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ABSTRACT
The creep behaviors of Pt—RE alloys have been studied at 1 200 € and 1 400 C. The results show that a

small amount of RE clements improves the crcep behaviors of platinum greatly. The creep behaviors of P1Gd0.5,

PtLa0.5 and P1La0.3 Gd0. 2, arc best among all the alloys studicd. As lar as the creep behaviors are concerned,

the traditional hcat-resistance alloy PtGd10 can be replaced by P1Gd0.5. Particularly, the properitics of P1Gd0.5

arc ncar to thosc of PIRh10. For most of the PI-RE alloys, long-time, static, supcr high-temperature treatment in

air is of no advantagc to the crecp ruplurc life. The mechanisms of the effects of rare-carths on high-lemperature

creep properties of platinum arc discussed.
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1 INTRODUCTION

Rarc-carths have good cflects on the struc-
turcs and propertics of heat-resistant alloys and,
therelore, improve the creep resistance and
oxidation resistance bchaviors cnormously[ B
Wc have tried to find a new kind of heat-resistant
alloy for usc in the glass [ibre industry by adding
RE clements into platinum basc alloys. Reducing
the cost of the alloys and improving the high-
tcmperature crecp propertics arc the aims ol the
work. First, wc studied thc mechanical and clec-
trical propertics of P.—RE a]ons“' 1 We report
the high-temperature creep behaviors of Pt-RE
alloys in this paper.

2 EXPERIMENTAL

The puritics of platinum and rarccarths
were 99. 95% and 99. 9% respectively. They
were melied by a high [requency induction (ur-
nacc. The ingots of the alloys were cold-worked
into 0.3 mm dia wires. For comparison, the alloy
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PiRh10 was tested. The creep tests were con-
ducted in a [urnacc consisting ol a MoSi heat
generating tube, an aulomatic timer and a con-
trol system. The range of homogencous tempera-
ture in the fumace was about 30 mim, in which
the change of temperature is less than 5 C.

3 EXPERIMENTAL RESULTS

According Lo the rclationship between creep
rupture lifc T and creep stress o, we have
1=Acg ", where 4 and » arc constants. We can
get another form for the above cquation
lgt=1gAd—nlges « From this cquation, we can sce
that the rclationship between 7 and ¢ is a straight
line in a double —logarithmic coordinate systcm.

Fig. 1 gives the relationships between 1 and
¢ of some platinum-rarc carth alloys. Tt is scen
that the creep rupturce lifc drops with descending
creep stress in straight or broken lines.

From thc above [igurc, we can obtain the
creep rupture lile (1)) for a crcep stress of 10
MPa and creep rupture strengths (g, 0y, and
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0100) for the rupturc lives of 1, 10 and 100
respectively, The related data are listed in Table 1
[or all the alloys. Tt is scen from Table 1 that the
values ol 1,, [or PU(RE)0.5 alloys arc far larger
than thosc [or platinum, and thc alloys of
PY(RE)0.5 arc 2~ 4 times larger than platinum in
01, G5 and oo The high temperaturc creep
propertics o PtGd0.5 are the best and arc almost
as good as that ol PiRh10. Thercforce, as [ar as
the high temperature creep behaviors are con-
cerned, the traditional heat resistant alloy Pt-
Rh10 uscd in the glass hbre industry can be re-
placed by P1Gd0.5. The creep propertics ol
PlLa0. 5 arc better at 1 400C . However, the al-
loys P1Gdl and PtLal which contain morc
rarc-carths, havc poor creep propertics. The
10 lor P1La0.3Gd0.2 is larger and this shows
that Pt—poiy—RE alloys arc worth studying.

The constant »n can be calculated from Fig. 1

(Scc Table 1). Tt 1s noted that, [or the broken line
in Fig. 1, n incrcases wilth decreasing creep
stresses. This is another precious properly ol
P1—RE alloys.

For most of thc PI—RE alloys and PtRh10,
long-time, static, super high-lemperature treat-
ment in air is ol no advantage to the creep rup-
ture life, with the cxception of PtlLa, PtEr and
PtYb (Scc Table 2). The deerement of 1, of

P1Sm is the largest.
4 DISCUSSION

The actual rarc-carth contents ol PI—RE al-
loys studied in this work arc less than 0.3% ac-
cording to chemical analysis. Other rescarchers’
results show that the solubility of rarc-carths in
platinum incrcascs with incrcasing 1cmpcralurc[5].
For ¢xample, the solubilitics of Y in platinum arc

0.105% and 0.26% at 1200 C and 1400 C

Table 1 The high-temperature creep behaviors of Pt—RE alloys
Alloy 1200C 1400TC
number Altoy T3/ h o,/ MPag,,/ MPag,/ MPa n 7,9/ 0 0,/ MPaa,,/ MPag,,,/ MPa n
0 Pt 0.55 8.30 3.80 1.75 4.9,3.0 0.015 3.40 1. 80 0.97 3.7
1 PtLa0. 5 9.1 17.30 10. 00 5.78 4,2 0.77 9.40 5.18 2.87 3.9
2 PINdO. 5 19.1 18. 20 11.30 6.93 4.7 0. 57 8. 80 4.72 2.49 3.6
3 P1Sm0. 5 7.4 16. 80 9.95 5.90 4.4 0.38 7. 54 4.00 2.1 3.6
4 PLEu0. 5 8.9 17. 00 10. 00 5.85 4.3 0.32 8.40 5.20 3.25 4.9
5 P1Gdo. 5 22,1 19. 50 11. 80 7.58 4.1,5.2 0.63 9.95 6. 50 4. 28 5.5
6 P1ERO. 5 9.0 16. 60 10. 00 6.06 4.6 0.23 7.30 4.35 2. 61 4.5
7 PLYb0.5 16.8 17.90 11.20 7.25 4.2,5.3 0.23 7.90 4. 80 2.94 4.7
8 P1YO0.5 15.6 19. 00 11.00 6.27 4.1 0.27 6. 80 4.74 3.31 3.1,6.4
9 PLRh10 35.1 24, 60 14,20 8. 31 4.3 3.44  13.60 8.00 4. 68 4.3
-1 PiLal 1.4 10. 80 7.40 5. 60 5.1,8.2 0.058 5.16 3.02 1. 77 4.3
-1 P1Gdl 1.9 11.70 6.40 5.21 3.7,11.2 0.065 4.26 2.10 1. 00 3.1
19 PiLa0.3Gd0.2 21.7 0. 69
20 PtLa0.3Y0.2 10.3 0.31
21 PuGdo. 3Y0. 2 5.0 0.072

Table 2 The effect of high-temperature treatment in air (1 400 C, 13 h) on the creep rupture life
7,5 (h) of Pt—RE alloys and PtRh10

Alloy number 1 2 3 4 5 6 7 8 9
Belore oxidation 0.77 0. 57 0.38 0.32 0. 63 0.23 0.23 0.27 3.44
After oxidation 0.82 0.45 0.067 0.27 0. 31 0.24 0.31 0.083 1.60
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respeclively. As we know, the average atomic ra-
dius ol RE clements i1s 30% larger than that of
PL. Therefore, the RE atoms dissolved in Pt can
producc great distortions in the atomic latlice of
the Pt basc. The motions of dislocations arc im-
peded by this great distortion stress licld, and
thus the creep resistance of grains i1s improved.
Morcover, Pt and RE clements form Pi—RE
compounds casily becausc therc arc large dilTer-
ences in clectroncgativity between Pt and RE at-
oms™. Oxygen, which has a great allinity lor RE
clements, dilTuses into the gramns along the slide
systems of Pt under the actions of crecp stress at
high temperatures, and thus RE oxides arc [o-
rmed (Sce Fig. 2). These P1—RE compounds and
RE oxidcs which distribute disperstvely in the Pt
basc arc advantageous to slow the creep strain of
the alloys.
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¥Fig.1 The relationship between the creep rupture

lives(7) and the stresses(o)
O—PL; 5—P1Gd0.5; 5—1—P1Gd1; 9—PIRR10
sohd line—1 200 C; dashed ling—1 400 C

FFor high-temperature creep, the properties ol
grain boundaric arc very imporlam[g}. Duc to the
atomic size clleet, the solutle aloms aggregate on
the grain boundarics Casi]yw]. The aggregated RE
atoms [orm P1—RE compounds and RE oxides
with Pt and oxygen respectively which can impede
the glutinous [low ol grain boundarics and thus
the grain boundarics arc strengthened.Il the RE
contents of the alloys increase, more RE atoms
aggregate on the grain boundaries, and the net
structurcs of Pt—=RE compounds and RE oxides

lorm gquickly. This structurc is harmlul 1o thc
creep behaviors of the alloys. Oxygzen atoms dif
[use into the inner platinum grains with difTiculty
while the static high-tempcrature treatment forms
P1—RE alloys. Oxygen dillTusing along the grain
boundarics lorms oxides with rarc-carth clements
aggregated on the grain boundarics. The oxides
grow with the time (sce Fig. 3), and this is of no
advantage 1o the creep behaviors ol the alloys.

Fig.2 Creep microstructure of
PtGd0n.5(1372C)

The distnibutions of clectrons of Gd and La
atoms arc dillcrent {rom thosc ol other rarc-carth
atoms The 4forbit is empty or hall—{ull in thc
stable states, while there is onc clectron in the
5d—arbit. The excellent high-tempcerature creep
bchaviors of P1Gd0.5. PtLa0.5 and PiLa0.3
(Gd0.2 arc probably rclated to the special distri-
butions of clectrons of Gd and La aloms.

The creep lilc 1s sensilive 1o crecp stress,
which is indicated by constant #. The increments
of n at lower stresses rellect the formations of
rare-carth oxides.

5 CONCLUSIONS

(DA small amount of rarccarth clements
improves the high-temperature creep bchaviors
of platinum greatly. P1Gd0.5, PtLa0.5 and the

" P1La0.3Gd0.2 have cxcellent high-temperature

creep propertics among all the Pt—RE alloys test-
ed. As far as the high-temperature creep behav-
tors arc concerned, the alloy PtRh10 can be re-
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placed by the alloy PtGdo. 5;
(2)Long-time, stalic treatment al super high
temperatures in air is harmlul to thce high-tem-

perature creep behaviors of most of the Pt—RE
alloys and the alloy PIRh10;

Fig.3 The distribution of RE oxides of
PtEul. 5 along the boundaries after 13 h

of static inner oxidation in air at 1 400 T

(3)Rarc-carth atoms dissolved in platinum
basc, PtI=RE compounds and rarc-carth oxides
improvc creep resistance, PI—RE compounds
and rarc-carth oxides formed by RE atoms ag-

gregated on the grain boundarics impedc the glu-

tinous [low ol grain boundarics, and thus the
grain boundarics arc strengthened. These are the
main causcs [or the [inc high-lcmperature creep
bchaviors of PI—RE alloys.
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