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II. TINTRODUCTION

Input all along on this project has been on an almost continuous
basis. Mr. House provided direct input as an integral part of the NASA
Team. Also a NASA authored journal publication1 references the input of
Mr. House's. 1In fact the above article on metastability hinges upon his
annealing induced shifts in the alpha (A-2) phase lattice constant,

The readev may find this input somewhat crypic and sometimes without
conclusions. This effort was a small part of a larger NASA program and
must be viewed in that context.

This high volume report is rather rough, as it is a composite of the
three earlier reports attached together in chronological order to form

Appendicr.s A, B, and C,

III. OBJECTIVE AND RESULTS

Although our objectives (qualitative phase identification and accurate
lattice constant determination) were met in this effort, we were admittedly
hoping to generate a scientific, technical breakthrough: (the drop tube)
synthesis and x-ray identification of (high Tc) stochiometric bulk NbSGe.
Of all the A-15 samples of NbGe alloy examined, DT 094 is unique in that it
was at least 99% pure A-15 phase. Also its diffraction peaks were noisy as
if there were about a one percent compositicnal variation on this phase,
DT 094, however, was only a large fragment of the drop tube drop, and thus

its small sample size may have reduced the intensity, thus enhancing

fluctuations enough to explain some of the loss of peak resolution,
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IV. DISCUSSION

One possible explanation for the apparent undetectability of up to 20%
of high metastable (a = 0,5166 nm) region, could be due to the possibility
of a continuous spreaded of A-15 lattice constants in the 0,514 to 0.516 nm
range, thus generating a smear of diffraction noise juéc to the left of
each of A~15 peaks. Unfortunately, the K alpha 1 peak associated with the
small fraction of metastable A-15 phase (a = 0.5155 nm) would fall right on
top of the K alpha 2 peak of the stable phase (a = 0,5168 nm), thus further
contributing to difficulty of detection. A precision monochrometer to
diffract off the unwanted K alpha 2 line would help. Perhaps this K alpha
2 line may be analytically by the so-called Ratchinger3 technique
subtracted. Along a similar line of reasoning, Machias4 may have been
forced to use the Debye Scherrer technique by virtue of having a much

smaller cample volume than in the present investigation.
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V. SUGGESTIONS

As the Nbie phase diagram does not lend itself te the formation of
single phase A=15, however, the drop tube seems to have overcome this
problem at least as far as DT 094 is concerned. This idea in fact may be
patentable technique for producing pure (but still unstochiometric) single
phass A=1%, Splat-cooling rates offer great advantages and the drop tower
offers good undercooling advantages in super-cooling by about 400 K. So
intergrating a cryogenic splat-cooler to the bottom of the drop tube may
produce pore metastability in phases such as A=15. It appears that success
in generating the bulk metastable phase may lie with smaller samples (0,1
mm) whose dimensions lie closer to those of the micron thick,
superconducting stochiometric, high Tc Nb3Ge thin films., These smaller
superconducting volumes will requive a gr stexr inductances bridge
sensitivity. The present 20% coil unbalance should be compensated for by a

variable mutual finductor coupling the primary to the secondary detector

circuit.
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C¢fficial work on this task began September lct. when
' . Mr. Kenneth House, a new 1/2 time graduate research assistant

with undergraduate experience in x-ray diffraction,began a
1 month literature of review of "NbBGe" with emphasis on
x-ray diffraction. A chronological chart of the "Nbace"
findings (through 1978) is shown in Tables 1,2,3,4,5,6, and 7.
During October the Phillips x-ray diffractometer with new Ortec
counting electronics was calibrated using Silicon, Niobium,
and Quartz powder samples, The signal to noise ratio was

optimized by adjusting the detector voltage, the amplifier

gain, and the upper and lower level discriminators. The

resulting I vs. 20 scan for quartz ylelds a trace (Fig. 1)
similar to the ideal "Text Book'" example but with a 5 times
better signal to noise ratio,

Good resolutions of the Kul and Kaz peaks at an angle as
low as 50° (28) indicates a good resolving power for the total
systeﬁ even in this fast scan mode (1°/min). The‘peak is seen to

fall within 0.02° of the handbook valued of 26.44° and 20.83°.

At slower scan speeds the .02" should reduce to ~.01°.
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All

During October and November the five "as cast" samples of compesicions
ranging from Nb 13.5% Ge to Nb 35.1% Ge were reduced to powders suitable
for x-ray analysis. Sample holders were machined to vavyious depths
(.05, .1, .5 mm) to find the optimal depth with a minimum volume of sample,
Current fluctuations which were probably due to gas in the old-x-ray
tube, delayed the x-ray analysis of the samples until a substitute tube
could be installed and tested. The preliminary x-ray analysis of the
samples was completed by mid-December with no further problems in the
instruments,

Sections of the diffraction patterns for the samples are shown in
Figures 3 through 7 to help illustrate the results of the x-ray analysis.

The region from 34° to 44° is the most "active" of the entire scan
for these Nb Ge samples. For that reason, almost all of the important
information concerning the samples can be found in this 10° range.

The locations of the peaks are the "fingerprints" of the sample, and
each phase has its own distinct set of peaks.

The task of qualitative analysis, then, becomes that of isolating
and identifying the "fingerprints" of each phase. The standards for
fdentification are found in the x-ray powder diffraction files as
shown in Figure 8. These files were first compiled and revised in
1957 by the American Society for Testing and Materials, and new sets
are updated every few years as additional substances are indexed.
Compounds are indexed according to their "d" spacing, that is, the
distance Latween adjacent planes in the set (hkl) of the Miller indices

for the crystal system. The "d" values can be determined from the 26

RIS w . e s ower

peak location according to the condition for Bragg scattering,

S S
d = 2 sin ©

where A is the wavelength of the radiation. In this analysis, A is the

Copper Koy, radiation equal to 1.54051 A.

L
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Al2

The 35.1% Ge sample was extremely brittle. The entire sample
(0.12 gm) was needed to fill the sample holder. Two separate scans
were made in the course of the analysis, the second run being used
for data collection. The peak locations indicate the following phases:

1) NbSGe (T) tetragonal

3
2) NbSGe (c) cubic -
This is in good agreement with what one would expect to find on the
35.1% Ge region of the Nb-Ge equilibrium phase dilagram.,
The lattice constant was calculated for the NbsGe in this sample
as a_ = 5.165 + .002 K. Using the equation given by Matthiasé, the long -
range order parameter was determined to be S = 0.7. This implies

that about a third of the germanium atoms are on the wrong site in

the crystal lattice.
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The peaks of the 27.1% Ge also line up with those of Nb3Ge (C) and
Nb, Ge (T) as found in files #10-296 and #8-354 respectively. The cubic
‘attice constant can be calculated for any peak of the set (hkl)
according to the equation from lattice geometry,

1 h2 4+ 2P

d2 az

In this sample a = 5.167 + .002 R
Once again the x~ray analysis is in agreement with the phase diagram.
Notice in Figure 4 that the NbaGe peaks have greater peak heilghts than
in the previous sample. This is because the composition is shifting

toward the Nb,Ge rich region, and the peak heights, or intensities,

3

are proportional to the composition.
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The 22.1% Ge sample shows only slight traces of the Nbs(h;:3 (T)
h phase in Figure 5, The bulk of the sample is the N,bBGa (C) phase, The

[}
lattice constant is a = 5.166 + ,002 A and the order parameter is S = 0.7,

P————
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On the phase diagram, the 18.2% Ge sample appears to fit in the
middle of the 3 phase region, And at the first scan it was thought to
contain only one phase also. However, investigation of the intensity
ratios for the peaks revealed on additional phase, and anothsr scan
showed additional peaks, thereby verifying the presence of two phases:

NbBGe (C) by file #10-296
Elemental Nb by file #16-~1

o
The lattice constant for this sample is a_ = 5,169 + .002 A,

Al8
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Table 8: The "d" values for the peaks shown in figures 3-7 are listed for
comparison with the ASTM values.

NR = not resolvable
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The x~ray scan of the 14% Ge sample was just recently completed
due to the fact that the 13.5%7 Ge sample studied earlier was found
to be contaminated from the porcelain mortar set., The presence of
Nb is very clearly seen in Figure 7, as well as the usual 3 peaks of
Nb,Ge. The lattice constant is a = 5.171 % .002 Z.

During the next two months x-ray analysis efforts work will move
from these "as cast" baseline samples to the very interesting samples
solidified in the drop-tower. Higher accuracy A-15 lattice constants
will emerge from slower scans and weighted averaging over the higher
26 range of the diffractometer,

No problems are foreseen at this time which would impede this
project.

The computer printout balance sheet shows for 31 December, 1979.

Encumbrance: $1,937.60
Expenditure: 2,036.47
Balance: 6,189.96
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The vesults of this preliminary analysis seem to be in good
agreement with the expected results with sespect to the equilibrium
Nb-Ge phase diagram, and with the standard "d" values as found in the
AST™M files,

Only two minor problems with the ASTM files have been noticed
from this initial study. The first is due to a systematic error of
20 = ,4° found in powder file care #10-296, which is the standard for
NbSGe. It is the low 20 angle peaks that are in error, and the lattice
constant calculcated from these peaks are not in agreement with the
listed a, value. In some cases the error was as great as —0.042.

As a result of this finding, the confidence in the ASTM values has
been questioned, and a search is being made for updated data which does
not have the internal discrepancy of the #10-296 file card.

The second minor problem is due to the omission of several
peaks in the updated file card #26-684. This card is meant to replace

#8-354, the standard for Nb_.Ge It is not %nown at this time why the

573"
peaks were left out, but an attempt is being made to contact ASTM for
the reason. In this case it is the newer, updated data which is in
question, contrary to what was expected.
Also the observation has been made the the optimal sample-holder depth
is 0.1lmm. This requires about 120 mg of solid alloy in order to grind

enough powder to fill the sample holder. The x-ray scans can be made with

less, but 80 mg is probably the very minimum weight necessary to

analyze the sample.

st A AR DTt o Maiaieebiod



A26

REFERENCES

1.

10.

11.

12,

13,

104.

15.

"Supercond. Behavior of some B~-W Structure Niobium Compounds...",
Reed, Gatos, Roddy, M.I.T., Met., Soc. Conf. 19: 71-88 1962
(Pub. 1963).

"The Composition Range, Decomp. Pressure and Thermodynamic Stability of Nb3Ge",

Carpenter, J. Phys. Chem.67 (10) 2141~ (1963) x-ray studies etc.

"Superconductivity (Sc) of Nb3Ge", Matthias, Phys. Rev, 319 (5A)
1965 p. A1501.

"Supercond. Alloys of NbgSn,M;_,", M = Ge, Si, Al or Sb, Matthias,
Nature 198 (4884) 984 (1963).

"Phase Diagram of the Niobium-Germanium System", (Russian) Pan, Fiz-
Khim, Metallofiz, Sverkhprovodnik, from Ref. Zh., Met., 1968,
Abstr, {5113,

"Supercond. of Solid Solutions Between Compounds of Al5 Structure
Based on Niobium", Otto, Guenther, (Univ. Giessen, Germany)
Z. Phys. 1968 215(4), 323-34 (German).

"Use of High-Freq. Electrodeless Discharge for Synthesizing Inter
metablic Compounds Based on Nb and Vanadium.', Bashkirov, Medveder,
(USSR), Generatory Nizkotemp. Plazmy, 1969, 501-7, from Ref.

zh., F1Z., A. 1970. Abst. #3A860.

"Radio-frequency Sputtered Films of 8.W Structure Compounds.”,
#ianek, Gittleman, J. Applied Phys 1970, 41 (12), 4958-62.

"Superconduct. & Range of Existence of A-15 phase in the System
Nb-AL-Ge", Mueller Z.Naturforsch. Al970, .25(11), 1659-69 (German).

"Nb Based Superconductors', Bethoux , (Cent. Rech. Tres Basses Temp.
Rev. Phys. Appl 1970 5(3) 495-503 (French).

"Phys. Prop. of Group IV, V, VI Transition Metal Germanides." Grechko,
L'vov, Bondavev, Porosh. Met. 1971, 11(7), 53-8 Russian "Metallidy-
Str. Svoistra Prinen".

"Variation of T in B-W Type Solid Solutions", Hallais, Ann. Chim,
(Paris) 1971, §(5) 309-20 (French).

"Supercond of A8 type of high T,", Kawake, Kudo, Mitsukiro,
Gen. Offen. 2,144,747 (Cl. C 22c) 16 Mar.'72,

"Mutual Diffusion in the Nb-Ge System', Romani, Gryzunor, et al
from Ref. Zh, Met. 1971 Akstr #10I146.

"Supercond. @ High Pressure in the A-15 Compounds", Smith, J. Low
Temp. Physics 1972 6(1-2) 171-95.




ot ALt N i

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

A27

"Systematics of High T in Transition Metal Materials", Hopfield,
Physica (Utrecht) 197%, 55, 41-49,

"Supercond. in NbGe films >22°", Gavaler, J. R., Appl. Phys., Lett,
1973 23(8) 480-2,

"Pressure & Temp., Formation of AqB Compounds', Leger, Hall,
J. Less-Common Metals 1974, 34(l), 17-24.

"X-ray Emission Spectra of Nb in its Germanides", Nemoshkalenko,
Nikolaev, et al., Metallofizika 1973, 47, 57-60 (Russian).

"Sc*of Bulk NbjGe Above 22°K", Mihailov, Voronova, Pis'ma, Eksp.
Teor. Fiz. 1974 19(8) 510-12.

Gavaler's, J. Appl. Phys. 1974 45(7) 3009-13.

"Sc*withonset above 23K in Nb_Ge Sputtered", Testardi, Wernick, Royer,
Solid State Commun. 1974 15 21) 1-4,

"Synthesis of Nb,Ge by RF Sputtering', Chencenski, Cadieu, J, Low
Temp. Phys. 1978 16(5-6) 507-17.

Ge by cvo (Chem. Vapor Depos.)", Vieland, Wicklund,

"High T Nb,Ga & Nb3
49A(5) 407.

Phy. Left. K. 1974;

vs& in Nb3Ge", Gavaler, Janocko, IEEE Trans. Magn.. 1975 MAG 11(2) 192-6.

"Sc Nb.Ge Sputtered Films, Testardi, (same as above) p. 197-200.

3

"Bulk Sc > 20K in NbBGe", Newkirk, Valencia, et. al., (Los Alamos)
Same as above, p. 221-4, :
"Variation of Tc of Sputtered Nb3Ge", Ghosh, Pendrys, et. al.,
Same as above, p. 225-6.

"Crit. Current Dens. in Nb.Ge, between 14'-21K", Bartlett, et.al.,

Same as above, p. 405-7. 3
"Sc & Stability of the Crystal Lattice, III.", Kodess, Solid State
Commun. 1975 16(3) 269-73, (French).

"Selec’ .ve Thermalization in Sputtering to Produce High Tc films",
Cadieu, Chencinski, IEEE Trans 1975 11(2), p. 227-30

"Prop. of Granular Thin Films of High-field Sds'", Jones, Appl. Phys.
Lett. 1975 27(8) 451-3.

"Low Temp. Thermal & Elec. Properties of CVO Nb3Ge",'Harper, J.M.E:
Newkirk, J. Less-Common Met. 1975, 43, 5-11.
"Variation of Prop. of Sc Nb,Ge Prep. by CVO", Englehart, Webb, Solid
State Commun. 1976 18(7) 837~40.

* - abbreviation for Superconductivity

el e e e I



37.

38.

39‘

40,

41.

42,

43,

4b.

45.

46.

47.

48,

49.

50,

51.

52.

A28

"Chemical Bonding and High Tc in 3:1 Sputtered Films", Rogowski,
Roy, Appl. Phys. Letts, 1976 28(9) 557-9.

"Order + Disorder Processes in Nb,Al-3:1 Nb:Ge Sys. Alloys", Ageen
Alekseevskii, Izv. Akod, Nauk SSSR, Met. 1976 (1) 170-6.

"Effect of Lattice Disorder and Strain on Tc in Sputtered 3:1 films)
Rustrum, Rogowski, Mater. Res. Bull 1976 11(6) 757-60.

"Round Robin Study of Tc Measure on Sc 3:1 Thin Films", Rustrum,
Rogowski, Phys. Lett. A 1976 57A(l) 60-2.

"Low Pressure Sputtering of High-Tc 3:1", Kammerdiner, Wu, Luo,
J. Low Temp. Phys. 1976 24(1-2) 111-15.

"Correlations Between Tc of 3:1 and Normal State Resistivity", Lutz
Weismann, Kammerer, Phys. Rev. Lett. 1976 36(26) 1576-9.

"Synthesis & Matellurgical Properties of Intermetallic Compounds"',
Webb, Arrhenius, U.S. NTIS, AD Rep. 1975 AD-A019558
from Gov. Rep. Announce Index 1976 76(6) 180.

"Prep. of Nb,Ge by CVD", Brakinski, Roland, et. al., Appl. Polym.
Symp. 1976 Q9(New Space Fiber) 93-104.

"Atmosphere Effects on 3:1 Growth and Sc",Sigsbee, Appl. Phys. Lett.
1976 29(3) 211-13.

"Metastable A-15 Phase Sc Transformed from Meta, Wang, Dahlgren,
Report 1975 BNWL-SA-5445 8 pp.

"Sc and phase stability of NbjGe", Wewkirk, L. R. et al, J. Low
Temp. Phys. 1976, 24(5-6), 645-61.

"Effect of Higher Pres. amd Temp. on Sc Prop. of 3:1-A 15",
Vereshchagin, Sanitskii, et al, Pis'ma Zh, Eksp. Teor. Fz.
1976 24(4) 218-19.

. = "Composition vs. Ao & Te", Rogowski
Appl. Phys. 1976, 47(10), p. 4635-42. > Tosonsidy J.

- "Sc Tc's in Ternany System”, Somasund
J. Appl. Phys. 1976, 47(10), p. 4056-9. ’ ndaram,

<o - "Energy Gaps'", Rowell, Appl. P
1976, 29(9), 622-5. ' » APP hys. Lett.,

"Comments on Defect Production and Stoich i
n A-15-Sc", Poate
et. al., Phys. Revs. Lett. 1976 37(19) 1308-1l. » Dyness,

"Prop. of the Lowest Stoich, 3:1", Za z ii, T
:1", gpyazhskii, Texisy Dokl.-Vses
Kong. Kristallokhim. Intermet. Socdin, 2nd 1975 131-2. (Russian)

"Ion Scattering and Anger Spect. of Sc 3:1 Sputtered Films",
Tongson, J. Appl. Phys. 1976 47(11) 5059-63.




55.

56.

57.

58.

59.

60.

61'

62.

63.

64.

65.

66.

67.

68.

69.

A29

"High Temp. Resistive Phase Trans. in A-15 High Temp., Se" CHU,
Huang, Los Alimos, Report 1976 LA-UR-76-~1199 1lOpp.

"Se and Range of Existence of the A-15 Phase in the Nb-Ge System",
Hallack, Stanford, 1976 Xerox Univ., ¥ Films, Order #76-25,945.

"Crit. Current Density & Flux Spinning in 3:1", Braninski, et. al,
AlP Conf. Proc. 1976 34(1976) 78~80 Westinghouse.

"Structure and Sc Prop. of Sputtered Nb3Ge Films", Braun, Saur,
Proc., Int. Cryog. Eng. Conf., 1976, 6, “411-13, (Germany).

"Studies of the Tc and Normal State Resistivity of 3:1 and Films"
Lutz, Weismann, et. al., Report 1976 BNL-21410 15 sp (Brookhaven)

"Phase Diagram of Electron Beam Dep. 3:1 + the Infl. of Oxygen",
Hallack, et. al., IEEE Trans, Magn. 1977 MAG-13(1) 311-14
Stanford, Ce

"Se Defects & Stoich.", IEEE Trans. Magn. 1977 MAG-13(1) p. 640-3,

Zerox Sheet Tunneling, X-ray Diff. Studies, IEEE Trans. Magn.
1977 MAG-13(1) 644-7.

Xerox Sheet,'Crit. Current Measure) IEEE Trans. Magn. 1977 MAG-13(1)
p 648-50

"Pressure Comp. Effects on Sc A-15 Compds" Blaugher, IEEE Trans.
Magn. 1977 MAG-13(1) 821-4.

"Superconductors" Newkirk, Valencia, (U.S. Thergy Rd & D Administrators)
U.S. 4,005,990 (Cil. 29-196; B23P3/00) 01 Feb. 1977, Appl. 590,747,
26 June 1975; 5pp.

"CVD of 3:1", Roland, G. W.; Braginski, Adv. Cryog. Erg. 1977,
22, 347-55.

"Progress Toward a Practical Nb-Ge Conductor", Braginski, IEEE,
Trans Magn. 77, 13(1), 300-6.

xerox -"Growth of 3:1 by co-evaporation', Sigsbee, IEEE 1977 13(1)
p. 307-10.

1

Xerox -"Growth of 3:1 by co-evaporation", Sigsbee, IEEE 1977 13(1)
p. 327-30. : -

Xerox ~"Growth of 3:1 by co-evaporation", Sigsbee, IEEE 1977 13(1)
p. 331-4. . . S

"Crit. Current Measure of CVD Prep. 3-1 Contg. Various Amounts of
2nd Phase 5~3 material'. Carlson, et. al., Report. 1976 LA-UR-76-1873
1873, 4pp. NtiS ERDA Energy Res. Abst., 1977 2(4) Abst. # 7526.

Y




P

SRR

70.

71.

72,

73.

14,

75,
76.

17,

78.

79.

80,

81.

82.

83.

84.

85.

86.

87.

A30

"Anomalous Electrical Resistivity and Defects in A-15 Compds",
Testardi, et, al., Phys. Rev. B 1977 15(5) 2570-80 Bell Labs

"Apparent T2 Dependence of the Normal State Resistivity and
Lattice Heat Capacities of High-Tc, Se's", Webb, et. al.,
Phys. Rev. B 1977 15(5) 2624~9, Univ. of Calif.

"Analyses of Sputtered Films of 3-1", Wu, Kammerdiner, Appl.
Phys. Lett 1977 30(10) 543-5.

"Se in 3-1 films above 21.9K", I[ONA, G. Phys. Status Solidi A
1977 43(2) 387-92., (Romania).

"Hybridization and Bonding in Trans. Metal Compd. Sc: X-ray
photo emission from crystallive and amorphous 3-1", Pollack,
et. al,, Solid State Commun., 1977 23(12) 879-81, IBM.

Xerox -Gavaler Impurity Stabilization Supercond. d-f- bana Met. 1976 421-7.

Xerox -Schmidt, X-ray Diffraction, Structure, Supercond. d~f- bama
“et . 1976 ' 621"'7 (]

"High Temp. Resistive Phase Trans. in A-15 High Temp. SC" Chu, Huang,
et. al., Report 1976 LA-UR-76-1199 10pp, Supercond. d-f- bama Met.
1976 421-7,

"Struct. Studies of Order-Disorder Parameter Measurements. Supercond.

4
'He ﬂDefects from Rad. Damage), Supercond. d-f- bana Met. 1976 421-7.

"Sc in Transition Metal-Germaineum Systems", Ghosh, Douglass,
J. Low Temp. Phys. 1977 27(3-4) 487~512.

"Increasing the Tc and/or the Crit. Magn. Field Strengths of
Specified Intermetallic Compds. of V or Nb.", Winter, Gev.
Offen. 2,540,964,

"Spectrophotometric Det. of Nb & Ge in 3:1 Films", Bodkin, °
Rogowski, Analyst. 1977 102(1211) 110-13, (Penn State).

"The Effect of Composition on Tc in Some High Tc A-1l5 Structure
Superconductors', Webb, Moehlecke, et. al., Mater. Res.
Bull, 1977 12(6) 657-62.

"High-Pressure Synthesis: a Search for Better Scs", Francavilla,
et. al., Rep. NRL Prog. 1976, (Dec.)(1~-11) Navy.

"Temp. Dependence of Je¢ in Sc 3-1" Daniel, et, al., J. Appl.
Phys. 1977 48(3) 1293-5, (Westinghouse).

"Ident. of the Tetrag. Nb.Ge., Phase in Two Phase Nb-Ge Sc films
by electron diff.", Santhanam, J. Appl. Phys. 1977 48(8) 3347-8
Westinghouse.

“Sc Thin Films Having Tc Substantially Above the Bulk Materials",
Gavaler, U.S. 4,043,888, 5pp, Westinghouse.




S TR T

88,
89.
90.
91.

92.

93.

94,

95.
.96,
97.
98.
99.
100.

101.
102.
103.

104.

105.
106.

107.

A3l
YEXAFS Meas. on 3-1 Thin Films", Brown, Testardi, et, al., Solid

State Commun. 1977 23(12) 875-8,

"Thermal Expansivity of 3-1" Hull, Newkirk, J. Low Temp. Phys.
1977 29(3-4) 297-9, Bell Lab.

"Te & Resistivity - Normal & late - Lutz et, al.,, Sc. d-f- band metals
Rochester Conf. 2nd 1976 535-43,

Prep. of 3-1 Tapes Crit. Current Density, (Japan), Jpn., J. Appl. Phys.
1977 16(11) 2037-41.

Projected Upper limits of Te, Danial, M.r., crjogenics 1976 16(12) 727-9.

"Struct. Transformation and Sc in A-15 Compds.' Nakayama, ISAO,
J. Phys. Soc. Jpn. 1977 43(5) 1533-8,

"Analy. of Linary Compds. Thin Films with Electron Micro", Haeussler,
Z. Naturforsch al976 31A(12) 1572-83,

e

"Crit. Mag. Fields of Sc Compds., Based on 3-1'", Vereshchagin,
et. al., Pis'ma Zh. Eksp. Teor. Tix. 1977 26(7) 530-8.

"Ratio of Energy Gap to Tc in Amorphous Sc" Tsuei, Solid State

"Transition Width in 3-1 of Defects", Testardi, Phys. Lett. A,
1977 64A(1) 117-118.

"S¢ in Transition-Metal Germanium System'", Ghosh, Arup Kumar, 1977
Univ. § Films 77-16.227 , from diss Abst. Int. B, 1977 38(2) 765.

"Formation of A-15 3-1 by Elec. Beam Co-Depos', Lutz, et. al.,
Ferroelectrics 1977 16(1-4) 259-61, (Zrookhaven).

"Impurity Doping of CVD, 3~1 and Effects on Crit. Curient Demsities,
Braginski, et. al., J. Appl. Phys. 1978 49(2) 736-41, Westinghouse.

Weisman "Sc in A-15's" Phy. Rev. B, 1978 17(1) p. 122-5.

Willis, J. 0. "Se¢ in Ti.P", Phy. Rev. B. 1978 17(1) p. 1.54-90.

3
H impurities, Roate et. al., Appl. Phy. Letters 1978 32(5) 339-41.

Tc of 3-W Sc Xerox Sheet, Tc ion Kogaku 1976,10(20 39-47. (Japan)

"Low Temp. Sputters Dep. of High-Te 3-1 £ilms'", Buitrago, e. al.,
Appl. Phys. Lett. 1978 32(5) 341-3

"Prop. of A-15 Cmpds. Nb,.Ge'", Wiesmann, 1978, Dissertation - Univ
M films Int. order No. 7800407.

"Metastable A-15 5c¢ Transformed from Metastable bec, Nb, x Solid
Solutions made by high-rate Sputter", Wang, Rapidly Quénched Met.
Int. Conf. 2nd 1975. (Pub. 1976) 189-96, MIT Press Cambridge




108.

109.

110.

111.

112.

113.

114,

115.

116.

117.

118.

119.

120.

A32

"The Effects of Irradiation of Cryogenic Temp, on Tc and
Transport Properties",, Ghosh, J. Nucl, Mater. 1978 72(1-2) 70-5.

"TEM Studies of Nb-Ge Films" Cullis, Poate, Testardi, Philos Mag.
1977 (5) 1035-50.

"Stability of Nb Based High-Te A-15 Cmpds." Ashkin, Gavaler,
J. Low Temp. Phys. 1978 31-(1-2) 285-93,

"Specific heat of single phase niobiumi co-pound with germanium
(Nb,Ge)., Steward, G. R.; Newkirk, L. R.; Valencia, F. A, (Los
Alamos Sci. Lab. Univ. Calif., Los Alamos, N. Mex,) Solid State
Commun. 1978 26(7) 417-20.

"Properties of new superconducting materials', Geballe, Theodore H.
(Edward L. Ginzton Lab. Stanford Univ., Stanford, CA.). U.,S. NTIS,
AD Rep. 1977. AD-A05029 21 pp. (Eng.). Avail., NTIS. From Gov.
Rep. Ind. *,S.) 1978, 78(10). 265.

"Structural analysis of rf and dc sputtered niobium-germanium (Nb.Ge)
thin films containing oxygen"., Alessandrini, E. I.; Laibowitz, RIB.;
Tsuei, C. C. {Thomas J. Watson Res. Cent., IBM, Yorktown Heights,
N.Y.). J. Voc. Sci. Technol. 1978 15(2) 377-81.

"Synthesis and physical properties of superconducting compound films
formed by the electron-beam codeposition of the elements'", Hammond,
R.H. (W. W. Hansen Phys. Lab., Stanford Univ. Stanford. Calif.). J.
Voc. Sc. Technol, 1978 15(2) 377-81.

"Thermodynamic equilibrium in the niobium-germanium-hydrogen-chlorine
system for the chemical vapor deposition of niobium germanium (Nb
Wan, C. F.; Spear, K. E. (Mater. Sc. Dep., Penn St. Univ., Un Pk.
Proc. - Electrocham Soc. 1977, p. 77-5.

3

J. Less - Commin Metals 1978 59(1) 35-41.

"Niobium-germanium superconducting tapes for high-field magnet
application', Braginski, A. I; Roland, G. W.; Daniel, M. R., Woolam,
J. A. (Res. Deve. Cent., Westinghouse Electr. Corp. Pittsburgh, PA).
NASA (Contract. Rep.) CR 1977. NASA-CR-135364, 116 pp (Eng).

"Chemical vapor deposition nf niobium-germanium (NbBGe) on continuous
stainless-steel tapes. Paidassi, S.; Spitz, J.; Besson, J. (CEN,
Grenoble, Fr,) Appl. Phys. Lett. 1978, 33(1), 105-7 (Eng).

Duke, Akad. Nauk USSR 1978, 240(2), p. 316-19.

"Transition metal atom stabilized superconductivity in the niobium-
germanium system', Cadieu, F. J.; Chencinski, N. (Queens Coll.,
City Univ. New York, Flushing, N. Y.). Conf. Serv. - Inst. Phys.
1978, 39 (Transition Met., 1977), 642-5 (Eng.).

Ge)",
9 PA-)-




121.

122,

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

A33

"Study of atomic ordering in superconducting compounds with AL5
structure', Belovol, V. S.; Finkel, V. A, *USSR), Vopr. Atom.
Neuki i Tekhn. Ser.; Foundament i Prikl. Sverkhprovodimost 1977,
(1-5), 6-9 (Russ.‘®

"High-temperature superconducting tape via the amorphous state",
Tsuel, C. C. (Thomas J. Watson Res. Cent., (BM, Yorktown Heights,
N.Y.). Appl. Phys. Lett. 1978, 33(3), 262~3 (Eng).

"Metallic bonding and the character of electronic states in niobium-
germanium (NbjGe) and niobium-aluminum (NbjAl). He, K. M.; Pickett,
W. E.; Cohen, Marvin L. (Dep. Phys., Univ. California, Berkeley,
California). Phys. Rev. Lett., 1978, 41(8), 580-2 (Eng).

"The thermodynamics of Al5 compound formation by diffusion from
ternary bronzes'", Dew-Hughes, D.; Luhman, T. S. (Brookhaven Natl.
Lab., Upton, N.Y.). J. Mater. Sci. 1978, 13(9), 1868-76 (Eng).

Appl. Phy. Letters 1972 33(4), 359-6l.

"Comparison between the amorphous and crystalline (A-15) phases on
niobium germanide (NbsGe)", Tsuei, C. E.; Von Molnar, S;,

Coey, J. M. (Thomas J. Watson Res. Cent., IBM, Yorktown Heights, N.Y.).
Phys. Rev. Lett. 1978, 41(9), 664~8 (Eng).

"Trend studies of Al5 conpounds by self-consistent band calculations",
Arbman, G.; Jarlborg, T. (Res. Inst., Swed, Natl. Defence, Stockholm,
Swd). Solid State Commun. 1978, 26(11), 857-61 (Eng).

"Comment on the paper "EXAFS measurements on niobium-germanium

(Nb3Ge) thin films" by G. S. Brown et al. Pande, C.S.: Viswanatham, R.
(Brookhaven Natl. Lab. Upton, N.Y.) Solid State Commun. 1978, 26(12),
893-5 (Eng).

Zwicker et. al., 2. Metallkd. 1978 69(9) 670-4.

"Superconducting properties of niobium-germanium (Nb.Ge) thin films
prepared by coevaporation. Haeussler, E. N.; Saur, E. J. (Inst.
Appl. Phys., Univ. Giessen, Giessen, Ger.). J. Low Teup. Phys.
1975, 32(5-6), 665~72 (Eng).

Microstructures in amorphous niobium-germanium (NbSGe) films. Chi,
Chi, G. C.; Schutz, R. J. (Bell Lab., Murray Hill, N. J.).
Mater. Sci. Eng. 1978. 34(2), 161-3 (Eng).

"Superconducting niobium-germanium (Nb.,Ge) for high~field magnets",
Braginski, A. I.; Daniel, Michael R.; ﬁoland, G. W.; Woollam, J.A.
(Res. Dev. Cent., Westinghouse, Pittsburgh, Pa.). IEEE Trans. Magn.
1978, MAG-14(5), 608-10 (Eng).



133.

134,

A34

"Superconducting properties of niobiume-yermanium (Nb3Ge) thin films
prepared by cosputtering. Brawn, H. F.; Saur, E. J. (Inst. Angew.
Phys., Univ. Giessen, Giessen, Ger.). J. Low Temp. Phys. 1978,
33(1-2), 87-104 (Eng.).

"Superconductive niobium germanide (Nb3Ge) crystals", Okura, Kengo;
Hitotsuyanagi, Hajime (Sumitomo Electric Industries Ltd.) Japan,
Kokai 78 86, 687 (Cl. C23C15/00), 31 July 1978, Appl. 77/1,759,
10 Jan. 1977; 7 pp.




APPENDIX B

PROGRESS REPORT I1

Contract NAS8-33548

August 1979 - February 1981

X~-RAY DIFFRACTION ANALYSIS OF Nb.Ge

3
by
Jack H. Davis

and

K. W. House

Prepared by

National Aeronautics and Space Administration
George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama 35812

Submitted by

The University of Alabama in Huntsville
School of Mathematical and Natural Sciences
Huntsville, Alabama 35899

February 1981

DT

4 pie Y




ACKNOWLEDCGEMENTS

The authors are grateful to Mr. Dewey Farmer for expert assistance
in the laboratory. The close cooperation of Dr. L. L; Lacy and.of
Mr. Tom Rathz is indeed appreciated., Discussions in the metalurgical
arca with Dr. John McClure were profitable and enlightening. Mrs. Doris

R. Ruddle is responsible for the accurate and expedient typing of t¢his

report.




T RS SHMERSSAGIW LG L ans wEe n ed

Bl

OBJECTILVE

The objective here is to perform x-ray diffraction analysis on NbGe
alloys quick solidified by supercooling in a free fall drop tower.
Accurate lattice constant measurements yield the percentage composition
of each phase while diffractometer intensity measurements yield the
approximate percentage abundance of each phase and the long range order
parameter.

In particular x-ray evidence is sought for the solidification of
high superconducting transition temperature stcchiometric metastable A-15
B -phase Nb,Ge being formed by the large (~500°C) supercooling.

The equilibrium B-phase width is only 1% from 16 at, 7 G to 17
at.% Ge quite far from the stochiometric composition at 25‘ at, % Ge.
The B-phase lattice constant should change from 5.1672 at 17 at.7% Ge
(equilibrium) to about 5.14 at 25 at. % Ge. Most of the two dozen
samples reported herein were found to have [-phase lattice constants in

the equilibrium range. One or two could be considered marginally in

(i.e. in the fr.nges of) the metastable range with the desirable decreasing

lattice constant.
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X~Ray Diffraction of Nb,Ge

3
A. Contract results have exceeded the proposed expectations in most
areas.

1. Designed for only 9 months service - the service period of
this contract has been doubled to about 18 months.

2. Lattice constant (8 phase) accuracy (+ .002 K) is an order
of magnitude better than proposed.

3. An abondoned SSL Diffractometer has been refurbished with
new transistorized components in the counting circuit. It is nyw
in better than new condition serving the SSL Staff.

4. A rotation stage was borrowed from Army labs which allows
high accuracy lattice constants measurements on the polished face
of a sample without destructively powdering.

B. Results which thus far are less than expected.

1. Calculated order parameters for the £ phase (5) contained
greater than expected error due to the presence of other phases
(¢ and y) in thz samples analyzed. This will improve as the samples
become more nearly single phase.

2. Evidence for the stochiometric B phase was not found; thus
its volume fraction could be less than 20%,A Past B stochiometric
phases were surface located, however present ground polished and
powdered samples are more volume related. Future powders should be
ground from the surface of drop tower solidified samples to seek the

most enrichment of the stochiometric (metastable) 8 phase.




B3

Enhancement Techniques for Improving the
X-Ray Diffraction of Nb,Ge

3
Concentrate X-Ray analysis toward surface. Look for near stochio-

metric Nb,Ge nearer the surface by using softer (larger A x-rays)

3
which are less penetrating.

Use near-grazing-incidence to reduce the x-ray penetration to provide
a truer surface compesition,

Generate more surface area by crushing into a thin film (using two
cooled bricks) the undercooled drop. The sphere is diometrically
opposite to the thin film in surface to volume ratio.

Add a cryowheel at the bottom of the drop tube to further hasten

the quick freeze.

Run a second diffractometer recorder tracing to at %°(%§) shift at

30 x and 20 x and 10 x attenuation to find the percentage at which
the second phase becomes detectable.

Operate the 1024 channel multichannel analyzer in the subtract
multiscaling mode with an Nb power to better electronically subtract
the unwanted o-phase samples lines from the samples which are

o B mixtures.

Strive both electronically (as above) and metalurgically for purer

B samples which do not have the & and <Y phases which by over-
lar.ing peaks alter the intensity rations needed to accurately
calculate the long range order parameter.

Try for more 02 in the drop tube - needed for forming the metastable

phase.

g
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Reference 1 (Cullity, 2nd Ed.) and Reference 2 (Klug and Alexander)
. provide excellent books for the reader interested in x-ray diffraction.
; Cullity provides a broad introduction for the introductory undergraduate

with problem sets at the end of each chapter. X-Ray Diffraction Procedures

for Polycrystalline and Amorphous Materials (by Klug and Alexander) pro-

vides an encyclopedia of practical up to date techniques. Examples of
their style and applicability are given on the next few pages. This
Report by no means represents the total contract output, as an interim
(35 page) report was filed February, 1980. Also, about one third of our
man hours were spent in NASA facilities as integral team members of the

overall projects with data being passed to the C.0.R. on a daily basis.
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In order to check the accuracy of the diffractometer, calibration
scans were made using Standard Reference Material 640.

The powder was mounted in disk form in order to fit the sample
holder.

Three sets of data were taken for dish #2, Each separate scan is
given by the scan number.

Additional scans were made of these disks at random intervals in
order to make a weekly check on the alignment. No data were calculated

from these checks since they were basically routine in nature.

'TABLE l CALIBRATION RESULTS )

N.B.S SRM 640 LATTICE PARAMUITER (A)

by ° °

Sample Scan # Plane s;:ig;ggigt Stzg-égzn Stzg-égin
Disk #1 1 (533) 5.43144
Disk {2 1 (620) 5.43142 5.43139
2 (533) 5.43142 5.43141 5.43136

3 (620) 5,43142 5.43138

B6
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From the three valves found by 0.01° step-scanning of dish # 2,
the mean and standard deviation is (for N = 3) X = 5.431377,0 = +.000015 R.
The predicted uncertainty is i.OOOZR by eq (8-3).
Since the standard deviation is less than the theoretical prediction,
then the mean value of 5.431377 X is taken as the experimental wvalue
for the s1i lattice constant,
The confidence in this mean value does not appear to be un-

warranted. Comparing this mean value with the NBS value of the SRM 640

reveals:
Sexp ~ INBS 0004970
~EXp Abo x 100% = -te2IE ¥ 100% = L00915%
aNBS 5.43088

an accuracy of ~ 0.01% .

In order to make a check on the amount of experimental error intro-
duced into the analysis, selected samples were x-rayed again. In this
way the actual reproducibility could be compared with the predicted
uncertainty.

All values are in Z units.

DT 085 ANNEALED

a, of (611) plane by 1/4° min strip chart recording 5.17574

o, of (611) plane by .01° step-counting with 5.17574
Quadratic Fit

DT 097 ANEALED
o of (611) plane by .05° step-counting with 5.16899

Quadratic Fit
R of (611) plane by .01° step-counting 5.16898




SRM 640
Dish # 2

‘ uy - (620) plane by .05° step 5.43142
5.43142

by .01° steps 5.43139

(533) plane by .05° steps 5.43141
by .01° steps 5,.43136

by %°/min strip-chart 5.43142

§ All calculations were carried out to five decimal places in order
to show that there is essentially no deviation in the values out to

the fourth decimal place.

Assuming a 20 uncertainty of 0.005°, the predicted uncertainty by
o
equation (8-3) is + .0002 A. The mean and standard deviation for these

samples is given below:

—

X o
DT 095 AN (N = 2) 5.17574 +  0.00000
DT 097 AN m=2) 5.168985 +  0.60001
SRM 640 Dish # 2 (N = 7) 5.43140 +  0.00013

In this analysis, the fact that the standard deviation is less
than the theoretical prediction is a reliable confirmation of the

precision, or reproducibility, obtainable from the x-ray diffractometer

used for this study.
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ORIGINAL PAGE 18

LITY
Comments: OF POOR QUA

1) All samples were prepared for x~ray analysis by polishing the
solid to the interior, except for samples DT 081l and DT 094, which
were ground to fine powders (325 mesh) before analysis. Also samples
DT 212 and DT 224 were x-rayed on the exterior surface only witi no
polishing.,

2) The silicon calibraﬁion dishes are made from NBS standard reference
material 640 (silicon x-ray diffraction standard).

3) The overall compositions of the samples are approximate values
based on the as-cast compositions,

4) The annealed lattice parameter values are those of the eight (8)
samples which were annealed by Tom Rathz. The annealed samples were
grouped into lots according to the annealing temperature. "A" group
annealed at 550°C for 12 hours, "B" group annealed at 650°C for 12
houtrs.

5) If a phase was not found in the sample the lattice parameter 1is
marked "N". If the phase was present, then the lattice constant
value 1is listed in the appropriate column. If the phase was present
in barely detectable amounts, then the lattice parameter could not
be determined due to low signal to noise ratio. In this case the
presence of the phase is qualitatively noted by a "Y".

6) The alues for the lattice parameter were taken from the diffrac-
tion peaks at the highest 20 angle possible. In the case of the
phase, the values were obtained from the (321) plane, 26 ~ 133°.

7) When the lattice value is given to 4 decimal places,the precision
is + .0002 Z;for 3 places, + .002 Z.

[}
8) A = 1.54051 A - Copper Ko, radiation.
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The data for the lattice parameters of the different phases found
in selected samples are presented in graphic form, The composition

data for these samples were determined by EDAX by Dan Kinkle.

t~phase
GRAPH I - Comp. vs., lattice parameters for DT 077, 086, 099 before
and after annealing at 550°C for 12 hours.

Under equilibrium conditions, the maximum subistitutional solution
of Ge into the Nb lattice occurs at 1900°C. The overall composition
of the sample is 11.5% Ge.3

The lattice constant corresponding to 11.5% Ge is (0.32934 nm)
3.2934;. 3.2934K is the equilibrium limit for the d-phase lattice
constant accérding to these considerations.

Before annealing, these samples had o~phase lattice dimensions
less than the equilibrium value. This fact implies the existence of
a non-equilibrium «-phase.

After annealing, these samples had o-phase lattice constants

equal to the equilibrium value. This implies that the annealing

restored the non-equilibrium oa-phase to an equilibrium condition.
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TABLE 3

—_2e X% 100

Comp fast DT Annealed

% Ge Material  Sphere Sphere

13 ~.0015
DT 077

DT 078

DT 218 -0.20
DT 220st -0.08st

st = stinger attached

18 -0.08
DT 082
DT 085
DT 086

DT 212

22 Y

[emftod

DT 097 -0.08 Y

DT 099 -0.10  +40.003

a

DT
Flat

-0.07
-0.07

-0015
-0-13

-0.13

Bl4

%4 Change in o~Phase Lattice Constant

(-]
= 3,2934A oq. limit at

11.5 7% Ge Jorda (1978)

Annealed DT Annealed
Flat Splat Splat
+0.02
+0.04
-0.004
-0.004

-0004

Any negative 100 (awao)/a0 is non-equilibrium c-phase. (The Nb +

Ge solid solution.)

Annealing drives sample back to equilibrium value.
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GRAPH TI

Carpenters criteria for nor-equilibrium is given by the dotted off
area in the upper left and the lower right. Since the EDAX overall
compositional error bars spread over a range of error of ~307 the
lattice constants offer the only precise means of determination of
whether or not a sample phase is stable. Note that overall composition
in this study is the average over two or three pahses (o, B,Y) present
in the sample and should not be confused with the narrow R-phase width

from 16 to 17 at % Ge shown between the dotted lines.

Except for DT 086 and DT 099, the lattice constants seem to
cluster about 5.1762 for the Nb rich end and 5.1682 for the Ge
rich end of overall composition as expected. This study seeks to
identify for the first time bulk Nb3Ge samples with lattice constants
in the range (17 to 22 at % Ge) as found by Rogowski4 and Jorda3 on

thin films and splat cooled samples, as shown in Graph II.
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A-15 Phase "NbsGe"

waphs 2 - 4
Overall composition versus A~15 lattice constant for selected

samples before and after annealing. "AC" is as cost material.

Graph 2
The dotted lines mark the regions given by Carpenter (Ref. #5)

for the limits of the Equilibrium A-15 Homogeneity range.

Graph 3
The dotted lines mark the regions given by Rogowski (Ref. #4)

as the limits of the stable A-~15 Homogeneity range.

Graph 4

The dotted lines mark the regions of the equilibrium A-15 phase
range from data given by Jorda (Ref. #3) at the eutectic temperature (1865°C).
A sample must be within the dotted regions in order to be considered
metastable according to the various criteria. This graphic form allows
quick evaluation of a sample in terms of equilibrium,
It is almost possible for the A-15 phase in any given sample to
be classified as either stable or non-stable, depending on whose criteria
is used for the grouping. [i.é., Carpenter, Rogowski, Jorda.] 1In
fact additional criteria are given by other researchers -Muller,

Rasmussen, Newkirk, etc. It will require more time to put them all

together.
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The ASTM Powder Diffraction File Card # 10-298 gives a value of

(] .
5.168 A for the lattice parameter of the A-15 phase ("Nb3 Ge").

Using this value for s then %;%L x 100 can be evaluated for
- cach sample and evaluated with respect to the various criteria, where

'"" is the lattice parameters for the A-15 phase in this case.

E
k
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Jorda's Equilibrium Criteria

Nb=rich limit Lattice °

187% Ce 5.173 A

(-]

Ge~rich limit 5.156 A
23% Ge

(at eutectic temp)

According to Jorda's criteria:3 (1) Nb-rich end - lattice
(]
constants greater than 5.173 A are metastable. (2) Ge-rich end -
1]
The lattice constant must be greater than 5.156 A in order for the

sample to be metastable.

Rogowski's Equilibrium Criteria

Nb-rich limit Lattice °
16% Ge 5.176 A
Ge-rich o
177% Ge 5.167 A

According to Rogowski's criteria:4 (1) The value of
any IOO(B-BO)/Bo number less than -0.02 is still stable NbsGe on the
Ge-rich side. (2) Any positive number must be greater than +0.15
in order to be non-equilibrium A~15 (i.e. metastable) on the Nb-rich

end of the homogeneity range.

Carpenter's Equilibrium Criteria

Nb-rich limit Lattice °
15% Ge 5.177 A

Ge-rich limit °
22% Ge 5.167 A

B22
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According to Carpentexr's Criteria:” (1) Metastable NbBGe on

the Nb-rich end requires positive numbers greater than $0.17. (2)
On the Ge-rich side, a negative number less in magnitude than -0.02 is still
equilibrium,

E
E
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A=15 Phase Conclusions

Considering the Nb-rich end it appears from all three criteria
that severul samples have the metastable A-15 phase. Annealing

(650°C, 12 hours) appears to have no effect on the lattice constant

in these samples.

The three criteria do not agree as well on the Ge-rich side of the
A-.5 phase. Carpenter and Rogowski are in close agreement. The recent
work by Jorda of course has definitely different limits on this end
of the equilibrium homogenelty range at the eutectic temperature.

By Carpenter and Rogowski criteria, it is possible that DT 094
formed a metastable A-15 phase during annealing.

Likewise, under the same criteria, it may be that DT 090 formed
a metastable phase during annealing.

According to Carpenter's Criteria:5 (1) Metastable Nb3Ge on the Nb-
rich end requires positive IOO(B-BO)/Bo numbers greater than +0.17. (2)

On the Ge-rich side, a lOO(B-Bo)/B of -0.02 is still equilibrium.

o o T T T ——~
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APPENDIX

Additional X~Ray Results

N1 sphere processed in the drop

¢ efttect O innealing on an ND

is seen in the following back=reflection Laue phwtnperhn.

e o - o By — o p—— -

Sample DT153 before annealing. he presence Ol Debye rings

through the elongated Laue sSpots indicates a deformed crystal.
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Sample HDT153 after annealing at ~1400°C for 12 hours. The
eiongation and Debye rings are not present. With a polycrystalline
specimen of randomly oriented grains a complete Debye ring is formed,
because the n. mals to any particular set of planes (hkl) have all
possible orientations in space; in a deformed single crystal, only
fragments of Debye rings appear. We may imagine a circle on the film
along which a Debye ring would form if a polycrystalline specimen were
used, as indicated in Fig. 8-26. If a Laue spot then becomes enlarged
as a result of lattice deformation and spreads over the potential Debye
ring, then a short portion of a Debye ring will form.

e Kot~ +@ | A AP
Debye wme <

otentinl -

| N ed crystal

b, 8 26 | v tion ol l)\'-‘_.g‘ ares on baue patterns « I Jeformed \l')\(.l!\',
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A revision of the previously reported "properties of NbSGe" liter-
ature table was initiated to focus mainly on the studies of bulk forms
of the alloy, including Tc and x-ray data.

The detector and electronic counting system for the x-ray diffracto-
meter at S.S5.L. were put into operation during this reporting period
using the standard calibration, alignment, and operating procedures.

The system is functional and adjusted for maximum efficiency.

Silicon powder calibration disks were used to check the accuracy

of the x-ray system. The scan data for these disks yield a relative

precision of 0.001%, and an absolute accuracy of 0.008%.

X-RAY DATA FOR ALLOYS

Sample DT 239 was polished and mounted for x-ray analysis, which

revealed the following information:

1) A-15 lattice parameter 5.1697 + 2 §

2) Phases B (95)
(relative volume per cent) v (5)

3) Line width for (611) plane 0.30°
corresponding lattice spread i_3mx

A slice from the Nb-25% Ge ingot was prepared for x-ray analysis

which revealed:

1) A-15 Lattice parameter 5.1689 + 4 2
2) Thnases' B (64)
(relative colume per cent) Yy (36)

3) Line width for (611) plane 0.35°
A slice was also taken from the Nb-27% Ge ingot and x-rayed after

polishing.



c2

1) A-2 Lattice parameter 3.2977 + 2 §
2) Phases a (100)
3) Line width for (321) plane - © 0.28°

very noticeable broadening of peaks in this sample — probably

indicative of compositional gradient.

Vegard's law for solid solutions can be used to predict the lattice
parameter vs. solute concentration behavior. It does not hold, however,
for the Nb-Ge solid solution (A-2 structure), designated as the 'a' phase,
due to the dissimilar elemental structures of Nb (b.c.c.) and Ge (diamond
cubic).

Since sample DT 224 was annealed before polishing, the x-ray data

when compared with previously reported data for DT 224 (unpolished, curved

Surface)a In either case the analysis revealed for DT 224AN:

1) A-15 Lattice parameter 5.1701 + 4 h's
2) Phases B (85)

Yy (15)
3) Line width (611) plane 0.30°

An effort was made to introduce an internal calibration standard
during the analysis of the Nb-Ge alloys. This was tried by mounting
the alloy and Si standard powder 640 in the sample holder for simultaneous
analysis. This does not appear to be feasible, however, due to the
occurence of overlapping diffraction peaks for Si and the a (Nb-Ge solid
solution) phase.

The line width of the diffraction peak (the (611) plane for B phase,

(3215 plane for o phase} is the width at half-maximum intensity.
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Due to the flat shape of DT 243 (composition ~Nb-25% Ge) it was
possible to x-ray this alloy in the "as processed" condition and obtain

good S/N ratios.

o

1) A-15 lattice parameter 5.1680 + 4 A
2) Phases B (91)
Y (9)
3) Line width, (bll) plane 0.30°

According to data given by Newkirk et al., [I.E.E.E. Trans., 1975
MAG 11(2) 221-4) on the variation of transition temperature with lattice
spacing for Nb3Ge, DT 243 would have a Tc of about 11 K.

An effort was also made to x-~ray DT 244 in the bulk form without

polishing, but the low S/N ratio was unsatisfactory for reliable analysis.

g T
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APPENDIX
The relative volume per cent of a phase present in an alloy can

be predicted from the phase diagram for equilibrium conditions. Using

the Lever rule one can obtain the following:

Volume percent of y phase in Nb-Ge alloys

Composition Temperature °C

Nb-  ZGe 600 1500 1865
22 12.5 6.3 0

25 38.5 30.7 16.7
27 63.6 54.5 40.0

The volume X% Y phase can be measured experimentally and compared with
these equilibrium values. The presence of a metastable phase in the
alloy should be evident from this comparison providing the solidification
temperature is known.

The relative volume 7% of the’yphase is found by normalization of the
x-ray intensities measured for the (210) plane of the 8 phase and the
(411) plane of the Y phase:

=
§f¥ﬁy x 100% = r.v.%

C4
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