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Figure 1.2: Bamboo-structure of used R thermocouple (negative branch).

000000000ooooooooon
0000000000000 0OFigure 1.200
00000000000 ROOO30000
O00000000000bO0o0oDo0oonoan
00000000000 bO0oooooan
00000000000 0O00DO0o0ooon
000000 4ooKkOO0ooooooooo
O0000000000000 ¢ 0.5mm0O0
000000000000 o0ooooan
00 Bamboo-structure OO0 0 0000 O OO
O000000oo0o0oooOoooooaon

Figure 1.3 00205700000 1973K O

i
I
I
|
]
|
I H
I
It
|
|
S

¢ 0.5mm

ﬂ

¢ 0.5mm

DooooooooooorROO0O0000  Figure 1.3: Examples of bamboo-structure.

OO00000OFgure 12000000000

gbobobobooogbbouoooobboboooobboooobobobboooobooo

00000 4000000000000600000000000000000

30000000000 PROOCODODO400 Pt-0 128%Rh000—-000 PtODOJIS C 1602719740
gobooooobooobobooooobOoboboobooooobooooboooboooooboOoboooooon
OJISC 16027181 000PROODDOOOODOODODOODODOOOOOOODDODO +00 Pt-13%Rh00D0

—000ptO00 ROOOODOOOOODOOOOOOODOOO



3

000000000000 0OFg 1.200000000000000000000000
0000000000000000000400000000000000000000
gbobbobooggbbooooobbboooobboooobobobboooobboo
gbobbboooooboboboooobobbboooobbbobbooooobboboo
gbobbobooggbbooooobbboooobboooobobobboooobboo
gbobboboooobbouooobobboooobboooobobobobooooboboo
Dobo0000OkRgure 130000000000 000O0DO0OO0ODO0OOODODLDODOO
gbobobbooooobobooooobbboooobbboooobbbobbobooo
gbobbobooggbbouooobboboooobboooobobobobuooooboboo
gbbuogbbuogobbooobog4cbbugbbugbbuoobbboobbo

gboboboogbbboooobobbbuooobbouoooobbboooobboo
gooo

1.00000000099.9%mass% upd 00 0000000000000 0O0OODOOO

gbobobouoobbbooooobbbod
2.0uoobboooobbbboooobboo
j.ugudgbbuooooboboooon

ooobooooobooobon fecebO0O0OOOOOOOOOOOODODODODO
0@ 00000000000000000000000000000000000000
gbobobbobooobugbbobooboobboboobooboobogobo
gbobooooboagoooo

gbobboogbbboooobobbbuooobbbouooobbboooobboo
gbobobobooogbbouooobboboooobboooobobobboooobooo
000000000000 0000000000000000000000000000
obooboobboooboobbobboobbooboobboobo9e2sKkUond
00 ®00000000000000000000000000000000000000
1273K 00000000000 ™M O0000000000000000
O00000oooooogooT/T, 0000000000000 00000000000d
Ooooogo fecOOO00O0OOO0ODODOOOODOODOODOODDODODODODODOOODO
gboboboogobbooooobbboo
gbodbobbodgbboobuoobboobboobboobuooboboooboobn
gbobbbooogbbouooobbooooobbooooobobboooobooo
guodobbobuoooobbbbouoooobbbboooobbbooooobboboo
goboboboooobbbooooobboboooaon
gbogbobobbobooboobuogobobboboobobooboobooobo
gbobboogobobbbuoooobobbbuooooboboboooob-oobobobod

1000000000JIS C 16027000000
00000000000000000D000OO0



4 010 00

OO00OooooooboobooboooooooboooooooosmO0;0b0bobooon
gbobboooobboooobbboooonobod

l.gbbougb bboobobboobuooobooobooobbooobboobon
gbobobooobbbuoooobbbooobbboooobbboooobboo
goboooogn

2.oguoboboooobbobbuoooobbuoooobobbboooooboboboon
gbobbooobbbooogbobobouoobbbouooobbbod



20 4Uood

2.1 OO0

Pure Platinum Platinum-Rhodium alloy Sm,0; added Platinum

| PtSm Master alloy |
| Milting in vacuum |
0 Forging™0 |
| Cold rolling | | Cold rolling | [ Wire drawing |
| Annealing™0 10mm0O | Annealingd 5mm01 | | Arc spray for atomizing |
| Cold rolling | | Cold rolling | | Forming with pressing |

| Final thickness | | Final thickness |

| Cold rolling |

*depends on the ingot U see Table 2.10

| Annealing[] 10mm|:l]
“*1173K for UPP, 1373K for others v

| Cold rolling |

| Final thickness |

Figure 2.1: Preparation process of the Platinum specimens.
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6 020 0000

Table 2.1: Summary of the Platinum specimens.

Ingot No. | Weight Forging R.R.R. Thickness[ final reductiond
UPP-2 2Kg X — 1.0mm(90%)
UPP-3 2Kg X — 0.5mm(95%), 1.5mm(85%)
UPP-4 bKg* X 1200 1.0mm(90%)
UPP-5 bKg* o 1200 1.0mm(90%)
UPP-6 bKg X — 1.0mm(90%)
UPP-8 2Kg X — 1.0mm(90%)
UPP-9 2Kg X — 1.0mm(90%), 5.0mm(75%)

IND 10Kg o — 1.0mm (90%)

*Same ingot
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000000000000 000000000000000-0000000000000
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000Sm,0;000000000000000000 (9g
0000000000000008000000D0D00000O0n UPPOOOODOOO
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<—Thermocouple

‘— Holder

Furnace Specimen
Computer
~— Holder
[ Signal
Weight Laser distance meter

Laser Beam

Figure 2.2: Outline of the creep furnace and creep testing system.
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Figure 2.4: An example of the creep curve.
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Table 2.2: Uncertainty budget of creep test.

Source of Uncertainty Value Distribution Divisor o
Temperature distribution of the furnace 20K rectangular(/3¢0) 0.06%/1K 0.69%
Temperature stability of the furnace 5K rectangular(\/gcr) 0.06% /1K 0.17%
Temperature difference between furnace 10K rectangular(/3¢) 0.06%/1K 0.35%
Uncertainty of the measuring system 5K normal(o) 0.06% /1K 0.30%
Uncertainty of the thermocouple 3.5K normal(o) 0.06% /1K 0.21%
Traceability to ITS-90 <2K normal(o) 0.06% /1K <0.12%
Uncertainty of the clock in PC <1min./1week normal(o) — <0.01%
Uncertainty of the laser distance meter 0.lmm normal(o) 2.63%/mm 0.26%
Deformation except for the specimen 2mm/year normal(o) — <0.01%
Vibration disturbance — rectangular(v/3¢) | From the curve | <0.50%
Gravity at the place 0.05MPa rectangular(/3¢0) 1.00%/1MPa 0.05%
Mass measurement of weights and holders <0.1% rectangular(~/30) — 0.10%
Stress change due to the elongation Max.4.76% (assumption) | rectangular(~/30) — 2.75%

| Combined uncertainty(1o) | — | normal(s) | — | 3.02% |
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V0.692 +0.172 + 0.352 + 0.302 + 0.212 + 0.122 + 0.012

(2.1)
+0.262 + 0.012 + 0.50% + 0.05% + 0.10% + 2.75% = 3.02
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Table 2.3: Impurity concentrations (mass ppm).
Ingot No. Au Ag Pd Rh Al B Bi Ca Cr Cu Fe Mg Ni Pb Si Zn
UPP-2 4 02 <I 2 ND ND ND ND ND 09 <I 02 ND ND <01 ND
UPP-3 4 1 1 <1 ND ND ND ND ND 1 <i 01 ND ND <01 ND

UPP-4 0.4 0.6 2 <1 ND ND ND <0.1 <1 2 <1 05 ND ND 3 ND
UPP-5 0.2 0.9 2 <1 ND ND ND <0.1 <1 1 <1 05 ND ND 3 ND
UPP-6 <01 04 <1 <1 ND ND <1 <0.1 <l 06 <1 01 ND <1 <0.1 ND

UPP-8 2 0.8 2 <1 ND ND ND 0.1 ND 06 <1 05 ND ND 2 ND
UPP-9 <1 04 <1 2 ND ND ND <01 ND 06 <1 01 ND ND 0.5 ND
IND-1 52 30 32 60 3 10 <10 15 <1 <1 <1 <1 2 11 26 4

ND : less than level of detection Ir,Ru,0s,As,Co,Mn,Sb,Sn, Ti,W,Zr, and Mo are less than level of detection

Table 2300000000000000
00000000000 000000OOg
ooooooooOoOoooooooooood . ————————— ————
OOoDO0O0O00DDOO0O0D00000OQ cooool e UPP
00000000000 0O00O0DOoooQ e UPPG
O0O00OUPP405000000000000
00000000ODOO0ODODDO0O0OQ
0000000000 2000000000
00000000000 D0O0OO0O00OOOQ
00000000000 2000000000
000000000000 DOOOoOoOoOoOon i i
000000000 0OD100000000
042KO00000000000273.16K000 e ————————

2Cr u *Zr '“Ru "Rh '“Pd "Ag gy

OooOo000000D00oOooooooQg “Cr “Cu ™Ru “Ru "Pd 'Ag 'S
0000000 Rypsi/Rasx O Table 2.1 0 Element & mass number
ooooooonoi1200000000000 Figure 2.6: Results from ICP-mass spec-
0000000000000 00000000PyO0o000 Yooooooon
Ooo0oo0oOooooon

0000000000000 D000000DO0OD0O0000DooOoOoooonooo
000000000000 000ICPO000000OOOOOOODOOOOOOOOOOO
0000000000000 000000D0DD000000DoooOoooonooo
0000000000000 D000000D0DD00N0000DoOooOoooonooo
O000000D00D000D00000000000000000AudCalsSiOn 0.1ppm
0000000000 000000D0D00O0 rONDODOODOOOOOOOOODOOO
100ppm 0000000000000 0O0DODODOO0O00OODODOOODODOOOOOODODOO
0000000000000 0OD00D0O00D0D000D0000000000000oooon

1

40000 h

200001 b

Intensity, (count/s)

10000 Residual Resistance RatioD 0O OO0:R.RR.O0000000D0O0O0OOOO0OOOOODN
obooooooobooobooooon



2.4, 00 13

0000000000000000000000000000000Y 0000000
gbobbboooobbouooobbobboooobboooobobobbooboobboo
ooOouvupPOODOOODOOOODOODODOOODOOOODOOODOODODOO
gbooogboouodgobogbobbboobboobooobobooobboooobbo
000000000 00000000000000000000000000000
gbobboooobbuoooobbboooobbuooon

O0INDOOOOOUO0O0O0O0OCOOO0O0D0O0OOOOOooooooooon 99.95%up
gooo

00000000000000000000B¥0000000000000000000
00000000000000000000000000007LiOBed*®Nad*MgO%"AlO
MCad #*ScO0 4 Ti0 VO 52Cr0 53 Cr0 *MnO *Fe ¥ Ni0 *2Col °Nil 3Cul %*Zn0 %> Cul
667n0%Gal ™ Ged ™ AsO32Se0%RbOB SO Y O*ZrO0%NbO* Mo O °Ru02Ru0**RhO
L04R 106 P 107 A 108109 A g0 Cd O Cd O In O3S n 012080 0121 Sh 126 Te (123l
137TBa0 133Bal '3 Lal M0Ced “1Pr0 MNdD 7SmO 5 Eul 57Gd0 52 ThO 192Dy 0 %5 Hol
6610169 T m 0 7 4Y b7 Lu0 77 HF L TS L 8 Ta ] 182 W I 4 W O 85 Re 0 19 [r 0 193 [+ 0197 A u[]
020 205T10 207PhO 29Bi0 22 ThO #2¥U 0 63000770 000000000000 ODO
gbobbbooggbbouooobboboooobboooobobobbooooboboo
000000000000% 00000000 UPP400000000000000
vpP-600D0OO0O0O0ODOODOOODOODODODOODOODODODODODOODOO
oboobooboobooboobboobbobbh e 2600000000DO0ODOO
gbobbboooogbbobooooobbboooobbbbooooobbbooobo
goboooodg

Table 230 Fig. 26 D0 000O0O0O0O0O0OFg 2600000000000000 Cu
0000%Ca0%®Cu000UPP4000 UPP-600 300000000 Table2.3000
Oo0ooogupPP-40 2ppm 0 UPP-60 0O6ppm I 00000000 0OOOO0OOODOO
OOoobOoobooobooopd0AgODOOOOOOOOODOOOOOOODODOODOOOO
obobobooobobooobooboboooobob vupP400bOob0OOnOD
gbboogbboubbdppmbbO0obboooboogbooobbouogboabog
gbobbbooobooobbbbouoooobbbboooobbbooooobboboo
gbobboooobboooobobbbouoooobouooobbobod

N 0000000000000 00000000D000000000000000D00D00000000
Oo0oooooooooooooooooood

2000000000000000000000000D00D0000

13 Inductive Coupled Plasma - mass spectrometry D000 0000000000000O0O00O0O0O00OO
oo0oooooooooo

“00003310020000000000000000000000000000O000






15

30 outudoogtd

3.1 Oooooogno

g321000000000000000000000000000000 322000
gbobbboooobbouoooobboboooobboooobobobbooooboboo
gboggbuogobogoboobuobobbobbooboooboobboobod
gbobbboooobbouoooobboboooobboooobobobbooooboboo
gbobobouooobbooooobbbod

l.gpopodboobooob fecb00bbOooobooobooobOooboooboooOO
gbooboobbobod

2.1luggoooobobobbbbotbooooobobbbbbobooduoooon
gobooo

j.ob0obobobbooooooooobobooooooboboboooboboObd Dushman
gbobobouogbbobooooobo

3.2 0OOOOO

3.2.1 0OUOOooooog

000000000000000000000000000000001944 O S. Dush-
man, L.W. Dumbar and H. Huthsteiner 0000000000000 0OOO1000KO
1200Kk0000000000000000000000000000000000O000
0000000000000 00000000000000000o0o0ooooooooo
0000000000000 0000000000000000000 2.3x10%)/mol0 0
0000000000 0000 (290000 1950 00 Carreker® 0 77K0 1550K O O
0000000000000 00000000000000000ooooooooooo
0000000000000 00000000000000000ooooooooooo
ooooooo

1.00000000000000ooooooooooon 47.23g
2. J0oooooooooog 0ng
.000o0ooooocoooon n2g



16 030 0000000000

gbobbboogobbouooobboboooobboooobobobobuooooboboo
195700 F.C. Child®*» 0000000000000000000000000O0OO0
gboboboooobbbooooobbbooogobod

.oogboobeskO1IIMKOODODOODOO0DLOObLOoOoDon
2.oguoboboooobbobbuoooobbuoooobobbboooooboboboon
HEN

gbobobobooggbbouooobboboooobboooobobobboooobooo
00 ®» 0000000000000 00000000000000000000000
gbobbooodgbboogbodgsgobobbooobbbboooobbobodn

gbobobooobbboooobobbbuooobbbooooobbboooobboo
gboboboogoobod

3.2.2 UJUO0OO0O0OOOoOooObOoooooo

gboboboogbbboooobobbbuooobbbooooobbbooooboboo
gbobboboooomsigoooobboooan

é Gb o \" [/ b\’
Tf‘(ﬁ) (a> (3) (3.1)
0o A,n,pDDDDDDDTGDDDDDI)DDDDDDDDDDDkDDDDDDD
O0070000000.00004J000000pp0OOOOODOOOOOO DyOOOO
O00b0O0ooooooDboOon D:Doexp(—Q/kT)DDDDDDDDDDDDD3.1D
00 QUOO0000DO000DLOO000o0oObOOooDbOoooobOoooooOOoooooDoa
oo oo o oo ooooog
oo oo o oo ooooog
0 8
ddobdododdonoodoo oo oo o oo o oogn
oo oo o oo ooooog
ddoodddoodonooddoooodgo oo oo nooogooog
dododododooodoooodooooo oo oo oooo
0o00doooooooobooooooonoooooooom3100d n=10p=2

dooooogoogd
é Gb o \'/b\?
p-h (ﬁ) (a> (3) (3:2)

gbobbboogobbouooobboboooobboooobobobobuooooboboo
0 O 0ONabarro-Herring D OO0 2 00000000000000000000000

0000 200000000000000000000000



3.2. 00000 17

gbobobboooogboboooobobbboooobbbbooooob 2000000
00000000000000000000 ®®00000000000000o0o0o0on
gbobbobooggbbouooobbboooobboooobobobobooooboboo
goo

Nabarro-Herring OO OO 0O O0O0O0OO0O0OO0OO0OOOOOOOODOOOOOOOOO
gbobobobooogbbouooobboboooobboooobobobbooooboboo
gbobobooodgobbo3iigogobobb3s3snuooobooog

(3

000330000000 -0000000000000000500000000300
0000000000000000003.3000000000000000000000
Do0o0oOooooooo (%390
0330000000004d0000000000000000000000000000
0000000000000000000000000000000000000000
0.lmmOI0O00000000000000000000000000000000 0.1mm
0000000000000 000000000000000000000mMOnononn
0000000000000000000000000000000000000000
ooooono

00019620 0 Sherby®Y 0000 0000000000000 D0O0O0O0O00O0OOOO
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000 000000000000000000000 Feltham and Meakin®®?
0000 0.02mnmO0 0.04mmO00000000000000000000O0O000O
0000000000000000000000000000000000000000
00000000000000000000

E.R. Parker® 0000000000 0.025mmO00.14mmO000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000 Parker 0000000000000 0O00O0
0000000000000000000000000000000000000000
0000000000000000000000000o0o0o000000o0oooooooo
0000000000000000000000000000000000000000
00oo0oo0ooooood
000000000000000000000000000000000000000
0000000000000000000000000

000 C.R. Barrett, J.L. Lytton and O.D. Sherby®*Y 00 0000000000000
0000000000000000000000000000000000000000
000000000000000000.Imm00000000000000000O00O0
0000000000000000000000000000000000000000



18 030 0000000000

gbobbboogobbouooobboboooobboooobobobobuooooboboo
OO0O0000o0oo0ooOoonb Partker 0000000 M00000DOOODOOODOODO
oooboooobompboobooooboooobooobbooobom cooooboooo
OO0obOoobooboooboos3soobobooboboooboooboobooobDboon Feltham
gbobboooobobbooooobbbooodgoobog
UOOoo0oO00oooboobdU BarrettDO OO OODOOODOOODOODOO

l.Parker DO O ODOODOOOOODOOOOODODOODOODOOOOODOOOODOO
gboboboogbbobodooon

2. Feltham OO0 OD0O0OO0OOO0O0ODOODOOODOODODOOODOODOOODOODOODO
gboobogobobod

J.FelthamO 00000000 OO0OOOOOOOOOOOOOOOOOO

gboboboogbbobooooobbobooobbbuoooobbboooaon

lL.gbboboobobbboooobbobod
2.0000bbuoooobobobod

gbobbbooooobbbuoooobbbbooooobbboooobbbo3bod
gboboboogoobod

l.gbbobooobboboooobbo

2.0000bbuooobobbboooon
gb200000000bbbo00o0gbbboooobbbbuoooobobbod
goboooogn

j.udugobouooobboboog bbouoan
gbobobooobbbuoooobbbooobbboooobbboooobboo
gbobobboobbobooobooobooobboooboobboobboboon
gbobobooobbbuoooobbbooobbboooobbboooobboo
Dboobobooboobdbe, gbbobms4pobbobbobon

dg, . dsg \ .
észuesgb—l— (1—adg>5c (3.4)

O000d: 00000d,,: OO00D00000Oé,: OO0DD0O0O0000D0ODOE: O
Ubo0b0biddbidUle: DO0D0O0O0DLO0O0DLO0O0DL0O0mM 340000 6,00

adsg

d

D000, xd'000000000000000000 «=30000000¢, = 5.
000000000000000000000020

By = dot (G — &) (3.5)

0000006 00000000000000D0O0O0O0OOOO0O0OMM 3500000000000



3.3. 0ogdQ 19

Barrett UDOD0O0O0O0O0O0O0ODOODOODOODOOODODOODOOODOOODODLDODO
OO0bobobooooooooooobooobooobooboobogoogn feee. oo
gbobbboooobbouooobbobboooobboooobobobboooobboo
gbobobooogbbooooobbboooan

1.gbobogn
Barrett U0 OODOO0OO0O0ODOODOODOOOOODOOOOO 0.03mmO0.7rmm 000
OO0O0boo0booooboobooobDOo0ooDOooDgabed7KO35MPall bO 742K0
21MPall] cORY9KDO 21MPa 30D 0D ODOO0O0ODOOOOODODOODOOOOOD
gbobobooobbboooobbbbooobbbodooon

2.0000000000
gbobobooobbbuoooobbbooobbboooobbboooobboo
gbooboooboobod

Barrett U0 O DO0OO00O0OO0OO0DOOOODOODOODOOOODOOOODOOODODLDODO
gbobobbooggbbouooobboboooobboooobobobobooooboboo
0O0O00O00J.D. Parker and B. Wilshire®» 000000000000 0000O0O0OO
gbobobobboobodboobuogbooboobodobooboboobagbg
DbOoobOobobodbb0dbBarrett D0 O0ODOOO0DOODOOOOOODOOO Barrett
gboboboogobbooooobobod

3.3 UQOon

gobbooobbbooogbobobbouooobbooooobbobod
gboboboogbbboooobobbbuooobbbooooobbbooooboboo
gbobbooggbbooooobbbod

e D DOUODODLDOUODOODLOUODLDUODLOOODLODLOOLOOOLOOn
UrnOs00000000000000DO0O0DOO0OOOO0OOO0OLOObO0DOn
gbobobooobbboooobboboooobboooobboboo

e JIIIDNIDODODODODODODDOOOOOOOOODOODDODONOONONOOOODOODOO
0000000 ooooooooooooooon 6630

gbobbboogobboooobobbbouoooobouooobbood
e UIDIDOODOOOOODOODOStram-burst0 DO O ODOODO

e DU DLOODLOUDLOUDODLLDOOOOLDOODDODLODLODLODLObLOOOLDO
D000000000DO0O00000000000000000000o0aoaQ 6630g

gbobboboooogbboboooobobbbooooooobobbooooobbooo
goo



20 030 0000000000

e UL DLDOUOOOODLDDOUOOOODLDbOOOOO

gbobbbooogobbbbooooobbbooobbbbuobodgoooboboboo
gbobobooooobobooogboo

3.3.1 UUoooooooooood

gbbh bObhoogoobbboooobbbbuoooobbil1boooooboboboo
guoodoogoobobo332gtigugugouououoououoooodaog
gbobogbbuoobbuogooobooobooobooobobbooboooboay
OO00000D000000000 Table2.10230000 UPP-20405060000

OOO0Odgd Figure 3.1 00000000
O0booOoooooobogn 0.15mmO
0 2nmUO00000000O0O0OODOOOO
O00000O000O0OO0O0oooooooog
O0O000000D0O00o0ooOooogen3K
o000 1weskiooboooi1oooon
O000000b0oboooboooler3K
O0000DDOoODOOoOo0oooooooog
O00000000000b00oboooog Figure 3.1: Initial microstructure of UPP-4
O00000000D00000D000000  annealed for an hour at 1673K.
0000000000000 000O000O000O000000000000000oDoo00g0n
000000000000 000D00DO0DbO0OoOO0d




3.3. 0ogdQ 21

000000 Figue3.200000000
00 1673KO000000oooooo ®®dng cT T T T
00000Table 2300 UPP400000 (a) 3.0MPa
D0000000000000000o0n :
O00003MPaOODOO0O0OOOO,00,0 0
00300000000000000000 40F
00000000000 2.5MPa00OOO0
000000000 1%000000000
O0000000000000000000
000 2MPal1.5MPadIMPa0 00000
0000000000 0000oogooo
O0000000000000000000
D000000000000000oO0on
O0000000000UPP40 11000
D00O0O0o01673K000o00o0oooo
0000 1.5MPad 25MPa0 000000 v
0000000000000 D0000000 0100
0000000000000000o0o0o0o0 SO LOMPa
000000000000 00000000 0 100 m%meﬁgl
0000000000000 ’
Figure 3.30 Fig. 3.20c00000000
0000000000 0000000000
0000000000000 000000000000000IMPa000000000
000000000000 00D300000000000000000000ooaoa
00O

[V}
=
[T T 11

19
—_
]
[\®]
(o]
(O8]
o

=)

Elongation, (%)
88583

(d) 1.5MPa

I 100
I||||||o+||||||-+

Figure 3.2: Creep curves at 1673K from ingot
UPP-4.

000000000000  Figure 3.40 all,
OLOOOUPP4000000000000
D000000000000000000
00000000000000000000
0000 lmmO000 00 OFigure 3.40 all
001473K04.5MPa0 0000000000
00000000000000000 Figure
31000000000000000000
0000000000000000000
0000000000000000000 .
00000000000000000000 0 20 0w 80
00000000000000000000 . Time, thour

Figure 3.3: A creep curve at 1673K and
001573K000000000000000

. 2.0MPa.,
O0O000O0O000O0D Fig. 340000000000

[N
(=]

IS
=)

[\
(=}

Elongation (%)




22 030 0000000000

00 16eMBKO00000000000O0n
O00000mBB3Kodooooooooo
0000000000 0O0Do0oDOO0ooDan
000000000000 ooDooooan
000000000000 oOoooooon
0ddddoooooooooooooo L T
Od0dddooooooooooooo
O000000000001673K 1.0MPa OO
O0OFig. 3.20e000000ODOOODOO
O00D0000Fie 340b0000000O0
000000000000 000000an
0000000 DO0DO0o0ooOoooooon
00000001673K03.0MPal 0000 Figure 3.4: Microstructures of the crept spec-
0000000 Fig 3.20a00 00 Fig. 3.4 imens from ingot UPP-4.
ObhO0OO0OO0O0OD00OD00ODOODOODOOODOO0ODOO0O000000000000000O00O0O
0000000000000 0oooOo00ooooooon

Photograph boundaries

OOoooooobooogn  Figure3.500
OO0O0bo0ooooooooOoonDoolensK
25MPa000°000000000000
O00kg 350000 000000000
OO0000O0O0O0oOoooboOobobood
OOo0O00O00o0ooOooOoooboobooo
OO00oO0o0OoOooooooooooood
OO00C0OC0OOO0O0O0OooOooOooono Fig.
jA0b000O0DOoOobooOoobooooon
OOOoOooooOoCocoOooooDooobood
O0O0000O00000 thermal etching O
00000o0000o0o0oooooooo 2 s R TSN
OO0000000O0oOOooOOooOooood ' ’
OO0O00000D0Figure 3.50b0O 0O 1473K
40MPal D O0OOOOOODOODOODOO
DO0ooooobooooobbobogbd  Figure 3.5: Wide surface of the crept speci-
O 0 thermal etchingD OO DOODOOOOO mens from ingot UPP-4.
OO00Oooboob0obOobooboooboobooooboooooboddre 3400000
OoO0OooO00oDoDOo0o0obooO0ooOo0oboOooooooDboOoooo

30000000000000000000000



3.3.

gooo

23

Figure 3.50 cO 0O 0O 1573K 3.0MPal 0O O
gbooboboboooboboobod
OO0 1673K0O 473KO0000000000
Doobooooobobobilerskoooon
Dboooboboobboobbog 473K 0
gooouobibgooooooobbodd
gbbogoboboogbbooobbood
gbbogoboboogbbooobbood
Fig. 3.50b0 0000000000000
gbogbodgbuogboobooboobad
gbdbobobobooooooobood
gbobogboobooogoobobgn
gboboboooobodgboooooan
gbobgbobobobobbobobdad

Elongation (%)

40

20

(a) Ingot UPP-2

60

;\

0

(c) Ingot UPP-6 /

Lottt vl BH 111111 A

(=)

50

100
Time, t/hour

Doooooss3looooooooooon Figure 3.6: Creep curves for different ingot.
OooboooobooooobooooooooboboooooooovupP4000000000O0O

OoO0g BhsKkooooggo

gboboboooooobbobooooood
O Fgure3.6O0UODOOO0OODOOOOOO
UPP-20 Fig. 3.60 o117 40 Fig. 3.60 bI1]
60 Fig. 3.60c0000D00O0O0DOOOOO
DoOoodboboodlersk 2.0MPall O
gboogbbooobbooobbbood

OO0 UPP400Fig 320c0000000 unbroken |
gbobobbooobooougsgbogan

oobooooooobogoupp-2600000

gbobogboobooobobobobgad O_| o o ]
gboobobooboobobodobad 0 100 200

googguobbobboooobobbbd
goboooog

Elongation (%)

10

Ingot UPP-5
at 1773K 1.0MPa

@

Time, t/hour

Figure 3.7: A creep curve at 1773K and

) 1.0MPa from ingot UPP-5.
Figure 3.70 UPP-500000D0OOO

DboobobooooboobDiyKOloMPaO D ODOODOODOODODODOODODODO
obooooboobobboobooboobobuobbooboobbob 200 UPP-40UPP-5
oboooobobooobobgovurPP40000000RRR.OOCOOODOOODODOIL673K
gbobbboogobbouooobboboooobboooobobobobuooooboboo
obobooobobooobobobboobooooboboobobeskboobonog
gbobbbodoooooobbbbuoooobbbboooobbobooooobbooo
gbobbbooogbbouoooobbboooobbooooboboboboooobboo
gbobboooobbbodoogobboboooobboooobobobbog



24 030 0000000000

000000000000 Figure 3.800
00000000000 UPP40000O0O
0000000000001673K0 2.5MPa
000D 5000000000000.5MPa
O0004%000000000000000
00000000000000000000
000000 OFigure 3200000000
00000000000000000000
00000000000000000000
0000000000000 0000000000000O00000000000000
0000000000000 0000000000000D000000O00000000
oooo
Figure 3.90 0000000000000
0000000000000 D00DOFie. 3.10
——

000000000000 0O000ODOO0 -ﬁm4mnKmMm '
000000000 OO0O0OO UPP400O 4 ]
O0000000D0D00 1673K010000 - ;ﬂ*ﬂﬂﬂ_wpnqp
00000000000D00000D0000 _ :
000000000000 1673K0 1.5MPa
00000000000000000000
00000000000000000000 I f’“J ]

?

0

| m—y

Figure 3.8: Microstructure of a specimen af-

ter creep interruption.

2__ 5 Surface observation

Elongation (%)

gbobO2000000000b004004ad 0
gbobogoobobobbobobdad
gbooobboobobodgboooooban
gbodboobobobaoboobad
googoguobbobboooobbbbn
oboboooboooboobgb1sMPalDODO00OO0O0O0ODODOOSODOODOODOO
gbobbobooggbbouoooobobboooobboooobobobbooooboboo
gbobbobooggbbouoooobboboooobboooobobobobooboobboo
gbobbbooogbbouoooobbboooobbooooboboboboooobboo
0022000 Fig. 350000000

50 ) 100
Time, t/hour

Figure 3.9: A creep currve after creep inter-

ruption.

{00000000000000000000000000D0D0000000000O0O00000000
ooooosMPaDOOOOOOOOODOO



25

Figure 3.10: Wide surface

After 100 hours

after creep interruption from ingot UPP-4.



26 030 0000000000

UPP-4, clear strain-burst UPP-6, no strain-burst

lhour lhour

20hours 16hours

140hours 184hours

Figure 3.11: Microstructures after isothermal annealing at 1673K.



3.3. 0ogdQ 27

gbobobodagn bobobooodbbooodobobobboobbobboooobboo
gbobobboooggbbouooobboboooobboooobobobboooobboo
Dboboboboooobbodre 380000bobooboboboooboboboobdg
goo
gbobobooobbboooobobbbuooobbbooooobbbooooboboo
DobooboobobooboobooboboobbodbobO Fig 3.1100001673K
oboobobobooboobooobuoobovurPP40000000 UPP-60 1673K
gbobobbobobogoooooobobbblbooooooobobbobbbobog
oboobooboobooboobo vupP406cbO0bO0DbO0DbDOO0ODOODO
O0000UPP400200000000000000000000O0OOOOOO®P00O0
vppPp-600000D00O0O0OODOODOODODODOODOODODOODOD 1880
000000000 12000000000 05mmd0lmmO000000OOOOCOCOOOO
gboboboooobbuoooobbobboooobboooobobon
oboobooooboooooobbooobobovurP400000000DOOODODODO
gbobbboooobbouooobbobboooobboooobobobbooooboboo
Uboo0bO0d0Fge 35034000000 000000O000O00O0DOOOODObOOOOODOd
gbobbboogobbouooobboboooobboooobobobobuooooboboo
gbobbboogobbouooobboboooobboooobobobobuooooboboo
gbobboboooooboboboooobobbobobboooobbbooooobboboo
gbbobooodgbbuoooobbobooodobboooobbboooonbbobo

000000000000000000000D000000000000D000000000000



28 030 0000000000

Figure 3.12: Back scattered Laue patterns from a crept specimen.

XO0oooo goboboobobbobboboobobodbdrie 3403500
oboboobobogboobobuoobobuoobobo Xooboboooooog
U0oo00d Fig. 3.120 000 Figure 3.120 UPP-40 000 1573K 3.0MPaO 0O OO O
00°00000000000000000000000000000000000000
gbobobboogobbouooobbbooodobboooobobobbooooboboo
gbobbbooggbbouooobboboooobboooobobobboooobooo
gbboodgboudgbboobboboobobooobboogboooboobbobn

6 Figure 35000000000



3.3. 0ogdQ 29

Dbooboboooog bobobooboi13sKkon e sk OO 1773KkO0000004
gbbbodooobbooooobbouoooobbuoooobbboooan

lL.gbbbooogbbbbodoooobbboooosgbobbouoooobobobod
gbobobooobbbogbobbouoobbboooobbsibbouoaobod
gbobobooobbbooogbbobooobbboooobbbooooboboo
2.oguoboboooobbobbuoooobbuoooobobbboooooboboboon
OO0O0O0OoO0Strain-burst0 000000000 OOOODOOODOOOOOOOOO
gboboboogbboboooon
() 000000000000O0000000COCOODOOD0O0O0OO0OOOOoOooOoOO
gbobobooobbbobboooobbbooooobbn
(h)OOOOoOooooooOooOoOoOoOooOOoOoOoooooooooooooooooo
gbobbooobbobbooooobobboobobbbuoooobbboaobon
000000000000000000000000000O07™
(0000000000000 0OO0O0OOOOOOOOOOOOOOOO
(d)000000O0000o0oooooo
(e 000000000000 ODOOOOOOOOOOOODOOO
goboooogn
j.ubnuouoboouoonoonuoonuuoguiogouooooooooooooog
gbobobooobbboooobbobooobbboooobobon
gbobobooobbbuoooobbbooobbboooobbboooobboo
gbobobooobbbuoooobbbooobbboooobbboooobboo
gbbobooogbbbbouoooobbboobooobbbbooooobobboo
goo

'0000000000000000000000000000000000



30 030 0000000000

3.3.2 UUbOOooooooboooogoo

O ald Annealed at 1673K for 1 hour O bO Annealed at 1973K for 1 hour

Figure 3.13: Initial microstructures after pre-annealing.
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Table 3.1: Initial grain-size of the specimens.

Annealing | Grain size o0y 09 Specimen thickness
Specimen | temperature (mm) (%) (%) Imm 0.5mm 5mm
High-Purity 1673K 0.18 3 2 O — |
Platinum 1973K 0.52 5 5 o — °
Industrial 1273K 0.21 10 9 0 0 —
Grade 1473K 0.40 1 17 O O —
Platinum 1973K 0.64 18 14 O O —

oy @ standard deviation within a sample

oy @ standard deviation between samples
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Figure 3.15: Steady-state creep rate of Platinum at various temperatures.
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Figure 3.16: Microstructures of high purity Platinum before and after the creep test.



34 030 0000000000

5mmO0000000 OOOOOOO
O000d00ooOoooOoooooooon
0o0ooood o.smmdlbmmO000O
O0000oOo¥0ooooooooooooo
0dddd0d00d0d0oodooooooaoa
Doooooooooooooooonon Figure 3.17: A Smm specimen comparing
0000000 0000oo0on conventional 1mm specimen.
0000000000000 ooooooooooooogd fecO0OooooooO
000000000000 d1lmmOdOOO0O00OO0OO0O0O0OO0O0O0OODODOO 1020000
0000000000000 00o0oOoOo0oO0o0o0o0000oooooooooooOoOoao
Odddooooooobooooodd0o0o00ooooooOobOooDoDoooOoOoOooao
Odddoooooooobooododd0oooooooooooboooooOooao

I HSmm |
Annealed at 1673K for 1 hour Annealed at 1973K for 3 hours

Figure 3.18: Microstructures of 5mm specimens.

gboboboogbbboooobobbbuooobbbooooobbbooooboboo
gboboboboogobidsmmuobobobDboooooobobDsdmminnooooOg
OoO0ob0d Fie 3.8000000000000000Fig. 3130000 lmmOd4O0Od
obobogogooooboeskoobdbd s mmibbd0boooobodod ImmOd
gbooboooboobooboaglggbooobobobbodbb lmmOgooOg
gbbogooboobbooobbooobboooobouosgoobbooobobo
DboobDodsmmUdOb00OKg 3180 0000000000 00000O000O0 100000
oboobobooboobooboovupP9000O0 lmmOO0O00OO0OOODOOODO

Opooo0D0000000000000



3.3. 0ogdQ 35

gbobobooogboooan

1mm, annealed at 1673K, crept at 1473K, with 5MPa 1mm, annealed at 1973K, crept at 1473K, with 3.3MPa
S B L S A T T T T T T T T T [ T T T T1
i IJ T T T T T T [ 60 o 1
60 - _ ] . 4 -
< - — < o B y .
E — 0.5 : #‘Fﬁ : 1 E 2 L _ ‘/x’"
§ 40r [ . /4§40 ) 7 I
= g ] = Of v 1+ 4 1 e
< = ] s L - i
o+~ O o, oy 4 & 0 20 40 60 -~
=} (=] Time, t/min.
8 0 20 40 60 g 7o / _
0D 20 Time, t/min. 1T m P
I | i /.// / 7]
O 1 ! ! ] o T T T TR N T TR N NN NN T B R
0 1 ) 20 0 5 10 15
Time, t/hour Time, t/hour
5mm, annealed at 1673K, crept at 1473K, with 5MPa 5mm, annealed at 1973K, crept at 1473K, with 3.5MPa
T T T T T T T T T T T T T T T T
I | B — LI . E— ]
80 | 2 [T T T T T T ] } | 100 4 / _
s I f : 18 [, | :
~ 60— 1 C B i n ; | 2- E ; -
E§ L L . 1 8 L i
~— » 7 = 0
< L — _ < - -
20 40 O:f-f IR R N R R = 20 50_ |
kS - 0 20 . 40 . 60 b °
28| 20k Time, t/min. | m r h
Vsl ! ! ! | | | | L or 1 . 1 . 1 . | |
0 10 20 30 40 0 10 20 30
Time, t/hour Time, t/hour

Figure 3.19: Creep curves of Imm and 5mm thick specimens.
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Figure 3.20: Steady-state creep rate at various temperatures.
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: Q
=B —— 3.6
é exp( o7 (3.6)
guoooooooon
: Q
logé =log B— — 3.7
ogé = log T (3.7)
gogoboobuognioooboobbobb e 0obob 71,0000 00000
logé, =log B — kiTl (3.8)
logéy =log B — % (3.9)

oobooom3suobooossyuoooooooboooobooboboooooboo oo
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@=-Hlogs—losc) (3.10)

Ty Ty

Table 3.2: Activation energy of the steady-state creep rate of pure Platinum.

Grain | Stress | T (K) &1 Ty (K) &9 @ (x10°J/mol)
10MPa | 1073  2.9x1077 1273 5.9x107° 3.02

Coarse | 5MPa | 1273  7.3x107" 1473 4.0x107° 3.12
3JMPa | 1473 2.7x107¢ 1673 1.0x107* 3.70
20MPa | 1073 3.3x10°¢ 1273 2.2x1071 2.38
10MPa | 1073 9.0x1078 1273 5.4x107° 2.32

Fine 5MPa | 1273  1.3x1077 1473  1.9x107¢ 2.09
3MPa | 1473 1.9x1077 1673 3.2x107° 2.89
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«——— Tensile stress ———

After Annealed at 1373K After Crept at 1373K

After Annealed at 1473K After Crept at 1473K

After Annealed at 1573K After Crept at 1573K

After Annealed at 1673K After Crept at 1673K

Figure 4.1: Microstructures of Platinum-10%Rhodium alloy before and after the creep test.
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Figure 4.4: Microstructures of different grain size specimen of Platinum-10%Rhodium alloy

before and after the creep test.

Table 4.1: Initial grain-size of the Platinum-10%Rhodium specimens.

Annealing | Grain size Symbol

Specimen | temperature (mm) Imm 0.5mm
1473K 0.2 o -
Pt-10%Rh 1673K 0.35 0 0
1973K 0.6 O 0
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«——— Tensile stress ———

After Annealed at 1373K After Crept at 1373K

After Annealed at 1473K After Crept at 1473K

After Annealed at 1573K After Crept at 1573K

After Annealed at 1673K After Crept at 1673K

Figure 4.9: Microstructures of Platinum-20%Rhodium alloy before and after the creep test.
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L-direcion T-direction

Figure 5.2: Microstructures of L-direction and T-direction of the Sm,03 added Platinum.
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Figure 5.9: Smy0O3 particles distribution in Platinum.
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Table 5.1: An estimation of Orowan stress.

0.1 Pall
A0 nm0O jSD nm0O| DO nm0O | dislocation 1o = b o = 3b
screw 4.0x10%  3.0x10%
55 20 15 edge 7.1x10%  5.3x108
screw 2.7x10% 2.1x108
130 50 36 edge 3.5x10% 2.8x10%
screw 1.5x10% 1.2x108
270 100 73 edge 2.0x10%  8.0x107
screw 8.5x107  7.0x107
540 200 146 edge 1.1x10%  9.2x107
screw 6.0x107  5.0x107
820 300 220 edge 7.8x107  6.6x107
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Figure 5.12: T-direction of the specimen.
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