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Figure 1.2: Bamboo-structure of used R thermocouple (negative branch).
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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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0000000000000 000000000000000o0ooooooooooo
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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
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Figure 3.12: Back scattered Laue patterns from a crept specimen.
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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.
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Figure 3.18: Microstructures of 5mm specimens.
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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)
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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




50

040 000000000000000

g 33200300000000000040
gbobogoooobobbobobdad
gbobogbobooodgbgbogod
gbobbobobbobobbobobad
gbbogbboogboboobbbood
gbobogbdobooodgbobobgan
goobbobioobobbdb0U0lmm
gboboogoboboobobgbobad
gbdboboboboooooooood
gboggboboooboboobobad
gboboboogooobod

O00000o0oooooooo-10%0o00
gbobabobobobobbobobdad
gbobogoboobooobbobobad
oobooboboobobobobd Fig. 4.5
OO000O00D00ODnD Table41ODOOOOO
gboobooooooo

gbgbooogbdobooooobogan
gbboogoboobogbboobbbood
gbobogbobooodgbobodoan
gboooggbo4100b00boagn
gbogobobboobogobogobbad
guobdbooboboobobodobad
gboboboogobbodooon

gbgbooogoboobobobdan
gboooboboobooboboobad
Dobooboboobobodbdorigure
44000000000000000000
Fig. 4.600001973K000000 0.5mm
gbobogoooboobobbobobdad
gbdboboboboooooooood

104: T T T
[ A\
TQ 4
-
g 107F s ;
S » o
o
Q
o
% . n=4.1
Vi 10_65 (o) 3
i 8 «© 1
Z o
O
—7/ T | R 1 N 1
10978 910 20 30
Stress, c/MPa
Figure 4.5: Steady-state creep rate of

Platinum-10%Rhodium alloy with various

grain size and thickness.

9 -
8r 1673K ]
S 7 :
z 6 1
S 5r .
S 4 1
£ 3 i
oL _
1_ -
OCf o v v T

0 50 100 150 200

Time, t/hour
Figure 4.6:  Creep curve examples of

Platinum-10%Rhodium alloy at 1273K.

OoOlerskKODOoooooooooboobooboobooobooboobooob 3d
gbobbbooogbbouoooobboboooobboooobobobbooooboboo
gbobbbooogbbouoooobboboooobboooobobobbooooboboo
gboggbbobobooobooobobobooboogoboooboobbobbod



42, 0000 51

4.2.2 00-20%00000000000

0000 00-20%0000000000000000000 Fig.49000000-10%0
gboboboboooggboboboooobobbboooobbbobbooooobbobon
000000000000 Uooooooooo-10%000000000000D00000
gbobbbooooobbobooooooobbbbooooobbobooooobbooo
000000000000 Uoooooooo-1%000000000oooooooo
gbooobogobooogbbogbboobooobboogbboouoobboobn
O0000oooooooo-10c%%000000ooooooo

14_0.§_ T T T T T T ] -_08|_I T : : : T : T : _' T T T ]
12Fo0.6p . 061 . -
~ 10l 04r 1 ~ 0.4 ] ]
S 10_0.25 1 s 20 oof f’_m-m“’?
g 8 o I 8 . TN RN N B B -
=T 1 2 0 20 . 40
< 6+ - < i time, t/min.
g 1 2 10F :
2 4f 102
= - E = B |
2r 1373K, 20MPa ] 1673K, SMPa
o | - oF -
1 1 1 1 1 1 | . 1 . 1 . 1 . 1
0 40 80 120 0 100 . 200
Time, t/hour Time, t/hour
Figure 4.7: Creep curve examples of Platinum-20%Rhodium alloy.
107

20

1076k

Stress, 0 /MPa

_
=
4

Steady—State Creep Rate, € /s

Y e o Nl

._.
S
NOC

Lo L L PR |
3710 100
Stress, 0 /MPa Time to rupture, t/hour

Figure 4.8: Steady-state creep rate and creep rupture time of Platinum-20%Rhodium alloy.



52 040 000000000000000

ooooob 0bobobobobob ke 47000000000 0OO0ODOOOOD 3
gbobbboogobbouooobboboooobboooobobobobuooooboboo
O0000000ooooooooooooo-10%bococo0oooooooo

Figure 430 0000 0O0O0O0ODOODOOOOODODOOODOODOODODOODODOO
0000000000000 nO00003000000-10%0000000000000

gbobbboooobbouoooobboboooobboooobobobbooooboboo
gooo



42, 0000 53

«——— 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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