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. THE MELTING POINT AND THE DENSITY OF NEPTUNIUM METAL.
4 MICRO MELTING POINT APPARATUS FOR METALS.*
Edgér F. Wesﬁrum, Jr.,** and LeRoy Eyringh*#
Radiation Laboratory and Department of Chemistry

University of California, Berkeley
'Deéember.22;ii950v
ABSTRACT
Neptunium metal was prepared on the milligram scale by reduction of
NpF3 with bérium; The melting point was determined as 640 + 190; the
density was found to be 19.5 + 0.5 gm,.cm.'B. An apparatus designed for'.

the measurement of the melting points of 10 to 1000 microgfam,samples of

metals is described,

*This research was performed under the auspices of U.S. Atomic Energy
Commission and was reported in MB=IP-162 (January, 1947). Presented at
‘the 118th National Meeting of the American Chemical Society at Chicago, .
September 5, 1950,

##Present address: Departmenf of Chemiétry, University of Michigan,
Ann Arbor, Michigan., ' . . . ‘

¥##Present addresss Départment of Chemistry andkChemical Engineering,
State University of Iowa, Iowa City, Iowa.,
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In connectlon w1th the productlon of. some hlgh purlty neptunium
metal for calorlmetry ond othef physlco—chemlcal experlments it was
de81rable to determlne'lhe meltlng p01nt and the den81ty of the spec-
imens used. Neptunlum 1sotope of ‘mass 237 was employed

The neptunlum metal was produced by the reductlon of neptunium
trifluroide. Inasmuch as several trifluoride=preparations made from hy-
droxide precipitates proved to be only partially reducible to the metal,
neptunium'oxaléte_was selected as the starting material for metal production.
The light greenoxalate was precipitated upon addition of 1M ammonium oxalate

to a 1M hydrochloric acid solution of the neptunium (lV) stock., After -

centrifugation and withdrawal of the supernatant liquid, the precipitate was

washed with dilute oxalic acid and with water. The oxalate 'ms slurried

1nto a small platlnlum dlSh, placed 1n the platlnum hydrofluorlnatlon

'apparatus,l drled by pass1ng anhydrous oxygen over 1t and converted to

'E F, Westrum,'Jr., and L Eyrlng, "The Preparatlon and Some Propertles of
Amer1c1um Metal n (for publlcatlon in the Journal of the American Chemical -

Society).

dioxide_by heating to 650°C. After cooling, an.(equimolar‘mixfure.oi oxygen
and hydrogen fluoride was used to prepare the tetrafluoride; this was reduced
with a 3:1 hydrogen—hydrogen fluoride mixture gt a maximum temperature of

650°C. The reduction to metal was achieved in a mlcrofurnace and by a tech~

nidue similar to that used by one of us2 for plutonium metal production and

”E. F. Westrum, Jr., Manhattan Project Metallurglcal Laboratory Report
CK-1586 (May, 1944); E. F. Westrum, Jr., Manhattan Project Metallurglcal

Laboratory Report CN=-2495 (January, 1945).
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described by Fried and Davidson” for their use in the preparation of neptunium

33. Fried and N. Davidson, J. Am. Chem. Soc. 70, 3539 (1948).

metal. Barium vapor at lBOOOC. was used as 'a reductant for the neptunium
trifluoride. -Both the substances were contained in avsinﬁered beryllium
oxide crucible system made from a nitric acid paste of beryllium oxide.
powder. Several milligrams of 'purified neptunium stock were available for
these experiments and the reductions were made on a scale varying from the

order of one tenth to two milligrams. Spectrochemical analysis typically

detected the presence of the following cations in the metal: Be, 0.013;
Ca, 0.0Z;’Fe,J0,08; and.U,O.Z, mole percent. Elements not detected but
for which the limits of defection were fairly high were: Ba, 0.08; K,
1.8; Li; O.8;_and Ta, 0.2, mole percent. The nearly spherical globules of
metal produced were cleaned in a dry box under anhydrous xylene and sealed
in evacuated glass tubes until used. The mefal is silvery in color and

has a malleability similar to that of uranium prepared on this scale,

DETERMINATION OF THE NEPTUNIUM MELTING POINT

In melting minute, irregularly shaped fragments of crystalline salts‘
the.deformatlon of the crystal under the surface tension of the llqulavfre-
quently serves as an indication of fusion. Alternatively, the disappearance
upon fusion of the interference patterns of anisotropic substances observed
with a polarizing microsoope often provides a'oouVenient indication'of the
change of phase of the materlal Neitﬁer of these~me£hods can be used on
metalllc globules. Furthermore, the formation of a very thln oxide fllm
upon readily oxidized metals may so retain the metal that a bent disk may

not collapse at the fusion temperature under the combined effect of gravity

and the surfaCe tenSion. The evidence of fusion may be postpoued forrteus
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of degrees above the fusion temperature for some . actinide elements even.in -
high vacuum.

‘The conStruction.end opefation of our micro apparatue for the deter-
mination of -the melting point of microgram quantities of even readily oxi-
dized metals may be seen from Figure 1., The apparatus is contained in a
pyrex glaés bulb (A) connected to a high vacuum line.throught(N); The
sample ‘and furance mounted on 2 mm. diameter wolfram rods (C) épaced with
nonex glass (B) are removable through the standard teper joint (P). The
minute globule of metal (H) is held between the plane, parallel faces of
the jaws of the 1 m " diameter wolfram wire spring (E) by a-force of the
order of a gram. The spring is mounted irith a tantalum clamp (D) and
surrounded by a cylindrical tantslum radiation shield (M) .05 mm. thick and
2.2 cm, in diameter. 4 double fibre-glass insulated iron-constantan
thermocouple (0) is stdt'Welded to this spring necar the sample at (G)

(see insert I) and sertes to measure the sample temperature. ‘Observation
of the specimen is'made along the axis (K) with a low power binocular micro-
scope through the pollshed pyrex optlcal port (J). The temperature'of the
radlatlon shleld and its contents are controlled by neans of the copper
tublng c01l (L) connected to .a 300 watt portable 030111ator to be descrlbed
in a subsequent paper., In operatlon, the furnace and bulb are thoroughly
outgassed at a temperature several hundred degrees hlgher than anticipated
for the meltlng p01nt and the vacuun is subsequently broken with purified
argoh. Then a small globule of netal is placed betueen the jaws of the
wolfram sprlng W1th_a Jeweler s forceps»yith ground’ tips. To aid in placing
and to trevent the'loss‘of the samtle invtrensfer:to the apparatus the’
globule was occas1onally coated w1th a small quantity of a volatlle grease,

Upon reassembllng the apparatus and ach1ev1ng a hlgh vacuum, the power
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output of the osc¢illator is gradually increased tc heat the shield zt ‘the
desired rate, but not beyoﬁd the ability of ‘the pumping»eystem to maintain -

apJ&'ess1.1re,about'lO"'6 mm.dovagAdespitewthe-degassing of the hot metal parts.

- The thermocouple e.m.f. was‘bucked with a Rubicon Type B potentiometer and

was recorded automaticallj op a Leeds and Northrup Speedomax recorder with
a prec;eion of aboutiO.5OC;. The beﬁaeior of the saﬁplelwas observed micro-
scopicallyhthrodgh an'optical‘window sealed into the buib. The obeervapion
of fu51on (convergence of the Jaws) was either relayed or recorded with a
magnetlcally actlvated pen on the. Speedomax recorder.. |

In addltlon to u31ng callbrated thermocouple wire, the apparatus
wae checked agalnst small pleces of Natlonal Bureau of Standaros free21ng
p01nt sampiee of magne31um and zinc, w1th stated freezing points of 651 and
419.5906 we observed meltlng p01nt values of 650 and 419.5 C., respectlvely.v

Two 1ndependent1y prepared samples of neptunlum metal of about 200 -
micrograms each yielded meiting pOintivalaes of 639 to. 641 and 63900 The
metal showed no tendency to adhere to the wolfran Jaws but formed a thln
circular foil between them w1th the bulk of the metal extrudlng out and
forming a bright sphere adjacent to the jaw, opening, This behavior made
reloading of ﬁhe eamehsampie,convenientlahd facilipaped repeatedvdetermina-
tions. A.sharp convergence . of the jaws was noted for all the Samples{of.Np,
Zn, and Mg, |

In adapting the orlglnal apparatus for use in work 1nvolv1ng thorium
metal and protactlnlum compounds, Dr. walter Blaedel and the author modified
the apparatus by use of a platinum versus platlnum—lo% rhodiwm thermocouple
and a 2:5 KW oscillator-to attaln temperatures ‘in excess of 1300°C.. For 'still
higher temperatures a helical wolfram wire heater was substituted for the -

radiation shield and a Leeds and Northrup-optical pyrometer used to determine
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the sample temperature after appropriate correction for the adsorption by the.
glass port.and the emissivity of the wolfram surface. Good agreement with

the ‘best reported values of the thorium melting point were obtained.

, THE DENSITY OF NEPTUNIUM METAL

Frled and Dav1dson3 reported dens1t1es of 17 .9 and 17, 6 gnm, /cc. on a
foréy mlcrogram piece of metal in an apparatus descrlbed by Kirk., We have
_determlned the dens1ty of number of Spe01mens of Np metal by’a similer
method (dev1sed by S. Katz) in whlch a prec151on bore caplllary tube with
polished plane sides parallel to the axis and a scrlbed fldu01al mark is
employed. The dlsplacement of a dlbutylphthalate meniscus upon the immersion
of the ﬁetal_sample in the caplllary and the centrlfugatlon of the entlre
tube Qasbueed to deﬁermine.the.voiume of the metal sample., Two capillaries
oflO;5 end 6;75 ﬁﬁ. diamefef Qere caiibrafed both by oﬁtical measurement of
the dieﬁete;vand by-experiments‘using Jpellets of piatinum of}a density of
21.4‘gm, em._j; The two methods gave agreement u1th1n about 2% The results

of the den51ty measurements are summarlzed in the table below.

Density of Neptunium Metal

=

Np Sample - Wt. of Np. (mg) = Density (gm./cc.)
S1 0 0.25 ©17.4, 16.9

2 1.553 . -19.7, 20,1, 19 4
3 177 19.4, 19.3
%556 (3 0.685 19.2

pieces) - S . !

Each determination represents metal from a different metal prepara-
tion and the figures reported are in general the mean value of repeated
experiments. The low density of sample .one (which is in good agreement with

the values of Fried and Davidson) may be due to the oceurrence of a higher
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temperaturé metallicfphase stabilized by:the presence of an impurity. Ve
believe that the higher densities (19.5 + 0.5) found in the subsequent
experiments may répresent the normal‘density of the phase stable at room
temperéture._ |

Unsuccessfui_attempts were made to transit sample one to a higher |
density férm. Sample four was annealed for two:hours at 90007, whereas
samples five and six had no treatment beyond metal production. X~-ray:
examinaﬁion éy Dr. Dévid Templeton of all three samples (four, five, and
six) yiélded‘identical x-ray patterns having a face—qentered cubic struc-
ture with a cell constant of 4,89ﬂA'and a calculated dénsity of.14.7 gnn. cm™2,
The pattern is attributed to a thin oxide filmvrather than the bulk metal
itself..vA microdilatometric experiment on larger quantitites of neptunium
now available.would be of inﬁerest‘in establishing the presence of the.sus~ .
pected transitions above room temperature. An additional indicatioﬁ‘éf
polymor@hism is the fact that the originally bright, smooth, metallic surface
of the globule extruded the melting experiment was observed to Wrinkle on
cooling to approximately 100°C. suggesting a transition involving a con-
siderable volume change. The observed'wrinkling is not, of course, a rever-
sible effect.
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Figure 1. Micro ielting Point Apparatus



