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Abstract

A ststus report is preaented on the development of the transieat
thersal property spparatue described in Parts I and II of WADD-TR-60-
581, Modifications snd improvements of the spparatus are descrided,
end results of measurements of the thermal diffueivity of tentslua
st 1400° end 1500°C are given. The status of thermal property measure-

sents by existing techniquee is aleo included.
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Foreword

The work reported here was perforaed by Atomics Iaternational, o
Division of North American Aviation, under the auspices of the Depart-
seat of Defense through the Advanced Research Project Agency. Contract
AF 33(657-7136 Leeued under ARPA Order No. 24-61, Project 002, "Materiale
Theraal Propertiee", was edainistered by the Directorste of Materiale
and Procesees, Deputy for Technology, Aeroneutical Syetems Division, with
Mr. Hysan Marcus scting as project engineer. This report covers work
conducted from August 1, 1961 to September 30, 1961.

This investigetion ie en exteneion of work previoualy perforaed
under Contrect AF 33(616)-679% which was under the reeponsible
supervision of Dr. N. R. Mukberjee of the Thermoelectric and Bigh
Temperature Materisls Section. The present work is under Dr. 8. C.
Carniglie of the Fuels and Materiales Department. Mr. Mark Nakata hae
Joined in this work and hae esaumed an isportant role in the experi-
mental phaee of the transient thermal diffueivity apparatus.
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Study of Thersal Properties of Refractories

by R. E. Teylor and M. M. Nakate

latroduction

The prisary purpose of this project is to seasure, dsscrids,
and understand the thersel properties of refrectory setsrisls
fros asbient teamperature to tesperatures approsching the melting
point. This quarterly progress report covers the period fros

bagust 1, 1961 to Septesder 30, 1961.

Due to delays in fuading, work was carried out at a low
level of activity during zost of the quarter. However, because
essentially all of the developmental work on the photoelectric
pyromseter bad been completed during the preceding period, sud-
stantial progress wes sade toward the developaent of the apparatus
for tranalent therasl property seaauresents. This phesse of the

work is described in Section Il.

In order to obtain inforsation on the thersal properties of
refractory saterials during the developsent of new approaches, 8n
effort utilizing existing techaiques has been saintained. The

status of this work is descrided im Sections III and 1V.
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Statua Report or Transient Thermsl Property Appsratus

The increaced eensitivity reeulting froz the completion of

the photoelectric pyroseter described in paet rcportol'a

and

the use of photographic techaiques pinpointed problezs in ehield-
ing and sasple holes. Specifically, it was diecovered thet s
significant asmount of stray radiation was entering the detector

snd that the focusing arrangesent was insdequste.

Modificetions in the radiation shield sseembly were therefore
msede, 1) to reduce the amount of heat genersted in the shields
due to RF energy pickup, sad 2) to cut dowr the amouat of spurioue
redisnt energy resching the detector to s negligidle level, by
mesns of euitable shielda snd collimstors. The configuration is
ehown in Figure 1. A marked decresse in RF energy pickup by the
tsntslum shields was obtsined by placing them just sbove the con-
centrator instead of extending thex into the space occupied by
the heater and specimen. Further reduction in the shield temper-
sture was made by cutting rsdisl slits and punching pinboles in

the shields.

The major source of spurious rsdiation wes found to be the
ecsttered light ononoting fros the spsce between the individual
shields and between the shield assembly and the ssaple. Ceramic
thermocouple tubes approximstely .060 in. I.D. sand 1/2 in. long

[ ]
were inserted through the sight holes of the shields to within
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spproxinataly 0.0l in. fros tha sample, to correct thia condition.
It was alao found that tha diffuss radiation from the outarsoat
shiald and acattared light froz the pyrex vacuus enclosura com-
tributed & aignificaant azount of radiation to tha datactor. A
aecondary radiation akield consiating of an alusina ring which
encirclea the tantaluz ekielda, and an slusinae disc which fita on
tha ring, 8ll but elizineted the diffuse radiation reaching tha
pyromater. Finally, a szell vtut aignificent amount of radiation
was being picked up by the pyrozeter f{rez the sight hole which
wae not baing measured, because of the proximity of the holes and
the dietenca of the pyroseter froz the specimen. A sheet of
aetal in which two G.1 in. holee were drilled to msatch tha aight
holes, wes placed over the aight windows, so thet the narrow baam
of radiation fros only the sight hole being meaeurad would reach

the pyrometer optics.

Two 0.060 in., sight holea were drilled into the apecimen to
a depth of 7/16 in., and concentric holes, 0.0kO in., were
drilled within the larger holes to a depth of 1/8 in. The narrow
shoulder at the bottom of the larger holes was then used as a
guide to focus the pyrometera accurately on the bottoa of the

aight holea. The rediant energy passing to the phototuba weaa

limited to an area of approxisately 0.030 in. diameter by adjust-

ing en irie diaphragm in the optical eystem.

The photoelectric pyrometer was described in a previous
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roport.a Minor «djustments were mads to isprove the focusing
sechapiss and to prevenl changes in the photosultiplier output
due to slight shifting of the pholotube within the pyroseter

housing.

Isprovezents were nade in the specimen and heeter supports
€ thst inconcistencies in the patterc of thersal transport
which were observed in soze of tne previous runs were cospletely

eliainsted.

Absolute temperature detersinations were gade with an
optical pyroseter. The pyrozeter used was a Pyro Mico opticsl
pyrometer, which wvss cslibrated against a tungsten filazert lesp
cslibrated at the Nationsl Bureau of Standards. The asxisua
uncertainty in the present calibretion 1a estimated to bs ¢ 17¢C.
The repeatadility of readinga for thia pyroseter is : 2°C. Cor-
rection for the absorption of the aight window and prisa which
were used in conjunction with the optical pyrometer wss also

deterained.

The photocurreat output from each of the sight holes st
steady state vas measured and plotted against the tesperatures
observed with the optical pyrometer to deternine whether ths
pbotocurrent output was an accurate function of the temperature
of the holes. The calibration curve obtained in the present

work is shown in Figure 2. It is encouraging to note that,
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within the sensitivity of the optical pyrometer, the photocurrent
output is the ssme for both sight holes, over the temperature
renge covered. Tbkie is on indication that the contridbution of
spurious rediation has 5002 reduced to an ineignificent level.
Although the optical pyrozeter will indicate a tesperature change
of 2 2°C (whereas the seroitivity of the photoelectric pyroseter
ie an order of sagoitude greater), if sufficient calidration
points are recorded, & ressoradbly accurate calidbration can bde

obtafced by zeara of curve fitting.

a. Experizental Reeults

Tantalus was choaen as the first sample for transient
therzal diffusivity deterzinatioc. The bigh tesperature thersal
conductivity and specific heat of tantalue have been detersined
at this loborotory}'k 80 that the therasl diffueivity obtained

experisentally can be cospsred with the valuee calculated fros

the equation:

Q
]
I

uaing these data.
®

The tantalus specimen waa a right cylinder, 0.625 in. diam.
by 1.375 in. long. The center sight hole waa drilled at radius
a
rlo s O and the outer hole at ra ol o where a is the
radius of the sample. The theramal diffusivity calculated far

tantalum is 0,212 cnz/aoc at 1500°C, When these values are uased
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in the following expressior for our presert specimes configurstion,

2 2
-r

r
1 0.07

& ot of only 0.37 sec. i6 indicated. Tzus, tentalus is s diffi-
cult zaterial to mesaure. On the otmer hand, il the systea cac be
sade to measure the thersal diffusivity of tantalus with sufficient
accuracy, measurezents of refractory cospounde would thas be
relatively wnsay becsuse their diffusivity ia ususlly less than

half that of tantalus.

Table I gives 8 comparison of the thersal diffusivity of
tantalus sessured with the present apparstus wit: the values csl-

culated froa the literature.

Table 1 Therssl Diffusivity of Tentalus

Liter. Exp.

a &L, aec S
T °C cal/aec Runl Run2 Run 3 Aver. ca/sec
1400 0.211 0.35 0.33 0.35 O.JH} 0.230
1500 0.212 0.35 0.3%7 0.3%? 0.36} 0.217

Considering the sesll 4t for tantalum, the reproducibility of the
deta is excellent. Diffusivity data between 1300° and 1400°C and
between 1500° and 1700°C can also be determined with the preaent

setup, but the temperature-time curves were not recorded in a



.7-

auitsble form for accurste curve fitting in these tesperasture
rangee. Dets for these ranges will be giver in s later report,
but it mey be stated here that values eetimated by extrspolstion
agree within 20% of the litereture velues. Seversl evenuea are
atill open for incressing the accuracy of the data. Multiplier
ptototubee with nigher eignal-to-roise recponce sre now on the
garket and cen be readily 1incorporated into our preeent pyroaeter.
Also, an slternate technique of covering e narrov teampersture
range per run is being inveatigated. Tbis techoique allowe more
Sccurate meseuremente in it by spreading out s narrow temperature

range over the recorder chart.



III. Status Report on Steady State Thersal Conductivit A

Thersal conductivity sessurementa of apecimens of zirconius
carbide have been initiated and resulta will be given in the next
report period.

The reaulta of the thersal conductivity seasureaenta of
titanius carbide obtained in the loborltoryz ere in sarked dia-
agreement with that previoualy reported by Vasiloa and tingorys.
Therefore, apecimens of titanius clrgido were cut froms ose of the
sasples sesaured in this laboratory and were aent to Dr. Michael
Hoch of the University of Cincinnati for therasl conductivity

aedaureaenta by anotber technique. It ia expected that the resulta

of Dr. Hoch will te available by the next reportiog period.
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Statua Report on Pulee Heating Technique for Specific Heat Detersinetions

The design of the eaaple bholder for the specilic heet deteraine-
ticn by the pulee heating technique was improved over that previously
dooeribod.z The =¢ jor probleme overcome by the rew design ere the
eaae of aample alignment and the develop=ent of voltage probes for
use with aasples where spot welding techniquea are not satiafactory.
The im=proved holder is shows in Figure 3. The aasple sbhown mounted
in the bholder is titanius cartide. Thia sa=zple was pulae heeted to
1500°C aeveral times with no evidence of failure. A heating rate
of 6000°C per second w:s used and oscilioscopic traces of the
voltage and current as a function of time wvere photogrephed. Thare-
fore, specific heat measurezenta can be made on this type of brittle
saterial. The =zajor rezaining probles is the lack of an apparatue
for accurately determining the electrical resistivity of large
(i.0., non-wire) samples at high teamperatures. Developmental work
on thia apparatus is under way. In the meantime, date to 1000°C

are being obtained and will be given in the next report.

The electrical resistivity of tungeten wire was measured from
ambient to 1700°C. Tungeten/tungsten-26% rhenium thermocouple
wire has been ordered to allow extension of the measurement renge
to at least 2300°C. After the measurement of the electrical
resiativity has been extended to the higher temperature, the

epecific heat of tungsten will be obtained over the same temperature

range.
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