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9g-1. Introduction. The historically first observed and most distinctive property
of a superconductive body is the near total loss of resistance at a critical temperature
T characteristic of each materia]. Figure 9g-1a illustrates schematically two types
of possible transitions. The sharp vertical discontinuity in resistance is indicative of
that found for a single crystal of a very pure-element or one of a few well-annealed
alloy compositions. The broad transition, illustrated by broken lines, suggests the
transition shape seen for materials that are inhomogeneous and contain unusual strain
distributions. Careful testing of the resistivity limits for superconductors shows that
it is less than 4 X 10~* ohm-cm while the lowest resistivity observed in metals is of
the order of 10~ ohm-cm. If one compares the resistivity of a superconductive body
to that of copper at room temperature, the superconductive body is at least 1017 times
less resistive. :

The temperature interval AT, over which the transition between the normal and
superconductive states takes place, may be of the order of as little 28 2 X 105 K or
scveral kelvins in width, depending upon the material state. The narrow transition
width was attained in 99.9999 percent pure gallium single crystals.

A type I superconductor below T., as exemplified by a pure metal, exhibits perfect
diamagnetism and excludes a magnetic field up to some critical field H., whereupon it
reverts to the normal state as shown in the H-T diagram of Fig. 9g-16.

The difference in entropy near absolute zero between the superconductive and
normal states relateg directly to the electronic specific heat v:

(Sl - Sn)T—oO = —TT
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High-field Su perconductivity. The discovery of the large current-carrying capability
of Nb;Sn and other similar alloys has led to an extensive study of the physical prop-
erties of these alloys. In brief, a high-field superconductor, or type 11 superconductor,
passes from the perfect diamagnetic state at low magnetic fields to a mixed state and
finally to a sheathed state before attaining the normal resistive state of the metal.
The magnetization of a typical high-field superconductor is shown in Fig. 9g-1c. The
magnetic field values separating the four stages are given as H.,, H., and H.. The
superconductive state below H,, is perfectly diamagnetic, identical to the state of most
pure metals of the ““soft” or type I. ‘Between H,, and H.: a “mixed superconductive
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Frc. 9g-1. Physical properties of superconductors, (@) Resistivity versus temperature
for a pure and perfect lattice (solid line). Impure and/or imperfect lattice (dashed line).
(b) Magnetic field temperature dependence for type I or “soft” superconductors. (c)
Schematic magnetization curve for “hard” or type II superconductors.

state” is found in which fluxons (a minimal unit of magnetic flux) create lines of normal
superconductor in a superconductive matrix. The volume of the normal state is pro-
portional to —4#x3f in the “mixed state” region. Thus at H.,, the fluxon density has
become so great as to drive the interior volume of the superconductive body completely
normal. Between H., and H.; the superconductor has a sheath of current-carrying
superconductive material at the body surface, and above H.; the normal state exists
along with “fluctuations.” With several types of careful measurement, it is possible
to determine H.,, H., and H.. Table 9g-3 contains some of the available data on
high-field supcrconductive. materials.

High-field superconductive phenomena are also related to specimen dimension and
configuration. For instance, the type I superconductor, Hg, has entirely different mag-
netization behavior in high magnetic flelds when contained in the very fine set of
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filamentary tunnels found in an unprocessed Vycor glass. The great majority of
superconductive materials are type II. The elements in very pure form and a very
few precisely stoichiometric and well-annealed compounds are type I with the possible
exceptions of vanadium and niobium,

Metallurgical Aspects. The sensitivity of superconductive properties to the material
state is most pronounced and has been used in a reverse sense to study and specify the
detailed state of alloys. The mechanical state, the homogeneity, and the presence of
impurity atoms and other electron-scattering centers are all capable of controlling the
critical temperature and the current-carrying capabilities in high magnetic fields.
Well-annealed specimens tend to show sharper transitions than those that are strained
or inhomogeneous. This sensitivity to mechanical state underlines a general problem
in the tabulation of properties for superconductive materials. The occasional diver-
gent values of the critical temperature and of the critical felds quoted for a type 1T
superconductor may lie in the variation in sample preparation. Critical temperature
of materials studied early in the history of superconductivity must be evaluated in
light of the probable metallurgical state of the material as well as the availability of
less pure starting elements. It has been noted that recent work has given extended
consideration to the metallurgical aspects of sample preparation.

9g-2. Notes Concerning Data. Table 9g-1 lists the elements and some of their
superconductive properties. The data have been selected generally from recent
studies in which sample purity and perfection appear to have been considered.

Table 9g-2 is a general and selected listing of superconductive materials.  All com-
Dositions are denoted on an atomic basis, i.e., AB, AB. or AB; for compounds, unless
otherwise noted. Solid solutions or odd compositions may be denoted as A.B,_,, or
A.B. A series of three or more alloys is indicated as A:Bi_: or by actual indication of
the atomic fraction range such as Ag_o4B,_,,. The critical temperature of such a
series of alloys is denoted by a range of values or possibly the maximum value.

The selection of the critical temperature from a transition observed in the effective
permeability or the change in resistance, or possibly the incremental changes in fre-
cuency observed by certain techniques, is not often obvious from the literature. Most
authors choose the midpoint of such curves as the probable critical temperature of the
idealized material, and others will choose the highest temperature at which a deviation
from the normal state property is observed. And in view of the previous discussions
concerning the variability of the supercondyctive properties as a function of purity
and other metallurgical aspects, it is recommended that appropriate literature be
checked to determine the most probable critical temperature or critical field of a given
alloy. '

Table 9g-3 lists high magnetic field superconductors.

- —References to the data presented in this section, plus additional entries on super-
coﬁﬁctive materials as well as those materials specifically tested and found non-

superconductive to some low temperature, may be found in the following publications
by B. W. Roberts:

Superconductive Materials and Some of Their Properties, in “Progress in Cryogen-
ics,” vol. IV, pp. 160-231, Heywood and Co., London, 1964.
Superconductive Materials and Some of Their Properties, NBS Tech. Note 408, 1966.

Or & successor report in preparation to the one above. (NBS Tech. Note 482, 1969).
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TABLE 9g-1. PROPERTIES OF SupERcONDICTIVE ELEMENTS

T.K H,, oersteds 7
Element Cma;:!&rixc- Magnetic g;l&ri: Magnetic | 2% K | my molem K7t
Al ... ...... 1.183 | 1.196 104 99 420 1.36
Cd........... 0.518 | 0.56 29.6 30 209 0.688
" Ga....o..... 1.087 | 1.091 59 51 317, 324.7| 0.601, 0.596
Ga (B).......] ..... 6.2
Ga(v).......| ..... 7.62
Hg (a)....... 4.16 4.154 380 410.9 87, 71.9 1.81
Heg ®.......| ..... 3.949 | ... ... 339 93 1.37
In........... 3.407 | 3.4035 282.7 293 109 1.66
) § S R 0.14 | ... .. 19 420 3.2
La (a)........ 4.80 4.9 oo 142 10.0
La (8)....... 5.91 6.06 | ... ... 1,600 132 6.7
Mo.... ... .. 0.917 | 0.92 95 98 460 1.83
Nb........... 9.17 9.26 1,044 1,980 277 7.79
Os..oooooovl ool 0.655 | ....... 65 500 2.35
Pa...........| ..... 1.4
Pb...... . . 7.23 7.193 | ..., 803 96.3 3.0
Re........... 1.699 | 1.698 188 198 415 2.35
Ru...........| ..... 0.49 | ... 66 550 3.0
Sb..........| ..... 2.6-2.7
Sn........... 3.722 | 3.722 303 305.50 195 1.74
Ta........... 4.39 4.483 780 830 258 6.0
Teoovooooo ) oo, 8.22,7.92
Thoo....... .0 ... .. 1.368 131 162 168 4.65
Ti....o...... 0.42 0.39 56 100 4235 3.32
T .......... 2.38 2.39 176.5 171 78.5 1.47
Ua)........0 ..... 0.68,0.23 | ....... 1 ..... .. . 206 12.2
U (pseudo-v) .| ..... 1.80 (ex-
trapolated
value)
Veeoooi vl 5.37 5.30 1,310 1,020 399 9.8
Wb 6.o12 | .. ..... 1.07 550 3.0
Zn........... 0.852 | 0.875 51.8 53 309 0.66
Y/} S A 0.546 | ....... 47 290 2.78
Zr (W)........0 ... 0.65 :
THix Frivus ForuMED AT VaARiorvs TEMPERATURES
T. K H,, oersteds T. K
Element (magnetic) (magnetic)  |j Element (magnetic)
Al 1.3-3.7 “\Io ~5 -
Be............... ~6, ~8.4 H. > 11,000 Nbooooovon.. .. 68.5-9.4
Bio.oooiii.... ~6.0 Re.............. 1.9-~7
Ga............... 8.4,7.2 Sn.. 4.6-4.7, 4.1
In......o. . ..., 3.94-4.25, 3.7 1 A 1.3 max,
La................ 5.00-6.74 W 1.7-4.1
THiN FiLms ForMeEp unpeEr Hicm PRESSURE
Element (mggniic) Pressure Element (mg’g‘;’::ic) Pressure
Bill........ 3.916 25,000 atm Sell..... 6.75, 6.95 ~130 kb
3.90 25,200 atm
3.88 26,800 atm Sio....... 7.1 120-130 kb
BiIII....... 7.25 27,000-28,400 atm || Te........ ~3.3 ~56,000 atm
Ce..o..... .. 1.7 50 kb Tl (f.c.c.). 1.45 35 kb
Ge.......... 4.85~5.4 | ~120 kb Tl (h.c.p.) 1.95 35 kb

* For another data set see
New York, 1960.

t D. H. Parkinson, Rept. Progr. Phys. 21, 226 (1958).
Low Temperature Specific Heat of Transition

(19886).

K. Mendelssohn, “Cryophysics,” p. 178, Interscience Publishers, Inc.,

See also F. Heiniger, E. Bucher, and J. Miller,

Metals and Alloys, Phys. Kondens. Materie 5, 243-284
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TaBLE 9g-2. SELECTED SuPERCONDUCTIVE COMPOUNDS AND
Arroys wITH CriTicaL TEMPERATURES, CRITICAL FieLps,
AND CrysTtaL STRUCTURE TYPE*
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Crystal structure

Substance T, K Ho, oersteds typet

AQALZn oy L 0.5-0.845
AgBFOs................. 0.15 .. Cubic
AgBia...oooo o 3.0-2.78
AgrFo 26No0.7s8010.26. .. .. .. ... 0.85-0.90
AgrFOs. ..o Ll 0.3 . Cubic
AgeF.oo oo 0.066 2.5
Agos-03Ga0.2.07. 0 eeunnn. ... 6.5-8
AgGe......... e 0.85 ..., Hex., c.p.
AgosHgoses. . ... .. ... 0.6 | L. D8.
Aglna. oo o ~2.4 Cl16
AgolnoeTe

(n = 1.40 X 10°)% ...... 1.20-1.89 | ..., B1
Ago lng s Te

(n = 1.07 X 1022) ... ... 0.77-1.00 | ........... B1
Agla (9.5kb)............. L O B2
AgiNOw... ool 1.04 57 Cubic
Ag:Pbi . 7.2 max.
Ag Sy (flm)............ 2.0-3.8
AgSni_o 1.5-3.7
AgTes. ..o viii. ... 26 | Cubic
AgTha. oo L 2,26 b . C16
AgoosTlosr. ..o ... 2.67
AgooaTloos. ... ... 2.32
A ZNI g e 0.5-0.845
Al Blm).................. 1.3-2.31
Al (1 to 21 katm).......... 1.170-0.687 | ........... cAl .
AlAue......o o 0.4-0.7 b ..., Like 413
AlLLCMos.......oovi . 6.0 L. Al13
Al:CMos.................. 9.8-10.2 1700 A13 + trace 2d phase
AlL,CaSi................... 5.8
Alo111CroossVo st . oou.. ... 1.46 .. Cubic

(€ -7 S B B 71
AlosGeosNb............ ... 12.6 L ... AlS
Al~osGe~oeNbs. ... ... ... 20.7 e 415
AlLas............oou. ... §.607 b DO,
Al:La..ooooooo L., 3.23 C15
AlaMga. ..o, 0.8 L., Cubig, f.c.
AlMos........... ... ... 0.68 | AlS
AlMosPd.................. 2.1
AIN.......... e 1.6 | . B4
AlLNNba........ ... .. ... .3 b Al13
AlNDbs........ e 180 b Al5
AlNbigooo e, <4.2-13.5 | . ... ... D8y
ALLNbi ... 12-17.5 | L AlS
Alo2sNbg o sVonoss.......| 14.5-17.5 | ... ... ..... AlS
AINb Vi oo ool <4.2-13.5
AlOs. ... ... ... . 0.39 B2
AlsOe oo 5.90
AlPb (films)............... 1.2-7
AlePtoo. oo 0.48-0.65 | ........... Cl
AlsResa. . ... ... ... ... .. 3.3 A12
ALZTh. ..o oo 0.7 . D09

* See Sec. 9g-2, Notes concerning Data.

t Bee Key Table, p. 9-145.

¢n = pumber of normal carriers per cubic centimeter for semiconductor superconductors.
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TaBLeE 92-2. SELECTED SupPERCONDUCTIVE COMPOUNDS AND
Avvoys wrtd CriticaL TemperaTURzs, CrITicaL FIELDS,
AND CRryYSTAL StrucTure Type* (Continued)

Substance

T, K

H,, oersteds

Crystal structure

typet

ALTi,Viczey oo 2.05-3.62 | ... ... Cubic
Alo1osVossz. ove e 1.82 b ... Cubic
AleZny oo i i 0.5-0.845
AIZ!‘! ..................... 0 . 73 ........... Ll 2
AsBiPb................... 9.0

. AsBiPbSb................. 9.0
Aso 3InTeo o7

(n =124 X100, ....... 0.85-1.15 | .. ......... B1
Aso.sInTeq s

(n =097 X10%) ....... 0.44-0.62 | ... ... Bl
Aso, s0lNio 0ePdo ss. . ... 1.39
AsPb......... .. ... oL 8.4 i c2
AsPd.

(low-temperature phase)..| 0.60 ... ... ... .. Hexagonal
ASPd: ...................

(bigh-temperature phase) .} 1.70 | ... ..., Cc22
AsPds.................... 0.46 @ L.l Complex
AsRh..................... 0.88 | ...l B31
AsRby icieeeoo ot ...] €0.03-0.56 | ........... Hexagonal
AsSn............. ... .. ... 4.10
AsSn (n = 2.14 X 102 ..... 3.41-3.65 | ... ..., B1
As~sSn~iz................. 3.5-3.6,1.21-1.17
AsiSn¢ (n = 0.56 X 1022), 1.16-1.19 | ..., Rhombohedral
AusBa.................... 0.4-0.7 ] ..., D2,
AuBe..................... 2.64 ... B20
Au:Bi..................... 1.80 | C1l5
AusCa.................... 0.34-0.38 | ... ........ Cl5
AuGa..................... O B31
Auo 10-092Geoso_00s........ <0.32-1.63 | ........... Complex
Auln. .. L. 0.4-0.6 b ... Complex
AuLu..................... <0.35 ...l B2
AuNbs.................... D O T AlS5
AuNbs.................... 1.2 b A2
Auo_osNbior. ... 1.1-11.0
Auo 02-09sNbsRho es_o002..... 2.53-10.9 ..., AlS
AuNbs_ Vi .. ... ... 1.5-11.0 | ..., Al
AuPbs.............. Ve 3.15
AuPb: (flm)............... 4.3 -

AuPbs. ... ... .. ..., 4.40

AuPbs (Blm)............... 4.25

Au:Pb............. ... 1.18,6-7 | ..o C15
AuSbi......... ... ., 0.88 Lo, Cc2
AuSn....... e 1.2 o B8,

Au,Sny.; (Blm)............ 2.0-3.8

AusSn........... ... ... 0.7-1.1 | ..., A3
AusTes..........oovvi. .. 1.62 L. Cubic

AuThz. ..., 3.08 | .. C16

AuTl... ... . ... ........ 1.92

AuVs. ... 0.74 1 ..o AlS

AUeZniz. i 0.50-0.845

AuZna...... ..o .21 i Cubic

AUsZr, oo 1.7-2.8 | Lo A3

AuZr; 0.92 ... AlS
BCMos..........i 6.4 |, Orthorhombic
Bo.otCosiMooateveennennn.. 12.5

BCMos...o oo 5.3-7.0 | ciiaiaa.. Orthorhombic
BHf...................... 3.1 e Cubic
BeLa.......oo .. 5.7
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TaBLE 9g-2. SELECTED SUPERCONDUCTIVE CompouNDs aND
Arroys witH CRriTicaL TEMPERATURES, CRITICAL FIELDsS,
AND CRYSTAL STRUCTURE Type* (Continued)

Substance T. K H,, oersteds Crystal_structure
typet

B.:Lu. 0.48 )
BMo....ooo 0.5 (extrapolated)
BMo: 4.7¢ C18
BNb. 825 | By
BRea ..o 2.80, 4.6
BosRuos.......oo .. 2.88 D10,
BisSc..oooo oo 0.39
BTa............ooooiiLl. 4.0 b BI
BeTh.........ocovv. ... 0.74
BW.. 3.1 C16
BeY..oooo 6.5-7.1
Be:Y. oo 4.7
BZr. ..o 3.4 . Cubic
BiaZrooooo o 5.82
BaBis.. . 5.69 740 Tetragonal
Ba,0;:8r:_.Ti

(n =42 -11x10"....| <0.1-0.55
Baogs:OsW............. .e Tetragonal
BaoO:sW............ ... <1.25-2.2 | ..., Hexagonal
BaRhoooo.ooo oo oo L 6.0 . C15
BexaxMo................. .. 2.8v b Cubic, like Be::Re
BesNszr:‘................ 5.2
Beo ss-0.92Re0 02_0 08 :

(quenched).............. 9.5-9.75 | ... .. Cubic
BeossrReoows...ooo.ooaui 9062 | Cubie, like Be::Re
BeTe..................... 5.2 Cubic
BeaW. ... .. L. 4.12 Cubic, like Be::Re
BeuW.................... 4.1 Tetragonal
BiaCa.................. ... 2.0
Bio sCdo.13Pbo.2sSno 12

(weight fractions)........ 8.2
BiCo..................... 0.42-0.49
Bi:Cs..ooooo oo 4.7 L. C15
Bi;CLn_,

(electrodeposited)........ 2.2
BiCu..................... 1.33-1.40
Bio.owlnoes:................| 3.86
BioosInoss..........c...... 4.66 0 L. a phase
BioaoIlneso..........oooaLL. 506 ). a phase
Bio.1s_o.30Ins sso.70.. ... §.3-5.4 | ..., « and 3 phases
Bio.s4—0.4sIno sscos2... .. ... .. 4.0-4.1
BisIns........ e 4.1
Bilnao.o.ooooooi L .5.65 B phase
Bialr.. ... L 1.7-2.3
Bi:Ir (quenched)........... 3.0-3.96
BiK...................... 3.6
Bi:K..................... 3.8 b C15
BiLi...... ... ... ...... 2.47 b Llo, @ phase
BiooMg. ... ... 0.7-~1.0
BisMo.................... 3-3.7
BiNa..................... 2.26 L1,
BiNbs

(high pressure and

temperature)............ 3.05 b Al5
BiNi.................o a2 B8,
BiuNi........... ......... 408 |l Orthorhombic
BiicoPbou. ..o 7.26-9.14

Bi1_oPbo_; (Alm)

7.25-8.87
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TaBLE 9g-2. SELECTED SUPERCONDUCTIVE COMPOUNDS AND
ALLoys WITH CRITICAL TrmprrATURES, CRITICAL Fievps,
AND CrysTaL StrucTurr TYPE* (Continued)

: Crystal structure
Substance T.. K H,, oersteds typet
Bio.os—~0.46Pboss—0.50.......... 7.35-8.4 L Hexagonal, c.p. to ¢
: phase

BiPbSb.......... ......... 8.9
Rio, sPbo 31Sna.1s

(weight fractions)........ 8.5
BiosPbo 2sSno.2s. ... ........ 8.5
BiPds..................... 4.0
Bio,«Pdos....... R I I = T R Hexagonal, ordered
PiPd..................... 3.7 Orthorhombic
Bi:Pd..................... .70 b, Monoclinic, a phase
Bi:Pd..................... 4.26 o Tetragonal, 8 phase
BiPdSe................... 1.0 Cc2
BiPdTe................ ... e . c2
BiPt...................... .2, B§,
BiPtSe.................... 1.4 o, Cc2
BiPtTe................... 1.1 b Cc2
BisPt..... .. ... .. ..... 0.155 10 Hexagonal
BisRb.................... 4.25 et C15
BiRes.....oooviiu ... 1.9-2.2
BiRh..................... 2.06 | B8,
Bi:Rh.................... 3.2 Orthorhombic, like

NiB;

BiRh.................... 2 A «e... | Hexagonal
BisSn..................... 3.6-3.8
BiSn...............L Ll 3.8
Bi.Sny.................... 3.85-4.18
BisSr............... 5.62 530 L1,
BiaTe..................... 0.75-1.0 :
BisTls. .. ... .. ... 8.4 > 400
Bio,2¢Tlo 2o .. 4.4 b Cubie, disordered
BioasTlotaevvnn oo ... 4.15 L1, ordered?
BisYs..oooooo 2.25
BisZn. . ... 0. 0.8-0.9
BioaZro s.oviv ... 1.51
BiZra............. ... . ... 2.4-2.8
CC8svvviicni 0.020-0.135 | ........... Hexagonal
CsK(gold)..ooo oo .. 0.55 "
CGaMoa.......... e 3.7-4.1 e e, Hexagonal, H phase
CHfosMoos............ ..l 3.4 PN . | Bl
CHfosMoo 7. oo ovnnn.... L Bl
CHfo,stOo,n .............. 6.6 P Bl
CHfosNbos................l 6.1 [ """ Bl
CHfoaNboa..oooovenn...... 4.5 et B1
CHfosNbos.....oooo .. 4.8 et B1
CHfo«l¥bo s ..o ... 5.6 et Bl
CHfossNbors.............. 7.0 .. B1
CHfosNbos................ 7.8 B1
CHfos_0:1Ta0.1_08. ......... §.0-8.0 | ... Bl
CK (excess K)............. 0.55 .. Hexagonal
CeKoooooo 0.39 b Hexagonal
Co. 400, ¢4MO00_ 80_056.......... 9-13
CMo..................... 6.5, 9.26
CMosoveivnunnn .. 2.2 b Orthorhombic
CoaMoose. ............... 1.3 b B1
CosMoNbi_,............ . 10.8-12.5 L ... ... B1
CoeMousSis.......... .. ... 7.6 DS8;
CMOo_xTau,s ............... 7.5 Bl
CMoosTaos............... 7.7 B1
CMoonTaoss.............. 85 L B1
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SeELEcTED SuPERCONDUCTIVE COMPOUNDS AND

ALLOYS WITH CRITICAL TEMPERATURES, CRITICAL FIELDS,
AND CRYSTAL STRUCTURE TYPE* (Continued)

Substance

T., K

H,, oersteds

Crystal structure

typet

CMoosTa0.2....covvnnn. ot 8.7 b, Bl
CMoossTaoaseeeeeeen......| 8.9 b o B1
CMo;Titeze oo veeiieee . 10.2 max. | .. ... .. ..., B1
CMoossTio 17 o veenaenen... 10.2  } .. Bl
CMosVicseovieeeeneee...12.9-9.3 1 o oo, B1
CMozZricg.voeinennn. .. 3.8-9.5 1., Bl
Co.1-09Nos_o1Nb...........| 8.5-17.9
Co_ossNiosTa............ 10.0-11.3
CNb (whiskers)............] 7.5-10.5
CooadNb. ... 9.8 - ] e B1
CNb (extrapolated)........ ~14
Co 11 0Nbos—o.eevvuunn ...t 620 L o, Bl
CNbaoo v i iiiiiee e 9.1 .
CNb;Tai_; cereea....| 8.2-13.9
CNb:Titee oo viieeeen <4.2-8.8  } ..., B1
CNbosotWouc01eereno. .. 12.5-11.6 | ........... B1
CNbo.1—09Zr09-01. ccv...... 4.2-8.4 | i B1
CRb: (gold)............... 0.023-0.151 | ........... Hexagonal
CReoo1-008W...ovvv. ... .. 1.3-5.0
CReoosW................. 5.0

- P ~11 (extrapolated)
CoserTa..ovvneien ... 9.7
CosssoonsTa. ..ot 2.04-9.7
CTa(flm)................ 50 1oL, B1
CTas oo e i, 3.26 )il Ly
CTao«Tios..oeeeneeunnn... 4.8 oo ... Bl
CTa1-0.4Wor0.8eeeeeeeunnn.. 8.5-10.5 | ........... Bl
CTae2-00Zr0os010ucuen .. . 4.6-8.3 | ei.ii... Bl
CTc (excessC)............ 3.8 bl Cubic
CTios.01Wos—08........... 6.7-2.1 o} ... B1
CW. i 1.0
CW,. e 274 e e Ly’
CWaiii 5.2 b Cubic, f.c.
Calra...oviiniin.. 6.16 ] iiei... C15
Ca.0:Sr:_.Ti

(n =37 — 11.0 X 1019, .| <€0.1-0.55
CaolOW................. 1.4-3.4 | ..., Hexagonal
CaPb..................... 7.0
CaRha.oovvniinn il 6.40 | ..., C15
Cdo a0 sHgoroos oo ... 1.70-1.92
CdHg........coovvo | L7721 L Tetragonal
Cdo.sors—oosInmi_s........... 3.24-3.36 | ........... Tetragonal
CdostPbooseeeeeen .. .] 4.2
CdSn.......ooii 3.65 > 266
CdotTloss. .ot 2.3
CdosTloss. ..o ... 2.54
CeCoruvvvvvnn i 0.8 | ... C15
CeCoretNioaa..............1 0.46 | . .......... C15
CeCoi.etRhoas. .. .......... 0.47 b e C15
Ce,Gdi_;Rus.............. 3.2-5.2 b, C15
Celraovvnvn i, 3.34
Celrs..........ooviiio.. 1.82
Ceoooslagoes............... 4.6
(0778 5 1.3-6.3
Ce:Pri_;Rus............... 1.4-5.3 {0, C15
CerPticze oo 0.7-1.56
CeRuaeo. .ol 6.0 | ..o C15
CozFe1.Siz................ l.4max. -~ | ... ..., C1
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SELECTED SUPERCOVDUCTIVE COMPOUVDS AND

ALLOYS WITH CRITICAL TemperaTUrEs, CrITiCAL Fievps,
AND CRYSTAL STRUCTURE TYPE* (Continued)

Hy, oersteds

Crystal structure
typet

Substance T.,. K
COHfz .................... 0.56
Colas.................... 4.28
CoLua.................... ~0.35
Coo-0,0:Moo, aReo P 2-10
-Coo,02-0, wasRho 98-090..... 2.28-1.90
Co:Nii_.Si,.. ....| 1.4 max
Coo, 5Rha,sSlz ............... 2.5
CO:th..,Siz ............... 3. 65 max
Co~osSc~ot...oo.oo..... | ~0 35
CoSia............oo ... 1.40,1.22
COaTh1 ................... 1.83
Co:Thizooo o ., 2.8 max
CozTiice. oo . 3 8 max
CoTia...oooiiin .. 3.44
CoTi..................... 0.71
CoU.....ooiiii 1.7
CoUs.......... .. ......... 2.20
CooasYora.oouueunn. ... 0.34
CoYaooo o <0.34
CoZra..o o 6.3
Coo.1Zroo. ..o, 3.9
Croelroa....coouue. ... 0.4
CroesIreas................. 0.59
CraA 1Iro et e e e, 0.76
Croalroas............. ....1 0.83
Cralr..................... 0.45
Cro—oaNBi_oo. oo ... 4.6-9.2
Cro20s0.20. oo ... 2.5
Cr.Rei_,.................. 1.2-5.2
CrowRecso............... . 2.15
Cros_osRhoso04...on....... 0.5-1.10
CriRu (:nnealed)....... ... 3.3
CP:RL! .................... 2.02
Croi_osRuos_06...c....... 0.34-1.65
CreTivzo oo i . 3.6 max
CrzThiee. v, 4.2 max
Cro leu 1Vu 8. . N ) 5.6
CroonsUosszs. ............. 0.75
Cs03:0sW................. 1.12
Cuo 18Inoss (Alm)........... 3.75
Cuo,u..a,uu[nx_z ............. 4.4
Cula..................... 5.85
CusPbip. oo .. 5.7-7.7
CulS.... . ... 1.62
CuSa.......... 1.48-1.53
CuSSe.................... 1.5-2.0
CuSes.........ooei . 2.3-2.43
CuSeTe................... 1.6-2.0
Cu.Sni_,... 3.2-3.7
Cu:Sni_, (ﬁlm)

(made at 10K) .......... 3.6-7
Cu.8n._; (film)

(made at 300K)......... 2.8-3.7
CuTes..........c......... <1.25-1.3
CuThe...ooooo L, 3.49
CusoonV.. ..o ... 3.9-5.3

el et e e e 0.5-0.845
DowsNb.........oovvu. .. 9.12

............

...........
...........
...........

...........

...........
...........
...........

...........

...........
...........

...........

...........
...........
...........
...........
...........

...........

...........

...........

...........

...........

...........

£9;

AlS
C1

C1

D10,

Co in a-Ti
Co in 8-Ti
E9,

A2

B2, distorted
D

9
-c

C16
A3
Hexagonal, c.p.
Hexagonal, c.p.
Hexagonal, c.p.

415
A2
Cubic

D8y

A3

AlS

D8,

A3

Cr in a-Ti
Cr in 8-Ti

B8 phase
Hexagonal

B18
C18
C18
Ci8
C18

C18
C16
A2

P R SO T XN}

C . ambalis a

—



PROPERTIES OF SUPERCONDUCTORS

TaBLE 9g-2.

SELECTED SUPERCONDUCTIVE COMPOUNDS AND

ALLoys WITH CRrITiIcCAL TEMPERATURES, CRITICAL FIELDS,
AND Crystar StrUcTURE TyYPE* (Continued)

Crystal structure

Substance T. K Ho, oersteds typet

Er:Latzoooo it 1.4-6.3

Feo_o04MoosReo2.......... 1-10

Feo osNioosZroso............ ~3.9

FesThrooooooi oot 1.86 oo, D10

Fe;Titezoo . oot 3.2max. | ..., Fe in «-Ti

Fe:Thicze oo, 3.7max. | eeiii..... Fe in 3-Ti

FegTio. Viczo oo 6.8 max.

FeUsooovoooo oo int. ..o 3.8 Lol D2,

FeorZroo.......o.ovivi. ) S A3

GaosGeosNbs.............. 7.3 b Al5

Galas...........ccont. 5.84

GaadMo..ooeii ol 9.5

GaMos..ooovviien i 0T L Al5

GaMo.....oooialll.] 9.8

GaN (black)............... 5.8 1 .o, B4

GaNbs.ooovovi i 14.5 oo AlS

Ga;NbsSni_z.............. 14-18.37 | ... Al5

GaosPtos. oo . 2.9 b aiaaaaa Cl1

GaPt............... e 1.74 1 Looaaao. B20

GaSb (120 kb, 77K,

annealed)............... 4.2¢ | ... A5

Gao-18Sni_o (quenched)...... 3.47-4.18

Gao_1Sni_o (annealed)...... 2.6-3.85

GasVaoooooiiiiiii. 3.5 ] il Tetragonal,
Mn.Hgs type .

GaVioooooo oot 6.8 | o AlS5

GaVer s oo, 6.3-14.45 | ..., Al

GaViusuiiin i 9.15

GaiZr. o iiiiie e 1.38

Gd;Latz.coovv ol <1.0-5.5

Gd.0s:Y1 o . ... 1.4-4.7

Gd;Ru:Thi;.............. 3.6max. | iiae.aai... C15

Gelr.oovvvn i 4.7 e B31 :

Gela. ... 1.49,2.2 | ... Orthorhombie,
distorted ThSi. type

GeMos 1.43 b Al

GeNbz. ..o v 1.9

GeNbs (quenched)......... 617 ] i AlS

Gee.2asNbo71. v cvvenenen . 6 .. Al5

Ge;NbsSniz. . ............ 17.6-18.0 | .. ... ..., AlS

Geo sNbsSnos........o. .. 11.3

GePt.............ii, 0.40 b L. B31

GesRhs. ...l 2.12 b Orthorhombic
related to InNia

GesSe.............aa 108

GeiTes (n = 1.06 X 102?)...] 1.55-1.80 | ........... Rhombohedral

Ge;Teiz

(n = 85—-64 X 1029,.,..1 0.07-0.41 | ... ........ B1

GeVa.oo i 6.0 | ... AlS

GesY. ..o 3.80 | e C.

Gere:Y. oot 2.4

HoasNbosr. ... ..ol 7.28 | ..o, Cubic, b.c.

HoiNboos.ovove oot 7.38 0 . Cubie, b.c.

HoosNbooes. ..o v, 7.83 oo Cubic, b.c.

HoizTaoss.eere oot 2.81 b Lol a . Cubic, b.c.

HoosTa0s2. oooveneeeenen.. 3.26 ... Cubic, b.c.

HooTa0ss. .oooveveeennnnn. 3.62 L . Cubie, b.c.
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SOLID-STATE PHYSICS

TaBLE 9g-2. SELECTED SuPERCONDUCTIVE COMPOUNDS AND
Avvoys wiTH Crrtical TempEraTURES, CRITIcAL FIELDS,

AND CrysTaL STRUCTURE TYPE* (Continued)

Crystal structure

Substance T.. K H,, oersteds typet

HfNosss. .ovvveienn. .. 6.6 | ... Bl
Hfo0sNbi_0os..coveuenenn... 8.3-9.5 1 ... 42
BfozsNboss.ooovven o, >4.2
HfOs:.......ooovvivivn.... 269 | i, Cl4
BfRe»........c.ooov.... 4.80 ..., Cl4
Hfon«Ressse oo ovoeenunn... 586 | ..., Al12
Hfo ss_cseRhoo1004..o...... 0.85-1.51
Hfoo0ssTai_0450eueeennn.... 4.4-6.5 | ..., A2
BifVa oo 8.9-9.6 | ... ........ C15
HgIniozoovvioiiot 3.14-4.55
Hgln..................... 3.81
Hg:K...ooooiiiiiea .. 1.20 b eeaaale.... Orthorhombic
HgK.. .o 3.18
HgXK...oovovviio . 3.27
HagsK.....oooivves e 3.42
HgLi.......ooooovvo... 1.7 i Hexagonal
Hg:Na...........,........ 1.62 oo, Hexagonal
HgNa.................... 3.05
He.Pbioo oo 4.14-7.28
HgSn..................... 4.2
He Tl e oo 2.30-4.109
HgsTleo oo 3.86
Ho:Lai_,.....ccoovvvvne... 1.3-6.3
InLas..................... 9.83,1004 | ..., L1,
InLa; (0-35kb)............ 9.75-10.55
InioseMgoote.. oo oo. ... 3.395-3.363 272.4-259.2
InNbs:

(high pressure and

temperature).......... 4-8,9.2 | ..o, Al5

Ino_osNbsSniez........... 18.0-18.19 | ....... ..., Al
Inn.sNbe!‘o,s.._..........,. 6.4
Ine nOsW.. ..., <1.25-2.8 | iieiieea... Hexagonal
Inoss_ossPboos—os......... 3.6-5.05
Ino ss_0.91Pbooz_00s......... 3.45-4.2
InPb....... ... iivinnn. 6.85
InPd...........c.oou.. 0.7 e B2
InSb

(quenched from 170 kb

into liquid N2)........... 4.8 ] eeeiiieee., Like A5
(I28b) . 5-0.108n0.05_0. 90

(various heat treatments).| 3.8-5.1
(InSb)o—o oSn1093....c.... 3.67-3.74
IngSn........... ... ..., ~5.5 \
In 8oz, 3.4-7.3
Ino s Te

(n = 0.83-1.71 X 1022). 1.02-3.45 | ........... B1
InioooTer 002 eenn e vnnnnn.. 3.5-3.7 | e, Bl
In;Te:

(n =047 X 10?2 ... ... 1.15-1.28 | ...l Rhombohedral
Im,Thi . oo . ...] 2.7-3.374 252-284
InosTloz ..o .. 3.223 252
InoesTloss.....oovevnnn. .. 2.760
Ino rs—0 6sTlo 22081, ....ooL .. 3.18-3.32 | ...iiiieia.n Tetragonal
Ino ss_o esTlos1_038..ouon. ... 2.98-3.3 | ... Cubig, f.c.
IrzLa. .. ..o 0.48 0 i e, C15
IrsLa. ... ... ... 2.32 | .. D10,
Jualar. ..o 2.2 | o, D10,

R



PROPERTIES OF SUPERCONDUCTORS

TaBLE 9g-2.

SELECTED SUPERCONDUCTIVE COMPOUNDS AND

Arroys witH CriTicaL TEMPERATURES, CRITICAL FIELDS,
AND CrysTaL STrRUCTURE TypE* (Continued)
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Crystal structure

Substance T., K H,, oersteds typet
) 6 7 7 WU 2.13
) 6 79 10 2.47 ] e C15
B 6 % 920 A 2,89 i C15
IrMoooee o <1.0 b aiaaaea A3
IrdMos. o v 8.8 ] e AlS5
IrMos. o oo e 6.8 e D8,
ItNbs. oo 1.9 b Al5
I!‘o,tho.a ........ e e e e aaaa 9.8 ........... DSb
Iros7Nboss.. . .ooviveenn... 2.32 e D8y
IENb. ... 7.9 - e D8y
Iroo2NbsRhoss. ......... 0. 2.43 | ..o Al5
Iro_osNb;Rho_os ............. 2.38 L Loiaioi. AlS
Iro 28700 14Tio.s73. o ovn e n s 5.6 b e E9:
Iro 20500, 03sTioss..coonvn ot 230 e E9;
Ir20Siczeeeiieneeenocnnnnnn 0.3-0.98

(max.)-0.6

IrOsY. .o 2.6 | oiiiaaaaa C15
Iri 608080 cveeeevienonnnns 2.4 | aiaaaaaa Cl4
IraSce. v vi i 2.07 il C15
Ires8C. i i iiieeeaaa s 2.46 | ... C15
IrSnz. e vv e e e i 0.65-0.78 | ... C1
IraSe. i 5.70 1 oo C15
IrosTeos.. oo e eenennenenns ~3
IrTes. i 1.18° - | o Cc2
D £ 38 o + e L0.3T7 ] e B,
IesTh. oo 8.50 ] ...l C15
) § S ) + F 4.71
IsThe.. ..ot 1.52 ] e D10:
IrsTh. e ii e 3.93 ] e D24
b 6 o &5 ¥ 5.40 ..o Al5
IrVa o 1.39 e Ald
IEWia e .| 3.82
IroasWorze oo oo ivnennann, 4.49
IraY . e 2.18,1.38 | ... C15
IroseYost. oo erennnnnnn.. 1.98,1.44 | ... C15
Iro70Y 030 ceeecerenanennnas 2.16 | e C16
IraY. o 1.09 il C15
) §. ) € TP 1.61
Il‘,Yx.., ................... 0.3-3.7
Ir2Zr. .o S o C16
IroaZros. v inanneennnnn 5.6 ] eeeeiiiie. A3
KoonOsW.............. 0.50 | eeeeeiiea Hexagonal
Kow_o0stOsW.. ...t 1.6 ] e Tetragonal
LaossLuocs. .o ovveeeeenens 2.2 ] e Hexagonal, La type
Laoshuoteeeeeeneeeenoennns 3.4 ] e Hexagonal, La Type
LaMgs. .coeee v, 1.0} e C15
LaN. ..ot iiiiii e 1.35
La;,Ndiz...oovvvet. 1.4-6.3
) 9710 2 T T 6.5 ] e Cl5
LaPt.... 0.46 ] .o C15
LaozsPtora....ocovvv it 0.5 ] aieeeeiian C15
LaRhs oo 2.60
LaRhsoooo i 1.62
LarRha.o oot 258 ool D10:
LaRUz. ... cvvenneanennn 1.63 | e C15
LasSe. .ot 6.6 0l e D7;
LasSed. coie e ievieneannanns 8.8 ] ieeieiaiaen D7,
LaSis. . eeerecvionaraeanns 2.3 ] e C.
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SOLID-STATE PHYSICS

SELECTED SuPERCONDUCTIVE COMPOUNDS AND

ArLoys wiTH CRriticaL TemprraTures, Crrticar Fie LDS,
AND CRYSTAL STRUCTURE TYPE® (Continued)

Substance T. K Ho, oersteds Crystal structure
typet

Lang-g ................... 1.7-5.4

LaZn..........cooiuiu. .. 1.04 . L. B2

LiPb. ..o 7.2

LuOsz. ..., 3.49 b, Cl4

Luo 27sRho 725 .27 C15

LuRhs.o.. oo, 0.49

LuRus........oooio. ... 0.86 Q. Cl4

Mg~o 1Tl~osaeee oo 2.75 220 B2

Mg:Nb................... 5.6

Mn:Tiiz..oveennn.. .. 2.3max | .. Mn in «-Ti

Mn,Tiig oo .. 1.1-3.0 | ... Mn in 5-Ti

MnUs.................... 2.32 b D2,

MoN..................... S Hexagonal

Mo:N.................... 5.0 b Cubic, f.c.

MoNbizovvieeivo .. 0.016-9.2

MoiOs................... JT2 415

Mo e20soss.cvnennnn .. ... 5.65 b DS,

MaP. ..o 5.3 b DO,

MoosPdos...ooov oo, 3.52 A3

MosRe.................... 10.0

Mo:Reizooovovoo .. 1.2-12.2

MoRea.................... 9.25,9.89 | ... ... .. Al2

Moo «2Reoss. oo ..., 6.35 L D8,

Moos:Reoss. .oovo ... 11.1

MoostReows. oo oo oL 14.0

Mo~o wReosss.o. .. ... ... .. 10.6

MoRh.................... .97 . A3

Mo:Rhizoooovoo oL, 1.5-8.2 b Cubic, b.c.

MoRu................... o 9.5-10.8 e A3

MouveaiRuoss............... I ¥ T D8

MoosRuoseeeeeee ool ree T A3

MosSba.........ov L, 2.1

MoaSi...........o ... - 1.30 A1l5

MoSior...covvvivn ... 1.34

MoSiViso oo 4.54-16.0 | ... Al5

Mo TCiozeeoon .. 10.8-15.8

Moo 16Tio 840 eeeeeeennnn.. .. 4.18, 4.25 <985

Moos1isTioosreeennn. ... .. 2.95

Moo.oTiose. oo ... 2.0 ) Cubic

Moo o2sTioers.ceeennnn. ... 1.8 R

Mo, Uiczeovvvvooo i, 0.7-2.1 AN

MozVieooveo oo .., 0-~5.3 \

MosZr................ L.l 4.27-4.75 | Lo, C15 \

NNb (whiskers).......... .| 10-14.5

NNb (diffusion v.u-es) ...... 16.10

NNb (flm).. ceeeeaed | 69 B1

NossNb.................. L B1

NoszecosssNb..o. ... ... .. 14.4-15.3 | ... ... B1

No.70-0.73sNb 11.3-12.9 1 o, Cubic and
tetragonal

NNb:Oy...oovvo o 13.5-17.0 | ... .. ... Bl

NNb,O,.................. 6.0-11

Nice_«2w/oNbo_ss wioTi......| 15-16.8

Nioo—1s w/oNbo_2s wioZr.. ...| 12.5-16.35

NNb:Zrizoooo e, 9.8-13.8 | ... .. B1

No.saNbo ssZro.s... . . L1308 B1

NLOy T oo 2.9-5.6 | ... Cubic

NOSV o 5§.8-8.2 | ... ... Cubic




PROPERTIES OF SUPERCONDUCTORS

TaBLE 9g-2. SeELECTED SUPERCONDUCTIVE COMPOUNDS AND
Arroys witH CriticaL TempPeraTURES, CRrITiCaL FitLps,
AND CrystaL STRUCTURE Typr* (Continued)

Crystal structure

Substance T., K Ho, oersteds
type t
NowRe...oovviivi s 4-5 e Cubic, f.c.
NTa....ooviiiieiiinn. 12-14 b L. B1
—(extrapolated)
NTa (flm)................ 4.84 i Bl
Nos—ossTiooooo. oo, <1.17-6.8 | e B1
Nosz—oaVerereeenenen.n. ] 2.9-7.9 | coiiiiiial, Bl
NZr. oo i 9.8 b iiaeeeeee. Bl
Nosos—o s8¢l ..o .. 3.0-9.5 | ... B1
Nao2s_03s0sW............. 0.56 ol iieeeeeees Tetragonal
Nao2wPbor2eeeeeeen ...} 7.2
NbO. ... 1.25
NbOsz..oovvi it 2.52 b e Al2
NbaOs..oovvv e e 1.05 O I AlS
NbosOsodeer oo ... 1.89,1.78  } ... D8,
Nb!oso 820, lnl{h) IR_090 ... .. ".42__0 30 ........... Als
Nbo.sPdo.s. . ... 80 e D8y plus cubic
NbisPdo.oz2-0. mRha 93_0.90.....] 2.49-2.35 | ... .. ..., AlS
Nbos:Ptoase... ... 4.21 e D8,
NbsPt.... ... ... 9. b Al5
NbsPts.. 0373 D8,
NbiPto.oz2-0. 95Rho geo002.....0 2.82-8.6 L. A15
Nbo.ss—o.1sReos2_0.92 2.43-9.70 | ... Al2
Nb:Rh.. e 2088 Al5
Nbo,eoRho,m ............... 4.2 e D8, plus other
Nbi:Rhoss_oeoRuso2—010.....| 2.42-2. 44 | . ......... Al
Nb:Rui_z.... .o 1.2-4.8
NbSa oo 6.1-6.3 ... Hexagonal, NbSeq
type
NbSa.. oo 5.0-5.5 0 i Hexagonal /three-
layer type
NbsSbo_o1Sni~s8.ee.n.....| 6.8=18 | (..., Al5
NbSes............coiiin 5.16-5.62 | ... ... Hexagonal, NbSs
type
Nbi_yoesSea ..ot 2.2-7.0 . Hexagonal, NbSs
type
NbsSi...ooii i 1.5 b e Ll.
NbsSiSnVia. .. oovee ... 4.0
NbaSn..oovi i i e 18.05 | e AlS
NbosSnoz.....covveeeen... 18.18,18.8 | ... AlS
Nb.Sni_; (ilm)............| 2.6-18
NbSnz..oooviviinn 2.60 620 Orthorhombie
NbsSnz. ... 16.6 ... Tetragonal
NbSnTaz.................. 10.8 b il AlS
Nb:SnTa.................. 16.4 b Lol Al
Nbz2sSnTaos.......ocvvvnn 17.6 ol Laaeaaa. Ald
Nb2:sSnTaoas. .. ..ol 17.8 el AlS
Nbi.SnTasiozy...covee.....; 6.0-18.0
NbSnTaV................. 6.2 ] e Al5
Nb:SnTaosVes...oo........y 12,2 1 ..o, A1l5
NbSnVa....o.....oovoo. 0t 85 b aaaaiaaa Al5
NbSanV...................[ 9.8 | ... ... Al5
Nb2:sSnVos.............. .. 142 1 L. Al
Nb:Taicz. oo oo 4.4-9.2 ] i A2
NbTeso oo 10.5 | L., Al12
Nb:Tiiz...ooveevenn....] 0.6-9.8
NboeTio s ... cvvieen. ... 9.8
Nb,Uiczeooi oo 1.95 max
NbossVorze.......oooi.. . 5.7 ol e A2
NbossZroas........covvn... 10.8
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SOLID-STATE PHYSICS

TaBLE 9g-2. SELECTED SvPERCONDUCTIVE CoMrouxps anp

ALLOYS wiITH

CRITICAL TeMPERATURES, CRITICAL FikLps,

AND CRYSTAL STRUCTURE Tyre* (Continued)

Crystal structure

Substance T., K H,, oersteds type

NbosZrogs................ 10.8
NioaThos............... .. res L D10,
NiZn ..................... .52
NioaZrow.............. ... LS A3
GaRbo 21_onW......... . . l.e8 | T Hexagonal
OaSrTi

(n = 1.7-12.0 X 101%)....{ 0. 12-0.37
0:SrTi

(n = 10%-10m), ... . . 0.05-0.47
OiSrTi (n = ~1020), . ... .. 0.47
OTi............. ... ... 0.58
OaSro.0sW............... .. -4 Hexagonal
OaTloseW............... .. 2.0-214 | T Hexagonal
OViZrs..........o.. ... 7.5 L 2
OW, (flm)..............._. 3.35,1.2 T Als
OsReY................. ... 2o LT C14
Os:Sc.......ooooo . 46 0 T Cl4
OsTa..................... 1.es  p T A12
OaThr.ooov e, .5y D10,
Os.Wi s, 0.9-4.1
OBWz ..................... ~3
Os:Y.................. 0 4.7 b Cl4
Os:Zr. ..o, .0 Cl4
O8:,Zri ouoovve ] 1.50-5.6
PPb.......o 7.8
PPdio_ss............... .. <0.35-0.7 | ... .. ... DOy,
PiPd: (high temperature)...{ 1.0 | Tttt Rhombohedral
PyPd; (low temperature)....| 0.70 | U Complex
PRh................. " 1.22
PRh.. ... ... ... . ... . ... .3 C1
PWiiiviiiiiian 226 T DO,
Pb.Pd............ ... .. .. 2.9 C16
PbePt................... .. 2.80 p Y Related to C16
PboRho..oo oo o 266 0 p T Cl16
PoSb.......... ..., 6.6
PbTe (plus 0.1 w/o Pb)..... 5.19
PbTe (plus 0.1 w/oTD..... 5.24-5.27
PbTlosr............. ... 6.43 756
) L R 6.73 796
PbTlouscouunvininnnn. ., 6.88 849
PbTloors..oooovennnu.. ... 6.98 880
PbTlooa...ovuuuununn. oo, 7.06 864
Pbi_o.2¢Tlow0, 740 ... ... .. 7.20-3.68 \
PbTle............... .. ve..] 3.75-4.1
PbaZrs.......... ] 4.60 D8,
PbZra. ... . ... ] 0.76 r T A1l5
Pdo.oPto,xTe:....... . 1.6 T C6
PdoosRuo.0sZroy....... ... .. ~9
Pd:.:S (quenched).......... 1.3 . Cubic
PdSbe................ .. .. O Cc2
PASb................... .. L B8,
PdSbSe............... .. .. o C2
PdSbTe............. .. .. .. e c2
PdSe.................. ... 0.42 T Tetragonal
PdesSe................. .. o.66 ... Like Pd(Te
Pd: sSe. . 2.3
Pd,8ei,.............. . . 2.5 max.
PdSi. .. ... ... ... ... ... 6.e3 B31
PASo............... ... .. 0.4r L T B31

S e e e—————— st e, 1

b
i
>
by
G
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SELECTED SUPERCONDUCTIVE COMPOUNDS AND

ALLoys wiTH CRITICAL TEMPERATURES, CRITICAL Fizrps,
AND CRrysTAL STRUCTURE TyPE* (Continued)

Substance

T, K

H,, oersteds

Crystal structure

type f
PdSna..oooo i 3.34
PdeSn.............. L. o4y oo C37
PdsSnac..ooo ool 0.47-0.64 | . ... ... BS,
PdTe..................... 2.3,3.8 ) .. B8,
PdTer 00108 ..o ool ... 2.56-1.88 b ... B8,
PdTes.......ooooeooo. ... .69 C6
PdTess.oovvoeeen .. 1.8 b Cs8
PdTess.........covv. ... 1.8 C6
PdiaTe................... 4.07 B8,
PdTheo.oovoo oo ... 0.8 | C16
Pdo_xzru,n .................. 7.5 b A3
PtSb. ... . 2. B8,
PtSic oo 0.88 0 B31
PtSn ..................... 037 ........... 38:
PtTe. . ... ... . 0.59 | L. Orthorhombic
PtThoooooo ... cees 0.44 B,
PtsThs . 6.8 b D10:
PtsTho......... ... 3.13
PtTiscoeivn i i, 0.8 .. A1S
Pto.o2Uoss...oo ool 0.87 | 8 phase
PtVos..oooooo .. .36 | . Al5
PtVeooooooooooooiiiil 2.87-3.20 | Lo Al5
PtVase e i .26 | ..., Ald
PtosWos.oovreiinnnnn.. 145 b Al
PteWize oo 0.4-2.7
Pt.Y;.. 0.90
PteY. o 1.67,1.70 b ... ..., .. C15
Pt Y 0.82 b, D10.:
) 24 ¥/ S 3.0 b A3
ReossTaoss................ 1.46 | .. Al2
RenuTisoeeer .. 6.60 @ ..., Al2
Re:Thiczo.oovv ... 6.6 max.
ReoreVoreooueon oo 4.52 b D8y
Reos2Voosoove oL, 6.8 A3
ReosWodooooo oo, 6.0
ReosWos 5.12 . D8,
ResY. ... oo .. .83 | Cla
Re.Zr 59 b Cl4
ResZr 7.40 . Al12
RhusSusevvvvein . 5.8 b Cubic
Rhavo uSc~ote. oot ... 0.88, 0.92
RhSeiz....e.....ov.....] 6.0 max
RhaSro..oooovoiiiin 6.2 b C15
Rho«Tace..o oo ... 2.3 D8y
RhTes....oovniiivn .. .58 b, Cc2
RhoerTeoas.cvvevn ... 0.49
Rh.Tei,..................] 1.51 max
RhTh.....................| 036 | . ... ........ By
RhaThro ..o 2.16 ... D10;
RhsTh.o................... 1.07
RheThiczooovvne ... 2.25-3.95
RhooaUoes.ooovvnono. ... 0.96
RhVe. ... .. ... ... ... 0.38 ] Alb
RhW.. ... ... ~3.4 ) ... A3
RhYs. oo . 0.65
RhaVsoo oo, 1.48
RhiY 1.07 ... C15
RhsY 0.56
RhZra. ... L. 108 L. C18
Rho.oosZr (annealed)........ 5.8
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NDUCTIVE COMPOUNDS AND

Arroys writH CRITICAL TEMPERATURES, CRITICAL FieLps,

AND CRYSTAL STRUCTURE TyYPE* (Continued)

Crystal structure
Substance T, K H,. oersteds type
RhoousZri_oss........... .. 2.1-10.8
RhoiZros..oo..oo.oooeolo0 ) Hexagonal, c¢.p.
RusSe.................. .. (167 0 T Cl4
Ru,Th. ceeeee...f3.56 0 )T C15
RuTi................... .. 07 B2
Ruo.osTioes.............. .. 2.5
RuoTios.coveeeneo . ... 3.5
Ru;TiosV,.............. .. 6.6 max.
RuousVosseoooen o ... 4.0 B2
RuW. . .. ... ... ...... .. .5 A3
Ru:Y................... .. S22 Cl4
RUng ................... 84 ........... Cl4
RUo,ero 9 S A3
8bSn................... . .80-1.42, 4 o B1 or distorted B1
.42-2.37 .
8bTis..oove o, 8 AlS
8baTle oo, 5.2
Bbo.oi0.0aVoss_osr.......... 3.76-2.63 | ... ... .. A2
BbVa. ... o.80 .. Al5
BiaTh.................. ... 2 C., a phase
BisTh..................... 4 C32, 8 phase
BiVe..o o 1w Al5
BiosVaAlos................ 1405 0 AlS
SiesViBoa.oovo ... 5.8 4 AlS
BiosViConuvov oo, 6.4 L A15
Sin.TCI'o,;................. B Al5
8iosVaGeo ... ... ... ... 1«0 b Al5
Sin‘ 7.\100_: ................ T A1l5
8iVssNboa................ 2.8 0 AlS
BiVesRuoa.. ... ... ... 2.9 AlS5
BiVisTios. .. .o, 0. ] A15
8iVs-Zrog................ . 3.2 AlS
Bi:eW,.................. . . 8, 2.84
8no.174_0.104T a0 8265 530, ... . . . 1 6.5-<4.2 A1l5
SnTas. ... ;8.3 | A15, highly ordered
8nTas................ .. .. (6.2 A15, partially
ordered

BaTaVae................ .. N Al5 \
SoTa:V................. .. 3.7 A15
anTel_:

(n = 10.5-20 x 1029) . 0.07-0.22 | .. ..., B1
Bn:Tlo............... ... 2.37-5.2
BoVe. o oo 3.8 Al15
Sno.o2_0.087Vo ssn00s......... 2.87-~1.6 | ........ ... A2
Taooa:Tiosrs............... O N Hexagonal
TacosTiows. . ............ .. 29 Hexagonal
Ta0.0s-0.76Vo 095_0 1. | 4.30-2.65 | ... ... A2
TaosWooo............ .. 1.2-.4.4 Vo A2
Tco10.Wos_o6............ 1.25~7.18 | ... . Cubie
TeosoWoso.................l7.52 | T « plus o
TeosoWouo..ooovooo 7,88 | o plus a
TesZr....ooooooooooiiier Al12
Tho_o‘ssYx-o_u.............E 1.2-1.8
TioroVose............... .. 6.14 Cubic
Ti:Viaoooo o 0.2-7.5
Tio.sZro.s (annealed)...... .. 1.23
Tio.sZros (quenched)........ 2.0
VaZro oo 8.80 C1l5
VozreZrora..ooueeunn ... 5.9

Y/ J 2,16 oo Cl5
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Key to Crystal Structure Types Found in Table 9g-2

“Struck- "'Struck-
turbericht’’ Example Class turbericht’’ Example Class
type* type¥
A1 Cu ‘Cubic f.c. C15 Cu:Mg Cubig, f.c.
A2 W Cubie, b.c. C15, AuBes Cubic
A3 Mg Hexagonal, close Cl16 CuAl, Tetragonal, b.c.
packed C18 FeS, Orthorhombic
A4 Diamond Cubice, f.c. 22 Fe.P Trigonal
AS White Sn Tetragonal, b.c. 23 PbCl: Orthorhombie
A6 In Tetragonal, b.c. 32 AlB, Hexagonal
(f.c. cell usu- C36 MgNi; Hexagonal
ally used) 37 Co2Si - | Orthorhombie
AT As Rhombohedral C49 ZrSia Orthorhombic
A8 [ Se ‘Trigonal C54 TiSiz " | Orthorhombic
A10 Hg Rhombohedral Ce Si:Th Tetragonal, b.c.
Al12 a-Mn Cubie, b.c. DO, BiF; .| Cubic, f.c.
Al3 f-Mn Cubic DOy Fe:C Orthorhombic
Al5 “B-W,” (WO;) | Cubic D013 NasjAs Hexagonal
B1 NaCl Cubie, f.c. D014 Ni:8n Hexagonal
B2 CsCl Cubic D02 NiAls Orthorhombic
B3 ZnS Cubic D022 TiAl; Tetragonal
_ B4 ZnS Hexagonal DO, Ni;P Tetragonal, b.c.
B8, NiAs Hexagonal D1, AlBa Tetragonal, b.c.
B8 Nizln Hexagonal D1, PtSn, Orthorhombie
B10 PbO Tetragonal D2: CaBs Cubie
B11 v-CuTi Tetragonal D2, MnUs, Tetragonal, b.c.
B17 ‘PtS Tetragonal D24 CaZns Hexagonal
B18 CuS Hexagonal D5, La:0; Trigonal
B20 FeSi Cubie D53 Sb.S; Orthorhombic
B27 FeB Orthorhombic D7, ThsPy Cubie, b.c.
B31 MnP Orthorhombic D7y Ta3Ba Orthorhombic
B32 NaTl Cubie, f.c. D8, Fe:Znio Cubie, b.c.
B34 Pds Tetragonal DS8: CusZns Cubie, b.c.
By 5-CrB Orthorhombic D83 CusAly | Cubic
B, MoB Tetragonal, b.c. D83 MnsSi; Hexagonal
B wC Hexagonal - D8 CrFe Tetragonal
By ¥-MoC Hexagonal D8; Mo:Bs Rhombohedral
C1 CaF: Cubie, f.c. D10, FesThr Hexagonal
Cls MgAgAs Cubie, f.o. L2, CaTiOs Cubic
Cc2 FeS: Cubie E9s Fe;WsC Cubie, f.c.
Cc8 CdI, Trigonal L1, CuAu Tetragonal
Cl11s MoSi: Tetragonal, b.c. L1, CusAu Cubic
C12 CaSi: Rhombohedral Loy’ ThH: ‘| Tetragonal, b.c.
Cl4 MgZn: Hexagonal L3’ Fe:N Hexagonal

* See W. B. Pearson, A Handbook of Lattice Spacings and Structures of Metals,” vol. 1, p. 79; vol. 2,
D. 3; Pergamon Press, New York, 1058, 1067, :
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TasLE 9¢-3. Hiea CriticaL MagNETIC FIELD SUPERCONDUCTIVE COMPOUNDS
AND ALLoys wirH Criricar TEMPERATURES, Hei, Heo, Hes, AND
THE TEMPERATURE OF FIELD OBSERVATIONS, Tops

Substance To K He, kg Hes, kg Hes, kg | Tobs, K*
0.091 156 1.2
0.375 ] e
Ba:0sSri_=Ti.....covennn. ... <0.1-0.55{0.0039 max.
Bin.sCda1PboerSnoas. oo oo o] o | e >24 3.06
BizPbtez..cvoviie i 7.35--8.4 0.122 max ~30 max. | ...... 4.2
BiossPboae.........oiiint 8.8 | i ) ¥ S I 4.2
Bir sw/o Pbossw/on e v eeinneiil vieiienne | i 2.32 ..o
Bio.osaPbosor. oo ieeieiiiiiii] viiiiann. 0.29 2.8
Bio.ozPbese.......... F N T 0.46 0.73
Bio.saPboasSnoas. . .oeveiii i >25 3.06
i1-0.038n0_0 R I BT 0-0.032 | ...... 3.7
T T 6.4 ] il >5.56 | ...... 3.35
CIK (excess K) .............. 0.55 | i 0.160 (Hle) | ...... 0.32
....................... 0.39- eieennaee... |0.730 (Hlle) ... 10.32
0.025 (Hle) | ...... 0.32
0.250 (Hlje) | ...... 0.32
CoaaMOBsE. . coveenenneveenns 12.5-13.5 | 0.087 98.5 | ...... 1.2
o J A 8-10 0.12 16.9 . | ...... 4.2
CNbo Taos...ococvenennn, 10-13.6 0.19 4.1 | ... 1.2
...................... 9-11.4 0.2 4.6 ceee.. | 102
CazO:Sn_le ............... <0.1-0.55/0.002-0.004 |  } ......
Cdo.1Hgo.s (by weight).......| ......... 0.23 0.34 2.04
CdoosHZO85 - cvvveveneneenel covevannn 0.28 0.31 | ... 2.16
Cro.1ocTio20Veso..coooveennnn. 5.8 - 0.071 8.4 | ...... 0
aN. .. i i 5.85 0.725 e | e 4.2
G&szx_: ......................................... >28 ...... 4.2
GaSb (annealed)............. S S 2.64 | ...... 3.5
A A ] TP I S 3§ ...
GaV2.1o86.ceirenannennnnnns 6.3-14.45 | ........ ... 230-300% 0
AV ittt e .4 508 | ... 4]
500t | ......
(072 T 9.15 b Lieeeee... 1217 0
HE:Nby. .oovieiieee i ciii it | viiiiiieeee >52->102 | ...... 1.2
5 8 2% AV O R >28->86 | ...... 1.2
Hgo.osPboss. ccovveveeini] civininen 0.235 2.3 | .o
Hgo101Pbosso. . ooveveen il oioint, 0.23 14.3 4.2
Hego.1sPboss....covvevivinnn ~8.75 | e >13 .. 2.93
InessPbooz. ... at. 3.45 0.1 b 0.12 2.76
InosePboot. .oovieeiennn... 3.68 0.1 0.12 0.25 2.94
Inos«Pboos. ..oovveenevnnn. 3.90 0.095 0.18 0.35 |3.12
Inos1sPboosr. ..ol 4.2 ~0.17 0.55 2.65
Ino.316PbosBd. v cv e e ] ciiinann 0.155 3.7 .. 4.2
Ino1rPboss. .oovvin e i) ot b e 2.8 5.5 4.2
InioooTer.002. ccovveenevnnnn. 3.5-3.7 | i, 1.2+ | ... 0
InossTloos, oo e i, 0.263 0.268 | ...... 3.3
InoseTloto. ceveeneneenid v, 0.257 €.257 i ..., 3.25
TnossTlor7z.  vevnveeevnina] conuenns 0.242 0.39 | ...... 3.21
InozsTlozs oo oovee o] ot 0.216 0.50 i ... 3.16
LaN.. ... ..oiiiieiiiin .. 1.35 0.45 ol e iieeeeee ] e 0.76
LasSe. . ooviiiieneian... 8.5 =~0.15 >25 | ee.... 1.3
LasSes. ..ooveeenninannnnn. 8.6 ~0.2 >25 b L. 1.25
Mo0o.52R€0.48. v vveenveennn 11,1 | e 14-21 22-33 4.2
18-28 37-43 1.3
Moo.s40.06Reo.398. ... n. . 10.8 | o 14-20 20-37 4.2
19-26 26-37 1.3
MO~g 8T e~ 08, e cevieer e e ] cievnnnne | viiennnnasan ~75% 1 ... 0
Moo.1sTio8€. oo v eveeennnen .. 4.18 0.028 98.7t | ...... 0
36-38 | ...... 3.0
Moos1sTio 087, .ot 2.95" 0.060 ~15 | ... 4.2
Moo.r-osUos-07.0 0o n. . 1.85-2. 06 .............. >25 1 ...
Moo.17Zroa8. -« e veee e v ~30
Nazasw/ooNb ..o nt. 15.2 | e >9.5 13.2
NNb (wires).....oovvunnnn. 16.1 | e 153+ o ... 0
132 b .o 4.2
95 | e 8
53 | ... 12
NNbzOtcz oo iviiieeeenn. 13.5-17.0 | ... ...t ~38 ...
NNb:Zri_z....... ..]9.813.8 ..., 4->130 4.2
No.ssNbo.ssZro.1s 413.8 | e >130 | ..., 4.2
Nac.ossPbootd..o.ovreeenn ol coint, 0.19 6.0 ...
Nao.o16Pbogsa. e ovvenenennal coivn. 0.28 2.05
B+ Y 9.15 i L.l 2.020 1.4
1.710 | ..., 4.2
Nb. o] e 0.4-1.1 3-5.5 | ... 4.2
Nb (unstrained).............0 ... 1,1-1.8 3.40 6-9.1 4.2
Nb (strained)...............| ... ..... 1.25~1.92 3.44 6.0-8.714.2
Nb (cold-drawn wire)........| ......... 2.48 4.10 =1 4.2
Nb (BIm). .. oovine it e b e >25 | ..., 4.2
NbBC. . vttt e e >30 4 ...
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NETIC FIELD SUPERCONDUCTIVE CoMPOUNDS
L TEMPERATURES, H.i, H.,, H., anp

Tobe (Continued)

ey tmay

Substance Te K Ha, kg Hes, kg Hes, kg Tobe, K*
NbsSo.ooooooooonnao 0.170 22y 4. 4.2
70 ... 14.15
54 . 15
34 b . 16
7 . 17
Nbo:Taos.................. 0.084 0.15¢ | ...... 4.195
eaTaen oo I U A 4.2
Nbe.sso.1sTac.or-0.0Zre.ss. .. [ (1111100 | e >70->90 | ...... 4.2
sTha o I 148 max. | .. .... 1.2
120 max. | ... ... 4.2
NbessUorra................ 1.98 23 | 1.2
NbaZrioo... . I 127 max. | ... ... 1.2
94 max. | .., ... 4.2
OSrTi. ..o 0.0049¢ 0. t L. 0
OSrTio.......... .. 0.00195¢ 0.420t | ... .. 0
Pb8biwse (quenched, ... 0111 VT T >1.s L 4.2
biwio (annealed). ... .. 0} [1IIITIT i >0.7 ... 4.2
bSbz.awso (quenched). . . [l 11T e >2.3 4 ... 4.2
tgwio (annealed). ... | CDITIIT0 ) T >0.7 1 ... 4.2
boan8noum...... ... 000 0] 0.45 1.1
eonSnoase.... ... ... ... . 0.56
bioe.aeTlocore.... oo ..., 2-6.9v | ......
PbTloys......... .. ... 000 53 S A
ReossWore........ ... . 10"
RyrSmeen ) I el 3.7
BivVa. ...
ﬂn;To:-x .................. 012‘0079
Ta (99.95%)............. .3
.27
.66
.72
TaoaNbos.....ooooooi T .2
Bo.agoTionor. ... 4T 8T L .2
SoaTios oo .2
......................... 0.25¢%
TC:‘VI-: .................................. .2
b T .2
TiewVoos............... . 0.029t
.2
.2
.2
.............. .2
.............. .2
.............. .2
.............. .2
.............. .2
~0.8 .79
~0.75
~A0.45
~0.30
VesZroso. ..o, =5.9 0.238 .05
0.227 .78
0.185 .04
C.165 ]
W (Blm).................... L7-4.1 | o,

* Temperature of critical field measurement.

t Extrapolated.
 Linear extrapolation.
§ Parabolic extrapolation.



