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ABSTRACT

The effect of tensile stress and trace amounts of impurities on the creep activation energy

of platinum was studied and the creep mechanism was disscussed.
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1 INTRODUCTION

The effect of tensile stress on the creep
time curve can be discribed by the formulae
as follows .

High tensile stress:

é=Aevexpl— (Qy — ao)/RT |

Low tensile stress.

é = Bo" » exp(— Q/RT)
where ¢é —creep rate;
¢ —creep activation energy ;
¢}y —initial creep activation energy
without tensile stress;

A, B, «, n —constants.

Most researchers have proved that the
initial creep activation energy of metal is its
self-diffusion activation energy. The effect
of tensile stress on creep activation energy of
platinum was studied by Carreker!?). There
was no simple linear relationship bctween ¢
and ¢. Q, was between 284.7 kJ/mol and
326. 6 kJ/ mol which was corresponding to
the self- diffusion activation energy of plat-
inum. Later, the creep features of Pt, Al,
Ni and Zn were studied by /I\y pkoB. In the
results, the creep time curve fitted the fomu-
la(1). ¢ decreased linearly with o , that

(I)  Supported by the National Natural Science Foundation of China:

is¢) = ¢y — aa . In the case of Pt, Al,Ni,
Q. approximated to the heat of evaporation
of the metal as the tensile stress approached
zetro. So the doubt of common means of the
creep mechanism of diffusion was caused.
The paradox above has not been re-
solved reasonably since then. For this rea-
son . the effect of tensile stress and trace
amounts of impurities on creep activation en-
ergy of platinum is studied in this paper.
The results show that at low tensile stress,
¢y increased rapidly with the decreasing ¢
and was independent to the tensile stress;
and trace amounts of impurities have great
influence on ¢, . The paradox discussed for
a long time was explained and resolved with
interstitial mechanism of self-diffusion.

2 EXPERIMENTAL METHOD

The purity of platinum for P— [ and
P—2 are 99. 99 % and 99. 95% respective-
ly. The Pt—RE alloys are made from Pt-—
(P—2%and RRE(La.Pr.Nd.Lu,Sc,etc. )
with the purity of 99. 99% . The metal pow-
der was mixed and pressed., then placed in
Al:Qy crucible with high purity and melted
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in high frequency furnace with the protect
of Ar gas and under 10 *mm Hg vacuum.
The wire of foil for testing sample were
made by general working methods.

The spectrographic analysis was used to
analyze the composition of fine wire and the
main impurities in P— 1 and P— 2 were
shown in Table 1.

Table 1 The main impurities of platinum
impurities elements
Samples
Si Ca Al Pd Rh Ir
P—1 0.05 0.03 0.0059 <0.00030.0018 0.001

P—2 0.05 0.03 0.0010 >=0.01 0.0012 0.022

The amounts of other impurities, such
as Cu, Ag, Mg, Pb, Fe, Zn and B, in
both P—1 and P— 2 are almost the same
and the average amount was less than
0.004%. The contents of Au, Fe in P—2
was slight higher than in P—1.

The self-made apparatus was used for
creep testing. The apparatus consists three
parts. stand-pipe furnace body (SIC), dan-
gling and loading of sample, time clock and
temperature control system. The length of u-
niform temperature region in the furnace
was 30 mm, and temperature varied be-
tween +-3 C. Sample is 130 mm in length
and 0.3 mm in diameter. The upper and
down sample hook was made of Pt—Rh30
alloy which connected with time clock. Tem-
perature of furnace was automatically pre-
cisely controlled by the JWT— 702 with a
PtRhg—PtRh;, thermal Pt—
PtRh10 thermal couple and UJ27 apparatus
were used to measure temperature.

couple. A

3 RESULTS

Under 10 MPa tensile stress, the rcla-
tion of creep rupture time and temperature
of sample fitted the formula(1). At the tem-

perature of 1 200 ~ 1 400 C, the creep
curves of PtLay o, and PtLuy o, are straight
lines, but the creep time curve of P— | and
P—2 is refractive line. The refractive point
is at 1 300 (. The values of creep rupture
activation energy are shown in Table 2. At
the temperature of | 300~ 1 400 C, @ of
platinum is higher than that of | 200~ 1300
(. and the creep rupture energy of Pt de-
creased when trace amounts of impurities
was added. This is because that Pt and rare
carth formed into single phase alloyl'l.

Fig. 1 shows the effect tensile of stress
on creep time. The curve of Igo -lgt fits for-
mula(2). Under 10 MPa tensile stress, the
creep curve is a straight line. When o >10
Mpa, the curve bents down and changes into
two refractive lines, with » increasing. The
curve of lgo -lgf of PtlLay o and PtLag ¢y are
similiar with that of Pt, the vaiue of n in-
creased with the amount of rare carth. At
low lensile stress the curve of lgo -1gf bents
upward. n» is even higher. this is caused by
inner oxidation.

Table 2 The creep activation energy( ¢ ) and
1 of platinum
samples Q¢ aj) T/ C —
/kJ+mol Lo Her
P—1 341.6 | 200~ 1300 3.9 7.6
S521.7 1300~ 1400
po o 318.6 [200~1300 4.2 5.9
- 154. 3 [ 300~1 100
PiLa,. .- 260. 4 1200~ 1100 6.6 4.3
PtLa, 281. 1 1200~ 1400 3.7 4.62
PtLuy, 241,77 1200~ 1400 2.3 4.5

The creep curve of P— 1 and P— 2
were tested at the temperature of 1 200 C ~
1 300 C as tensile stress changed from 3 to
20MPa. and ¢ was calculated using formula
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(1).
with the decrease of ¢ as ¢ less than 7 Mpa,
The bent-down curve in ¢-o diagram is dif-
ferent from(3) or (2). The curve of Q-lgo
drawn with tested data was two straight line
(Fig. 1). So the relation of activation ener-

The value of ¢ increased obviously

gy and tensile stress was described as formu-
la: ¢ = ¢y — ¢ Ino .

t/h
1072 107! 1 10 100
30 o~ ' '
20 ~20.

Fig. 1

The relation of creep rupture time( ¢ )
and tensile stress( 7, )
1—PtLa,. 273 2—PtLug. 5
solid line—1 200 '( ; dash line—1 300 C

At low tensile stress, both straight lines
of P—1 and P—2 approached the point of
122 kJ + mol™' as the ¢ got near to zero,
which corresponds to the heat of evaporation
of platinum. At high tensile stress, the val-
ue of @ of P—2 equals to 320. 3kJ+mol !,
which correspond to activation enetgy of sel-
f-diffusion of platinum. The value of ¢, of
P—1 is even higher. The creep rupture ac-
tivation energy of PtLa, PtLu, PtSc alloys,
etc. , were also tested in the same way,
some of the typical curves of @ -lgu were
shown in Fig. 2. At high tensile stress, the
variation of ¢ with o for PtLa alloy is simil-
iar with that of Pt, but @ of PtlLu, PtSc al-
loys appear some irrugular changes. At low
tensile stress the value of ¢ increase sharply
with the decrease of ¢ in Pt-RE alloys, its
changing rate is greater than in Pt.

The initial creep activation energy of
Pt and Pt-RE alloys, the activation energy.
of self-diffusion of Pt( {p ), the heat of e
vaporation ¢, of Pt are listed in Table 3. "

Table 3 The activation energy and heat of
evaporation for Pt and Pt-RE

Qo )/ Qolle)/  Q./ @ v/
MRl imol=! kJemol”! KJemol~' KJemol !
P—1 389. 14 510.8 531.7 314
P—2 320.3 510.8 531.7 314
PtLag, »» 325.3 2219.0
PtLa,,  322.4  665.7
PtLug, o 873. 2
PtLuy. g 1 582.6

It can be seen from Table 3 that at high-
tensile the values of @y of P—2 and PtlLa al-
loy containing trace amounts of rare ecarth
are cqual to the activation energy of self-dif-
fusion of Pt. At low tensile stress, the () of
P—1 and P— 2 approximate the heat of e-
vaporation of Pt, the ¢, of Pt-RE alloys is
higher than the heat of evaporation of Pt,
and increase sharply with the composition of
rare earth.

4 DISCUSSION

At high tensile stress initial creep activa-
tion energy of Pt and Pt-RE alloys approxi-
mate the activation energy of self-diffusion
of Pt as tensile stress got near to zero. From
this, it can be concluded that the creep mech-
anism of Pt and its alloys is controlled by
the mechanism of wvacancy diffusion. At
high tensile stress the creep rupture time is
very short. So no inner oxidation in the sam-
ple occured. The atom of element of impuri-
ties were solid soluted in Pt as the model of
insteading of atom of Pt. At high tempera-
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ture, creep metal with high purity and alloy at low tensile stress. It is sufficient for Sj.
of single phase have bigger dislocation net- Ca. Al and rare carth clements to form their
work , which caused little curb of intersitial steady dioxides. In this kind of dispersed al-
structure. So there are enough vacancy in loy . the dislocation network was very small
crystal for dislocation to move with the way in the process ol deformation, and rccovery
of absorbing vacancy. Thus, the creep acti- during the creep. In the movement of dislo-
vation: energy is equal to the activation ener- cation this network cross-cuts with the screw
gy of vacancy self- diffusion. The creep de- . dislocation resulting relative more intersitial
formation of sample was caused by the in- atomic curb. Because There is not much va-
crease of dislocation. cany in crystal. the atomic curb can’t move

as the model of absorbing vacancy but give

(b) out the intersitial atom. Thus. the creep acti-

vation cnergy equals to the activation energy
. of intersitial self-dilfusion.
6 The results were obtained from spectro-

¢ /kJ+mol

graphic analysis. The content of Si among
the impurities in platinum is the highest and

)' T 10 0 ) 10 Ca the sccond. The atomic radius of Si ap-
lgn (MPa) g (MPa) proximate that of Pt. The radii of Ca and
Fig. 2 The relation of creep rupture rare edarth clements are at least 15%) larger
activation cnergy and tensile stress than that of Pt. It is quite different from the
1 —PtLuy o353 2—PtLuy w33 3—P—1; imtersitial solid resolution with small radius.
i—P-—2; b—Ptla, i ; 6—PtLa, For the sake of creep. radiation and cool

harden working etc. . some of the atoms dis-

Al the range of low tensile stress. The placed Irom original position and entered in-

creep rupture activation energy of platinum to the interval of crystal lattice to form an-
and PT-RE alloys increase rapidly with the other kind of intersitial solid resolution. In

decrease of tensile stress. The value of ¢ lor these hinds of displaced alloys or pure metals

Pt approximate its heat of evaporation as ten- 104 energy is needed 1o form some intersi-
sile stress got near to zero. Although this tial atom. It was dilficult to calculate the ac-

phenomenon was observed early, it has not tivation energy on theory by now. The de-

been explained very clearly by now. The ef- formation of pure gold at the range of {2~
fect of impurities are therefore studied in the 520 K was studied by Shimonrura. Kino ..
paper. The solubilities of other precious met- In their research the intersitial atom was in-
als and most transition metal in platinum are deed caused. The intersitial atoms are lcw
higher than that of Si, Ca, Mg, Al and rarc because of the need for high encrgy to for-
earth elements. When trace amouts of impu- m.

rities added, the effect of the former on acti- The radius of Al is 2V larger than that
vation energy of platinum was less than that of Pt. and casy to from into steady particles
of the later. This effect would be greater if of Al.Os;. The existence of Al-Q, particle
Si, Ca, Al and RE formed into dioxied parti- has great influence on the value of activa-
cle in platinum. tion energy. From above data, the content

The creep rupture time was very long o' Al in P—1 is higher than that in P—2,
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P—1 forms into” dispersed hardening" metal
at high temperature. So the @ of P—1 at
high tensile stress is greater than that of P—
2.

In the mid-temperature creep, the im-
portant factor is the cross-cut slide of screw
dislocation produced in the heat activation of
process. The relation between activation en-
ergy of cross-cut slide( £ ) and tensile stress
was discribed as follows,

E=1F, — cIn(V+1/1) (1
where NV —amount of dislocation per slide
line unit;

Ty —transverse stress on the cross-cut slide
surface;
¢ —costant

Comparing formula (3) with (4)., we
can find that they are very similiar. So for-
mula (4) can also be used in the case of high
It is probably due to the de-
crease of fault energy of Pt caused by ele-

temperature.

ment of impurities.
5 CONCLUSIONS

(1) At high tensile stress. the initial
creep activation energy of P— 2 and PtlLa
single phase alloys are corresponding to the

activaion energy of self-diffusion of Pt.

(2) At low tensile stress the value of
¢)o of Pt approximate to the ¢, of Pt, Qg of
Pt-RE alloys are more greater than Q\ of Pt,
and increasing the content of rare earth ele-
ments in alloys increases the activation ener-
gyof the alloys.

(3) The impurities of producing intersi-
tial atom must have big atom radius, small
degree of resolution and can form into
steady dioxides. For the sake of such kinds
of impurities, the activation energy can ap-
proximate the heat of evaporation of pure
metal of even larger than that.
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