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Status Report No. 29, Project No- 116-18

I. SUMMARY

Further progress has been made on the construction and instrumenta-
tion of an adiabatic calorimeter suitable for measurements over the :range
15° - 360° K.

A research paper entitled "Studies of Compounds for Superconduc-

tivity" has been published in the Physical Revicw 30, 115-119 (1953).

A technical repori containing reprints of three recent research

papers has been completed and will be issued shertly.

ITI. LOW-TEMPERATURE RESEARCH
Further progress has been made on the ccnstruction and instrumentation

of the adiabatic calorimeter and the cryostat (to be used for the calibra-
2
3

|-

tion of platinum thermometers) mentioned in earlier status reports.
This calorimeter is tc be used to measure the heat capacities of rare earth
compounds,- particularly lanthanum oxide (L8203) and neodymium oxide

(Nd203), over the range 15° - 369° k.

. III. OTHER ACTIVITIES
Further x-ray diffraction expariments designed to aid in the character-
ization of the cerium earth oxides have been carried out. These experi-
ments will be helpful in the characterization of the oxides whose specific
heats will be measured.
A paper entitled "Studies of Compounds for Superconductivity,®™ by
W. T. Ziegler and R. A. Young, appeared in the April 1, 1953, issus of the

Physical Review, Vol. 90, p.115-119. A reprint of this paper is included

in the Appendix of this report. This paper is based on a paper presented

i
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at the International Conference on Low Temperature Physics, held at Oxford,

England, in August, 1951, and on a technical report of the same title.3

IV. FUTURE WORK
Construction and testing of the adiabatic calorimeter and the cryostat
will be continmueds It is hoped that preliminary specific heat measurements
can be begun shortly. During the next three months,three persons {ihs

director and two graduate students) will devote full time to this project..

V. PERSONNEL
The following individuals have been associated with the project during
the period covered by this report.

Name Position

Employment
Dr. W. T. Ziegler Director Ralf-tims
Mr. R. Ae. Young Research Asscciate Part-time
Mr. L. H. Morgan Research Assistant Pari-time
Mr. H. A. McGee, Jre. Research Assistant Full-time
Mr. 7elvin Levine Research Assistant Full-time

Messrs. McGoe and Levine are graduate students in Chemical Engineering.
They began working on the project on June 22 and will continue in a full-

time capacity during the summer months.

Respectfully sutmitted:

w.T. 2017#«—

W. T. Ziegler,
Project Director

Apprcved:

Mereelid W L 2L

Herschel H. Cudd, Acting Director
Engineering Experiment Station
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Studies of Compounds f« r Supercondu.ctivity*t

W. T. Z1EGLER AN: R, A. YOUNG
Georgia Inslitule of Techn vogy, Allanta, Geurpiss
(Received Octot er 6, 1952)

A number of mctal carbides, horides, nitrides, and a hydride,
in the form of powders, have been examined for superconductlvity
down to 1.8°K using a magnetic method. The substances tested
were TiC, VC, ZrC, TaC, WC, ZrB,, NbB,, TaB;, WB, MoB,
TiB., ThB,, LaN, CeN, NbN, and Lallz 5. All specimens were
characterized by x-ray diffraction methnads and, in most instances,
iiy chemical analysis. Gf these substancc. culy 2N gave evidence
for superconductivity. The results for NbN are in general agree-
ment with the work of others. The results for TiC and VC are in
agreement with those found by Mcissner ¢! al., using an electrical
resistance method, while those for TaB;, NbBy;, WC, and WB
are in agreement with observations made by Matthias and Hulm
using a magnetic method. On the other hand, ZrC, TaC, WC, and
“zirconium horide’” had previously been observed to exhihit
superconductivity above 1.8°K by the electrical resistance

rivhod. The results for WC end MoB have recently been con-
{ reied by Matthlas and Hulis, ‘The sibstances ThBy, LaN, CeN,
»nd .Lnl-h.u had not previmusly reen examined for supercon-
c wedivity, .

Particle size m . urements were made on the carbide and
Foride powders. The particles weic large enough that magnetic
feld penetration effects shouid have caused no difficulty, i a
penctration depth of 1210~ cm, cbserved for pure metal, is
ussumed to apply te the present compounds.

The failure to cbserve superconductivity in the substances ZrC,
"*1C, WC, and MoB ia the present study is discuesed in terms
« { & postulated physical distribution of superconducting impurities
of undetermined composition which are assumed to account for
the superconductivity observed in these compounds by other
i avestigators.

INTRODUCTION

HE occurrence of superconductivity in binary

compounds containing a metal and a no~i.~42l
has been known for more than twenty years as ¢. result
of the extensive work of Meissner and his co-worl:ers.?
A survey of the literature-has shown that in many
instances the occurrence of superconductivity in com-
pounds has been observed by studying the change uf
electrical resistance with temperature. In all instances
in which superconductivity was observed by this
means, the electrical resistance of the substance was
found to decrease with temperature from roon tem-
perature to the transition temperature in the ranner
characteristic of metals.4 Most of the compounds found
to exhibit superconductivity are binary compounds
between superconducting metals and boron, carbon, or
nitrogen. On the other hand, the carbides of tungsten
and the carbides, a boride, and two nitrides of molyl;-
denum also show superconducting behavior, even
though the pure metals do not become superconducting
at the lowest temperature tried (<1°K),

The difficulty of preparing these compounds in pur:.
form has presented the possibility that the obsirvec.
superconductivity may arise from superconducting
filaments (either of the parent metal or a compound;
present in the specimen rather than from the hull:
specimen itself. This doubt has suggested the re-
examination of these substances by means of magnetic

* Carried out with the assistance of the U. S, Office of Javal
Research.

1 Based on a paper presented at the International Conference
on Low Temperature Physics, Oxford, England, August :22-8
(1951).

1 W, Meissner and H. Franz, Z. Physik 65, 30 (1930).

( ‘31\/!)eissner, Franz, and Westerboff, Ann. Physik (5) 13, 5.5
1932).

¥ Meissner, Franz, and Westerhoff, Z. Physik 75, 521 (1932).

W, T. Ziegler, Research Engr. IX, No. 1, 15 (1947).

* B, T. Matthias and J. K. Hulm, Phys. Rev. 87, 799 (1952).
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methods, sirce, as Shoenberg has pointed out,?® these
inethods sheuld yield information concering the be-
havior of the entire volume ~f {i-e sperimes; rather t-an
f pogsible superconducting {laments,

Relatively little work has heen published on the
magnetic transition into superconductivity in com-
aounds and in certain metals which are difficult te
purify. Titanium specimens of various purities have
been reported to have transiticn temperrtures ranging
from 1.13° to 1.77° 278 when examined by the electrical .
resistance method, whereas other speciinens of {itaniun
of high purity, examined by magnetic methods, have
either failed to exhibit siperconductivity dova to 1°K°
or exhibited superconductivity cniy ot much lower
temperatures (0.53°K ). A similar situaiion has been
reported for uranium.®!

Recently Matthias and Ululm,’ in an ex*ensive survey
of the occwrrence of superaunductivity fa compounds
examined by the magnetic mecihed, huve confirmed the
occurrence of superconductivity v a nimber of ~orr
pounds ip which it has previously been observed usi e
the electrical resistance test, but failed to find the o cf
in WC in which it bad previously been chserved bty i'.}lﬁ
resistance method. :

Studies have been in progress in this lahorates | po.
some time to re-examine by a magnetic fudi, im;
method a number of compounds previqusly 2% pined
for superconductivity by the electru:a} Te e
method. A number of compounds not previonsg 7 tested
for superconductivity are also being stu¥ [ e
present paper dea!s with the resu.ltsx. 9f el o o delon
fifteen metal carbides, horides, nitrides, AIG o hydride.

3 T). Shoenberg, Mature 159, 303 (1947). d

e g R
Amsterdum 34,710 (lb?l). T p~ . e G b

' D, Shoenherg, Proc. Cambridge Yail. Soc. &t U 11940).

¥ ¥, G, Dauvt and C. V, Heer, Phys. Rev. 78, 00 (1949).

1R, H. Goo’man and D. Shoenberg, Watuze "i,.‘dall (1950).
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‘Yanre { Compo: ‘rion of carbides,

dirt ct combination at high temperatures between the

o e s ot

€ obeu- X-ray diffraction analyaly
Hited Ma; »r
2 in coni.e Refer. Wleor
Mrtal M, te <ot Lattice cnce constitiients
Titaniure, 0.948 7iC NaCl 12 Ti ()
Tal* ")
,V.' fre shim LEmy o VC NaCl 12,13 v
Zirmoavarg w560 ZrC Nl 12 Nbaud/or Ta
Ze (&)
Pantalery 0980  TaC Ml 12 Nore
Thugsten 0989 WC Hesagonal 14  None ‘.Scn!i--
fied

¢ A cuesdor mark () imnpiies a few !°«ey corresponding to structure of
this snlyitance prenent.
b A\C abserd.

"The compounds studied were: TiC, VC, ZrC, WE2, TaC,
ZrBa NbB,, TaBs:, WR, MoB, ThB., TiB., LaN, CeN,
WbN, and LaHa 5. The formulas given are descriptive
rather than exact in that they correspond, in general,
to the major constituents as identifind by x-ray diffrac-
tinu,

All materials were in the form of ruther fine powders,
They were examined hy x-ray nowder diffraction tech-
niques using cepper Ka radiaiien. The difraction
patterns obtzined were analyzed with the aid of
published. Jata. Fartial chemical analyses were also
available for all compourds. Detailed analyses of the
materials have beer included in order to characterize
the materials studied as capipletely 2a possible.

Particle size measurements wece made on the carbide
and hodde powdirs,

DESCR™™TION OF [OXMPOTENDS
A. Metal Crrtides

Thz carbides were obtined through the courtesy of
Dir. F. H, Horn, Research Laboratory, General Tlectric
Company. They were prepared by the Carbwloy Com-
pany, Inc., which provided the analyses from which the
compasitions in column 2 of Table I were calculated.
Table I summarizes the x-ray diffraction results ob-
tained.”- 1% In each instance the major constituent was
identified by comparignn with the data given in the
reference cited. From 2 vonsicieration of the chemical
analyses and x-ray diffraction results it was concluded
that none of the specimens contained more than a trace
of free metal. The tantalum carbide sample appearcd
to be essentially pure TaC. The ocenzrence of faivt lines
in the diffraction patterns of the wther carbides indi-
cated the presence of small aynounts of impurities. ¥ioth
vanadium carbide and ziromium carbide deviated
appreciably from the simple stoichiometric forauin MC,

B. Meta® Borides

‘Ti:e metal borides, obtsiced from Cooper Metal-
lurgical Associates, Clevelrnd, Ghio, were made hy

"'ﬁ'i“._'r. Horlon and A. L. Mowry, T, Metals 1, No. 2, 133 (10401,
(1;:“01. Dowihl and W. Rix, 2. anc:g. v, ai'gem, Chem. 244, 164

u 12.' Becker, Z, Physik 51, 451 (10,

B e L ] s

povidered metal and elemental boron, hoth of high
putity. All specimens were rather finely divided dark
gray powders, Table II summarizes the results of the
cheinical and x-ray diffraction analyses,!*~t" The chem-
ica. analyses were supplied with the specimens.

‘The diffraction pattern from the thorium boride
powder contained 69 lines, Of these the 19 strongest
lin23 could be assigned to a face-centered cubic structure
baving an ay of 5.584:0.01A. On the basis of the
cheical anelysis this structure has tentatively been
astizned to Thl,. A trace of thorium metal was present.
Of the remaining lines a few were medium faint, the rest
being faint or weaker. Many of these remaining lines
co1ld be accounted for by the presence of a small
amount of ThB,, using the lattice parameter (2o=4.32A)
given by Stackelberg and Neumann.!® However, several
of the lines expected to be strongest (as judged by com-
purison with the publlshed data!* for CaB¢) were
absent,

The x-ray diffraction pattern of the titanium boride
was. compared with the very detailed study of Ehrlich!¢
who investigated the structure of the TiB, system over
tlie range 0=x=3, Detailed comparison of the 23 lines
obdtained for this material with the work of Ehrlich
indicated that the strongest lines corresponded very
ciosely with the pattern given by Ehilich for TiB.
where & ranged. fraom 2 to 2.5, with a somewhat less
satisfactory fit for x over the entire range 1 to 2.5.
There was no evidence for free titanium,

C. Metal Nitrides and Hydride

The lanthanum and cerium nitrides were made by
direct combination at 800-900°C between the rare-earth -
1netal filings and nitrogen at one atmosphere pressure,
A more detailed description of preparation and proper-

TasLE IT. Composilion of borides,

Calcu- X-ray diffractlon analyasis
lated Major Minor
xin conatl- Refer- conatl-
Metal MB, *tuent Lattlce ence tuents
Molybdenum 099 MoB  Tetragonal 15 %013
[}
Tungslen 1.03 WB Telragonal 15 None
Thortum 2.04 Nol Face- Th
idenlified  cenlered ThB, (?)*
cubic
Tilanium 0.99 TiB, 16 None
x=2-25 identified
Niobium 1.94 NbB; Hexagonal 17 Nb
Zirconium 2.35 ZrB, Hexagonal 17 None
idenlified
Tantalum 1.75 TaB;  Hexagonal 17 - None
identified

® A questlon mark Implies that a few lin-4 curresponding to the structure
of this substance were prescnt.

B R, Kiessling, Acta. Chem. Scand. 4, 209 (1950).

16 p_ Ehrlich, Z. anorg. Cliem. 259, 1 (1949).

17 Norton, Blumenthzl, and Sindeband, J. Metals 1, No. 10,
749 (1949).

1M, v, Stackelberg and F, Neumann, Z. physik. Chetn, 19B,
314 (1932).

ot e sy el s
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STUDIES OF COAPOUNDS FOR SUPERCONDUCTIVITY

nitrides examined had the approximate formula LaNg ¢
(Cocper 2, Expt. 26), LaNo o4 {Spedding 1, Expt. 29),
and CeNo,m.

The niobium nitride® was prepared by heating nio-
bium metal powder (Fansteel, 99.9 percent Nb) for 4
to 43 hours at 1500°C in pure dry nitrogen. X-ray
examination showed it to be primarily NbN with a,
=4.374:0.01 kx-units.' A ‘race of Nb and/or Ta metzl
appeared to be present. A large number of faint to very
faint lines could not be identified. These lines did not
fit the pattern for Nb.N reported by Brauer.2

The lanthanum hydride was prepared by direct com-
bination Leiween lanthanum metal filings and pure
drv hydrogen gas at 210-290°C. The method used was
similar to that employed for the nitride. The product
examined for superconductivity had the coraposition
LaH: . Muthmann and Kraft® and Rossi, using a
similar method, have reported similar products having
the approximate formulas LaH; and LaH:.,, respec-
tively. The hydride had an fcc lattice with a,=35.625
4-0.007 kx units in good agreement with the value of
5.62-3 kx units reported by Rossi.*

EXPERIMENTAL METHOD

The cryostat and measuring apparatus used was
similar to that described by Horn and Ziegler.® The
apparatus, the temperatusc scale and the magnetic
method employed to detect superconductivity have
been described elsewhere® Briefly, the apparatus con-
sisted of a heavy walled copper vesse! in which liquid
helium was produced by tiie Simon expansion method.
From the main helium rcservoir was suspended the
experimental chamber, into which helium could be
condensed at will by bringing low pressure helium into
contact with the main hi'wm reservoir. The copper
experiinental chamber consisted of two parts, an upper
section to which the therriometers were attached, and
a iower section in which the specimens to be tested for
superconductivity were lozated and on the outside of
which the coils for detecting superconductivity were
wound.

The temperature of tl.: experimental chamber was
measured by means of a helium gas thermometer of the
type described by Mendel:s0bn,?® except that the heltum
pressure was measured buth by a Bourdon gauge and

1R, A. Young and W. T. Ziegler, J. Am. Chem. Soc. 74, 5251
(1952),
» % This material was prepar=d by Dr. F. K. Uom, Goacral
Electric Co., Schenectady, N. Y., as part of a cooperative study
on Nb-Ta alloys and their nit-ides.

1 F, H. Hori and W. T. Z.cgler, J. Am. Chem. Soc. 69, 2762

1047).

. 4 G, Braver, Z. Elekiroche:n. 46, 397 (1949).

*W. Muthmann and K. Lraft, Ann. Chem., Justus Liebigs
325, 266 (1902).

% A, Kossi, Nature 133, 17! (1934).

# 1, T. Ziegier and R. A Young, J. Am. Chem. Soc. March,
1953.

3 K. Mendelssohn, Z. Phy::k 73, 482 (1931).
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Tarre 111 Supercenductivity of metal carbides
Transition temp.s
and range, °K
Major This
Carbide constituent research Lit. Methode
TiCo s TiC a8® 11 R
(1.31) R
VCo.s2 VC (1.8) (1.33) Ke
Z:Co a8 C (1.8) 3.7 Re
3.34.1
TaCo.es TaC (1.8} 9.3,9.2-9.4 Rd
) 7.6-9.5 R
WCog wC (1.8) 3.4,2.5-4.0 R
(1.28) M!

s Tempcrature corresponding to 50 percent i i
trahn’:;jtion. . N of total resistance change in
emperature in parentheses means subst B
PRt g stance not superconducting
o R =electrical resistance method;  ~magnetic method
4 Sce reference 1. )
¢ See reference 3.
! See reference S.

calibrated by usiig the boiling points of hydrogen and
helium and the triple puint of hydrogen as fixed points.
Gas imperfection was taken into account by making
use of the virial coefficients given by Kessom.” The
absolute accuracy of the temperature scale is believed
to be about 0.05° in the range below $°K, 0.1° in the
range 5-7°K and 14-20°K, and a few tenths of a degree
in the range between 7° and 14°K,

A constauian resistance thermometer, having a sensi-
tivity of 0.01-0.12° alsc was used to follow the tem-
perature changes of the experimental chamber.

The magnetic system used for detecting supercon-
ductivity essentially measured the change in inductance
produced when the specimen became superconducting.
This change in inductance was measured 2¢ 2 gal-
vanometer deflection produced when the primary
circuit was momentarily energized. The ¢ rcuits were
so arranged that the galvanometer defieciion couid be
reduced to zero at will by the suitable adjustment of a
compensating inductance.

The powdered samples were generally mounted in a
7 mm o.d. Pyrex glass tuhe, partly open at the top end,
and were in direct contact with the helium. In a few
irstances (TiC, VC, LaH:4, CeN, and LaN). the
nieasurements were made on samples in Pyrex capsules
sealed at room temperature under 20 cm Hg pressure
of helium. The samples ha«i weights varying from 0.7
to 2.5 g, and usually had a length of 20~22 mm and a
diameter of 4.5-4.9 mm.

EXPERIMENTAL RESULTS

The experimental results for the varicus compounds
tested are summarized in Tables III and 1V, togethe:
with the results of cther investigators,1:*5:28.% In thes:
tables the major constituent given is that found by

7 W, H. Keesom, Helium (Elsevier Publishing Company, Ne' v
York, 1942), p. 49. -

1 J, K. Hulm and B. T. Matthias, Phys. Rev. 82, 273 (i951).

2 Aschermanp, Friederich, Justi, aud Kramer, Phvsik. Z. 42,
349 (1941).
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TasLE IV. Superconduc ity of metal borides.
paansition temp.
1 range, °K
Maj THSS
Boride eustiiuent re:cp:'_ <h Lit. Method
MoBg 4 MoB (1.24) (1.2¢) Ms
WBi.0s WB (i) (128 M
ThB2 oy ThB, (1{’)7\ o P
TiB TiB:_» 3 1
1Bo o9 1B: a5 (1 - 1.28) i
NbhB: NbB 132 (1.27) Md
.94 2 ( ) (9.5) o
ZtB2.as ZrB, (1} 3.3,29-33 Rt
TaB.is TaB: (132 (1.28) Mbd

» See reference 5.

b See reference 3.

o For TiBs. ser reference 5.

d See reference 28.

« See reference 29.

t For *‘zirconium boride,* sce referce 3.

x-ray diffraction analysis, ahile the forpiula given in
the first column of each !@ble is that derived from
chemical analysis.

The observations of Sup(r'conducti\'ity in NbN 1is in
general agreement with the zesults previously found by
both the electrical resistan@®”***® and magnetic induc-
tion2+* methods. The trarSition was spread out over
the range 168° to 14.8°K with the midpoint oi the
transition at 16.0°K. The Sensitivity of the magnetic
detection system was such #2at the NbN specimen gave
a total galvancmeter deflest- - ~f 42 cm in passing
from the normal to the sup=erconduc... ~tate, On the
basis of this and other mes>urements, it was es._ ™!
that the occurrence of sup-erccnductivity could have
been detected in a volume o> Xresponding to 5-10 percent
of the volume of the sampl’S used.

The failure to observe syerconductivity in TiC and
VC is in agreement witm the electrical resistance
measurements of Meissnei ¢ @l.'® while the absence
of superconductivity in Z:=, TaC, and WC is in dis-
agreement with the observs tions of these investigators.
Matthias and Hulm,® usit® & magnetic niethod, also
found no evidence of Sup(rconductivity i1 WC down
to 1.28°K. These investigal®Ors also reported that MoB
and WB failed to becom superconducting down to
1.28°K, in agreement witt the results of the present
work. )

The failure to observe Superconductivity in NbB,
and TaB, is in agreement *with the magnetic studies of
Hulm and Matthias 28 These investigators bave alsu
reporied TiB, not tc he 2 superconductor down to
1.28°K.52 We observed a Similar result for a boride
having the approximate composition TiB,_; ;. Meissner
el ul3 observed no transitis B bY the iesisiunce method
down to 1.2°K in a til®nium boridz specimen of
vistated c«)mposition. Na tjansition was observed in
ZrB,, wheveas Meissner /% ¢l.,? using the resistance
roethod, have reported # ransition nezr 3.1°K i
“zirconium horide.”

TR, M. Miiton, Chem. Revs 3% 419 (1946}, )
* ook, Zemansky, 2nd Loo'S6 Phys. Rev. 79, 1021 {1970).

ZIEGLER AND R. A. YOUNG

‘Thorium boride, lanthanum and cerium nitrides, and
lanthanum hydride were found not to be supercon-
ductors down to 1.8°K. These substances have not
previously been examined for superconductivity.

The failure to observe superconductivity in the
lanthanum nitrides and hydride is interesting since the
transition temperatures of the two lanthanum metal
specimens used to prepare the nitrides had previously
been found to be 3.1° (Cooper 2) and 5.2° (Spedding 1)
while that used to prepare the hydride had a transition
teraperature of 35° (Cocper 3).2* The cerium metal
from which the nitride was prepared was not super-
cond=cting down to 1.8°K.*

DISCUSSION OF RESULTS

Several reasons for the failure to observe supercon-
ductivity in those compounds in which it had been
observed by others suggested themselves One was that
the apparatus was not functioning properly, possibly
due to thermal nonequilibrium. However, the detection
of superconductivity in bulk specimens of lanthanum,
lead, and tin metals, lanthanum filings and powdered
NbN with the apparatus seemed to exclude this possi-
bility.

The measurements on LaN, CeN, LaH; ;;, TiC, and

/C were made on samples sealed in capsules under 20
cm Hg helium pressure at roomn temperature. The pos-
sibility that the helium gas was adsorbed at low tem-
peratures, thus resulting in poor heat transfer, is not
eniireiv excluded. However, experiments with lan-
w.. —m metal filings sealed under similar conditions
showeo  ~ significini iysteresis in the trazsition at 4°K.
In gencral, ™ecimens were kept below 4.2°K for as long
as an hour, a. | below the lam.bda-point (2.19°K) for
periods ranging . M 3 to 18 minutes. )

The apparatus w. S further checked by studying a tin
powder which consis. 'd of spheres having a size range
of approximately 15 t, . 50 microns.®® The powder was
free-flowing, and it haa\? yellowish appearance indi-
cating the presence of som\ oxide on the surface of the
tin particles. Tests of this nowder gave a magnetic
transition into superconduct:\ 1ty OVer the range 3.63°
to 3.4%°K. This is somewhat i\ We€r than the generally
accepted transition tempszrature (3.7°K} for bulk tin.
However, the calculated maximu ! field generated by
the measuring primary was 27 oers. >ds, which could ke
expected to produce a lowesisg as gry 2t 3¢ 0.15°

In order to obtain some informati}™n on the possible
maguitude of field penetration etic > § 17 ¢ particle size
distiibution of tne carhige ond o3
determined by measuiing micro: - "‘ o lly the lipear

v pawders wn®
dimensions of 100 particlee whic | 3 bezu suitably
dispersed on a giass slide. The ap & Y +1c@ of the par-
ticies of ail powders examired couid \5‘-'% be desaribeid

Cerium i3 appzarently not a supercon luc down tu 0.25°K.
See B. B. Goodmen, Natare 1€7, 111 (193 ).
3 This materia’ was obtaized through th- o

Steele of the Naval Research Laboiatory, W

tesy of Dr. A2, 00,
incton, D. L.
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as roughly spherical. The particie size distribution ob-
served is expressed in Table V in terms of the median
diameter, d,, and the geometric standard deviaiion,
0,.% Calculations show that at ieast 50 percent of the
total volume of all boride and carbide powders con-
sisted of particles having diameters greater than one
micron. It will be noted that the MoB, ZrC, and WC
specimens consisted of relatively large particles.
Electron-microscopic examination of the TaC powder
showed that it contained a considerable fraction below
one micron in size. Microscopic 2xamination of the NbN
powder showed that it was considerably coarser than
the carbide and horide powders, at least 50 percent of
all particles having a diameter greater than 15 microns.

The field penetration depth in powdeis of alloy
systems such as the carbides and borides has apparently
not been investigated. If one takes for the penetration
depth the rough value of 1X10~* cm observed in
metals,® it would appear that the values of d, for all
substances studied was sufficiently large so that field
penetration would not be expected to play a significant
role in the present measurements.

The disagreement between the results of the present
work and those of Meissner and co-workers!-® regarding
the occurrence cof superconductivity in TaC, WC, and
Z+C might be e rluned as Shoenberg®-? has suggested
for titanium and uranium, by assuming the presence
of superconducting filaments in Meissner’s specimens
of these carbides. Another possihility is that the transi-
tion temperatures of our carbide specimens were lowered
by strain to a tenperature below that reached in our
experiments (1.8°%).3%

Hudson,* using the magnetic induction method, has
made an interesting study of two Sn—Ge “alloys” con-
taining 2.3 anc 9.3 atomic percent of tin, respectively,
in which the tin was concentrated along the grain
boundaries. ‘I'hese materials gave a rather broad dia-
magnetic transition beginning at 4°K. Hudson attrib-
uted this behavior to the presence of superconducting
filaments of tin. Calculations by him indicated that
approximately 50 percent of the volume of the alloy of
lower tin content and the entire volume of the alloy of
higher tin content participated in the magnetic transi-
tion.

In view of these observations of Hudson on the
Sn— Ge alloys, it would appear that the precise physical
structure of the “superconducting filaments” miglhit be
an important variable. Thus, if the filaments are thread-

). M. ansValle, Micromeritics: The Technologv of Fine
Dariicles %-(I itman Publishing Company, New York, 1948),
Chae pres 3.

% F. Lendn, f-uperﬂu:ds (John Wiley an< Sons, Inc., New York.
1950, Vol. T pi. 46,8

ke cry: tal‘ne size ma) ve a mese important factor thar the
na-tidie size in Jctermining the etfects ot field penetration. The
linz< of the x ray diffraction pattern for TaC were all quite diffuse
indicting a small crystallite size; on the other hand, 1hose for
W< aad ZrC were quite sharp

k. P, Hudson, Phys. Rev. 79, 883 (1950).

COMPOUNDS FOR SUPERCONDUCTIVITY
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TABLE V. Particle sizz measurements.
Borides Carbides

Sabstance dp* microns apd Substance g micions '

Nui, 0.2 20 T HRY 16

ThB, 1.1 14 T 1.3 1.9

WB 1.2 14 Ve 1.6 2.1

TaB, 1.4 1.5 ZtC 21 24

TiB; 1.5 1.6 wce z.6 2.7
ZrB, 135 2.1
MoB 1.7 1.9

2 Jg = Mcuian Ciameter.
b gy =geentetric standard deviation.

like, supercenductivity might be observed electrically
but not magnetically. On the other hand, if the supei-
conducting filaments possess a spunbe-uke structure,®®
with the bulk material in the holes of the sponge, as in
the Ge—Sn alloy experiments of Hudson, then both an
electrical and a magnetic transition might be observed.
The physical structure of such filamentous inclusions
might be expected to depend considerably on the
method of preparation of the compound and the nature
of the impurity.

The disagreement betwecn earlier magnetic
results of Hulm and Matthias® and the present work
regarding the superconductivity of MoR apnears to
have been due to some such sponge-like distribution of
a superconducting inclusion (Mo,B).5 A similai ex-
planation has beeri advanced®-* to account for the
conflicting magnetic observations of Darby e al.®?
and Hudson®-* regarding ihe superconductivity of
FbS.**

The possibility that superconduciivity in many
ccinpounds may be due to ratiier specific amounts of
trace impurities, distributed in a homogeneous manner
through the bulk material, which makes possible a
sunerconducting state has nct been exluded.

The authors are indebted to F. W. Lafond, J. T.
Roberts, Jr., G. Cook, and M. T. Gordon for assistance
in carrying out the low temperature measurements, to
Dr. W. M. Spicer for the spectrographic analyses, to
C. Orr and Dr. J. M. Dalla¥zile ior assistance in the
particle size measucements, and to L. A. Woodward for
making the electrcn microscopic study of TaC. The
help and :nterest of Dr. I'. H. Horn, Genera! Electric
Company, in providing the carbides and preparing the
niobium nitride are greatly appreciated.
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3 K. Mendeissohn, Proc. Roy. Soc. (London) Al52, 36 (1935).

* R. P. Hudson, Froc. NBS Semicenteninial Symposium on Low
Temperature Physics, Natl. Bur. Standards, Washington, D. C.
March 27-29, 1951 ['National Bureau of Standards Circular 519
(1952), p. 617].

“ R. P. Hudson, Proc. Phys. Soc. (London) A64, 751 (1951).

+t Hatton, Rollin, and Seymour, Proc. Phys. Soc. (London) A64,
067 (1951).

2 Darby, Hatton, and Rollin, Proc. Phys. Soc. (London) A63,
1181 (1950).

4 This explanation canie to our attention after the presentation
of our paper at the Oxford Conference.
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