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NEW PLATINUM-RHODIUM-TUNGSTEN ALLOYS FOR SPACE ISOTOPIC HEAT SOURCES 

H. Inouye, C. T. Liu, and R. G. Donnelly 

ABSTRACT 

New platinum alloys were developed as possible 
encapsulating materials in space isotopic heat sources. 
Alloys containing 26-30% Rh, 6-10% W, 0-1.0% Hf, and 
0—0.5% Ti (by weight) are only slightly less oxidation 
resistant than platinum up to 1200°C, have higher tensile 
strengths than TZM or Pt—30% Rh at all temperatures, and 
are as strong as iridium but somewhat weaker than T-111 
at 1316°C. Limited results suggest that these new alloys 
are readily fabricable, are compatible with heat source 
environments to at least 1100°C, and possess the highest 
toughness and post-impact oxidation resistance of all 
candidate alloys. 

INTRODUCTION 

The heat source in a current thermoelectric generator for space power 

consists of ^^®Pu02 fuel encapsulated in successive layers of Mo—A6% Re, 

Ta-10% W, T-111, and a noble metal cladding of Pt—30% Rh. In this design 

one alloy compensates for the shortcomings of another because no single 

alloy of current manufacture can reliably meet the safety requirements of 

launch aborts, normal service for several years, aerodynamic heating on 

reentry, earth impact at about 300 fps, and postimpact oxidation resistance. 

The objective of this investigation was to develop alloys with 

optimum combinations of strength at high temperature, melting points of 

2000°C or higher, good fabricability, compatibility with the heat source 

environment, and oxidation resistance. The ultimate goal is to replace 

multilayered fuel encapsulation with a single alloy cladding that will 

meet the performance, safety, and reliability requirements of current 

and future space isotopic heat sources. This report summarizes the 

properties of a family of new platinum alloys containing Rh, W, Hf, and 

Ti in terms of the above requirements. 
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FABRICATION 

Melting and Casting 

Platinum sheet 0,010 and 0.020 in. thick was arc melted several 

times under argon with previously electron-beam-melted rhodium and 

hydrogen-annealed tungsten powder to produce homogeneous buttons of 200 

to 450 g. Hafnium and titanium additions, when desired, were also added 

during this step. The arc-melted buttons were then electron-beam melted 

and drop cast^ into rectangular cross-section ingots with hot tops 

(Fig. 1). This method of producing ingots was selected mainly because 

it was convenient to our operation and produced an ingot structure and 

shape suitable for fabrication. 

Fig. 1. One-Pound Ingots Prepared by Electron-Beam Melting and 
Drop Casting. 

Although the vendor's analysis showed purity levels greater than 

99.8% for the alloying elements, it was necessary to remove an excessive 

amount of gases from the rhodium melt stock by electron-beam melting 

^C. W. Dean and R. E. McDonald, High-Purity Shape Casting with an 
Eleatvon-Beam Furnace, ORNL-TM-1935 (October 1967). 
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before alloying. Failure to do so caused excessive splattering on 

melting the charge and resulted in porosity in the cast ingots. The 

use of powder improved dissolution of tungsten and thus minimized its 

segregation in the alloy. Homogenization of the alloys by arc melting 

before electron-beam melting reduced the vaporization losses of the 

noble metals. 

Chemical analyses of selected ingots showed tungsten contents 

slightly above and rhodium contents slightly below the nominal composi­

tion. These deviations can be attributed to vaporization losses during 

electron-beam melting. The reported compositions are the nominal weight 

percentages. 

Sheet Fabrication 

After the hot top was removed, the as-cast ingots were hot rolled 

in air between 1000 and 1250°C to a thickness of about 0,100 in., with 

5- to 10-min reheats between passes. After the surfaces were scalped to 

remove contamination and grinding out any edge cracks, the hot-rolled 

sheets were pickled in aqua regia and then vacuum annealed. Cold 

rolling to sheet was accomplished with intermediate vacuum anneals after 

about 30% reduction in thickness. The need for vacuum annealing has not 

yet been established, but it was used in this case because equipment was 

available. 

In general, the difficulty of producing sound sheet increased with 

the tungsten content. At the 6 and 8% W levels no cracking was encountered, 

although some edge cracking was observed at 10% W (Fig. 2). The 12% W 

alloys were not fabricable. 

To illustrate the fabricability, 0.030-in.-thick sheet of Pt—30 Rh— 

8 W—0.2 Hf—0.1 Ti (wt %) was cut into 2-in.-diam blanks, annealed, and 

deep drawn into a 1 l/4-in.-diam hemisphere at room temperature with two 

intermediate anneals at 1200°C (Fig. 3). The drawability of the alloy, 

although adequate, is significantly lower than that of Pt—30% Rh, which 

may be similarly formed in a single draw. 



Y-109646 

Fig. 2, Sheet Pt-Rh-W Hot Rolled to 0.040 in. 

Y-111148 

Fig. 3. Hemisphere of Pt-30 Rh-8 W-0.25 Hf-0.1 Ti (wt %) Cold 
Drawn from 2-in.-diam x 0.03-in.-thick Disk with Two Intermediate Anneals 
at 1200°C, 
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PHYSICAL AND MECHANICAL PROPERTIES 

Density, Melting Point, and Resistivity 

The densities of Pt-30% Rh-6% W and Pt-30% Rh-10% W were determined 

by a water-immersion method. An increase in the tungsten content from 

6 to 10% lowers the density from 18.4 to 17.7 g/cm^. 

Needle-shaped specimens were heated to the estimated melting points 

for 10 min in vacuum by radiation from an inductively heated tungsten 

susceptor. Temperatures were measured with a calibrated optical pyrom­

eter sighted on a blackbody hole in the bottom cover of the susceptor. 

Melting points were established by examining a series of metallographic 

specimens heated to successively higher temperatures in increments of 

20°C for evidence of grain boundary melting. The results listed in 

Table 1 establish a solidus temperature of 1980°C for Pt-30% Rh—6% W 

and 2060°C for the Pt-30% Rh-10% W alloy. The melting points for the 

corresponding platinum-tungsten binary alloys are also listed to show 

that the melting points of both the platinum and the Pt—30% Rh base 

increase at an average rate of about 13°C for a 1% increase in the 

tungsten content. 

The difference in the melting points of the platinum-tungsten 

binary and the Pt—30% Rh—W alloys remains at an approximately constant 

value of 130 to 150°C due to the rhodium.^ This relationship was used 

as the basis for developing alloys with melting points of about 2000°C. 

Using the platinum-tungsten phase diagram in Fig. 4 as a guide, one sees 

that the Pt—30% Rh—W alloys can have melting points over 2460°C by 

increasing the tungsten content. This feature suggests that tungsten 

could be used in conjunction with the alloys, because any interdiffusion 

between them increases the melting point of the noble metal alloy. 

^M. Hansen, "Platinum-Tungsten System," Constitution of Binary 
Alloys, McGraw-Hill, New York, 1958, p. 1146. 

^M. Hansen, "The Platinum-Rhodium System," ibid., p. 1137. 



Table 1. Melting Points of Pt-30% Rh and Platinum 
as a Function of Tungsten Content 

Tungsten 
Content 
(wt %) 

Melting Point, °C 

Pt-W^ Pt-Rh-W 

0 

8 

10 

1769 

1849 

1876 

1910 

1930 

1980 

2000 

2060 

sA. Hansen, "Platinum-Tungsten System," 
Constitution of Binary Alloys, McGraw-Hill, New 
York, 1958, p. 1146. 

M. Hansen, "The Platinum-Rhodium System," 
ibid., p. 1137. 
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Fig. 4. The Platinum-Rhodium and Platinum-Tungsten Systems. (Based 
on M. Hansen, Constitution of Binary Alloys, McGraw-Hill, New York, 1958, 
pp. 1137 and 1146.) 
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The electrical resistivity (p) of Pt—30% Rh—6% W was measured** 

from 23 to 1100°C. The p values may be represented to ±0.2% by the 

equation: 

p (in \iQ-cm) = 40.8079 + 0.01855 t + 0.171497 x lO"^ t^ t in °C 

Table 2 lists values for the temperature coefficient of electrical 

resistivity, r—, obtained from this equation. 
p dt 

Table 2. Electrical Resistivity (p) of Pt-30% Rh-6% W^ 

t P 
(°C) (yfi-cm) 

p dt 
(°c-^) 

0 40.81 4.54 

200 44.59 4.29 

400 48.50 4.07 

600 52.55 3.87 

800 56.74 3.69 

1000 61.07 3.52 

1200 65.54 3.37 

1400 70.14 3.24 

a Based on p = 40.8079 + 0.01855 t + 0.0171497 
X 10"^ t^ . 

Recrystalllzation and Grain Growth Behavior 

Sheet specimens of several experimental alloys were cold rolled 35% 

in thickness and heat treated 1 hr at temperatures between 400 and 1500°C 

D. L. McElroy, Metals and Ceramics Division, Oak Ridge National 
Laboratory, private communication, Dec. 9, 1971. 

file:///iQ-cm
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under vacuum to determine the recrystalllzation temperature, softening 

behavior, and bend ductility. Figure 5 shows the effect of the heat 

treating temperature on the microhardness of four alloys. Typically, the 

as-rolled hardness increased after the 400°C heat treatment, then steadily 

decreased with increasing temperature. Above 1000°C the hardness dropped 

sharply to values between 200 and 300 DPH. Metallographic examination 

shows no recrystalllzation in the Pt-Rh-W ternary alloys at 980°C but 

complete recrystalllzation and a single-phased structure at 1050°C, as 

shown in Fig. 6. The recrystallized grains grow slowly until tempera­

tures approach 1400°C. The recrystalllzation temperature of the alloy 

modified with hafnium and titanium was 1200°C. This alloy is also single 

phased (Fig. 7). Grain growth for this alloy was not serious below 1500 

to 1600°C. The cold-rolled and heat-treated specimens in Fig. 5 were 

also subjected to a 90° free bend to determine the effect of the heat 

treatment on the ductility. All specimens, including the as-rolled 

specimens, were ductile, but cracks were observed in specimens heat 

treated at 400 and 600°C. 

ORNL-DWG 71-7538 
700 I , , , , , , , , 

0 200 400 600 800 1000 1200 1400 1600 

ANNEALING TEMPERATURE (°C) 

Fig. 5. Effect of 1-hr Heat Treatment on Hardness of Alloys Cold 
Rolled to 35% Reduction. 
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These results showed a steady increase in hardness as the tungsten 

content increased. Significant hardening at all temperatures resulted 

from hafnium and titanium additions. On the other hand, the recrystal­

llzation temperature of the Pt-Rh-W alloys was unaffected by the tungsten 

content but was raised about 150°C by the addition of hafnium and tita­

nium. It should be noted that the hardnesses of the specimens heat 

treated at 400 and 600°C were higher than in the as-rolled condition. 

We believe that the increase in hardness and the propensity for cracking 

under these specific conditions are related to the segregation of sub­

stitutional impurities in the alloy, since other cold-worked platinum 

alloys also show an increase in hardness and brittleness when aged at 

low temperatures. ' 

Tensile Properties 

Sheet tensile specimens with a gage section 0.125 in. wide x i in. 

long and 0.125-in.-diam pinholes were blanked from 0.020-in.-thick sheet. 

After the gage section was deburred, the specimen surfaces were polished 

on 400-A SiC paper, pickled in aqua regia, then heat treated in vacuum. 

Tensile specimens tested above room temperature were heated by radiation 

from an inductively heated tungsten susceptor under vacuum of less than 

10"^ torr. The vacuum environment was necessary to prevent oxidation 

of the susceptor and the Mo—0.5% Ti grips. A Pt vs Pt—10% Rh thermo­

couple centrally located on the specimen monitored the temperature. 

After a 5-min holding time at the test temperature tests were conducted 

on an Instron machine at a strain rate of 0.10/min. 

The tensile properties of Pt—30% Rh and Pt-Rh-W alloys containing 

6, 8, and 10% W are summarized in Table 3. In general, the strength 

increased with the tungsten level for both the stress relieved and 

R̂. W. Douglas et al., High-Temperature Properties and Alloying 
Behavior of the Refractory Platinum-Group Metals, NP-10939 (1961). 

^E. P. Sadowski, "Stress-Rupture Properties of Some Platinum and 
Palladium Alloys," pp. 465—82 in Refractory Metals and Alloys, Vol. 11, 
ed. by M. Semchyshen and J. J. Harwood, Interscience, New York, 1961. 
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Table 3. Tensile Properties of the Platinum-Base Alloys 

Alloy 
Composition 

(wt 

Rh 

30 
30 
26 
30 

30 
30 
26 
30 

30 
30 
26 
30 

30 
30 
26 
30 

%) 

w 

0 
6 
8 
10 

0 
6 
8 
10 

0 
6 
8 
10 

0 
6 
8 
10 

Ultimate 

Stress 
Relieved 

76,000 
169,000 
171,000 
194,000 

52,000 
123,000 
118,000 
155,000 

24,400 
56,000 
75,000 
89,000 

10,000 
19,500 
22,500 
25,500 

Tensile Strength, psi 

Recrystallized 

Room Temperature 

63,000 
112,000 
142,000 
118,000 

760°C (1400°F) 

48,000 
80,000 
95,000 
95,000 

1093°C (2000°F) 

24,000 
36,000 
38,000 
47,000 

1316°C (2400°F) 

10,000 
17,500 
21,200 

• 25,500 

Elongation, % 

Stress 
Relieved 

42 
15.7 
15 
12,5 

23 
5.5 
6.6 
6.5 

28 
15 
12 
9 

26.5 
51.5 
48 
50.5 

Recrystallized 

* 

43.8 
26 
16 
14.5 

28.8 
23.5 
16 
28 

38 
33.3 
18 
15.5 

26.5 
55 

. 45 

. 50.5 

Stress relieved 2 hr at 1000°C. 

Recrystallized 1 hr at 1200°C. 

recrystallized conditions. Figure 8 shows the tensile data for stress-

relieved alloys as a function of temperature. A minimum ductility of 

about 6% elongation is observed at 760°C; ductility increases to about 

50% at 1316°C. Figure 9 is a plot of the tensile data for the same 

alloys recrystallized 1 hr at 1200°C. In this condition, the minimum 

ductility is about 15% at 760°C. The Pt-Rh-W alloys for either heat 

treatment are consistently less ductile than Pt—30% Rh up to about 1100°C. 

Above this temperature the ductility of the ternary alloys increases with 
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temperature but that of the binary alloys decreases. Thus, tungsten 

significantly Increases both the strength and the ductility and therefore 

the toughness of Pt-Rh alloys at 1316°C. Because ductility and strength 

normally vary in opposite directions, the observation for the Pt-Rh-W 

alloys is unique. 

The tensile properties of the hafnium- and titanium-stabilized alloys 

and the ternary alloys are compared in Table 4. The stabilizing elements 

have no clear-cut effect on the ductility but do increase the tensile 

strength, especially at the highest test temperature. 

Table 4. Tensile Properties of Hafnium- and Titanium-Stabilized 
Alloys Recrystallized 1 hr at 1200°C 

Rh 

30 
30 

30 
30 

30 
30 

30 
30 

26 
30 
30 
30 

26 
30 
30 
30 

26 
30 
30 
30 

26 
30 
30 
30 

Composition 
(wt %) 

W 

6 
6 

6 
6 

6 
6 

6 
6 

8 
8 
8 
8 

8 
8 
8 
8 

8 
8 
8 
8 

8 
8 
8 
8 

Hf 

0 
0.5 

0 
0.5 

0 
0.5 

0 
0,5 

0 
0,25 
0.50 
1.0 

0 
0.25 
0.50 
1.0 

0 
0.25 
0.50 
1.0 

0 
0.25 
0.50 
1.0 

Ti 

0 
0.2 

0 
0.2 

0 
0.2 

0 
0.2 

0 
0.1 
0.2 
0.2 

0 
0.1 
0.2 
0.2 

0 
0.1 
0.2 
0,2 

0 
0.1 
0.2 
0.2 

Temp 

(°C) 

Room 

760 

1093 

1316 

Room 

760 

1093 

1316 

Test 
erature 

(°F) 

1400 

2000 

2400 

-

1400 

2000 

2400 

Tensile 
Strength 
(psi) 

112,000 
113,000 

80,000 
81,000 

36,000 
42,200 

17,500 
23,500 

142,000 
117,000 
135,000 
130,000 

95,000 
84,000 
91,000 
108,000 

38,000 
40,000 
44,500 
52,000 

21,200 
21,600 
25,000 
27,700 

Elongation 
(%) . 

26.0 
19.3 

23.3 
27,5 

33.3 
28.1 

55.0 
• 44.3 

16.0 
18.5 
19.0 
11.7 

16.0 
28.0 
24.3 
26.3 

18.0 
15.8 
12.5 
24.1 

45.0 
52.0 
44.5 
54.5 
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Figures 10 and 11 compare the tensile properties of Pt—26% Rh—8% W 

and Pt—30% Rh-10% W with those reported'̂  for recrystallized T-111, TZM, 

and Pt—30% Rh. The experimental alloys have higher tensile strengths 

than Pt—30% Rh and TZM at all temperatures but are weaker than T-111 

above 1000°C. Above 1200°C, the Pt-Rh-W alloys are more ductile than 

the other alloys. All candidate alloys are compared further in Table 5 

and Fig. 12. In terms of the toughness [defined as fracture strain 

X (tensile strength + yield strength)/2] at 1316°C, the Pt—30 Rh-8 W-

1.0 Hf-0.2 Ti (wt %) ranks first and is followed by T-111. Iridium^ 

and TZM rank below the ternary Pt-Rh-W alloys. The high toughness of 

the platinum alloys at Impact temperatures is derived from high ductility 

combined with yield strengths that exceed 80% of the ultimate tensile 

strength (Table 5). 

^General Electric Company, Multi-Hundred Watt Radioisotope Thermo­
electric Generator Program, GESP-7034 (March 1970). 

C. T. Liu, "Characterization of Iridium," Fuels and Materials 
Development Program Quart. Progr. Rept. Mar. 32, 1972, ORNL-TM-3797, 
pp. 289-290, 

ORNL-OWG 71 7 0 7 5 
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Fig, 10. Comparison of the Tensile Properties of Pt—26% Rh-8% W 
with Other Alloys. 
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Table 5, Comparison of the Tensile Properties of Platinum-Base Alloys' 
with Iridium, TZM, and T-111 at 1316°C (2400°F) 

Pt-30 

Pt-30 

Pt-30 

Pt-30 

Pt-30 

Pt-30 

Composition 
(wt %) 

Rh 

Rh-6 W 

Rh-8 W 

Rh-10 W 

Rh-B W-0.5 

Rh-8 W-1.0 

Iridium 

TZM 

T-111^ 

Hf-0 

Hf-0 

2 

2 

Ti 

Ti 

Strength 

Tensile 

10,000 

17,500 

22,500 

25,500 

25,000 

27,700 

26,000 

20,500 

37,300 

, psi 

Yield 

5,800 

13,800 

15,900 

17,800 

20,300 

24,000 

13,100 

9,900 

23,500 

Elongation 
(%) 

26,5 

55.0 

48.0 

50.5 

44.5 

55.0 

38.0 

40.0 

36.0 

Impact 
Capability 
(in.-lb/in,^) 

2,100 

8,600 

9,200 

10,900 

10,100 

14,200 

7,400 

6,100 

11,000 

^0.020- to 0,025-in,-thick sheet recrystallized 1 hr at 1200°C, strain 
rate 0,1/min. 

(UTS + YS)(fracture strain)/2. 

0.020-in.-thick sheet recrystallized 1 hr at 1500°C, strain rate 
0.1/min. 

J. A. Houck, Physical and Mechanical Properties of Commercial 
Molybdenum-Base Alloys, DMIC-140 (Nov. 30, 1960). 

Wah Chang Albany Corporation, Columbium, Tantalum, and Tungsten 
Alloys Technical Information, Vol. 3, pp. 89—96, Wah Chang Albany Corp., 
Albany, Oregon, January 1968. 

Broken tensile specimens of Pt—26% Rh—8% W were examined with the 

scanning electron microscope to determine the fracture mode. Figure 13 

shows the fractured surfaces after testing at room temperature, 760, 

1093, and 1316°C. Failure appears to be transgranular at room tempera­

ture and ductile tearing at 760°C and above. The large voids in the 

specimen tested at 1316°C suggest that the cracks that nucleate as a 

result of deformation do not propagate but grow in the direction of 

strain. Figure 14 is the micrograph of a tensile specimen of another 

heat of the same composition tested at room temperature. Grain boundary 
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iR-59296 

R-58282 

R-58300 

.' wl^ rf J^l 

(d).t. 

Fig, 13, Scanning Electron Micrographs of Fracture Surfaces of Tensile 
Specimens of Pt—26% Rh—8% W, (a) At room temperature, elongation = 16%; 
(b) at 760°C, elongation = 16%; (c) at 1093°C, elongation = 18%; and (d) at 
1316°C, elongation = 45%, 2000x, 
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Fig, 14. Scanning Electron Micrograph of the Fracture Surface of 
Pt-26% Rh-8% W Embrittled by Contamination with Stainless Steel, 2000x. 

separation is the fracture mode. The elongation in this case was only 

about 2%, in contrast to the 16% elongation measured in the previous 

specimen. Iron, chromium, and nickel were detected on the grain 

boundaries by x-ray fluorescence. This brittle behavior has been seldom 

encountered and based on their concentration is attributed to contamina­

tion from stainless steel. 

Oxidation Characteristics in Air 

Rectangular sheet specimens 0.020 in. thick were polished through 

2/0 paper, pickled in aqua regia, vacuum annealed, and then oxidized in 

static air for times to 200 hr. Since the thickness change on oxidation 

was less than 0.0001 in., the specimens were periodically removed from 

the furnace and weighed on an analytical balance with a sensitivity of 

10"^ g. 

The weight changes as functions of time at 760, 1000, and 1200°C 

are plotted in Fig, 15. In general, a transient period of decreasing 

reaction rate precedes a constant reaction rate. Typically the oxidation 
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Fig, 15, Air Oxidation of Pt-Rh-W Alloys at 760, 1000, and 1200°C, 

rates increase with the tungsten content. At 760°C the alloy specimens 

gained weight by the formation of adherent black oxides identified as 

W20O58, RhaOs, and RhOa. At 1000 and 1200°C, however, the specimen lost 

weight, remained bright as initially prepared, and formed no visible 

oxide because the oxides are volatile.^ The linear reaction rate con­

stants for the experimental alloys were compared with literature data 

^W. L. Phillips, Jr., Trans. Am. Soc. Metals 57: 33-37 (1964). 
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for molybdenum, tantalum, iridium, and platinum. As indicated 

in Table 6, the oxidation rates of Pt-Rh-W alloys are lower than those 

of molybdenum or tantalum by about five to six orders of magnitude, 

about two to three orders lower than iridium, but are higher than 

platinum by a factor of 2 to 10. 

Table 6. Comparison of Air Oxidation Rate of Pt-Rh-W Alloys 
with Platinum and Refractory Metals 

Composition 
(wt %) 

Platinum 

Pt-30 Rh-6 W 

Pt-26 Rh-8 W 

Pt-30 Rh-10 W 

Pt-26 Rh-8 W-1 Hf-0.2 Ti 

Iridium 

Tantalum 

Molybdenum 

Oxidation 

1200°C 

-2 

-5.2 

-6,0 

-7,5 

-6,7 

-800 

+250,000 

-3,000,000 

Rate, yg cm 

1000°C 

-0.2 

-0.5 

-1.0 

-2.2 

-0.5 

-500 

+150,000 

-1,500,000 

ĥr-i 

760°C 

+0.18 

+0.20 

+0.26 

+0.20 

-200 

+9,000 

-700,000 

The microstructures of Pt—26% Rh—8% W after oxidation for 210 hr 

at 760 and 1000°C are shown in Fig. 16. Figure 17 shows the microstruc­

ture of Pt-30% Rh-10% W oxidized 159 hr at 1200°C. A zone at the sur­

faces consisting of fine grains less than about 1 mil thick is the only 

evidence of a reaction at 760°C. At 1000 and 1200°C oxidation results 

in grain boundary attack and the formation of porosity to a depth of 

1 to 2 mils. 

^°R. I. Jaffee et al., "Rhenium and the Refractory Pt-Group Metals," 
pp. 383-^64 in Refractory Metals and Alloys, Vol. 11, ed. by M. Semchyshen 
and J. J. Harwood, Interscience, New York, 1961. 

^^R. W. Douglas et al., High-Temperature Properties and Alloying 
Behavior of the Refractory Platinum-Group Metals, NP-10939 (1961). 
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Y-109276 

Fig. 16. Alloy Pt-26% Rh-8% W Oxidized 210 hr. Electrolytically 
etched at 6 V ac for 1.5 min in 80 parts H20:20 parts HCl in saturated HCl. 
(a) Oxidized at 760°C; (b) at 1000°C. 150x. 

^P^^Pi^PIBPiPPi'PRTOI^^^'''?'^'"* ^^'^ ̂ ''^^^ W ..Y-109275 

^ r 

I. 
\ 

Fig. 17. Alloy Pt-30% Rh-10% W Oxidized 159 hr at 1200°C. Electro­
lytically etched at 6 V ac for 1.5 min in 80 parts H20:20 parts HCl in 
saturated HCl. 150x. 
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Weldability 

Gas tungsten-arc welding was used to test the weldability of the 

Pt—26% Rh—8% W alloy. When examined by dye-penetrant and metallographic 

techniques, bead-on-plate welds showed no cracks as welded or after 

bending about 90°. 

Compatibility with T-111, Molybdenum, and Tungsten 

The extent of interface reactions of Pt-Rh-W alloys with T-111, 

molybdenum, and tungsten was measured by metallography and hardness 

tests to determine their mutual compatibility. Noble metal couples 

metallurgically bonded with molybdenum or tungsten were prepared by 

chemically vapor coating sheet specimens. Couples of noble metals with 

T-111 were prepared by mating polished surfaces. Each combination was 

isothermally exposed for 1000 hr between 900 and 1300°C under vacuum 
o 

of about 10 torr and in separate furnaces to exclude all other environ­

mental effects. Heat pulses to 1649°C (3000°F) for 10 min in a vacuum-

induction furnace simulated reentry heating. 

Table 7 summarizes the compatibility data for Pt-Rh-W with T-111. 

The results show that interface melting occurred during the heat pulse 

at 1704°C (3100°F) in the Pt-Rh-W/T-111 couple. Interface melting was 

not observed at 1649°C (3000°F) in the Pt-Rh-W/T-111 couple but did 

occur in the Pt—30% Rh/T-111 couple. Thus, alloying Pt—30% Rh with 

tungsten increases the reentry temperature limit by about 50°C. Inter­

face reactions were not observed at 900 or 1200°C for times to 1000 hr. 

The interactions of Pt—26% Rh—8% W with molybdenum or tungsten 

(Table 8) are characterized by the formation of a reaction zone whose 

thickness increases with the test temperature. The 10-min heat pulses 

at 1600°C had only a small effect on the extent of the reactions. The 

hardness of the reaction zone approached DPH values of about 800. Void 

formation, cracking, or interface melting was not observed. 
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Table 7. Compatibility of Pt-30% Rh and Pt-Rh-W Alloys with T-111 

Composition 
(wt %) 

Rh 

30 

30 

30 

30 

26 

W 

0 

9 

10 

9 

8 

Temperature 

(°C) (°F) 

1593 
1649 

1649 
1704 

1704 

900 

1200 
1600 

2900^ 
3000^ 

3000^ 
3100^ 

3100^ 

1652 

2200 
2912^ 

Time 
(min) 

10 
10 

10 
10 

10 

60,000 

60,000 
+ 10 

Reaction 
Zone 

Thickness 
(ym) 

25 
62 

5 
140 

90 

0 

0 

Remarks 

No interface melting 
Interface melting 

No interface melting 
Interface melting 

Interface melting 

No interaction 

No interaction 

Simulates reentry heat pulse. 

Table 8. Compatibility of Pt-26% Rh-e% W Alloy with Chemically Vapor 
Deposited Molybdenum and Tungsten 

Heat Treatment 

Temperature 
(°C) 

Time 

Reaction 
Zone 

Thickness 
(ym) 

Hardness, DPH 

Matrix 
Reaction 
Zone 

Remarks 

1600 

900 

i 900 
(1600 

1100 

(llOO 
(1600 

1200 

«1200 
(1600 

1300 

10 min 

1000 hr 

1000 hr 
10 min 

1000 hr 

1000 hr 
10 min 

1000 hr 

1000 hr 
10 min 

1000 hr 

Molybdenum 

0 219 

10 252 

11 185 

46 

35 

100 

92 

76 

200 

203 

217 

225 

180 

No interaction 

No interface melting 

No interface melting 

750 No interface melting 

730 No interface melting 

600 No interface melting 

650 No interface melting 

720 No interface melting 
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Table 8. (continued) 

Heat Treatment 

Temperature 
(°C) 

Time 

Reaction 
Zone 

Thickness 
(ym) 

Hardness, DPH 

Matrix 
Reaction 
Zone 

Remarks 

(1300 
(1600 

1000 hr 
10 min 

1600 

900 

1100 

jllOO 
(1600 

1200 

|1200 
(1600 

1300 

11300 
(1600 

10 min 

1000 hr 

1000 hr 

1000 hr 
10 min 

1000 hr 

1000 hr 
10 min 

1000 hr 

1000 hr 
10 min 

66 175 

0 

11 

63 

67 

95 

95 

112 

114 

Tungsten 

213 

304 

203 

213 

202 

210 

213 

206 

620 No interface melting 

No interaction 

No interface melting 

620 No interface melting 

799 No interface melting 

592 No interface melting 

782 No interface melting 

567 No interface melting 

770 No interface melting 

10-min exposure simulates reentry heating. 

The microhardness was measured by using a 100-g load. 

Compatibility with Low-Pressure Oxygen 

Tensile specimens of Pt-Rh-W and Pt-Rh-W-Hf-Ti alloys were exposed 

to a low partial pressure of oxygen because the environment in the heat 

source can be oxidizing. The tensile properties of 0.025-in.-thick sheet 

specimens of Pt-Rh-W alloys held 253 hr at 1100°C in 1 x 10"^ torr O2 

are listed in Table 9. The oxygen-doped specimens show a reduction in 

the tensile strength at room temperature and at 825°C. A small reduc­

tion in the ductility was observed at room temperature, but no effect 

was apparent at 825°C. Table 10 compares the ductility of the hafnium-

and titanium-modified alloys after a 1000-hr exposure to 1 x 10"^ torr O2 

at 1000°C with the alloy in the recrystallized condition. In contrast 

to the results for the ternary alloys, the modified alloys suffered a 
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Table 9. Mechanical Properties of Pt-Rh-W Alloys after Oxygen 
Doping at 1100°C and 1 x 10"^ torr for 253 hr 

Composition 
(wt %) 

Rh W 
Condition 

Elongation 
Ultimate 
Tensile 
Strength 
(psi) 

Room Temperature 

30 

26 

30 

30 

26 

30 

6 

8 

10 

6 

8 

10 

As recrystallized 
Doped 

As recrystallized 
Doped 

As recrystallized 
Doped 

825°C 

As recrystallized 
Doped 

As recrystallized 
Doped 

As recrystallized 
Doped 

26 
16.3 

20* 
13.5 

14.5 
10 

30^ 
31.5 

30^ 
30 

3fl® 
31 

112,000 
88,000 

115,000^ 
90,000 

118,000 
82,000 

71,000 
52,000 

76,000 
54,000 

85,000^ 
66,000 

Value obtained from composition or temperature extrapolation. 

Table 10. Tensile Ductility of Pt—30% Rh Alloys with Various Contents 
of W, Hf, and Ti after Oxygen Doping at 1000°C and 

1 X 10"^ torr for 1000 hr 

Composition, 

W Hf 

6 0.5 

8 0.25 

8 0.5 

wt % 

Ti 

0.2 

0.1 

0.2 

Tensile 

As Recrystallized 

Room g25°C 
Temperature 

19.3 

18.5 

19.3 

30^ 

30^ 

30^ 

Duct ility, % 

Doped 

Room 
Temperature 

8.7 

10 

7.3 

825°C 

21.3 

22 

16 

30% Rh, balance platinum. 

Estimated from temperature extrapolation. 
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ductility loss both at room temperature and at 825°C. The results 

further indicate that the degradation is independent of the tungsten 

content and is affected more by the presence of hafnium and titanium. 

Reductions in both the room temperature strength and ductility have 

been reported for platinum-tungsten alloys after exposure to air at 

atmospheric pressure. The degradation is attributed to the enhanced 

diffusion of oxygen in platinum after the addition of tungsten.''̂  

Readily oxidizable alloying elements like Cr, Ti, Zr, and Al are further­

more reported to cause internal oxidation of platinum alloys.^^'^^ 

Although both these processes are possible in the present alloys, the 

pure thermal effects near the recrystallization temperature and aging 

effects due to other impurities cannot be discounted yet. The degrada­

tion of the tensile properties, by whatever responsible mechanism, is 

not considered to be serious in this application in view of ductilities 

of 7 to 10% at room temperature and 16 to 30% at 825°C. Both T-111 and 

TZM are completely brittle under the same exposure conditions.^'* 

SUMMARY 

Materials of standard purity can be used to prepare Pt-Rh-W alloys 

having adequate ductility and fabricability at room temperature. Based 

on limited fabrication experience, special processing equipment, proce­

dures, or protective heat treating environments are not required. 

The Pt-Rh-W alloys are oxidation resistant to at least 1200°C. 

Whereas the oxidation resistance of tantalum and molybdenum alloys are 

expressed in terms of the recession rates of the surface in mils per 

hour, the dimensional changes in Pt-Rh-W alloys are too low to be mea­

sured in these units after 200 hr of oxidation at 1200°C. Moreover, the 

^^W. Betteridge and D. W. Rhys, "The High-Temperature Oxidation of 
Pt Metals and Their Alloys," pp. 186—92 in First International Congress 
on Metallic Corrosion, 1961, ed. by L. Kenworth, Butterworths, London, 1962. 

^^J. C. Chaston, Platinum Metals Review 15(4): 122-28 (October 1971). 

"̂̂ C. T. Liu, Fuels and Materials Development Program Quart. Progr. 
Rept. Sept. 30, 1971, ORNL-TM-3550, pp. 224-34. 



28 

oxidation rate of iridium is about two orders of magnitude higher than 

these alloys, as shown in Fig. 18. Because oxidation resistance can be 

considered to be equivalent to post-impact fuel containment capabilities, 

it is apparent that the platinum alloys are superior to the other can­

didate claddings. 

ORNL-DWG 72-4466 

TEMPERATURE (°C) 

5 6 7 8 9 10 11 
RECIPROCAL TEMPERATURE, 10,000/̂ .,|̂ j 

Fig. 18. Air Oxidation of Refractory and Noble Metals. Based on 
R. I. Jaffee et al., "Rhenium and the Refractory Pt-Group Metals," 
pp. 383--464 in Refractory Metals and Alloys, Vol. 11, ed. by M. Semchyshen 
and J. J. Harwood, Interscience, New York, 1961. 
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The strength of Pt-Rh-W alloys increases with the tungsten content. 

Above about 1100°C tungsten significantly increases the ductility. 

Because strength is normally obtained by sacrificing ductility, this 

behavior is unique and fortuitous. Hafnium and titanium additions 

further strengthen the ternary alloy base, increase the recrystalliza­

tion temperature, and inhibit grain growth. The high temperature 

strength and toughness of the platinum alloys are comparable to T-111 

and are greater than those of TZM and unalloyed iridium. The high 

toughness of the platinum alloys at impact temperatures is derived from 

their high ductilities combined with yield strengths that exceed 80% of 

the ultimate tensile strength. The present alloys appear to be compat­

ible with T-111, molybdentjm, tungsten, and low-pressure oxygen. 

Whereas the melting point and the strength of the platinum alloys 

increase with the tungsten content, so does the oxidation rate and the 

difficulty of fabrication. A limiting tungsten level of 12% is dictated 

by fabricability. The recommended composition that represents trade-offs 

between the above properties is 8 wt % W as in Pt—26% Rh—8% W. 

FUTURE PLANS AND RECOMMENDATIONS 

Near-future program plans include detailed characterization of one 

or two experimental alloys. Included in these studies are more extensive 

fabrication studies, scale-up problems, welding, and compatibility. In 

view of the improvements over other alloys, it is recommended that a 

comprehensive study on the compatibility between the platinum alloys and 

potential isotopic fuels be initiated. 
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