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ABSTRACT

High temperature, low pressure 2reep experlménts on copper and silver wires
show that surtace preparation can effect the cveep rate markediy.
f ' Tt 18 presently very difficult to obtain a well detined surtdce state
| of metal wires It 1s therefore difficult w0 interpret strength changes dus to

modirications of environmental conditicas during leeting  Therefore, we tried

D our experiments to teat a sample in two diftferear sartace conditiong.  The
test conditicns during (reep were Kept constant, so that changes 1n cresp rates

are due to moditi-ations of the surface 1n belween detormation The creep

rate of a silver or copper wire was 1nitially measured 1n a "clean" state, pro-

duced by argon bombarding, and then atter oxldaticn. In a second series of
tests, the creep rate of a blank sertion and & secticn coated with & metal film
was measured simultanenusly.

Tests on copper samples in the argon-bombarded states show a much higher

creep rate than after oxidation in the final pa:t of the test. This is attrib-
uted to the oxide film and "internal oxidation", becauLse the reduction ot the
creep rate by 4 factor of up to four after oxidation 1s too large to be assocl- f
ated only with the lcad carrying capability of the oxide film, or its capability
to act as an obstacle tor dislo-ations inside the metal Similar tests on silver
show that its creep rate is independent of argon bombarding or snnealing in sir
at elevated temperatures. Silver oxides ate not stable at this condition. This ‘
should explain why the silver creep rate is independent of testing condition.
Measurements on iron and pslladium coated silver wires show that an

iron surface coating may even incressgse the creep rate snhove that of the pure
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c1lver. Similar experiments on palladium coated sllver wires lead to lhe
expected decreage of the creep rate. These resaults may be related to the com-
plete solubdlity of palisdium in silwv -, wherers Iron is practically insolu.

able 1n this metal.
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INTRGDUCTTON

We studied how the surface structure of o metol effects the creep rate.
Several 1nvestigations are avallable which show that surface preparation will
effect mechanical properties. Some of these measurements were conducted in a
vacuom environment. However in most of these experiments, the sample was Lested

in a vacuum and the results were compared with tests 1a an atmosphere. It 18

therefore possible that ~hanges 1n the mechanical properties are nct solely due
Lo changes in the surface structure, but to rhanges in the test aimospheie. 1n
our experiments,. tests were always conducted in a vacuum, 80 that <reep changes
are due to sample modificients 1n between the creep measurements. These sample
modifications took place in the unlcaded state, in which usually alr was
admitted to the sample.

The first series of tests were executed on copper. A detailed descrip-

tion of the experimental arrangement has been given in a previous report, whicl 3

contains as an appendix parts of a M.S. thesis by A. Giannuzzi describing

experimeénts and their interpretation. The results are summarized in Appendix I.

These experiments show that thie creep rdte of copper may be reduced through oxidation [

by a factor of four. This is a much larger efféct than was origirnally anticipated.

This 13 possible only because the surface/volume ratic is very large. The diameter

of sample usugally 0.01", so that the sample consisted practically only of s surface

layer (A surface layer 0.0025" deep would contain 75% of the sample!). ‘
To meke sure that these results are not due to some experimental

uncertainties, G. Gorsha tested silver wire of 0.010" diameter in a similar way

as copper was tested. He found that the creep rdte of silver is not efrected by
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annealing in air or by argon.bombarding. Silver oxlde is only statle below 190°C,
Our teats were alweys conducted above 190°, Therefore, our silver ls with-
out oxide films. Naturally, monolayers of oxygen on sllver may atlli exist, but

we were unable to detect the influence such layers li=ve on the creep rate, Only

in one cage wo found that the creep rate of sllver decreaged after oxidation. In

this cage we suspect tnat argon bombarding led 1o 4 sputtering of atoms of a

nichrome wire on to the aillver wire. Thie produced ¢ aetal tilm of enknown

compodition, which oxidlzed during annesling in alr and reduced the creep rate.

Appendlix 11 coutalns the abstract of Mr. Goreha'ﬁ M.n. theels whileh appeared o an

il it
appendix in a previous report. Append{klllf 1s a reprint of Acta Metallurgica,
which deserlbes the experiments end Interpraetatlon of our work.
Since our lust report, two new types of experiments have been conducted.

The first series of creep tests wag doue—ou lu.single crystals. These measure.

ments would_eliminats ef'fectes duc to grain boundary. Further, the melting point
. of tin is so low that one can obtain creep rales of 0.01/min at room temperature.

Uheretore, the test pressure can be Kept much lower values thah in our

wts on copper and silver.

The second series of tests was conducsted on - pper and eilver wires

coated with iron or (only for silver) with palladium. We expected that such

expérimente would show how metallic interfaces would effect the creep rate.
Mr. R. Nagter is working on thLis program. Presently he is teaching at

a high school instead of continuing his graduate work. The completion on his

a8 a technical report. 4
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EXPERIMENTAL PROCED fiF;

(reep tests on 8p-eingle crystals were conducted 1n egpentlally the
v s F 1L

same way a6 test on copper and sllver described 1n appendix TIT.

Somples with metslllc coatings were tested within & modlfied gample
aupport (See Flg, 1), The partially coated wire was wrapped around the
upper wire support (hY, eo that the bBlauk gection of the wire was parallel
fo Lhe coated ascctlon. loade of equal welght were gttaohed to Lie Lvo gec.
Llone.  Thlg aseured that tue conted wnd blauk wire sovtions wore pulJocted o
tdentleal testdug couditlong nud woneslliog procedures Dirfercuces lu crecp
rites shiould be due only to the surtace 1'1lme, which werc preprred LY @Vapor.
atlon in varlan vacuwn gyelem st pressures 01 aboul lO"u Torr, Modlrieatlon

1 the length change monltoriug system ilmproved ihe ucedrucy of meagurementsa

to ubout 0.01% for measurements reproduced In kigures O 1o 11,
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EXFRETMREINIAL RESTLT AND DTRCSES1ICH

. Tests on tin (Fig. 2-4) pgove relatively larger seatter. Withln experi.
mentanl sceuracy, the creep rate 1 the same before and after argon bombarding.
Thie 1s not surprising, ‘The appearance of the sample eurfuce did not change
during argon bembarding, 1lndicatirg that we were o' akle to remove completely
the surfece oxlide (ilme.

Flgares 5 Lo 7 show regulte obtalned ou copper wires of 0.01" dlameter.

The decreage 1n geatler ol dita poluta 1n Figurce Gobo 11 In duc Lo o chnnge

Ly eAperinental procedure.,  The wmessurcmeote show Lhot the major ehange lu creep
rete betweon the coabed and uwieoaled sectlon ol the wire occurs predomlustlely 1n
the primory part ol Lhe creep curve,  The reduction 1o the crecp rote due—o coat..

fTup wes erxpecled, HNobl ouly would Lhe thiu £1lm carry a fraction of the load, bul

. 1t would strengthen the oxide 11lm on the copper, so thal the previously proposed

model to explain the reported reduction in creep rate due to oxidation would be

coul'irmed.

One has to keep in mind that the copper wire gcetion without iron film
has a similar or the same oxide film as the iron costed-sestion. These samples were nct
cleaned by argon bombarding before iron was depositeaw;mmhiamiudicates that the !
iron film affects the dislocation movement even through the oxide film.

We expected a more pronounced reduction ot the creep rate in iron coated

silver wire, because silver. has no oxide film. Surprisingly, we found that an

— e e N e, e e

iron film increases the creep rate of silver wire (Fig.8 and 9). This cannot
be attributed to experimental difficulties, because identical tests on silver
wire with palladium films (Fig. 10 and 11) show again the expected decrease in

creep raleg with gurface doating.
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We raspeet that thie effeet 1A due *0 ~ne foer thar palladlum forme 7
complete gerier ot tolid solutione with fi1lver Wh6r6a5’1r0h e nearly immieelble
in gilver Preaently we m=y ouly specilate on tpe cauec of fhe lncresse of the
creep rate due to ac lron £1lm. Fig, 12 ghows echematically a hypotietlcal ssmpie
crogs fFeatlon Becuuse of tne Low mix=cibility of iron 1n s1lver, good contact
betweernn botl materisle 1 expected ouliy 1o rolcoted areas More contact may
develop during deformatlon.  Thege 1otarface areas will Le relatlyely wesk
but, Ltuey will probacly oot dnldvit deformatlon  They mey act as slreeg rolpere,
or Lhey may act ag a dlglocation source.  lolh effeete could lend to o doerehae
1 strenglh More ezperin utt, are rogulred Lo lovertdpate this etf'feet nhd 1'a

Importance for the desien of composlie muteriale.
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SUMMARY AND CONCLJS ION

Creep tests on silver and copper wires at elevated temperatures in a
high vacuum show Lhat modiflcations of the surface structure effects the
creep rate of copper and sllver markedly. Oxidation, and franly bound metallilc
surface {'1lme reduce the creep rate, These leste can be explained with etanderd
dislocatlon models.

Sllver wireg with an iron surface f1llm heve a higher creep than 1lauk

wires. lurther studies are regqulred to expladn this phesomeria.
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COATED WIRE SECTION

FIG.

— T WiRE SUPPORT (A)

BLANK WIRE- SECTION

LOAD SUPPORT

—— | LoAD

1 CREEP TEST SYSTEM FOR PARTIALLY COATED COPPER
AND SILVER WIRE
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AFPENDIZ I

ACTTHACT OF M.S. THESIG

by A, Glonnuzzi

A gerles of creep tests were performed on comuerclal grade and
hlgh purlty copper wire 1n high vacuum and ot clevated temperstures to
determine whether or not surface preparation hog an effect on the

crecp properties ol the copper.

A specimen wug "cleoped" by arpon ioa Lomboordment nod tested, then

oxidlzed nud weted ol the same tempernbure and spprodlmetely Lhe some
pressure, The resulls indleated thatl the "cleauw" sumple Las o blghor
creep rote than deoes Lhe oxidized sample.

It is preseuntly not possible to propose o debuiled dislocatlion
model Lo explain the dala. However, the resulis may be explained in
part in the following manner. The creep rale of the oxidized sample
is lower than for the "clean" sumple because dislocations may pile up
at the oxide surface or because of oxygen diffusion to grain boundaries
and to dislocations. This may produce a more hrittle grain boundary;
an increase of frictional forces on dislocations or the oxygen may

inhibit the operation of dislocation sources.
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AFFENDLY 1]
ABEURAZT CF Moo. THE LS

by 7. Jorsha

A serles of high temperature creep tests were porformed in o high
vaocuum on high purity (99.999%) polyerystalline silver wire to determilne
whether or not an anneal in alr hasg an effect ou Lhe steady state creep
rate of the gilver. The specimens were "clemned" Ly wrgos louw lembord-
ment and creep tested, theu anuuealed 1o air aud retested.  Ho chavee 1o
the minlmum creep . rate of sllver wag found

Since gllver supports po oxlde ot these Lempersturcs, these

L3
regults helped to confirm the theory Lhal, oxide surinee 1lms are the
cause ot decreases in creep rules observed in anclogous tLests on copper
which does support an oxide surface f1lm. The theory stalezs that oxide
films on the surfaces of metals inhibit the egress of dislocations causing
them to pile up in & "debris layer" which produces tackstresses on the dis-
location sources ..iereby lowering the creep rite of the metal.

The results are purticularly importani to space vehicle design

since space environment clears tne surfaces orf exposed materials.
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