-Ni
Be4 28 WO XD T Hy 300 Pl EOEH»E
5NY, TNOOBBEEBUTEAERICAVEGER
EBCENC EdbiroTz.

2. BEER

AR EF LHETH -7 Co-Cr Z44b LU Ni-
Cr ZAEEOEBRBORKE, Co-C REETRAE
{bizzEw 5 hd, Ni-Cr B44 T 0.05% HCL, 1.0%
CsHeO3 THEE LI EOWME I BH 30, AMETIEZ
OTEAEE Ta ENEOSE D Ni-30wt% Ta O
HH 0.05% HCl B TREDRRZ K OBIKEICE
B LI BOBERIE DV TRELBSL ShEh o, &
5l Ni-33wt9 Ta, Ni-36 wt9 Ta 2iEE LIEKIC
DWTEARAD SNEh T

COWE, AREL£D Ta FINEEWE AEOEE LR
HEXN, COECOVWTRARESLFNERIANL
HrlEhs.

PLEAFECH N Ni-Ta ZASIBEHEEEIES
B IC BT, Ni-30 wtgs Ta 8 L8 Ni-33 wty
Ta BH3OATHECRSELRTS, £oMolH
TRATERD Co-Cr ZALDENOICHBLTHET 3
EPBLNERSEERAL L LT, ERO TR IRE
INfe. —JF Ni-36wty Ta ZF LBEL, HUH/A
IVDT, ZOEFHICHOVTRIEBRITOLHMNS 5 &
EBLLN5.

HLOROHBSERBSBASEHRE T 520,
Ni-Ta R&4L1CHOVTHRI L, Ni-30 wtg Ta, Ni-33
wto Ta, Ni-36 wt% Ta O3 KOS5 2HRE L, &
BSEEIC I~ TIRRBRAZERL, £h o OBHN
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HHAEEN,
7z

b TERRBETRO ROBE 28

(1) BlEE®R SR}, Ni-30wt% Ta L Ni-33 wty
Ta TE#NFN 62.4kg/mm?, 62.6kg/mm? LFL AL
FEEITI0DS, Ni-36 wtgg Ta Tl 86.5kg/mm? & ¥
L EF U,

(2) U}, Ni-30wty Ta Tl 27.9% OREVE
Zon U s, Ni-33wt9 Ta ¢ 12.2% &AL,
fo Ni-36 wt% Ta T3 0.9% EF LIFL L.

(3) HAIRRIZ, Ni-30wt% Ta T 28.5kg/mm?, Ni-
33wty Ta T 35.9kg/mm2 AR Lich, Hic Ni-36
wt% Ta ik 51.3kg/mm® LBH THWEER LK.

(4) HmmEEE, Ni-30wty Ta T 22.0x10% kg/
mm?% Ni-33 wt% Ta T 22.4x10°kg/mm?, Ni-36 wt%
Ta ¢ 22.5kg/mm® ZRL, CHOLOBKETHER
BAHLNE T

(5) WM R ¥ —|3, Ni-30wty Ta ¢ 2.04x1072
mm-kg/mm?®, Ni-33wt% Ta T 2.99x107% mm-kg/
mm® %R Ui d, Ni-36 wt% Ta it 6.42x10"> mm-
kg/mm® T, HZHXOEOEERLL.

(6) Ewl—2 Mt X3 Ni-30wt Ta T Hv 481,
Ni-33 wt% Ta T Hv 651, Ni-36 wt% Ta < Hv 1055
TH-7.

(7) WMERMEIE, Ni-30wty Ta, Ni-33wt% Ta,
Ni-36 wt Ta O ZhZhORBHF 2 ATLERE, 0.05%
HCI, 1.09% C3HgOs, 0.19 NayS, 1.0% NaCl O &%
i 37°C, 72 B, BREL T -7cds, Ni-30wty
Ta %3 0.05% HCl B HcELIN, >0 THE
CEABEDONTCNLDAEOME R LBRNI
BFTH -7z,

PDEO#EDS, Ni-30 wtZ Ta [IB[5RH X 62. 4kg/
mm®, ¥ 27.9%, AR 28.5kg/mm?, HERERE
22.0x10% kg/mm?, Bk x 3 ¥ — 2.04x1072 mm-kg/
mm®, Mz X Hv48l TH-7-. Ni-33wt% Ta [3B|E
WX 62.6kg/mm’, BT 12.2%, AR 35.9 kg/mm?,
HERERE R 22. 4x10° kg/mm®, Wik x Z vE— 2.99X%
10 mm-kg/mm?, 72 & Hv 615 ¢H -7. —F Ni-
36 wtos Ta [3HEHE 86.5kg/mm?, fhTF 0.9%, W

BIE SL.3 keg/mm? SERPERH 22.5%10° kg/mm?, M
72X Hv 1055 & -7z,

PIE X Ni-30wty Ta, Ni-33wty Ta @ 2 fAEEOD
BEUEHGEEHBEERAS L LTERCMABS D
EEbhs.

ik sicid, CEECREERERD - KBTFE

BRoCIRERBOCHE E CHHERWIILEEL
ERBRBONIBHE, A¥EH 1 BEELZOMEE—
BT ICEHT 3 & &SI CHHEB T ARSI B R
HEHRE 0K KL Pl RGN TR B R R —
BREh . RINBHEHTFE, NISEFFEECHEER
LET.
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