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This research progres PH being carried out in tte research lshora-
tories of Unicn Carbide Corporation located at Texrytown, New Yorkx (Unfon
Carbide Research Instituze) end et Perzs, Cato {Parma Resecrch Center). The
worz is supperted by the Advanced Resverch Projects Agency under Contract No.
DA-30-009-CRD-2787 with the U. S. Army Undnance V ssile Command, Red-tone
Arsenul, Alotecz. The report pericd is froz Jeuuery 1, 1562 to March 31, 1962.

The program at Unfon Casbide Research Institute is wder the project
directicn of Dr. Verner Schomeker with Dr. R. H. Crist serving zs general
projact coordinator and Direstor of the Institute. Work at the Parmc Research
Center is under the supervision of Dr. R. G. Breckenridge.

The scope of the progras 2s sipted in the contract fs "to obtain 2
betler understonding of the mechanisms which govern the bensvior of materisic
in high temperature envircrments, to learn RO¥ ts make the most effective use
of gvaiisble materisls, end 0 obtain & beiter xrowledge of optimm properties
devired for uew zalerisis for particulsr uses. The work is expected tc provide
suldance for those ccazerned with the devaloptent ¢of materials and the use of

=aterials in solié-propeilant engines.”
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I SWMARY

Prelizinery studies cf the reactions of several new materials (ume,
HIC, end solid soluticns of TIC/ZrC and ZrC/CHC) with possibie rocket exthaust
ce=ponents such as 002, Eeo, ECl, end 32-‘3 heve been male. Of the new compounds
end solid solutions tested only #IC in oxidizing at—osthere: appears to have
attractive propertles. Prelinirary Xicetic studfes were conaucted with TIC
and Z7A grepeite in mixtures of COE-CO-A. The corrosion of both =aterials
depends linearly upon the partial pressure of 602 under the cenditions of our
experfzent. The graphite wos alsc shown to corrods nevriy linearly with tize.
Fetallograghic studies hiave begun of carbide and dbor ar sexples thut had Leen
corroded in tests. Hew phases have been chbserved in severz) cases, and these
w11l be Nurther investigated. Studies cof reacttions between gases and refyractory

terfals will be extended from the wresent 2200-2300°C 20 higher tesperaiures
with ezphasis on obtaining many results rapidly to survey the field.

The weporizatica of 7..—32 is being studied with a mass spectrometer.
In addiztion to reasuring the vapor prassures of boron and zirconium over ’1.:-82,
ve have deternined the vapcor pressure, aad frox it the free energy and heat of
vaporization, of zirconiu= as a function of texperature. These dato ore needed
to calculate the heat of ferzation of z-:az. for vhisn owr results thus far
indicate 2 value near 55 kcall/mcle. A3ddisional experimernts will be performed
cn "_.'32 in crucibles of differesnt materials to verify our date. Eguipment
nassembled during this cuarter will be used tc eiudy botk equilibriu= and
kinetic gas-sollé recasticns in the =ass sprotrom-ter.

The pocsibility that grain-beundary sliding produces the clastic
danping fourd for polycrystalline tungsten detween SO0 uné 1280°C vas
investigated. Spocimens of varfous grain sizes and a monoerystalline soeple
were tested. nné all showed sizilar behevior. Accordingly, grain bouriary
sliding 15 apperintly net an izportant clastic-loss mechanisz for tumgsten at
these temperatures, Sinilarly. the oscillation of dislocatfons does not apjenr
o be the ixoriont oechanis=. because recrystallizing a strain-hardened sazple
dfd ot elve

a2tezs and <olidestate reactions remain a3 retognized possidle causes o the

1. anclastic behavior. Stiresz-induced ordering of interstitial

Mrecise measwrezents of the shear—wave attenuation and of the te=-
ferature dependence of thc elastic consiants of siagle-crystal tungsten will

ant
be undertaken during the next guarter. Twe single crystals ef TIC are now
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being annealed anc machined. Measurezenis of their elastic properties at

elevated texmperatures will also tegin.

Datza on the therzal expansion of zirconfun carbide have been cbtained
up te 1T70°C using 2 new x-ray furnace assezbly. During this cuarter it was
found that the texmperature messurezents jpreviously rcported, =—zde by sighting
an opticz) pyroczeter into a black-bcdy holc. were in error. The large angular
aperture of the m=icropyrozeter was ndt being filled by radfatfon. This vas a
result of tke cize 2a¢@ alfignzent of the viewing holes thrcugh the furrace wall
and radfation shields. Tnis difffculty w.s ceorrected in the new furnace
assexbly, and the work on titaniu= carbide and tungys® 3 was repeated =z’ .z it.
The data obtained cn TiC, ZxC, and tungsten are in oud agreezent with the
z-ray data of Mauer and Zolz over the cntire temprrature range within vhich
they =ede reasurements. Cur data contimue 325°C above their highest tengera-
ture, and we plas to exterd this range upward by approximately 250°C during
the naxt guarter.

Tensile creep tests vere run on a teantalu= Specizen in the range
1025-1216°C to chack operation of the creep cguipment. A study was mxde of
the coz=patibility of aiBz with tungsten, tantalum, and molybdenum to aklve
2100'%C. Tantalum and tungsten 3ic not react seriously with '1‘132 up to 2100°C.
but =olybismun dfd. Grips of tantalum were used in testing two specizens of a
cozmerciel titaniux diboride. The rirst test showed 2 creep rate of less then
1x lo'z‘/h.— under 2 stress of 5,700 psi at 1515°C tut was then spoiled by a

pover fallure ¢ cthe Tuilding, whish cousel overdosding and frasiwre of e

sexple. During the second test the speciren overheated, reactad with the grips,
and partfally zalted, aprarently decause of & lhermocou.ic fleilure. Zvo
resaining specimens of titanfus diberide will te tested in creep above 2viL°C
during the next guarter. 2 Jalibratien system for obteining true spesizen
temperatures fre= the zcasured brighiness temperatures will also be set up.
A pogra= on the me¢chanizul properties of very pure tungsten in the range
1000-2500%C i3 being started.  Spesial equijment will be desigued and
senstructed 20 obtain and =intain very high purity in the tungsten tested.
The clestrical resistivities and Hall cocfficients of hot-pressed
TIC. ZxC. BIC, CBC. 212 Tal have been =eosured over the range 3-300°H. These
data have deen Intermreted in terzs 57 a two-band zodel thal can attount for
the properties measured and Ui ke differenzes observed between the carbides

oF the IVa and Ya Group watali. Work on s=lié solutions of IVa and Ya curbdides




is planned to explore further the curve cf density of valence-electron states
vs energy. with ZrC-CbC solutfcns to be studfed first. An investigation of
the effect of nitrogen additions on the galvanoragnetic properties of <he
refractory carbides is also plenned. A firrace in vhich galvancmagmetic
zeasurezents cen be made up to 1000°C will te constructed fro & now-cozpleted
design.

The role of vacuim purificaticn cf refractory carbides and toorides
is tecoming clearer. The metallic elements are seldonm a prodles, 4nd most of
then can be rexoved by 2 high-temperature vacuunm treatzent. Carbon, oxygen,
and nitrogen pose the mafcr difficulties. HNitrogen has becn re=oved by vacuu=
treatments near 2250°C frea TiC, TiB,, and 2rB,, b:* 15t from ZrC. o wrich
higher temperature treatzents will be tried. Oxygen and carbon contents appear
to be related, as one would expect. These carbides and borides have generally
contained =ore cerbon (free carbon in carbides) than oxygen. Under thesc
corditions oxygen has been relatively easy to vemove, presumadly ez €O, at
teaperatures as lcw es 1500°C. However, the cxcess free corbua has been wery
difficult to remove vhen present in large amounts. Variations in procedure
to more nearly balence the carten and oxygen contents before vecuum traatment
will e tried during the next guarter.

Ceatinuing efforts have been zade %0 produce specimens large enough
for neasurezents of thermal conductivity (2" x 0.2” x 0.1"). A specimen of

'HB2 has been zade, and others of Tal and CtC are nearly ready.
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II THIRODUCTION

Tris progren is concerned with the principles governing high-

vemperature vhezicel and physicel behavior, especially in the respects thal

Tute Imporsently <. Ine sustessful performance of materials as rocket

compenents operading at high temperatures.

The zaior group of materials teing studied here consists of the

refrestory cerbides end boriues of the transition m=etels. The tecknology of
these naterials is not well edvenced, a neglest due lergely to their bristle-
ness a% rooz texperature. Consez.ently a considereblc effort is being devoted

%o the preperaticn of powders of these conpound
febrication into test specizens withous comiexinution.
Corrosicn and veporization of @ rocket nozzle xzaterial can izportant-

- od purity and to thedr

1y effect 1ts prastical perforzance. Direct loss of m=eteriel ond streigin 2oy
be important, ond the effects will be magnified if the attack 15 selective so
as tc produce crocks or accelerate their growth. XL £s for these reasons that
ges-s01id reasticns and vaporization are being studied &n this progren. In
parsiculer, the progrem ol shenical screening tests has deen pursued during
this reporting pericd t0 give a gerneral view of thz reletive resistance uf
refresicry certides ard borides to important component gases of rocket exhausts
and %o mixtures of these.

As strustural paris, recket nosz:tles are subjected '.c.subs:antia.l
stresses curing operation. Some of these stresses change relatively slowly
with tize, and treir effests on the nozzle will be determined by creep strengih
and 1w~*ility.  There are glro rapicély changing strezses. resulting from sudden
heating or 200lins. The resistonce of the nozzle %o su.: thermal shosk will
demnend upon 2 combinatron of properties which it is enlightening 20 cwacider
individually. Tile thiermel stresses developed by a given tezperature haage

inerease with an increasing coefficient of exponsicn or clastic modulus, and
they detrease with insrearing snermul condurifvity or specilic ueat. The

abilss,
and the dustility of ine material. All these pro

frazture frem these stresses depends pon the teasile .ireac.h

rties are being investigated

3

sell. Thus, a knouvledge of

3

ny designer, und “hermal

2aleuletions of heat transfer.

el mons rexent s at 1ow temperalures i:o
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being carried out to increase cur knowledge of the behavior of electrons in
these cerbides end borides, and thus of the interatomic binding whick is so
izportent in deternining their properties.




IIT TECHIICAL RESULTS ARD PLANS

A. Ges-Sclid Reection Studies I. R. Ledd, J. R. McDowell, and P. H. Walsh

1. Chesical Screening Tests

The expiorstory investigation of the chenical reactivity of solid
materials at high tecperatures with *arious corrosive species, known or expect-
ed as cozbustion producte frem current or rroposed rocket fuels, izs been cen-
tinued. The prizary ain is to cbtain qualitative informetion on the relative
chexicel stability of attualor prospective rocket-nozzle materials ratker than
detailed inforzation of ircediate applicability to xc¢:cct engineerinz. ire
nature and extent of the chexnical reacticns taking rlace. the rechanisa of
attack (1.e., grain boundary penetration, surface sttack, ets.), the effects of

ple purity, position. and density, the dependance on gas compositiorn,
and the overall course of the reactions are &ll being ccnsidered. It is hoped
that general patterns of behavior will be revealed that will be useful for
medicting tne relative chexical stabilities of the refrectory materisls in
actual rocket applications.

The arc-irage furnace has been used, in the panner dessribed in the
revicus Sexisnnuel Pz-o'g.—ess Report, for the measurezent of the chemical reac-
tivity of refrastory carbiées 2nd borades and of graphite with the gases CO,
co,‘,, H2, Heo, ECY, ard EZ-‘j. In Table A-TI are shoun the exiperizental conditions
(columns 1-5) and the corrosicn results {columms 5 and 7). The rate of weight
chenge is given per unit of surfece tree in colu=m §, sinte not all sexples
were the sarme size. These weight losses are re-expressed in columm T as linear
"corrosion rates” by dividing by the density (end multi;lying by a mils/ez
conversicn factor). though this corrosicn rate must not be taken literally

{tte assu=mptions of constent sample density and uniform surface reces:icn rate
are often false), tolu=n 7 should be us2ful for indiceting the linecr cerrosion
rates of materials of widely differing densities.

A sum=ary of “eorrosion” rates of zalerisls te. ed to date is frcluded
in Table A-II in order ic facilitate ccmparison of the present data with that
reported in the grevicus Sext 1 Repart. Cocparisons should be made with

caution Jor the follcwing reasions:

#. The texprratures reported above 2400°C in the early runs sre

quest jcnable even 2s brightness temperatures;

p33T3 1
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b. Teczperature cozperison between diffcrent materfals is wnceriatn
tecause the exittance factor zay tc different for every semple;

¢. Gas pressure and flcw rates were not the same for 211 runs;

4. ‘The hot-pressed sawples ranged ia density from adbout 65% to $5%
of theoretical (unless proven othervise, reacticm rate must be expected o
deperd strongly and unpredictebly upon degree of compacticn);

e. Until corrosicn rates are proved to be linear with time, fine

parisons be zede b rezcticns tercineled after differesnt tine

intervals.

Hetallograghifc exs=inaticz ¢f sexples of corroded carbides and borides
has been started in order ¢o investigate <khe mechani-:n of atiack and <. identi-
1y the solid reattion procducts forzed. Sz=ples of “af and 'i‘i82 ihat had previ-
ously been allowed 3o react with €O, €O,y CO/EigG, By, ¥E1, or BY; uere ceationed.
polished, and exzmined under 2 microstope.

Tal and ?132 samples trat had been exposed to CO, 2-!2, K1, or K-‘j
shoved no visidble layer o reacticn Froduszts In the polished section, thergh 2
thin surface layer could have been overlooxed because the edges of the section
were rounded in polishing. In contrast, layers of reaction products were plain-
1y visible in ithe polished sections of 7oL that had reacted with H20 & -_‘:‘2.

The expesure to a CO/'RZ( aixture produced 2 layer 0.15-0.25 = thick of a
naterial with a ¥noop ki dness of 2500 (1005 lo2d) vompared to 1500 for the
unreacted Tel. This outer layer was much more readily attacked by an EF—EKO,
eleatralytic etch than was the reraining Tof. The Tel comple exposed 0 '.:02
lost i35 shape, asd beceme covered with & lustrous, black ccating. In the
polisled secticn tvo layers vere revesled. an cuter black layer (0-5-1.0 =)
and sn inmer light-yellcw layer (0.3-0.8 =) that resesdled the isyer on the
'rx-m-co/ﬁzo sa=pl> described shove.

Reastion produsts with €O, and ’.-120 likezise wvere visible o1 the
polished IiE? slizes. In both cases the samples after reastica ware distorted;
the edzes of the polished fa~es were no louger ab right angles to each other.
Attack by (:02 mroduced o solt dark layer, 0.0S to 0.3 == thick, rovering the

TZBE swrface. ALQck Uy COIHQC produced an wneXpiajred phencmencn. Besides a

rery thin. dark layer coating the sazple. o Nrther new phase was found =ingled,
ith e 1132 2o 2 dopth of 1 -, This rew ghase appearad al=ost entirely oa

opresite cormers of the polithed swrfesc. ond o en edge of ke hot front face

and the osher on an edge of the ccoler batk faze. o satisfactory explanaticn

has teen apdvanied for the wnusual aistributien.
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2. Xinetic Studies

Soze preiiminery kinetic studies have becn perforzed with TiC and

ZTA graphite, prizarily to test the capability of the arc-itege-furnace equip-
ment. Graphite wes used decause an edegrate supply of material wvas readily

vatleble. The date collested fro= these studies are resorded in Tatles A-IXI
and A-IV. Figure A-1 shows a plot of corrosion rate of ZTA grarhite (calcu-
lated froz weight-loss data) vs. partial pressure of 002. The straigh.-line
plot shows that the reacticn rate is first crder with respect o the partis)

pressure of 602 in the range 5-450 =3. Fizure A-2 shows a sinilar plot of the
calculeted corrosion rate of TiC (83-85% dense) vs. pertial pressi—e of €0,-

Tke results of a study of the lineer corresion of 2TA graphite vs.

time are showm in Figuwre A-3 and Teble A-1V. Froo the changing c<lope of the
curve it night appear that the fundazental reaction rate decreases with tiwe.
Since the lirexr corrosjon was caleulated by dividing the sample weight leoss by
the produst of the sasple density ard origiral surface sreez, a correction shouié
be pade for the decrease in surface area that occurs during reection. The issue
is confused by the fact that the sazples beccze more parous during corrosion,
Tut it does seex that the specific reaction rate decreuses somewhat with (ize.
By the sa=e tcken,a uniforz rate of linear surface recessiocn caluisted from
veight-loss zeasurezents would nct necessarily express the gotucsd ditensiczal
hang of the pl Ine ber of experirzentc where it kas been possible to
measire the dimensiors o1 the sarple efier reactiocn the actuel dirensionmal change
Las Leen found to be considersbiy iéss then thel culvulmicd, indiculing increased

porosity {decreased dencity) of the ss=ple (Tcble A-V). These observations
suggest that a substantial fraction of the observed reat*ion takes plate witain
pores in the sazple; itwould seex that increasing the density of the inftial
se=ple would thersfore reduce the o=ount of reaction observed. An exrerizental
test of this varfable wiil de =ade using arc-grown polycrystallire materials.

3. Puture Werk

The present experfzental aprroaches and evaluaticn techricues 2111 be
applied to new =aterizls zs se=ples decome avallable. These technigues i1l 2lso
Te extended to higher temperatures with. eguiment now being set up. An increas-

fn3 e=prasis viil Le placed upen suppl v experizents desicred o heln
Interpret previous resulis and possibly relate them —ore direstly o rocket

operating conditicns.




B. Thermodvnenics and Kinetics of Veporization

1. Hass-spectrezeter Studies of Veporization 0. C. Trulsen, H. W. Goldstein

A substantiai part of owr mass-spestirimcinic weri hec been on the
refractory borides, first un 'i‘i32 and now on 2:32. The 'i‘iBa study(l) served
zainly to define the AH of formaticn, previously guite uncertesn, at AH; 208 =

-52 xcal/mole. An suxiliary resvlt, important for the present study, wis a
confirrmation of 132 xcal/mole as the heat of vaporizotien of beron.

For &'32 the best published values of Aﬁ;. 28 alco disagree badiy:
17 keal/mole frea a calorimetric determ§ration by Huber, Head, amd Holley,(z)
and -57 kealfmole fr-n 2 vaporization study by Leitne..r, Bowsan, and :::";es,(”
who, hovwever, favered the -77 valve. In their ca.lc}:lations they hed uscd the
Skirner, Edverds, and Johnston vapor-pressure dau.(";) ead the .’.m.'mr-‘(5
-(P'.n'zgs)/? functions to obtain AH) ap 298
resuit, they suggested, was in error.

As reported lest Querter, boroa and zirconium sigrals, correspordirg

= 145.5 kead /oole far Zr, eod chis

%3,(s) == zx(g) + 2 2(s) , Q1)

were observel vhea Zr32 was heated in 2 tungsten-lined tantalum Knudseu cell,

wnereas with 2 graphite cell only boren signals, corresponling to
. 3,(s) + ¢ls) == z=C(s) + 2 B8(g) , (2)

were found. The tungzten ceil obvicusly reacted with the 7:32 at texperatures
adove R00'K and tnerc were Lr0 as well as Zr ané 3 signals, thore were doudis
about the propriety of essu=ing reastion (2), and the heat of vaporization of
zirconfi= had in any case %o be guestioned, but the tertative results clearly
favored tne lower mzgnitude for the hezt of formation of ?.:'32.
Re have now made further mcasurcements on Zx-Be in graphite s well as

(1) Sc=fennual Progress Report, Jure 30, 1961, Contract DA 30-069-0RD-2787-

(2) =. 3. Huder, S. L. Head, and C. E. Hodley, Jr., uapubdlished work, vited
in (3} ’
n (3;.

(3) J. M. leitnwker, M. G. Bowman, and P. ¥. Gilles, J. Then. Physies 36,
350 (1952).

(5) 6. 3. Skinner, §. W. Sdwards, and H. L. Johnston, J. Azer. Chea. Sos.,
3, 170 (195:).

(5) JAMAT INTERDM TIROIOCIEMICAL TASLIES, The Dow Chenicel Cozpany, Midland,
Michigan, December 31, 1550,
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on Zr in 2rC-lined graphite and ZrB, in ZeC-lined graphite. Interpretation of
the Z!-Bz work is as yet incomplete, so no details will be given here. The
indications are’ that the heat of formation of 2.:-1!2 is even less than S7 kca.l/
mole. The Zr work, reported in scme detefl below, azgrees feirly well with the
Skinner, Bdwards, ard Joknston data, and so negates the argument of Leitnaker

et 2l. egainst the lower rcsult for the Z'.-Bz Leat of formation.

8. Zircoriws and Zirconium Divoride in Zirconfum larbide. Since the
reaction of zirccaivr diboride wivn carbon yileided only boron as e volatile
species, 1t was concluded szat & graphite crucible could not be used to stuldy
the vaporization of zirconfuxm diboride. And, althour™ Leitnsker, Bowman. and
Gilles(5 used a tungsten Srucible, our preliminary scady chowed thet zirconium
diboride and tungsten readt to for= a liguid phase at approximately 2450°C. As
a alternative, a zirconium carbide crucible was chosen since the zirconium-
boron-carben phase dtagra:(s) irdicates that zirconiuxm didorsde should te stable
vith zirconium cmiide.

To grepere a zirceniwm carbide crucible, a graphite crucible wes
1lined with zirconiu, lozded with =irconiu= and zirconfum diberide, and nea
to approximately 1800°C for several howurs. Visual inspection showed that the
inside cf the c¢rucidble had scquired a coating, which was identified as zirconiwm
carbide by x-ray analysis. Additionel zirconiux vas sdded tc the crucible, as
was & silver calitraticn sazple; Q) then the heating cycle wes repeate:.lz and

the vepor pressure of zirconfum vas deter—ined below its melting point. 5
A33%ezone) zirsonfim was edded with e second ealjbration cherge, and the zir-
conius vapor pressixra vas deterzined both above and below the melting point.
Since data taken below the zeliing point after the iirdoniuz hal once veen
melted agreed with the vapor pressure data obtained beicre nelting, it secmed
clear that the zirconium carbide coating on the finside of the crucitle %ad be-
coze sufficiently thick to adequately limit the rate of formaticn o: further
zirconfun carbide. I2 is therefore believed that the observed pressures
represent the true vepor gressure of sireoniwm.

Table B-I preseats the osserved zirceniim vapor pressure, toghiber
+ith the cosputed “ree energy L\?_:, = -an.-ek ) znd the "third-law” standard

(6) E. tiowotay, S. Rudy, end F. Bemesovsiy, Mh. Chex=., 92, 393 (1951).
(7} %. a. Chupza ani M. G. Inghres, §. Phys. Chem., 59, 100 (1955).
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enthelpy of vaporization obtained with the JAZIAF(S) -(* - 8598)/'1‘ funstions;
for each of the series of runs. Tne data were 2lso piotted as log P’Ar vs.'i."l
as shown in Figure B-1. The heat of sudlimaticn value derived by least squares
frem the data above the molting point 15 1537.5 ¥ 5.8 kesel/moie, aud frcm the
data below the zelting point is 142 £ 10 kealfmole. These results are to be
compared with the aversge third-lew velue, 140.9 % 3.1 kcel/role, end with the
value 145.5 keal/mcle calsulated frcm the vapor-pressure d2:a of Skinn.v,
Zdva~ds, ard Jehmston. k) The difference of arrroxinately «.5 ¥cal/mele does
not account for the difference in the values of the heat of formation of zir-
contun &iboride as deterined by Leitraker, Bovman, snt Gitles'3) and by Huber,
Fead, and Eolley.(2)

Boron-pressure data were taken in eddition to the zirconiwms mesgure-
nents at temperatures sbove the xelting point of sirconfim in the experiments
Just discussed. Prelfzminary examination of these results suggests that the
heat of formatfon of zirccnius diberide =ust be neor $C kezifmole.

b. Plens. Addizional experizents will be perform:d on ZB, in =ir-
coniwm carbide amd on Z.:-B2 in tungsten. Zguipsent has been fabricated tc
provide 2 ges inlet system for the mass spectrozmeter, and = zolesular bean
asce=bly unier comstructiion is nearly somplete. This new eguipcent will be
used both for eguilibriun and kinetic ges-solid reaction studiss.

et

—




Table B-I

Therzodynemic Data for Zircenium

B, (at=. AFy Aa’mp 293
(xcalfzole) {rcalfmle}
2093 2.91 x 165 12.16 18107
2033 1.20 x 10’8 13.69 150.69
2003 1.22 x 1072 763 W77
1968 3.5, x 1077 %1 151.06
2036 2.56 x 10’3 12.52 1%0.50
2092 2.80 x 13‘8 T2.39 141.16
202% 1.0% x 10‘5 13.9% 1%0.65
1% 5.62 x 10~ .50 Hho.35
2070 213 x 10 12.67 140.83
2057 1.32 x 1070 73.80 w12
2052 2.5T x 10‘8 T2.31 140.85
2222 5Lk x 10'8 .09 1%0.57
2158 6.97 x m‘8 70.35 150.97
2148 7.63 x 10‘3 69.95 1%0.58
an 17 =070 £3.87 140.21
2193 1.55 x 1077 63.55 0.4
2216 1.81 x 1077 63.37 ®1.13
223 2.56 x 1671 £7.55 140.83
257 3.5 21077 €1.01 15105
207s 3.86 x 1077 €5.73 1B1.5%
2067 213 x 108 72.57 150.6%
2095 3.10 x 20 .9 1£0.5%
2060 1.65 x 207> 73.%7 W®1.12
2109 L.82x107° .61 150.00
2152 7.75 x 163 10.03 1:0.77
2190 1.16 x 10°° 69.51 16185
2050 1.3 x 1670 13.73 1W1.26
2086 2.39 x 10'3 72.76 151.53
? 3.99 x 107 .68 B1L32
Aug: 160.9
11118
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2. Matrix Isolation Stidiss W. Weltrer

This work was $aitiated in order to siuly the vidbrationsl a3
electronic pruperiies of the molecules vnich vaporize from high-tesperature
zaterials. Since it -.'i]'.l e used in enly a linjted way in the future, £ su=moxy
of the present position seems appropriate. A tecknigue for freezing-out high-
te=peratire molecules hes Teen worked cut, exd it Las been shown that individ-
ual zolesules can e fsolated in a solid inert gas at low temperatures “3% or
20%K). ‘This has been demonsirated cuite conclusively bty studies o the vapor
evolving froo borfc oxide a3 2500°K amd fxom cerbon at 2500%K.

In the case o 3205, 2 study of the wibraticnil spolttim of the matrix
isciate hos 1ed 20 a censiderable change ir the esgif sxut of the vidrizional
furd tels fn the molecule, which has led in tuwn to thanges in the calculated
thermadynomic properties. The most notewrthy sdvantage of tne low texmperaturce
study IS the increcased spectral resolution that wes attaiped. Blo end Bn

s0%Wpis effects in the specimz zre clearly scea, which iz not true §n the
high teaperatury studfes of such spesies.
Carben vapor has been trapped in solid irert gases, and the clectronic
spectrim of the matrix thus formed contains a band systex near 8050 R which
corresponds $9 that of gaseous (:3. The complex C5 spectniz:, 25 it appears in

hot carbon vapor, hes been puszling for menv yeors, and & study of this spectnz
2t 5°% hos severel sdventeges. e possidle vidrational and electronic transi-
sfons ore now guise restricicd, ond {ex noted adove for 320’) the spectral
tands are rerrowed; thus, onelysis of the spectrim may be feasible.

I the temperature O the matrix is rafsed scoerhiat, 55 that the
trapped carbon melesul:s con 2iffuse ond reast wiih eath other, the spetine:
changes greatly, no doubt desause larger molecules (Cy, ‘S s ete.) are formed.
At present theTe iz o ~thier wuy 20 study these larger moletules sinte toawir
Soncentration fn the vamor, under nmormally atininable comdftions, $z wite
s=all. This fllustrates another generzl spproash that can be appliecd W high-
temperature molecules.

The =ain disadvantoge iz the perturbing etffsct which the matriv has
upon the irapeed molesules. However, this effest may often be sm2ll or other-
wise sublest Lo anmalysis and corredtion, and 0 will usuaily be outweighed by
the =ony advaniages of the mmirix-isclotisn tachuique. A promising fulwre is

fareseen Toy manrix-isalation ziudies of high-texperature vapors.




C. EIlasiic Prozeriies 3. 7. Bernstein

The clasti: propertles of refractory salerials have great practical

usefulness for design calculaticns and f=portant fundsmental signiffconce &n

ine field of cohesive mroperties of solids. Since the dyma=ic elastsc
constants of 2 material may be calsulatel irem the velodities of elastic shear
and ccorressional waves in f2, eguimment for measuring these velocities by ¢ .
»odified puise-echo technicue has been built and is being uced for maning such
zeasure=ents a: 2 functicn of tezpirature. In addftion, the sigral will e

attenuated as a2 result of any inelastic losses of the wave energy. Such losses
zay be cuused by grafi-boundary zliding. siress-induced ordering of intersii-
tial atess. alternate precipitation and dissolutis: o a new phas2, or b; other

rocesses.

1. High-Texperature Vaon: Furnace

K new resistance-hczted vatwmm fwnace has teen asse=dled which has
severzl new features. Tungsten regpiates tantalun In the heater ele=ente and
radfation shiclss s that higher tesperatures may be reached. dater-cooled
spiit collears support the heater and shields more rigidly and =ake their
reglecement =uch easjer. The heater is divided into three indeperndently povered
sections, fnstzad of the tvo used jreviously. to give closer control or te=-
perature gredicnts in the sample and o incrcase the operating temperature
range. The DNxrnace has been operated et 2000%C with a 2.5 ¥W power input. The
vacuum was § x 10" Torr at this tezperatwre ond 3 x 10"" Torr at roox te=-

perature alfier ehrwat.

5]

. Polyerrsealline Tungsten
(-3
2

5
lastic measurenents presicusly made -o 1820°C on a poly-

4

rrstailine sample of tungsten (TW-1) had revealed the oscurrence of nprecfable

o

1aztés losses. starting in the ramge <I0-800%C and §acreasing rapicly in the
range 102°-12F2°C until 5o shear-signal transuission could e detected. Xo

diTferente was Jouni in the alt

tion for the sample in the cold worked

1. Jemiannual Progress Feport.

E R s W - By ol

2. Foxlanme 21 Peeswese TJanawe,
. 3. 7. Bernstelm. s b pbliched o




ccndition and after heating to 1800°C. Metallograghy now reveals tnat the
=jcrostructure of the sa=pie had changed from the typical distorted fine-

grained strusture of coid-worked tungsten to cne of coarse eguiaxed grains
(£% grains per sq m). Since tifs lerge structural change éid not affect
the elastic losses, it appears that they are not caused by relative grain
motion.

As & furtker check on this conclusica, a sescad sanple (P¥-2) sbtained
fro= 2 different menufacturer was anxealed a2t 2200°C to produse sn even coarser
=icrostructure of 32 grains per sg. ==. The attenuaticn results cbtained with
Pd-2 vere closely similar to those of P4-1 up 2o 1070°C, wrere the peasurezents
had to e discomtinued to revair a faulty electrical ~-.nection in the “.nace.

3. Single-Crystal Tungsien

As & final step in determining the influence of grain boundariex
upon attenuatien, sxperirents kave tegun at elevated texperstures with singlc
crystals of tungstean. Crystel I4-2 ccentains come lineage structurs, but the
< 100 > axes of itc subgrains 1ie within 2.3°-5.1° of the cylindrical sazple
axis, parallel to which the scnfc wave travels. Assording to preliminary
results, I¥-2 is similar 20 the polycrysralline sa=ples in the texperature
dependance of the attenuaticn of 10 MC/sec shear waves. Preliminery ceasue-
=ents have also been chtained for the velocity and attenuation of cempressional
waves in Id-2 up to 1L00°C. Trere is no rrevious report of dyna=ic elastic-
Froperty measurements on =etal single orystals at texperatures as high as
1%00°C.
k. Qualizetive Interpretation of Resulss

As discussed in previous reports, 1,2) the focr facters which seex
=035t likely to sause the shesr-vmve attenuaticn effects chserved in tungsten
ere: (1) relative =oticn of the grains of e polycrystalline =aterisl at
2evated tezperatires, (2) stress-induced ordering o interstitisl imp.rity
atcms into preferred sites in the body-centered-zubis tungsten lattice,
{3) escillazion of éislocations under the influence of an applied stiress. and
{1} s0li3 state reacticns. such as precipitation.

Relaxaticon effectis duc to the relative =otica of the grains nf a

polyorysislline solid at elevaied lemprratures should te a function of the

IIT-2"




size and distribution of gunsgz') The resulss obtaired on sa=ples -1 and
Pi-2 skow that heat treatzment and grain site do not affect the =zagnitude of
the elestic-loss ¢r its texmperature dependance. Likewise, the chserved
sirflarity of measurezents cn single crystal IN-2 to cne results otiained on
saspies Pd-1 end PR-2 indizates that grain boundary relaxaticn is not the
cause of the elestic lcss.

Disloraticns forzed by rlastic flow in the course of the rac-ining
of the samples do not seem to be on importont factor, since extensive annealing
of sample ™I-2 did not affect the zagnitude or temperature dependante of tke
sigral a=plitude. This 1s contrary to hat uvcndd te erpected i tke cscillation
of dislocaticns under an applied stresés ) were the 2 lnnisn of the obsirved
danping. On the basis of the results obtained ¢ date cn both poliycrystalline
ond monoerystalline samples of tungsten, it is felt thut the mechanisss most
probably responsible for the obseryed shear-wave dozping effects ere stress-
induced ordering of interstitisl atoms or solid-state reactions.

S- ture Work
Precise neasurenmants of shear-wave attenuation and of the temperature

dependance of the single-crystal elastic constants of tungsten will be under-

taxen. Two sin;;le' crystels of TiC, for which rocz temperature measurezents

have been rc;mrted}? wi1) be ennealed and then machined, and mcasurezents of
treir clastic properties at elevated teaperatures i1l be started.

C. Zrrer, Zlasticity and Anelasticity of Metals, Universitr of Chizags
Press, Chicago, Illinois. 1GS0. .

D. H uiblett and J. Wilks. PRil. ¥ag. Suppl. 9, 48 (1¥0).




D. X-Ray Studies C. R. Houska
X-roy diffraction experirzents at elevated temperaturcs axre deing
used to determine both the therzal expensicn of materisls and th: mean
vioration a=plitudes of the atoxms which compose them. Results obtained for
the therzal cxpension ard atemis vibration emplitides cof tungsten end titanfum
cexbide have been inciuded in previcus reports. The thernal expansior data
Feviously aveilsble in tre iitersture for each of those zaterisls, cier e
s=aller texgerature rearge than we covered, showed wide scatter. Atcordingly,
there was oo ctarderd value eseinst which to cizpere our results, which lay ‘n
geseral rear the high-expension edge of the scatier bead of results.
wring the redecizn and conctruction of iz -oOt-zome assexbiy ior
e X-ray furnace g ceareful check on possidle errors was =adc. It wvas found
that the size amd aligrmernt of tae view holes tlxough the heat shfelds und the
wecutm-chazber wall were such $hat the anguler aperture of' the opticel pyrezeter
wes rot £illed with radfatior frca the dlack-body hole in the spacizen. (The
Fyro Micro-optical Pyrcmeter cade by the Pyrometer Instrument Cozpeny with o
5-5.6 inch werking distance has the relatively large angular aperture of gbout
6 degrees.) Thus, tre spetizmen tesperaturas reported for given therzel ex-
pensions hsve been lower than the true tecperatures.
Tre new furneze assezbly, with enlerged viewing holes, has now been
pat into operation. The temperature of 2 ypacizen of ctrzercial tentelum: was
ed sizul 1y with the cpticsl py.meter and en inserted Pt-Rh vs. Pt
therocouple while it was heated in this new furmace assexdly. The optical
pyrezeter wac sighted into a hole (1/6% inch dioseter and 1/8 inch deep)
drilled in the specizen. A cozputed Fresnel correctfon, which was experimental-

1r verified within S°C, wos upplicd o the fused-quart. Zindow. A themwcouple
wel) was also érilled in the spesimen sz the thermoooupie vos within 154 inch
of the sighting hele. Jomporative temperatures a5 reed by the oplic:l pyrome-

tar and thersocousle sre given in Tadle D-I.

Tabie P-I Comparison of Tezperatures Heasured by

ine le and Opiical Pyrimeter

Irdicared Te=nersture {°2)

Tharan~~eala T2 =3 3% 1012 1293
Cptical Pyrometer 733 ) 304 101k 130.




The resulls show, within tre ascuracy of the techaigues, that witi
tke new arrangement the optical pyrozeter gives the correst tezperature. Tae
therzal exgansion work on TiC and tungsten has been redone using the new
reating-zone assexbly end is reported in Tsdle D-IX, slong with new da’s cb-
tained for Zrl. Agreezent with the reletively recent x-ray datz of Mauer and
Bolz 2 is now good for the entire temperature range within which they maie

zeasurentnic.

Tedble D-I1I Thermal Zxpansion of TIC, ZrC, and Tungsten
e
Temperature  (°C) mé 1256 1767
Exparsion (%) 185 i.02 1.L9
2xpencion® (%) 150 1.00 -

Temperature  (°C) 1257
Expansion (%) 7 €56 .852
Expunsior® (%) 650
Tezperature  (°C) 1009

(%) 575

(%) ; 276

or Mouer and “-’:.(1)

e = =22

Tre previous discussicn of the Iype and zuplit.ie of il aicmc

vivraticns is not shenged, bus the reported eplitudes ond correspiniding Debye

temperatizes =ist rexslzalated. ALl éate given in cerlier reports i1l be

rocelculated and zei in the next querierly repord.

Therzal Expansion of Termet

13, "Measurezent of Ther -
serasure X-rgy Diffrasiion,” 16 (Dec. 1955,




The #-ray furnate hss been rebuilt with the following design irprove-

Zents. The hot-zone assexbly now ¢oatains two plug-in units. Une consistiug
of the specizmen holders and radjation shields should fasilitate poricdic re-
oonditioning, such as replasing rziiction shields. Tre sezond consisis of the
ezater cupporis which plug into their eletirodes and have detter rigidity and
elestricel soatact then previously. Other changes are improved ralfation
shielding, a vew siutter for the pyrometer wirdow, and a tnicker, Teticy
01ished Teryllivm x-ray windov in the Nownace she

During the riext juorier we expeci to exterd the zeasirements on T4C

and 7rC o above 2000°C. K complete scmery of vidbrational explitudes, thermal
cxpension, ant Debye temperatwres of TiC, ZxC, and »iz-ten will be pripared

Tor the surrected temperabire meascurements. Studies will also bagin on the
effess of metal:zetallodd atem ratio on the therza. 2xpansion and vidbratfion
a=plitudes of TiC anmd Z=C.
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smetic ¥ s 3. Piper

During the past guerter gal soetic erents have been zade
cn a variety of fece.centersc-cubi: refractory carbides of both IVa and va
Group metals. Fro= these deta further information has been obtained regarding
the encrgy deperdance of the density of velence-elestrsn states for these
materials.

1. Experioental

The Hall coefficients and eiectrical resist.iviéies of a series cf
hot-pressed refracztory carbides are presented as functicns of texperature in
Figures E-1 and F~-2. Pertinent data regerding the sar: .ex shewn in the *2d
figures are given in Teble E-I. A solid line in Figues E-1 and E-2 indicates
that the effect was me2sured at small tesperature Intervals; a brokea line

Tadle E-]1 Samples Used for Figures E-1 axd E-2

Materfal clre Density ¥ajor Impurities
(Azcmie Ratso) {by veight)
TiC 0.9% 0.8 -
= 0.83 0.93 Free C - 1.75%,
R - 1.52%
31 0.85 0.80 free C - 0.52%,
n-c.2%
[ 0.%0 0.85 Free C - 0.3%
Tl 0.5 0.80 -

zerely connects the experizental points thiat cre shown. Ko carrecticns have
been made for porosity o the ssmple. The 5.2°Y points for both Tof and CB0
=ust be regarded with soze caution as the suppression of the supercondustivity
of the sazples with a msgnetic ficld mey not have been eotpplete. Hovever, 2
=sgmetic field deptrndence of the Hall ceefficient was not chserved for efther
=aterial, end only Cof continued to show & slight field dependence of its
resistivity 8t 12.5 % gauss. The lerge relative spread In experizentil points
for the Hall tsefffcienss of CWC and Tal {s o result of the sz2ll =ammitude
{~C.1p ¥) of she Hsl) voltsge, which is limited by the small Kal) coefficient,
the =axfmum available =sgnetic field, and the mexim:= tolersdle (chmic heating)
current.

cruczion
Tre most precinent features of ihe values fresented in Flgures E-1
and £.2 are the cifferences in mmgnitcde and lezperature dependenze of the

Hall ccefficisnts tetuween the ITa and Va2 carbides. In zomparisen, only minor

—




differences in properties are ctserved for carbides within each group. These
features ray be interpreted in terms of = two-band model. Caleoulaticons by
(‘an:'-a:,'(n on the bard structure of ¥MX-type cozpounds, where M is 2 transition
wetal, indicate that the density of valence-eleztren states neer the rerzi
levels for these cozmpounds is large and fluctuating. Howcver, the large Hall
coaffizfents R found for the IVa carbides irdicate that o comduction dand
containing a relatively few electrons (- C.1 per metal atcm) cust Do neoviding
a zajer porticn of the change trensport.

If we essume that the cendustion band hac a stendard forwm end
provides most of the t port - as supparted by the szall magnetic-field
dependance of the Hall coefficient ard resistivity r: oried previously .or
?ic(e) - then the following mnaiysis indicates the festures of the dand
structure which determine the tezperature dependaice of R.

‘The Hall coefficient R is related to the concentration of charge
carriers n. by

R () ~ @,— ()
wkere ¢ is the charge of the carrier and both R and n, are temperature depend-
ant.

The tempersture dependance of B, is quite generally given by
s.(E) &

RC(T) b4 _JE-__}T-K?—+ L (2)
where & ic the density of stetes per unit energy within the condustion band
angd F”:" the Ferni energy, i1s a function of temperature. Tre te=perature
deperdance =% E.. in turn is a function of the total density of ssates g(E)
given oy )

oc
4
{E) a8
H= / izm , (3)
o c T +1
where U 5 tne total nunber of valente electroms and. therefore, independent

cf T.

1. 3. Callaway. "¢ Bands in Cudbic Latsices. IIT” Fays. Rev. 121, 1351 (1951).

2. Se=t 1 Progress Reper:, D ber 31, 1651. TResearch on Physical and
Chemteal Principles Affesting High Temperature Xatemtials, cte.™ - Contrucst
Nio. DA-30-05G-0RD-ZTET.
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Soiuticn of Equation (3) to the first non-vanishing tern iz 7

wovides the relation

) (&)
EE(T) - EF(O) = - T (!1')2 —E—(Er , (4)

and the solution of Equation (2) for a standard bard (ch: Ell 2) and 8 large
value of P.?/V._" gives

SCONN YO EL
m = —I,:—Fm (5)

From Zquactons (1), (5}, ard (5) we cbiain the expres. on

2,
[a]” - 55 e o

While this derivation is rigorcus only in the low tesperature limit, the gualf-
tative dependance of the Ezll coefficient as 2 function of temperature upon the
forn of the density-of-states curve.remains similar at higher temperatures.

Ascording to Eguation {6) and the data presented in Figure E-1, g'(E)/
&(E) is large and negative for the IVa carbides, while the seme factor zay be
positive for the Va carbides. These features axe very roughly illustrated in
Figure E-3. The verticel lines merked ZrC and CbC irndicate Fermi levels which
are in eccord with the Eall effect date for the IVth and Vth group carbides
respectively.

Several coz—ents regarding the features of Figure E-3 are pertinent.

a. The s=all Eall coefficients fer the Va carbides suggest (frem
Eguation (1) that there §s sbout cre electram per melsl atom in the corduction
tand of these cerbides in comtrast with =~ 0.1 per retel atom for the IVth group
carbides. In view of the intrease in val electron ation ol 1
electron per metal ates in the step fro IVth to Vth group carbides, =ost of
the iner t of valence clestrons ray appear to have entered the conduction
band. Under these ccndftions the minimumm in the dashed curve for g(F) would
te lower and =xch broader than indicated in Figure E-3. The CbC Ferni ievel
uo;ud be displaced to & higher energy. It is likely, however, tket soce
"hole" conduction in the second bend is reducing the mmgnitude of ‘he Hall
ccefficients and thus increasing the apparent electron corsentratixn Yor tre
Va carbides. The hole conducticn, in turn, zight be expected o provide a




measurable zagnetoresistance. Prelinminary messurerents, however, indicate
ti:at tLe xagnetoresistance is no larger than in the IVa carbides, and it
rezains to be seen vhether hole conductior is actually important in the Va
carbides.

b. In Figure -3, the total density of stares for the Va carbides
is represented as szaller than thet for the IVth group materiasls. Hevever,
there is as yet no very substautiel evidence for this.

c¢. The shape of the density.ci-states curve for the region inter-
zediate between ZrC and CIC 1s open to conlecture, and. its determinetion
reguires work on soldd solutions of the two rateria v,

d. Two assuxptions zade in the above #iscussion must be considered
with some reservation. The first is that of negligible duction in a a
band for the IVth group carbides; the other, that the band structure remains
unchanged with thc change in core potential from the IVth to the Vth group
zetals. Galvenomzgnetic data on high-guality single crystals and on solid
solutions will probably be needed before these assumptions may be critically
appraised.

3. Future Work

Work towerd the elucidaticn of resistivity differences in different
samples of the saxe carbide has continued éuring the pest guarter, and while
there is insufficient information to zuypor.t definite conclusicas. there are
indfcations thet nitrcgen "doping" is at least partially responsible. Further
exa=ination of the effect of partial replecezent of carbon with nitrogen and
Yoron is therefore contemplated. This, and measurenen s on Zr{/CHC solid
solutions will provide information cn the density of valence-clectiron siates
in the intermediate region. An equirzolar solution of ZrC and CbC is presently
being rrepared. A furnace in which galvanomagnetic measurements can be made
at te=peraturss up to 1000°C has been designed and will de cénstru:ted.

-
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F. Materisls Preperation . Binder

The production of reproducible, characterized specinens of refrac~
tory carbides and borides fa a variety of shapec, as recufred for variovs
measurezents, is the ~ ~ct of this work. It fs desirable that soxe cf these
specizens be of higr - ¥ sO that the properties of each pure cozpound can
be estedblished as & - fro= vhich to deternmine the influence of irri-
ties upon properties.

Tables F-I and F-II contain the anslytical results for zany of the
lots of refractory carbides and borides produced Dy us as -200 mesh powlers and
for which analyticel results have been recefived. The ity of the patarial
£5 shown by the total izpuwily content. This hat dewa selected 23 a criterion
rather t.han' the content of the two major constitueits because anslyses for large
a=punts of the metals, carben, cr toron =2y contein crrors as large as 0.5~1.0%.
The total analytical uncertasnty ie less when the small errocs in the determina-
tion of eacth impurity are simmed. A spectrogrephic analysis is used to insure
that no =etallic fnpirity &z overlooked.

The batches of cxrpounds as originzlly prepared carry C- or B- ot
m=Xers. These compounds were zade by reasting graphite or boron powler vith
<he sppropriste powdered metzi, metel hyiride, or metal oxfde. The ressticn
vas cerried out in en induction-teated grapnite container connested by closely
fitting Dechanical Joints %0 a2 scurse of purified hydrcgen and to a graphite
exit stesk at which the nhydrogen is Yworned. Many of these batches have been
urified by heatirg in 2 vesum of 3¢5 - 1w = me resylting materisl is
designated by 2 V- lot ber. Tre vermes tr at generally consisted cf
hecting slovly and pausing at texperatures where gas eviiution ostowrred until
this wes suzstentielly ccmplete. The highest temperature r_ec::heﬁ ezd the tize
held are given {n the tedbles. The toxgeratures vere neasured uwith arn oplical

Prrozeter, end corrections have been aided for the window end poiss losses
(50°C) = for an e=ittenze of 0.5.

Tne borides and cordides of the Ve Group =etals (Tel, 7C, ma,
(.'232) have beea mde with good to exsellent purities. The results couid
probadbly i1l be fmproved by the applicaiion of vamuum purification treat-
ments.

Concideradle more Siffisuity has been entounisred with the curbizes

I2I-22




and berides of the IVa Sroup mesals (7M€, Ti3,, &<, 2r3,, ET, and :-!f.-sz).
Zirzontim cardide and dfbocife have een nmale in good to very oo pmurity,

bt not with resularisy. Tirtanium carbide and diboride have not yes teen
=sie 20 the desired standovds of 98.5 + % pwity, exdept that Lot V-18 of
'1‘122 =y reach this if its oxygen content, mot yet repiried, is < 0.2, The
hafniuxm cempounds, made in only a few runs, nove not yet reacted the stendard.
Yaaoz= purification of these carbides amd dourides of the Group IVa
=etals has been showm 5 be culite effective, thugh not a cure-z2ll. Nitrogen
can be removad from TiT, ‘i‘iBa, HIC, 5132, and 7:32 at abeut Z230°C. 25ibly
¢ can e romved from ZxC at higher temperatires. ¥-jever, this is cne
elezent which can be Qorgely prevented frem entoriny, Jle material by giving

perticular care 20 keeping the systen tight and on gelttering the atwcspiore

while foraing the cozpuund.

Oxyger and corlon contents appesr 40 be related as one wuld expect.
In general these materfals hove contained more cardon (free carbon fn carbides)
than oxygen. Under tre<e conditions oxygen hes been relatfvely casy to reove,
presuz=adly as CD, 2t temperatures 25 1ow 23 1600°C. Wrether a considerzble
excess of oxygen wuld bo removed by volatilization at a prastical tompera-
ture is vucerinin. Mass specirozetric woxz here has showm that Z#0 coulc be
avsporated referentieliy from ’4::32 2% 2100°C. Carbon, on the other haed,
hes been very difficult to remove when it is present in large sounts. In
future rz, attespts will e =ale 39 keep the free carbon low &n the origined
Satch. Iz casec vhere the carhean content considerchly exceeds the cxygen
content, several metheds will be tried for ailing oxygen to 2id in the re-
=oval of carbem.

Tre metalilfc f=puritfes in these cardides ana aorides arce generally

lzw. They are pushed even lower by vasni: heat treatmentls zs i3 she.nm la
Teble F-IIX for scoe typical materials. The fron and choemfu prodeily come

=ainly from the stalinless-stiel mortar used fa crushing the partially sintered

=asses 0 fine powder.




teble F-I  Anclyses of Cerbides !ﬁ
Total Yaocuina
Compound Lot Cfe® FreeCc H © Iepurity  Treaimest
e c-25 0.97 0.11 0.0% 0.048 0.3
c-36 0.9s7 0.3  0.03 0.05% 0.50
Tal c-24 0.99 0.30 0.01 0.02 0.22
C-a0 1.00 0.10 <@.01L 0.026 0.19
C-424 0975 .01 <0.01 0.023 0.3
T4 c-5 0.965 0.63 .28 0.57 .83
v.3he 0.96 0.0 0.27 0.072 .00 } ur 2310°C
c-37 0.5655 0.98 0.62 0.1z 2.06
V-31* 0.%45 0.52 0.70 0.0%  1.36 1 br 1770°%,
5 m. 1920°C
c-38 2.9% 0.6% 0.57T 0.2 1.5%
c-15 0.55 0.6) .01 - -
v-2¢ 0.8 0.05 0.93 - - Soldd sample
10 m. 2130°C
c-168 0.5 S5.28 2.48 - -
v-8+ 0.5 4.92 2.7 - - 2} nr 1720°C
s, = L
v-6ae 0.9% 3.55 0.15 - - %J i br
v.z7e+ 091 6B L% - - 1} nr 1810°C
v-35%  0.998 a9z 0.3 &5 - éh‘: 23607 +
£ br 2555°C
c-51 0.93 2.02 .51 0-2T 3.0
v-65 0.57 0.5% 0.530 0.023 i.30 1} hr 2270°C
c-22 0.56 0.50 0.2 - -
v-17 - 0.28 0.6c 0.06 - 10 = 2159°C
A3 c-20 0.55 0.5 0.27 0.57 .32 .
v-12* 0.565 <0.05 0.28 0.085 0.37 1} hr 2250°C
o2 0.% 0.37 0.35 "0.32 L.
c-3 0.93 0.82 0.06 0.0 1.2
C-%3 0.8y  1.93 9.1 0.37 1.8
v-58¢ 0.82 0.37 0.18 0.0 1.35 1ar et

S




Tabtle F-1 {continued)

Iotal Vasuuz

Compound  lot Cfze? Freec u 0  Impurity  Treatnent
e c-17 0.65° o0.52 o0.80 0.23 1.6

c19  0.8° 155 0.5¢ 0.08 222

w12 0.58¢ L2103 008 LG 1 hr 2200°C

= - Atazic ratio of ccobised cerbon to major metal coastituent.

b - The zirconiuz contest (2k5) is inciuded ss an ~:-tvalent muber ot
=oles of hefalum in calculsting C/ke.

# - Produced by vacuwm purificatioca of lot {zmedtately preceding i Tabic.
*+ . V-27 produced from part of C-168.




Table F-II Araiyses of Borides (%)

2 Total Vasuun
Cospound _Iot Bftte [ n [] Izprity Treatment
CtB, B-48 2.00 021 <0.01 0.116 0.49

TaR, 232 1.9 0.1% 0.0  0.113 0.L3
B-L9 2.2 0.07 <0.01 0.077 0.35

TIB, D-2Ch - 1.35 1.07 Est. Est.
0.8 0.8
Va5t 2,06 0.87 c.0% 0.h 1.5 10 n 2250°c
B-21 - 0.35 0.3 - -
vaas” - 2.2 0.05 - - 50 m 2240°C
BSI  2.08 .56 0.CL 0.3 2.05
vesst 213 127 <0.00 0.7 1.60 4 h 2275%C
v-57*  2.17 120 <0.00 GC.% 1.37 10 n 2310°C
B-55 - 1.2 <0.01 0.h0 -
2R, B-2% - 0.9 - - R
V-7 - <0.05 - o2k - 1k 1800°C
B-2G - 0.8 1.03 - -
vast 21 0.57 010 - - 1/2 n 2220°C
B23  2.07 o021 012 E::. Est.
0.5 0.9
ve3y 185  0.05 <G.C5 0.13 0.25 1/2 h 260°C
ok 1.87 0.2% .08 Est. Est.
o.3 1.05
vas® 185 0.8 <0.05 0.097 0.25 1 b 2080°C
B-36 1.93 0.93 0.01 - Ist.
1.55
- 2.05 0.81 0.002 0.15 1.30 1/2 b 2i20°C
B 211 1.0 0.005 0.13 1.i5
i 185 1.08  <0.00 0.c22 1.15 1/2 b 2290°C
ur3, 315  1.5%5° 049 0.37 0.3% 1.55
318  2.50° 0.6 0.51 0.055 1.5¢

v-158 2.35° 055 0.03 0.033 0.83 1/2 h 2300°C

* o Praduced by vecwm purifiraticn of lot im—cdiately jreceding in Tabie.
a ~ ato=ic ratjo cf co=bined carben to mjor zetal coastituent.

b ~ The zirconiu= ecntent {2 1/2%) is included as an squivzlent nusder of
=oles of hafafus in cziculating Cfile.




Material

Tsble F-IJI _Spectrographic Analyses (§)

e

Si

Cr

AL v Cu M

Tel C-X2A

TeR. B-49

TiC C-37
V-51%
c-b1
V-55%

T$B, B-51
B-5T*

ZrC C-k3

n.d

0.15

n.d.

n.d.

0.035
0.¢3

2.025
0.2
0.01

0.C22
0.c48

C.0%8

0.05

n.d.

0.2

0.017

n.d.

a.d. 0.0k n.d.

n.d. - 0.0005

n.d. 0.005 =.d. 0.002 Ki 0.C3

n.d. 0.002 0.0006 n.d. TI .2y
B 0.001

n.d. 2.4. n.d. .0R-
.002 P 0.0006

0.05 <N.01 - <001 T .0%

0.035

R<G.0

n.d. 0.009 n.d. n.d. 0.0006 P& .035
Ri n.d.

*  Produced by vacmm= purificaticn of lot irmediately preceding in this table.
#  n.d. = not detestied.




G. Mechanical Property Measurements

1. Creep of Refractory Materiais F. G. Reihn

Tte mechanicel properties of rocket-nizzle oaterisls are very impor-
tant since nozzles are subjected to considerable icads and to high thermal
stresses during operaticn. The stremgths of raterisls must, of course, be
knoun at the operating texperatures to pradict their tehavicr under the
stresses involved. but that is not emougk. The ability to deform plastically
axd so reduce stress contentraticns is alsc vital. It is particulerly impor-
tant to determine the plastic tehavior of refrastory carbides ard borides at
high tecperatures, Yecaise they are nstadly Prittle at srdirary tecperstures.
The high-tenperature creep furnate har now been used . test a sample of
tantaiux in tensile creep at various texperatures {n the generz) range 1000~
120C°C, and two adortive runs have been cade on -rme.

The deformation of tantalu= was measured to within 0.01 mm by using
= telexicroscope to cbserve riducial marks on the sazple. Figures G-l and G-2
give the deformation vs.tizme for this se=ple under various conditicns of tenm-
perature and stress. A pover failure at the locel utility compeny occurred
during this test; the data in Figere G-1 being taken before, and that in
Figure G-2 after this occcrrred. Since the beam-leveling device of the creep
=achine cannot back up, eny specizen under test vhen a power failure occurs
will be strained by rearly the axcunt of its own contraction plus that of ihe
E-ips and pull-rods Quring the cooling to rooa tesperature. aYd

Norn'} gives the resstion-rate expression f—f— s 568 o~ B g
sreep wnere %- is the creep rate, S" & s’.r::c:ure-sensx.;ive parazeter, B the
stress constant, € the stress, AT the activaticn energy for creep, R the gas
constant, T the sbsolute teczperaiture. The ccobined lector S'eg' is terzed
the Zener-Hollomon psramcter. Assuzing this eguation cne mey compute tiv
astivation eacrgy 37 one measures the creep rates at tud te=peratures while
seping the stress and sp=ple strusture essentially cemstant. Sizilarly the
stress ccnstant 3 zay be oblafned frem tuo creep rates at different stresses

w

but constant temperature and structure.

1. J. E. Dorn. Creep and Recovery. p- 239-¢8y. Az, re. Fouair, 1557.




=
Marchy and b‘nrig“) =zesursd the creep of tantalum at temperatures

up to SOC'C ard stresses between 32 ead 20 ksi. They arndied Dorn's eguaticn
to their datc and deterczined aversge velues for AH and B of 129.5 keal/=ol
and 5.85 x 107" 120 respectively. Fxtropolating with these values to 1025°C
gives a creep rate of 1 x 10"2/!‘.:- 2t 9.5 ksi ccmpared to the 5 x 1077 measurea
j= this experiment. The creep rates zeasured after ihe pover fajlure were
ceasideratly lover <han would be predisted frem the data of Murphy and Uhrig.
This is prcdedly 2 result of strafning and polygonizing the sampie during
cocling and reheating. th St:2in hardening and polygonizaticn ere knovm to
affect strongly the criep behevior of metals. The prizry purpose for

working on tantalus vas to try out the testing metl: .i, sc no fNwrther z2uilection
of data on tontaium is plenved.

Since the phasze diagrazs of the refrastory metals with doren sre
not very weil knoun, it was not possidic to o whether low-melting lionfds
aight be formed between 'i‘£32 and tantalum, =olybdenuzs. or tungsten. To
determine the suitsbiijty of these metals for grips, a series of experizents
was wade. Pieces of 'i‘iBz in contact with tantalum, =olybdenum, or tungsten
were heated in 2 good vacuum. These szmples were sontinuously cbsarved through
an optical pyrczeter. Ti32 on taatalu= and tungsten was hested to a briahtness
temperature of 2100°C with no xelting. COn rexoval fro= the furnese these metals
shozed only small discolorations at the area of contast. When 7152 and =olyb-
denu= were heated. however. there were indicatfons of a Ifzuid at 2020°C and
ranid zelting 2t 2050°C {uncorrected brightness tezperature). It appears <hat
either tantaluz or tungsten grips wwuid be used with ’i‘iﬁa up to 2100°C without
serisus reacticn ostuwrring.

A cermerzial T4 = tensile specizen wes teste. in creep et & brightress
tezperatiTe of 1515°C using tentelus grips. Under e siress of L.T kss ke

-5
creep rote ¥as Telow L x 10 /hr. A sesend logs of pover o the bujlélng caused

The frasture of this specizmen ad an unknoewm stress snd temperature during its

113

aoling. & sezsid :i'.“ sazple was losy vien it was cvernssted {appereatly
throvgn 2 iher=ovouple fa’lure), reacted with the antalu= grips. and veriially

zelied.

i wawe T
Feport L

2. G. Yurghy a4 R B Thrisl WODLAEST.




Future Work. Two =ore 'IiBa specizens are cn hand and will te tested
at te=peratures above 15C0°C. The measurenent of temperature in these creep
experiments is very important, the data of Hurphy and Uhrig,(a) for example,
showing that the creep rate of tantalun doubles for a 25°C temperature rise
in tke rauge near 1100°C. However, the attachment of any thersocoupie to the
sagple is impractical and undesirsble, and a black-body hole for optical
measurezent of temperature cannot be tolerated in a creep specizen. r-ocordingly,
a dumny specimen centaining such a hole and nmede of the material to be tested
will b= heated in the creep furnace. Temperatures will be measured both on the
specizen surface and ca the bottonm of the hole, end lnter the correction thus
deternined will be applied to temperatures read on i~ surface of srecp Cfamples.

2. ¥eckanical Properties of Tungsten R. L. Cumerow

Prelininary plens are under way to measure the yield siress and the
steady-state creep rate as functicns of temperature in the general range 1C00-
2500°C for tungsten cr}stals prepared in the "cleanest™ way possible. The
crystals will be prepared with an electron-bean zone-welting apparetus that wail
be kept completely free froz carbon and other interstitial fmpurities by use of
a VacIon dirfusion pump, effective oll traps for the rcughing pmp, and von-
organic gasket materials, After the properties of the hyperpure tungsten have
been established. it is planned to ke the same type of measurements or
tungsten single crystals thet have been doped controllably with efther sub-
stitutional or interstitial atows.

She power suppiy To tae elostrin-basm melting apraratus is being
ordered, gand work on & cathode design is under way. Prelininary design work
has begun on the high-temperature tensile apparatus tc be used for meXang the
yisld-stress and creep measurezents.
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