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THE EFFECT OF TERNARY ADDITIONS ON THE
SUPERCONDUCTING PROPERTIES OF Nb3A1

Larry Dowd Hartsough

" Inorganic Materials Research Division, Lawrence Radiation Iaboratory, .

- Department of Mineral Technology, College of Engineering of the
University of California, Berkeley, California

ABSTRACT

We . compare the Jc,vs H characteristics of Nb

) 3
‘with those of an alloy 'of nominal composition.hb,(Al Ge. ,), with T
A . . : 5V70,8770.2 c

of 18°7°K, and find a substantial improvement for the latter. We con-

sider the-effect on T_ of As additions to Nb,Al, but find that the

5

solubility is less than two atomic percent.

The recently-reported high Tc (20.05°K) for well-ordered ij(AlO 8Geb 2)

leads us to consider the effect of Ge additions to Nb, Al on its upper

3

critical field Hyoe Our prediction of an increase in Hoo is born out by‘

the results we have obtained using pulsed magnetic fields, We further
predict that the steady-field Jc vs H properties will be e&en better
than our resulté. ;

We contend that the éddition of As to NbBAl will‘improve the
stoichiometry (hence the"Tc) of the latﬁer‘without affecting its

electron/atom ratio or electron density. Unfortunately, we find that

the solubility of As in NbyAl is too low to test our prediction.

Al, with T of 16.§°K,

e —————— - T o e e e s e e e ——— e e e+ e e e o am e
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. I, INTRODUCTION

~Thé resistivity of superconductors drbps abruptly to zero (<-10'22

ohm-ém) at a critical température, T, Furthermore, type I superconduc-

tors exhibit perfect diamagnetism up to a critical magnetic field‘Hc(T),

at which they become normal (i.e., resistivity is restoréd and magnetiza-

tién becomes zero). While typé IT superconductors are also perfectly

diamagnetic up to a crificél field Hcl(T);ithey are in a mixed super-

i éonducting stgte,from‘Hcl(T) up:td & higher field, HcZ(T)’ at which occurs

" the transition to the normal state. The mixed state of type 11 super-
conductors is characterized by decreasing diamagnétism with increasing
field'caused by quantized lines of flux threading the bulk of the'material;j,'

Flux line density increases with field above Hé It has been shown that

1
& transport supercurrent exerts a force on these flux lines. Motion of
flux lines results in losses which show up as an effectiﬁe resistance.]‘-3
Thus, unless the flux lines are made immobile by pinning, a type II super-
conductor cannot carry the large transport curreﬁt densities required of

a high-field supéfconducting magnet,

Kunzler et al.h discovered, in 1961, that NbESn could support large
current densities in high magnetic fields. Magnets of NbBSn are now madev
which can produce fields of 140 kG over a 6-inch bore.5 However, the
search fqr materials with high critical fields continues, with much of
the effort centered on alloy ;dditions to, and pseudobinary alloys of,
compounds with the A-15 structure, of which NbBSn, V3Si’ NbsGe and ijAl )
are examples. As will be shown in the next sectibn, Hc2 ihcreases with

Tc.' Until recently, efforts to increase the Tc of A-15 compounds by

‘alloy additions have had, at best, minimal success°6 Matthias et al.7
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have réported a substﬁntigl inéréése in T of ijAl.from 18,0°K to 20.,05°K
by the addition of Ge to form the compound of .composition (NbB(AlO.8GeO.2)’
TheirAalloy was annealed for several dgys and was assumed to be well-
ordered. They did not report any critical field date for this compound.

- One of the main purposes of this Study is to determine fhé critical
currenﬁvas a function of field_(Jé vs H) for an alloy With’cqmposition

.- near NbB(AlO.8GeO.2)’ The other purpose is to ascertain the influence of
As additions on the superconducting pféperties of Nb3Al' This will be

discussed further at the end of the next section,
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II, THEORY AND EXPERIMENT

A, Theories of T and H
c c2

l. T

< |
Extensive experimental evidence suggests that the BCS mieroscopic
theory of superconduétivity ié not yet refined enough‘tp'predict the
superconducting properties of intérmetallic compounds,'especially those
containing transition elements.6’7 However, Matthias6’8 has developed
empirical correlations which relate the occurrence of superconductivity
tor 1) N, the number of valence electrons per atom, determined by
counting all electrons outsidé a closed shell; 2) the crystal structure
(espeéially important for intermeﬁallic compounds); 3) the atomic:
volume; L4) the atomic massy and, 5) the degree of order or stoichiometry
(intermetallic compounds). Roberfs9 has applied these criteria to known
supercpnductive A-15 intermetellic compounds and has conciuded, from
statistical considerations, that those with high T, should have! |
1) a transition and & nontransition element combining to give 4.7 electrons/
atom; 2) atomic volume > 21 K;; 3) mean electron density >>.25 electron/
Y (.26 electrons/ﬁ.3 for Nb-based A-15 phases); and, k) a degree of
order suffiéieﬁt to ensure ﬁhat the nontransition metal sites are fully
occupied by nontransition metél atoms, . _
Matthias and co-workers contend that enhancement of stoichiometry is
| perhaps the most ‘important factor in raising Tc df the A-15 phases, They

have demonstrated this by quenching_Nb Ge to lncrease its onset Tc from

3

about T°K to 18°K,™° Moreover, Matthias, et al.’ hypothesize that the

high T of Nb(Alo gy 2) may be due to an improvement of stoichiometry
» L] .

over‘thgt of its pseudobinary components,7Nb3Al and Nb3Ge' For normal
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{

quenching rates,ij Al cryst@lliiés at about 22,0 atomic percent Al}l,

)
Ge crystallizes at about 23,2 atomic percent Ge7. Matthias

while Nb3

et al.7 do not think that N 1s the significant contribution to the high
T, of ij(Alo 8Geb 2). N is 4,55 for this compound, while it is 4,75 and

Al respectively. Since the Tc of

4,50 for stoichiometric Nb 3

Ge and Nb

5
10 12 ' :
both NbBGe and NbBAl increases with stoichiometry, N does not, in fact,

determine T » On the other hand, the electron density of Nb3(AlO g%, 2)
. ' ) . ’
has not been determined and may correlate well with Roberts' observation.

2. . HpendJd vsH . ' : }

-\. K

The upper critical field of a type IT superéonductor, with transport

c2

current density, J, equal to Zero,'may'be gtated in terms of measuraeble
3 : : o . o

- parameters as

H, 5 KA(t)p vy chl-tel, | (1)

. where K 18 a collection of physical constants, A(t) ig a function which
increases with decreasing reduced temperature, t = T/Tc, p(ohm-cm) is the

5deg-e) is the electronic

normal state resistivity at T, and y(erg cm”
' specifié heat coefficienﬁ; More detailed caiculations, which take into
account Pauli paramagnetismbin the normal and superconducting states, do
not -affect the dependénce of Hcé o# p; <y, and Tc, although another
parameter, the atomic number Z, 1is introduced.lh  The free energy differ-
ence between the normal énd subefconductihg states; assuming that the
Paﬁli susceptibiliiy in the latter state is zero afiT = 0, decreases with
increasiﬁg magnetic field., This imposes an upper limit, Hp, op fields at

which sﬁperconductivity may exist, which 1s given byl5

Po) '
H, = 18400 T, [1-t" ], . (2)
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~reduce Tc, because of disorder or change in e/h._

limited by the Lorentz force parameter,

However, it is usﬁally found that»thg feduction in the superconducting -
state, Pauli susceptibility is only a fraction of the total predicted on |
the basis of long spin life-times, This 1is due‘to spin flips‘of the |
superconducting electrons induced by spin-orbit coupling._ Since this
coUpling‘involves latﬁice~atom orbital electrons, elements with high
atomic number wili increase the superconductiné state paramagnetigm.

Thus, H , can be increased by maximizing p, v, T,» and Z, The values

c2

of p will increase with the addition of high Z elements, but this may
14

3

As previously mentioned, Xim et al.” have shown that a transport

currenﬁ exerts a force on the flux lines in a type II superconductor., The.

- current density J in a magnetic field H (assuming B = H at high fields) is

3

a~IxHE<SQ, | - (3)

where ac‘is a structure sensitive free energy barrier to flux motion.
Thus, a flux line or flux bundle cén overcome the barrier by the combined
effecﬁs‘of thermal &ctivation and the Lofentz force. Thé criticaligurrent
density, Jc’ at a given H, is that.which causes enough flux lines to move
such that a detectable voltagé drop 1is observed across the specimen in the
direction of transport current‘flow. The usual specimen orlentation 1s
such that 'J | H; for which o 4s a maximum. Berlincourt and Hake™ have

discussed the meaning of this type of measurement, ' Figure 1 shows Jc v8

H curves for various degrees of flux pinning. Since the onset of res-

istance is structure-sensitive, two fields are usually given: 1) that

corresponding to the onset of resiStance»(Jcs) and 2) that corresponding

‘to restoration of normal resistance_(J;n). At very low current densities



‘the former value should be approximately equﬁl to Hce (subject to the

paramagnetic corrections).13

B, Purpose of Study

From the discussion in the previous section, we see that the Hoo of .

Nb(A gl should be higher than that of Nb,Al, since T ~and Z have

0.2) » 5
increased. Mbreover,'it is argued7 that T is higher because of better
stoichiometry. The system Nb. (Al Asl ) appears t0»provide a good check .
for this hypothesis, If we follcw Matthias and assign an N of five (5) to

- As, we find that the_electron/atom ratio of Nb_Al is not changed by As

3
‘additions. Furthermére, As is néarly the same size as Al and its addition
to ijAl should not have a large effect on lattice constant and thus the
':lnumber of electrons/x.3 The intermediate phases known to exist in the

. Nb-As system are NbA32 (monoclinic), NbAs (tetragonal) and Nb5As
A(T13P—type structure). o Thus,. noﬁ much As is expected to dissolve in
NBBAI, However, it 1s possible that Nb3Al wouid accopodate a small amount
of As (up to 3 atomic'percent, for_instance).

C. Experimental Procedures

1, Sample Preparation and’Treétment

Starting materials were elemeﬁtal poﬁders of Nb, Al, and Gej As was
added as AlAs to minimize losses. The'source, noﬁinal_purity, and powder
siﬁe of éach of the starting materials‘are given in Table I. The powder
samples Were'carefully'weighed and thoroughly mixed;by tumbling. Samples
were tﬁen pressed at 25 ksi into l/2-in. diameﬁer pellets, Each 10-15 gram
charge of 2-3 pellets was melted and inverted four'times under a 300-350
torr argén atmdsphere in a'nonconsuméble-electrode arc furnace with &

water-cooled copper hearth,  Arc éurrents of 150—225 amps were generally




Table I. Starting Materials

Nominal Purity

-200 mesh

Material Source Powder Size
Nb Kawecki Chemical Co. ‘99.9% -325 mesh
Al Reynolds Metals Co. Industrial purity Atomized powder,
' ' -400 mesh

Ge United Mineral and Chemical Corp. 99.9% - -400 mesh
AiAs N Alpha Inorganics, Inc. 97-99%“ Ground to approx.
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used: Three ingots werevseiecﬁed'for detalled chemical énalysis, the
results of which are presented in Table II.

Specimens for fileld measﬁrements were spark cut from the-aré melted
ingotg. Part of the remaining sample was crushed into lumps of suitable
‘ sizé for the Tc meaéurements and the remainder was'reserved for metallo-~
graphy énd x-ray diffraction. After the necessary data were obtained. on
the as—caét.SémpleB, selected specimens for fiéid,Tc; and metallograﬁhic
work were wrapped in Nb and Mo foils, sealed in evacuated.and argon back- .
fillequﬁartz tubes, and annealed for.three deys at 9h8i3°c in a Hevi-Duty
furnace. The tubes were dropped into water.at_room temperature aﬁ the end ’
of the anneal,

2, Microstructure and Compdsition

. Metallogrephic specimens were ground flat With SiC paper, mounﬁed in

| bakelite, ground smooth with SiC paper, and polished on a diamond-impregé
nated polishing wheel, An etchant of 3 parts HF, 2 parts HNOB,.and 4 parts
H‘2011 adequateiy brought out the microstructure.

X-~ray - diffraction patterns of .powdered samples were taken on a Picker
x-ray diffractometer, No attempt was made to obtain patterns sultable for
lattice parametgr meésurements.

Microprobe anélysis was performed on the mnnealed samples in an effort
- to determine thé doﬁpositions of the phases present., A Materials Analysis
Company tﬁree—counter mleroprobe was used, Data were reduced by computer.

3. T, Measurements

Small lumps from each sample were packed into tubes made of cellophane
»tape. These Tc specimens were' then inserted into the center of a coil con-
tained in a double-walled stainless steel cylinder lmmersed in liquid

helium, The temperature of the sample could be varied quite slowly

®



Teble II. Analyses of Selecteci Ingots
I>ngot‘ No. . ElementS';;rgseh'E, in weight percent 3
N - AL - As Ge Fe  Ta  si Cu c w0 Sb
A-L 90.58 9+79 - - L022 D .065‘ <.qo»oz5 .018 <.001 ,016 -
B-5 87.55 10.35 2.39 --  .055 D .boj5_ <.0025 O3 .00k 052 <.005
oL 90,73 6f7o -- 258 ",013 N .005 <.0025 .01‘»5» .002 " .012 --
ND = | ﬁo’; detected, < = less than
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'(about 1/2 degree/minute) by adjuetiné‘the pressure in the outer chamber.
The inductance chahge in the coil.(operated atv5 Ke),at Tc gave a etrong f
signal. . The témperature was measured with a Texas Instrumerts Inc. ger-
manium thermometeriwhich had been calibrated againét another accurately
calibrated thermometer of the same type. Tc was taken to be the_ﬁempena-
_ ture at the mid-point of the signal.

L, J, vs H Measurements

The samples were about 107> em® in cross ‘section by 1 em long.
Measurements were done in pulsed magnetic‘fields up to 240 kG with J l.H

D describe the

and sample temperéture at 4.2°K.  Berlincourt and Hake
method and discuss interpretation-of the data, The magnet's rise time

varied with maximum field from 11.5 msec ‘at 30 kG to 8.8 msec at 225 kG.

D. Results

1. Composition and Microstructure

(

Table III presents, in abbreviated form, the compositions and micro-
structures of the alloys. The estimated final compositions ofithe ternary -

~ alloys should be used only for comparisons; Since the analyses in Table II

were inconsistent (in the major components) with starting compositions,
"these analyses could not be used to predict final compositions. Also,
'material was lost by splattering during are melting, which prevented the
use of weight loss to determine composition.

The microstructures of semples B-5 and B-8 indicate that little As is

soluble in Nb3Al. Microprobe resuits indicated the following average com-

positions for the A-15 phase (in atomic %): sample B-8 -- 18.2 Al, 2,3 As;
f : .

sample B-5 -~ 19.0 Al, 1.1 As, sample B-3 -- 21.3 Al, L,k As,



Table III. Composition and microstructure.

Alloy Composition a Microstructure

Starting Final (est.) As Cast . As Annealed
A-2 25.0 Al 21,5 Al single phase, slight segregation single phase
A-3 25.2 AL 22.1 Al ' trace of second phase in grain ” -——

S o boundary )

B-3 28.4 A1 25 Al ~cellulaT; second = - o similar to

4.5 As 3 As phase discontinuous ~ as cast
B-4 25.2 Al 22 Al heavily convoluted o .

_ 6.8 As L As two-phase éellular . N ‘

B-5 25.3 Al 22 Al : same as B-3, less second phase . _—

2.7 As 2 As : o
B-6 - 22.2 AL 21 Al . three phases-peritectic reaction ———

806 AS 5 . As . - Lo ‘
B-T 15.0 AL 1k Al same as B-6, -—-

15.0 As 13 As similar to Fig. lh ref.11
B-8 244 A1 21 Al same as B-3; less second phase; similar to as

2.1 As 1 As primary phase cored’ cast;coring mare

. . _ pronounced

c-1 23,4 A1 21 Al two phase, primary’phase o ——-

4,6 Ge 5 Ge continuous v ' 7
c-2 23,8 A1 21 Al similar to C-1 ' similar to as

’ )4-.5 Ge < 5 Ge : cast

C-10 21.0 Al 19 Al inhomogeneous; some single phase, cellular ,more

4,7 Ge 5  Ge rest two phase,almost dendritie homogeneous
C-11 23,0 Al 20 AL small amount of second phase e

1.1 Ge 1l Ge . - ' . :
c-12 22.8 A1 20 Al two phase cellular - T me-

2.1 Ge 2 Ge : '

-‘["[..
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‘The probable accuracy and’the Mefhpd by:which these values (ahd those
below) were.obtained is discussed in thevAppendix.
| Aithough the germanium samples are two phase, the x-ray diffraction
pattern of C -10, " annealed, shows only broad A- 15 peaks. The microprobe
analysis gave.the compositlons given in Table IV for two of the as-
annealed germanium samples, From thgse results it appears that the
ﬁrimary'phaée is‘transformgd Nb solid so;ution, while the secondary phase . “.- ‘ f
has solidified in the A-15 structure directly from the melt. Thus, c-10 |

- is composed of two A-15 phases with similar lattice parameters.

Table IV. Composition of A-15 phases.

Sample . Phase Atomic % AL Atomic % Ge
c-10 ' Primary 12.9 2.0

: - Secondary ' 17.0 6.2
c-2 Primary 16.7 3.1 g
: : Secondary = 18.0 - 6,2

s oo e e 5B e g e e e e A o e o TR e e

-

2. 'I'c Results

The results of T, measurements for the as-cast and annealed samples
are given in Table V. Tﬁe only As-bearing alloy to give an increase in
Tc’ compared to alloy A-2, contéined an excéss of Al. The start of Fhe 
transition was not significantly higher. _ ' = o ~i

Although significant increases in Tc were obtained for the germanium ;
a}ioys, we were not able to reéch 20°K. The possible'reasons for this ‘ ‘

will be discussed later,



Table V. T, Results.

¢

As Annesled

Alloz No. As Cast
Start of . End,of(a) o-(b)‘ Start of  End of<a) o (b)
Transition Transition Tc’ X Transition Transition Tc’ K
A2’ 18,17 16.15 17.97 17.80 ~12,0° 16.80
B-3 18.27 17.93 18.20 ~18.08 16.50 18,00
© B-b 17.92 16.85 17.57 R — -
B-5 18.08 17.45 18.05 - — -
B-6 13.55 12.35 12.85 - - -
B-7 12.95 11.70 - 12.54 e —
B-8 . 17.50 16.00 17.05 17.80 ~12.0 16.84
c-1 18,35 18.0k ©18.23 SR - .
c-2 18,41 18,08 18,38 19.01 16.08 18.79
c-3 18.28 17.90 18.18 e _— -
c-10 18.50 18.30 18,45 18,92 15.45 18.66
c-11(¢) 17.97 17.05 17.6k . - — —
- 14,94 14,13 1h,52 - - _—
c-12 18.13 18,00 18.27 -- -

- (a) End of transition uncertain due to change in coil inductance with temperature.

b) T detefmined.by temperature at 50% signal change; accurate to * 0.1°K,
c , _ 2

(e¢) Two transitions.

- g-[..
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Se Jc vs H Results .

jAl,alon (A-2) and the Ge alloy with highest as-

The single pha;e Nb
;‘cast Tc (C—iO) were chosen for.detgiled_field study; Some discussion of
the criteria used in determining the data points is required. Below 500 _
amp/ém2~noise became sucﬁ a problem that rellable-data could not be ob-
tained. Furthermore, the position of & J 4 polnt (chosen as 2p of full
resigtance) was extremely sensitilve to dH/dt; l.e., J,q increased wiﬁh
decreasing dH/dt. Thus, an additional criterion used for Jug vas that
the fiel@ be at least one-half maximﬁm at the é% point.

.The Jc vs H results are.pregeﬁted in Figs, II and III for annealed
A-2 and C-10 respectively. The Jc vs H charactéristic of each is not.
signifiéantly diffgfent from its as-cast counterpart, except that the
peak in.JC_S for ag-cast C-10 wés noﬁ as prpnounéed. The curves for A-2
“and C-lO‘differ in three important weys: 1)'Jcs, and 2) the break-
point in J, bave shifted to higher fields for C-10, which 3) has a
peak in J'cs vs H. The resistiﬁity; p, was calculated at two differenf |
currenf densifies and aversaged, Tﬁe reéistivities at h;2°K for as-cast
and annealed A;Q\and C-10 are given in Table VI. The sample C-2 did not
‘have a peak effect In the as-cast cdndition; it wés not tested after

annealing. ‘The discontinuities in the JcN curves are discussed later,

Table VI. Resistivity at 4,2°K,

Alloy No. o ' 0, L ohm-cm

as-cast as-annealed

A-2 ' 47.0 34,0
C-10 5544 k9.3
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IIT. DISCUSSION AND CONCLUSIONS

A. Effect of As Additions on T of NbAl

The microprobe, metallographic, and Tc results indicate that As has

very limited solubility in Nb_Al and that the stoichiometry cannot be in-

)
creased by As additions, The microstructure of alloy B-7 1s almost
identical to that of. a Nﬁ-}l Al a.lloy,1l indicating a:peritectic reaction,
Tﬁe x-ray_diffréction paﬁtern of this alloy showed a number of extra
peaks} two of which are probably from the niobium solid solution, énd

the rest from an as-yet unidentified phase containing Nb, Al, and As,
‘The peaks roughly correspond to those of Nb Al (o-tetragonal) but have
not been checked agalnst the structures occurring in the Nb-As system.
Thus, the hypothesis’that As night increase the stolchiometry of NbBAl
(hence its Tc) without affecting the contravening variables of electron/

.atom ratio and electron density has not really been tested.

B. J,wvs H for INb A; and Nb(AlOéBGeO.Q)

3

The addition of Ge to NbBAl has & profound effect on J vs H. The
peak effect, the exact mechanism for which is still unknown,u;_represents
& substantial increase in the degree of pinning. It is unfortunate that
a higher critical temperature was not attained. This 1s probably because
the stoichiometry and/or tﬁe degree of order were not high enough; A
longer anneal or one at a dif£erent temperature may have given higher Tc.
It is not clear from the article by‘MattHiaé,.et a.l.,7 whether or not
they obtained & single phasé;alloy. We have shown that a reliance on x-ray

diffraction alone is misleading. In any event, We contend that our samples

contain two A-15 phases and hypotheslze that it 1s the one richer in Ge
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whlch accounts for the ,high T of these alloys.
In Flgs. II and III we have shown broken . lines for the J curves.,
Each segment represents data taken with a different maximum field, At

high current dens1ties the misalignment of these curves becomes appre-

ciable. The reason for this is heating of the sample which results in a,

decrease of upper critical field. For example, at 2.5.amp/cm2 end a

meximum field of 100 kG, the sample is partially normal for a period of

’ }aboutrlo msec, whereas, if we fncrease the maximum field to 200 kG, the |

sample is_partially normai for onLy.2-5 msec. Thus, the higher of the
two velues for'JcN is the more accurate at 4.2°K, Also,'in Figs. IT and
' IIIiwe h&verdreWn the Jc curves through the highest points, since, as
we obgerved ea,rlier,'Jcs isvhighest for dH/dt = O, which represents
steady-field conditions. Thus, ‘even better: results than reported hereA

will probably be obtained when this alloy is tested under steady-field

conditions. On the basis of the above discussion we have redrawn the

Jc vs H curves for alloy C-10; the,smoothed curves are presented in Fig. IV,

Finally, we note'that an extrapolation of J to low current density -

indicates that H oD for our sample is well above 220 kG. ,This compares
favorably‘WLth the values reported for VsGa and NbESn, el which have

the highest known values of Hc2'
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'Mioroprobo_andljéis on & oysﬁem suohias,Nb-AlaAs (or Ge) does not
vgive comblefely accurate resolts,‘even When absorption and fluorescence
are taken iﬁto account ao our computer program:does.‘ This is bécauge
.the atomic number effect, the correction for which is not yet well
known, can be qulte large. One correction for the effect of atomice

" number has been grven asxeg

ac ,
k= AA . - (A-1)
e , . . .

where kA is the ratlio of intensities for element A from the specimen and

sﬁandard, the experimental O-parameters may depend on.aocelerating voltage

‘and concentrafion, and C, 1is the weight'fraction of element 1. We set k )

i
equal to the concentration given by the computer program. Equation (A-1)

may be re-written for a ternary alloy 1n a form eas1er for computation as!
k" . .. B

A
Ao = TFG /a v oo - 1) (1 -K) (a-2)

A

Now, we.wish to take into account the fact that X ki may not equal 1,

If we substitute kB + kc for (1 - EA)-and ignore cross product terms,

o . : kA
- _°A=1+(/aB-1)k G =)

. (Af3)

The values of O /a for Nb in Al and'vice-versa‘were calculated from -
sample A—2, the composition of which is known from weight loss and the

phase diagram. These values were within 10% of those given in Ref. 22.
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Therefore we used the o values found there to calculate the atomic
number correction for the ternary alloys containing As and Ge. Ad-
mittedly, the correction given in _‘Eq; (A-3) leaves much to be desired,

but we feel that the answers are more accurate with it than without it.
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log J_

H . XBL 6712-1967

Fig, 1 .Typical Jés“vs H.curves for {a) high pinning strength,

(b) moderate pinning strength, and (e) low pinning
strength, '

-
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‘Sample A-2, annealed
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Figs 2 Jé vs H curves for alloy A-2, single phase Nb

Al, in
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Fig. 3 Jc vs H curves for alloy C-10, two phase alloy of
composition Nb3(Al 8_Ge ), in a pulsed magnetic
field. T = 1877°Ke* T 0.2 -
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Fig. 4 Smoothed Jc vs H curves for alloy C-10.
text for discussion. :

See ©
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