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Superconductivity of Beta-Uranium 

The p-phase of uranium, stabilized 
by small amounts of other metals, has 
been found to undergo the supercon- 
ducting transition at temperatures close 
to 0.8?K. This result casts severe doubt 
on previously reported results concern- 
ing the superconductivity of a-uranium, 
the phase stable at room temperatures. 

In its pure form fl-uranium is stable 
only at elevated temperatures between 
661 ?C and 769?C. We stabilized the 

f-form at room temperature by the ad- 
dition of 1.75 atomic percent of chrom- 
ium and 1.75 atomic percent of plat- 
inum. After cooling from the y-phase, 
the samples were annealed for approx- 
imately 24 hours at 700?C in the pf- 
phase region and then quenched into 
ice water (1). The expected p/-phase 
structures were confirmed by x-ray dif- 
fraction analysis. The experiments were 
carried out with different lots of uran- 
ium whose purity was always better 
than 99.9 percent and sometimes better 
than 99.99 percent. No significant dif-. 
ferences were found between the dif- 
ferent lots, provided that the same 
conditions were always maintained. 

Measurements of specific heat of our 
stabilized 8-phase ingots are shown in 
Fig. 1. There is no doubt that pf-uran- 
ium is a well-behaved superconductor. 
The small additions necessary to stabi- 
lize the phase may have changed the 
transition temperature slightly. The TG 
of the Pt-stabilized phase was 0.85?K, 
and it was independent of concentration 
between 1 and 3 percent. That of the 
Cr-stabilized phase was 0.75?K. Sim- 
ilarly, the electronic specific-heat co- 
efficient, y, was significantly higher in 
the Pt-stabilized phase than in the Cr- 
stabilized one, probably due to the 
higher valence electron per atom con- 
centration in the Pt-stabilized phase. 
The fact that T, is independent of con- 
centration in the range between 1 and 
3 percent indicates that we may have 
exceeded the solubility limit already. 
The present literature (1) is not un- 
equivocal on this point. While we, 
therefore, cannot extrapolate in a 
straightforward way to the T, of pure 
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,8-uranium, we think that it cannot be 
far from 0.8?K. The size of the anom- 
aly, (Ce8/yT)'., is 2.36 for the Pt- 
stabilized phase and 2.52 for the Cr- 
stabilized phase in reasonable agreement 
with the theory of Bardeen, Cooper, 
and Schrieffer (2). Measurements of 
the ac susceptibility on the same bulk 
material gave transitions about 10 mil- 
lidegrees in width occurring over the 
same range as determined calorimetri- 
cally. The width of the calorimetric 
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transitions, about 30 millidegrees, is an 
indication of how nearly ideal the su- 
perconducting behavior of the fi-uran- 
ium is. 

The superconductivity of a-uranium 
has been investigated frequently (3). 
The transition temperatures reported 
ranged from 0.7?K to quite a bit above 
1.0?K, with different investigators re- 
porting different values. All agreed, 
however, on the excess width of the 
transition region which was on the 
order of 0.5?. Recent specific heat 
measurements (4) failed to show, any 
anomaly in the region between 0.15? 
and 0.75?K, and the authors state: "We 
conclude that our U238 sample was not 
superconducting. This is not surprising 
in view of the variety of results which 
have been reported for uranium." Their 
result combined with the anomalously 
broad magnetic transitions might be 
considered an intrinsic property of a- 
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Fig. 1. The heat capacities of Uo.9s82 Pto.o075 and Uo.982o Cr0.o01 between 0.3 and 1.5?K 
showing the superconducting transitions. The normal-state intercept gives the values 
of y, the electronic heat capacity coefficient. The equations for the normal-state 
heat capacities were fitted to data taken between 1? and 6?K. 
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uranium, a superconductor in which 5/ 
electrons might play a role (5). 

In the light of the present results 
on /3-uranium, we would like to offer 
an entirely different explanation. Name- 
ly, that the reported superconducting 
behavior of the a-phase of uranium at 
and above 0.7?K may be due only to 
superconducting filaments of retained 
stabilized a'-, /3-, and y-phases, or per- 
haps even filaments of superconducting 
compounds. Either the y-phase or the 
superconducting compounds could ac- 
count for the transition region above 
0.8?K. This transition region can eas.ily 
be destroyed by mechanical means, such 
as filing, pulverizing, or rolling. By such 
means we succeeded in reducing the 
superconductivity of all uranium sam- 
ples to the transition temperatures near 
0.8?K. The reproducible coincidence 
between transition temperatures near 
0.8?K found for the ,8-stabilized phases 
and those found for the a-uranium 
phases points to the existence of an 
additional network of what might be 

fl-stabilized filaments of a much finer 
mesh. We believe that both networks 
of filaments, which might be retained 
,3- and y-phases, are situated in the 
grain boundaries. They are stabilized 
by impurities insoluble in the a-phase 
and, therefore, precipi'tated in just those 
grain boundaries. Preliminary results of 
electron microscopic investigations by 
Arrhenius and collaborators (6) show 
two different domain patterns which 
could well correspond to the two net- 
works we postulate. The fine mesh net- 
work is on such a scale that it cannot 
be destroyed by mechanical means. It 
has been shown -in detail for the LaRh 
system (7) how an extremely fine and 
well-distributed network of filaments 
can give rise to complete diamagnetic 
shielding even though the total con- 
centration was only on the order of a 
few percent. 

The similarity in superconducting 
behavior recently reported for a-uran- 
iulm and protactinium (8) suggests that 
aside from the tetragonal form of pro- 
tactinium, stable at room temperature, 
there may be other crystallographic 
modifications which, again, could be sta- 
bilized in the grain boundaries. Most 
elements in which the possibility of 5/f 
electrons exists also show different crys- 
tallographic modifications. Why should 
protactinium be an exception since the 
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The phase stable at temperatures 
above those of the /8-phase is y-uran- 
ium. Specific heat data on y-uranium 
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stabilized with 13.7 atomic percent of 
molybdenum have already been shown 
to have the expected anomaly with sharp 
transitions near 2?K (10). We have also 
found that U,Fe, the uranium com- 
pound with the highest known transition 
temperature, 3.8?K, equally displays 
the expected caloric features of a nor- 
mal superconductor. The failure to ob- 
serve a superconducting heat anomaly 
(4) above 0.15?K for a-uranium, to- 
gether with the broad transition can be 
simply explained by the absence of 
superconductivity of the a-uranium 
above 0.15?K as was postulated by 
Dempesy et al. for their sample, or by 
the presence of some state involving the 
coexistence of magnetic order and su- 
perconductivity (11). Further heat ca- 
pacity measurements will be necessary 
to decide if and where a-uranium be- 
comes superconducting. 

Finally, we would like to point out 
that an anomalous superconducting be- 
havior will frequently be caused by an 
anomalous metallurgical situation. 
While previous metallurgical investiga- 
tions have not clearly shown evidence 
for the presence of other phases in a- 
uranium we believe that the present 
results give strong evidence to the con- 
trary. 
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Direct Evidence for the Cathodic 
Depolarization Theory of 
Bacterial Corrosion 

Abstract. Cathodic depolarization of 
mild steel by Desulfovibrio desulfuricans 
was demonstrated with benzyl viologen 
used as an electron acceptor. Direct 
measurement of the cathodic depolari- 
zation current indicated a maximum 
culrrent density of 1 microampere per 
square centimeter. Aluminum alloys 
were also cathodically depolarized by 
the organism. 

In 1934, von Wolzagen Kiihr and 
van der Vlugt proposed a theory for 
the anaerobic corrosion of iron by bac- 
teria (1). In brief, the theory states that 
bacteria, primarily those of the genus 
Desulfovibrio, remove hydrogen that 
accumulates on the surface of iron as 
a result of their hydrogenase activity 
and reduce sulfate, yielding hydrogen 
sulfide. The electrons removed as a re- 
sult of hydro2en utilization permit more 
iron to be u'ssolved or corroded at the 
anode. The hydrogen sulfide and the 
hydroxyl ions combine with the fer- 
rous ions to form secondary reaction 
products at the anode. 

Over the years evidence for and 
against this theory has accumulated. 
Much of this earlier evidence has been 
reviewed by Starkey (2). More recently, 
Raifsnider (3) and Scott (4) have pre- 
sented observations that are not in agree- 
ment with this classical theory. Booth 
and his associates (5), using polariza- 
tion techniques and weight loss mea- 
surements versus hydrogenase activity, 
have presented evidence for the theory. 
These methods, although involving stan- 
dard techniques, are nevertheless indi- 
rect approaches and may be subject to 
various interpretations. The key step in 
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anode. If the Desulfovibrio cells are 
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