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THE PURIFICATION OF BORON IN
AN ATOMIC HYDROGEN FURNACE

INTRODUCTION

fany of the compounds of boron such as boric acid and borax have
long been familiar, #nd their properties have been throughly explored.
About the pure element, however, comparatively little is known. 4 high
melting point, high susceptibility to transmutation, unusual electrical
properties, and an undetermined crysial structure make it a material of
considerable interast. ’

Boron, with its aﬁme number of five, lies in the periodic table
on the division between metals and non-metals. Its small atomic size
and the large charge of its simpla ion give it a tendency toward »
covalent, non-metallic behavior. The three valence elsctrons indicate
metallic action. This combination results in oxides that are very dif-
ficult to reduce, a great reactivity of the element at high tempera-
tures with either metals or non-metals, a very high melting point, ar#,—
undoubtedly, unusual co-ordination and bonding sjatm (11, pp.734~T735).
In the solid state it exists in & non-metallic amorphous form and a
more metallic crystalline form.

The properties and earlier methods of attempting purification are
summarized by Laubengayer, Newkirk, and Brandaur (9, pp.382-385) and
only a brief discussion will be included here. There are many claims
of preparation over 99% boron, but most are unsubstantiated and the
many properties attributed to pure boron indicate that the same nate-
rial is not being deseribed. Wuch of the confusion is due to the lack
of a satisfactory analytical method for the determination of boron.
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Spectrographic methods do not indicate the presence of all impurities
such as oxygeny a x~ray diffraction pattern uniqnaljr characteristic of
boron is not described; and x-ray methods are eowlium by impurie
ties and the long exposures that are necessary (9, p. 302). Buffi-
| ciently large crystals of ﬁure boron have not yet been produced to
allow determination of the single crystal properties. However, Shaw,
Hudson, and Danielson (15, p. 7) have had some success in measuring the
electrical properties of boron crystals weighing less than ten micro=
grams by m\urcmmhtiw techniques.

The most successful methods of the preparation of high purity
boren have been by deemnitioa of the boron halides by an electrie
arc, ie. Weintraub (19, pp. 165-18l) and Heckspill (5, pp. 776-8)3
decomposition of the boren halides on a heated filament, ie. Lauben-
gayer (8, ps 1924) and Shaw (1L, p. 31); and by thermal decomposition
of diborane, ie. Schlesinger (13, p« 27)s The amount of product
obtained in each case ia very small, usually less than a grame.

As mﬁmly mentioned, the ml‘ﬁing point of boron is quite "k&g&,"‘
about 2300°¢. (18, p. 11k and 11, p. 735). The boiling point has not
been rel:iably determined and sublimation near the melting point was
observed by Weintraub (19, p. 178). A boiling point of 2800°C. at
atmospheric pressure is recorded by Quill (12, ps 59)s Investigators
agree that there is a liquid range, It should be possible to heat
impure boron to its liquid range and to distill off or to decompose
the impurities. Since boron is very reactive at this temperature, a
vacuum or inert atmosphere would be necessary.
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This high temperature method was first explored by Weintraub (18,
ppe 112-3). He prepared "doissan Boron" (boren prepared by reduction
of 3293 with magnesium) of up to 92% purity. The material was placed
in a water-cooled copper crucible and used as an electrode in an elec-
trie furnsce. He obtained a product that was 97% to 98% boron. A very
high voltage (15,000 volts) was needed to start the reaction W«af
the high electrical resistance of the boron at low temperatures. Warth
(16, ppe 55=-6) states that he observed crystals up to 6.4 millimeters
in sisze in Weintraub's laboratory. A study of these erystals has not
been reported nor were they ever mentioned by Weintraub. Kahlenberg,
He He (6, pe 30) repeated Weintraub's experiments and was able to pre-
pare a small quantity of fused material. Visible crystala were not
found (6, pe 57)e Kremers (7, ps 221) also purified boron in the arc.

All these investigators used a single metallic electrode with the
boron as the other electrode. While this has the advantage of obtain-
ing a large melt, it leads to contamination by the electrode metal
which is carried by the are. This difficulty was reported by Wein-
traub (19, ps 133).

ﬁxe atomic hydrogen flame should provide considerably less cone
tamination. The purpose of this iavestigation is to study the forma-
tion and purification of crystalline boron by heating it in an atomie
hydrogen {lame.



THEORY

HOISOAN BORON
The reaction between boric anhydride and magnesium is:
By0;+ 3iig & 3ug0 + 28 (1)
The producis are separated by treating with alkali, hydrochleric acid
and hydrofloric acid (11, p. 738). loissan claimed to have obtained

98% to 99% boron by this method. This purity could not be obtained by

other workers when duplicating his experiments (19, pps 167-173 and 6,
pe 30). However, this is the bast commercial method of produsing
boron discovered thus far. Recently, the Pacific Coast Borax Company
of lLos ingeles has prepared 91% and 96% boron by a modification of the
Eoiw reaction..

The nature of the impurities in Moissan boron is not fully under—
stood. lagnesiuam, nitrogen, and oxygen are the main elemental impuri-
ties, but the combined forms in which they exist have not been deter~
mined.

 Oxygen is particularly in doubts B,0; is water soluble and
should have been removed by the leaching process. B,0, Bhﬂg, Bhﬁy
T Bata, Bgly BO have all been reported, but little is known about
their properties. Apparently, most of these compounds have melting
points over 3000°C.

Magnesium would be expected to be present in the form of ligyBs,
its only known boride. However, this compound reacts with water to
give MgO and Befié and, consequently, should have been removed by the
leaching process. Either the magnesium boride is trapped by the



amorphous boron or a boron-oxygen-magnesium complex if formed. AL
about 1500°C. magnesium returns to the elemental forms

Hitrogen probably exists as Bsﬁa which is a highly stable com=
pound that sublimes near 3000°C. and melts under pressure 2t that
temperature, It will react with i:izf) at high temperatures to form HKB
and B,04e Fortunately, the amount of B3§3 in Hoissar boron is quite
small.

The use of atomie hydrogen would cause ‘the formation of boren
hydrides. Decomposition of the hydrides occurs below 600°C., so that
contamination by hydrogen is not likely. On the other hand, tungsten
vapor from the are would form WB, or WB, which have melting points of
over 3000°C. |

With the liquid range of boron approximately 2300°C. - 2559°3-,,
the melting of Hoissan boron would be expected to effect the follow-
ing:

1, Complete removal of the magnesium by vaporizatione

2, Possible removal of the oxides by vaporization or reduc-
tion by the atomie hydrogen.

3. Little change in the nﬁ.tridé composition unless dissocia-
tion of the oxides produces H,0 to cause the Niiy reac-
tione

L. Some contamination by the electrode vapor.

The exhaust gases would contain toxie and dnflamable hydrides,
hydrogen, a wide variety of vaporised metallic conyoupds, and possibly
some vma or 32%



ATCMIC HYDROGEN

The very high temperature that can be obtained by blowing hydro=

gen through a tungsten are is due to the following reactions
Hy & 2H - 98,000 calories (8, pp. 153 and 158) (2)

A8 hydrogen molscules enter the are, they are dissociated at the high
taaperatm of the are. Upon leaving the are, the reverse process
takes place: molecular hydrogen is again formed and a tremendous
amount of heat is liberated. Tungsten reds can be melted (melting
point 3666”!&.) by this process (8, p. 158)s The temperature obtained
is determined by the material upon which the flames impinge. Mater-
lals that catalyze the molecular hydrogen formation give the highest
tmperam; Cueilleron (2, p. L68) used a small atomic hydrogen
torch to convert amorphous boron to crystalline boren. He reported
obtaining a tempsrature of 2075°C. He did not investigate the purity
of his product.

cmmially these prineiples have been applied to the atomic hy-
drogen mldmg torch (17, ppe 160-8)s It consists of two tungsten
rods, mounted %o form a "V". The arc is formed at the bottom of the
"y® and hydrogen is blown along the electrodes and through the arc.
The striking voltage and the arc voltage are much higher for an are in
hydrogen than in air. Consequently, a higher voltage source must be
used than for the normal arc welder. The atomic hydrogen welding
torch is a logical source of design data for construction of an atomie
hydrogen furnace. Though hydrogen atmospheres are frequently used in
arc furnaces, and the atomic hydrogen torch is often used in the
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laboratory, a furnace employing this high temperature methed has not
been described in the literature. .

The advantages of the atemic hydrogen furnace are the high tem-
peratures obtainable, little contamination from the slectirndes as com=
pared to the usual are furnace, and the availability of hydrogen in
the highly active, atomic state, The main disadvantage commercially
is that it gives a ennéanﬁmm heat which is pot easily applied to
the heating of large areas.

'y G
of Pt

OF TUNCGBTEN ARCS

Fundamentally, the arc consists of a stream of electrons emitted
from a hot cathode. The electrons are drawn through the are stream
by the e}.aeirm field and eéa&éma on the anode where they release a
considerable amount of energy. The energy supplied to the cathode is
that required to emit electrons and to maintain the temperature of the
cathodes The current at the cathode is concentrated in a small area
called the cathode spot, just outside of which is a positive space
charge produced by ienisation of the surrounding gas. The space
charge sets up an electric field, thereby causing a cathode voltage
drop alding the extraction of electrons from the electrode.

Tim current enters the anode at a small area the size of which is
determined by the conditions of temperature, electrode shape, and im-
purities at the anods surface. There is little voltage drop at the
anode (1, ppe 290-300).

At low currents the total veltage drop in an atmosphere of helium
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is less than 25 volts per centimeter. In hydrogen it is 150 volts per
centimeter because of the energy needed to form atomic hydrogen (k, pe
156) .

SEMICONDUCTORS

The theory of semiconductors and the derivation of the equations
used is given by Shaw (15, ppe 13-29) and will not be included hers.

Three properties of semiconductors of interest in this investiga-
tion are:

1. Room temperature resistivity approximately in the range

~of 1672 40 10° ohus = centimeters.

2. Hesistance which decreases with heating and which varies
exponentially with the reciprocal of the absolute tem-
perature through at least parts of the temperature range.

3. Decrease in resistivity with the introduction of small
amounts of certain impurities.

A study of these properties might provide some information as to the
nature of impurities found in ¢rystalline boron and offer a basis for
comparison with other workers.

Electrical conduction is dependent upon the number of electron
carriers available and upon the mobility of the carriers. A certain
quantity of energy called the activation energy is necessary to pro=
duce the carrier by moving an electron from the filled electron band
to the conducting band. This forms two carriers:t the hole left in
the £illed band and the addition of an electron band. Any impurities
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present will also contribute emm; but requiring a different acti-
vation energy. mmmwuufmwmﬂmcmm; the elec~
trical eonductivity can be expressed as: (15; ps 21)

6 = (w+vy) S @p (-8,/20) SESHAR S
vuy 3, S e (BT
e J o o exp (<E/KT)s
wheme:  (§ = the elestriesl conductivity
w, end u, = the mobility of the holes and of the electrons res-
| SR i
Sgs 8, and S, = coefficients
Eg = activation energy of pure material
E, = activation energy of impurities that contribute holes
By = activation energy of impurities that contribute an
trons. / , i
' When the mwber of different types of iupuritiss is small, then .
each term in equation 3 usually has some range of temperatures where
its contribution to conduetion is the only significant term, In such
a renge where the rth term has contrel:

‘:w%m(%Mh . (&)
log 6 = log wy, 5, = 0.3k (By/k) (/7). | (5)
Letting: R = the resistance ; '

p = t-h»a resistivity
1 = length of conduction
A 2 gross sectional area of conduction
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By definition: '

» 3% 3 : (5)
and log p  =log R +log 4 = log 1, s 0
Again by dﬁinﬁtim?

P =3‘a: ’ (8)
and log p == log 6 . (9)
Substitubting:

log R slog 1=log A = log u, S, + 0,434 (ﬁ) (1/1). (10)
b o ﬂr’ 5,9 and Br are constant over the temperature ranges stud-

ied, equation 10 takes the {‘am of:

log R =*b (/1) +0, (11)
whmbmiﬁmaemtmta‘ aplatnflegﬁw&i&tlﬂaw
yield a straight line segment with a slope of b or (0.434) (Ep/k)s
Over a large plot a series of almost straight line segments should be
1. Data used for this plot is in the appendix,




Figure 1. Plot of the log of resistance versus the reciprocél of
temperature of crystalline boron as recorded in the literature,
A - Shaw (15,p.115); B - Weintraub's crystal 1 (18,p.106); C -
Weintraub's crystal 2 (18,p.106); D - Freyman (3,p.1109). Values

“.used for this plot are listed in the appendix.



INTRODUCTION

The starting material used in these experiments was loissan
m, furnished by the Paeific Coast Borax Company of Los Angeles.
Two grades were furnished. Ome grade was 91.% boron, 6.2% magnesium,
and 2.6% other impurities. The other was 96.3% boron, 1.6# wagnesium,
and 2.1% other impurities. The lower grade was used in most exper—
iments because of the high cost of v‘hhe purer material.

The study of the purification of boron in an atomic furnace was
conducted in the following steps: '

1. A suitable furnace was designed and constructed.

2, The proper operating conditions and the best methods
of control of the atomic hydrogen arc were determined.

3. The identity of areas of maximum purity and the condi-
tions that best produced these areas were established.

i+ The methods for continous purification of a large quan=
tity of material were investigated.

S5« The products of the furnace were analyszed and a few of
its properties were investigated.

There was, of course, some overlapping of these steps since mod-
iTication of the furnace continued throughout the study as new ideas
were tried and furnace malfunctions occurred.



THE FURNACE

Since a description of an atomic hydrogen furnace is not avail=
able in the literature, the design of the furnace was based on the
atomic hydrogen torch and the principles of the ordinary are furnace.
The basic design considerations were: ‘

1. The materials of construction mst be unreactive to .
boron, hydrogen, and the gases of the furnace at higk.w
tempsratures. '

2¢ The use of a refractory material also mst be uneffected
by the above, or the need for a refractory be eliminated.

3+ A means must be devised which will allow convenient
starting and control of the arc between two electrodes
and directing the flame onto the material to be heated.
ke 4n atmosphere void of N, and 0, must be mainbained,

5. Maximum flexibility and adaptability must be obtained.

Copper successfully met the requirements for the material of
construction and was used where possible. It also had a high heat
conductivity which dlssipated the heat so fast that a lining of refrac-
tory material was not needed. To meet condition three, both electrodes
were made ad;}us‘hable, and three gas ports were provided to direct the
flame. Condition four required the removal of air by a vacuum sys-
tem and maintenance of a positive pressure by an inert gas system to
prevent re-entry of air. Changes in design and operating conditions
were made easier by the flat wall construction (instead of eyline-
drical) and by making inside dimensions larger than in normal
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shell vith clectrodes in place is shown in figure 2,
It consisted of 3/16 ineh ecopper um, butt welded to form a tetra-
gon with inside dimensions of five inches by five inches by twelve
inches, The end flanges were 1} inches wide, The bottom flange con-
mmmnsfammuw;mmmmmmﬂmn
3/6 inch bolt heles, The additional holes in the top flange were
deemed necessary because of the additional wear caused by continually
opening and closing the furnace, in opening in the center of one fur-
nece mu,tw inches aq&m, was cut to provide observation of the
are, A } inch thick heat resistant glass was mounted three inches in
fyont of the hole by means of a flanged eylinder, Two - 1 3/8 inch
diameter tubes wore mownted ot a 45° angle to the furnace amxis on
opposite sides to house the movesble electrodes,

A blow me; three inches in ammer; was cub on the back side
of the furnace snd fitted with a rubber dlephram cut from an imer
tube, 4 perforated plate prevented collapse of the diaphram when a
vaowm was pulled in the fumace, Frotection from heat wes afforded
by sheet asbestos, Cooling of the diaphram was found necessarys a
continous blast of alr or occasional spraying with water wes found
effective, The rubber disphram was later replaced with a plece of
*qurable® gasket maberial which required mich less attention,
| The use of copper in the furnace construction caused some diffi.
culty in welding because the heat from the welding torch was conducted
away from the weld so fast that the proper welding temperature could




Figure 2 -~ Top view of the furnace shell, Gas-cooled electrodes

in place. Flange for observation hole is on top. The electrode

on the right is electrically insulated from the furnace,
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~ Prolonged pre~hesting by & gas bwmer was necessary
et gued welde et be mde.
upon i, The use of & wateh glass between the furnace and the wine
dow was tried, The wabch glass broke each time it was used so that
this method of protection wes sbandoned, Better furnace operating
technicgues wmtsﬁ mmt and no further difficulty was ew-
perdenced, :

"Dursble" sheet protected by asbestos sheet was found te be an
adecuate gesket materizl, A mibber gaﬁmb, protected by ashestos
sheet wes used on the window to prevent setting up umecessary strese
ses in the glass,

geenbly is shown in figure 3 partislly dismantled,
mmmmmhamu at the same elsetric potential as the
furnace, The other electrode (not shown) is identical empept that a
quartz eylinder instesd of a copper cylinder was used, Different co-
efficlents of axpansion for the holder and the quartz eylinder caused
scme cracking of the quarts cylinder, Tungsten rods were used as
electrodes, 4 3/16 inch wamramw; but it began to melb even ab
the minimum current settings, Two } inch rods were
and found sabtisfectory. The electrodes were centered in a copper
holder and held in place by means of & seb serews Seversl small holes
were drilled in the holder to allow passage of hydrogen over the elec=
trodes, The holder wes fitted inside of the cylinder end the entire
assenbly moved up and down the tube by means of o threaded rod, which




Figure 3 - Electrode assembly. Shown are the asbestos and "dur-
able" gaskets, and flange plate, The tungsten electrode was held
in the copper holder by means of a set screw, The holder was
moved up or down by means of the threaded copper rod. The copper
cylinder at the bottom was used to give steadier slide operation

and fit over the electrode holder,
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was manipulated from outside of the furnace.

Originally one arc welder was used supplying an open circuit
voltage of 90 volts. 4an are in hydrogen could be maintained only
with difficulty. A second welding generator was added in geries.

The arc could be maintained but overheating of the anode uwa A
waterwcooled electrode, figure L, was thereafter employed at the anode.
The water-cooled electrode was electrically insulated from the fur-
nace hy a plece of pyrex wm.

The arc welding generators used to supply direct current for the
furnace were a General Electric, 400 ampere unit and a Lincoln, 250
ampere unit, figure 5. Haxitum open circuit voltage was 150 volis.
The electrical circuit is diagramed in figure 6 and the electrically
insulated flange in figure 7 '

~ The :513 system used is shown in figure 8. It consists umm.uy

of a hydmgm feed system, a helium feed system, and an exhaust sya-
tems A plastic beach ballcon was used as a reservoir and surge tsxak
during air removal, starting, and cooling operations., The basic solu-~
tion in the wash bottle for the exhaust system was to trap toxic ByHg
and to prevent air from entering the furnace during runs. Should the
air go out, a sudden drop in furnace pressure occurs. The vacuum
pump was used only for initial air removal and was discomnected dur-
ing the actual run.

The equipment is assemblsd in figure 9.



Figure 4 - Water-cooled electrode, This was used as the anode for

most of the furnace runs, The electrode could be adjusted by means
of the long copper tube in the center of the picture, Water flowed
into the copper jacket and exited through the small rubber tube.
The long tube also served as the electrical conductor, The elec-
trode was electrically insulated from the furnace by the glass

tube and large rubber tube,



Figure 5 - Electric welding generatoi‘s used during runs, They

‘are hooked in series to give maximum voltage output,



21

J o O ©

Figure 6. Diagram of the electrical system. a- elec-
trode; b- insulated electrode; c- furnace; d- shunt;
e~ General Electric welding generator; f- Lincoln

welding machine.
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‘Figure 7. Diagram of the electrode flenge used to electrically
insulate the electrode from the furnace., Used for both water-

cooled and air-cooled electrodes, A= # inch bolt; B- fiber insulator;
C~ copper flange plate; D- insulating and sealing gasketi E- copper
flange; F- nut; G- furnace armj H- electrode control rod electrically
connected to electrode; I- bakelite knob with set screw; J- copper
tubing connector with cotton stuffing; K—‘copper seaiing-ring; L~
3/16 inch screw; li- steel washers; N- connector from welder; xxx-

rubber tubing.
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Figure 8., Diagram of the gas system. A~ hydrogen cylinder; B-
hydrogen regulator; C- drying bulb; D- duplex pressure gauge; BE-
needle valves for hydrogen controlj; F- furnace; G- needle valve
for exit stream; H- vacuum pump; I- scrubbing bottle; J- drying
tube; K~ pinchclamp; L- beach balloon; M~ helium regulator; N-

helium cylinder.



Figure 9 - Furnace mounted on stand, The water-cooled electrode

was installed,
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OPERATICN OF THE PURNICE

4 considersble amount of experimentation was necessary before
satisfactory control of the are was sccomplished. The are hed a nabe
ural tendency to ¢limb up the "V of the slectrodes and the hot rise
ing exhaust gases tended to push the {lame upward instead of downe
ward on the object to be heated, A mixture of helium and small quan=
tities of hydrogen yielded a very unstable are atmosphere and its
flame shot wildly around in the furnace, Furthermore, with the *V®
type construction and rounded electrode ends the shortest distance
Wmmmmmmt@mMmm electrode ends,
The cathode and anode spots were continually moving on the electrode
to find areas of least resistence, Unless the elecirodes were cor-
rectly positioned these spots would get toe far apart and the are
would go oub,

' The furnace was designed to send hydregen through the arc from
three places - along each electrode and directly sbove the are, Besh
results were obtained when hydrogen was emitted only from directly
above the are, A small flow from this position was found sufficient
to keep the flame pointed in a downward direction, Positioning the
cathode slightly above the genter of the V" was found ‘&a ﬁm the
- least spot wandering end meximum src stability. An electrede separa-
tion of one to three millimeters gave best results., The arc must be
started by bringing the two electrodes together,

Disregarding the high mm, low-voltage sre occurring when the
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DI mmmmum, three distinet types of are
positions were M, each with their own typlcal current-voltage
relationships, Filguvre 10 is a plot of power versus velbage and shows
the range in which each were operated, “hen the are stream took the
shortest route between the aluetmw; a mm@e, m power arc
was formed, By separating the electrodes sli@rhly more, & long poinbe -
ed arc was formed, This was & medium voltage, high power arc that de-
livered mecimum hesh, :znxmm,y; this flame wes not partieularly
stable and pointed in different directions and to the sides The most
stable arc was a round reddish flame of high volbege and medium power
with electrode spots on the lower edges of the electrodes, Figure 11
shows the three types of arcs, . 2 '

Chemical clesning of the electrodes was accomplished by the use of
O, and then hot KOH., This was found to be necessary
only after continued use, 4 complete list of opersting procedures is
included in the appendix,

5]

for heabing by pressing into bricks two

- inches by two inches by one inch at a pressure of 5,000 pounds per
squave inch by a hydrewlic press, It was then heated to 200°F, in a
vacuun for several hours, The bricks were placed in the atomic hydro-
gen furnace on an adjusteble mmﬁm@mmmmwmmby

shapes were pressed and treated in the same manner,
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Figure 11. Flame shapes of the arc, Each has its own pow-
er-voltage characteristics, A- a low power, low voltage
flame; B~ high power, medium voltage flame; C- medium power,
high voltage flame, |
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OPERATING CONDITIONS

The proper operating conditions for maximum boron purification

were studied by adjusting the following variabless

l. Distance of the brick from the are.

2. Length of exposure to the flame of the arc.

3. The composition of the furnace atmosphere,

ke The type of arc used. :

5. The purity of the initial boron.
The brick was then broken and the fused layer sent for analysis. A
detailed report of the findings is included in the RESULIS.

CONTIROUS OPERATION

When the brick was exposed to the flame, a cup was formed, aver-
aging 1} inches in diameter and 3/8 inches deep. Further exposure
caused little increase in the amount of boron melted. It was there-
fore necessary to investigate means to obtain a larger melt. The
main difficulty encountered was that boron had little tendency to
flow even in the molten state, presumably due to high surface tension.
Several cylindrical shapes ware tried in an effort to go'é the boron
to drip off the hot end, A tapped hole was also trisd.

The most promising method was to feed boron into the melted cup,
melt the feed, and add more boron. Sinee the powdered amorphous boron
possesses poor free flow qualities, and in order %o prevent the ma-
terial from being blown away by the flame, it was necessary to pelli-
tize the boron. The Stokes tableting machine shown in figure 12 was
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Figure 12 - Stokes tableting machine used to prepare boron for

feeding.
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used for this purpose. It was found that boron from thirty-two to
forty-eight mesh could be used to obtain satisfactory pellets 5/32
inches in diameter and 1/8 inch high.

Several fesder designs were tried. The first design, shown in
figure 13, consisted of a curved copper tube of such a length that it
could be positioned direcily over the edge of the cup. The tube was
placed in back of the water-cooled electrode when not in use. The
tube entered the furnace through the rubber diaphram. Boron was di-
rected into the copper tube from a glass tube by means of a copper
push rod, Results were far from desireable. The pellets on entere
ing the hot cup, caused severe spattering; the copper feeding tube
got so hot that it melted the rubber diaphram; and the pellets stuek
in the hot copper tube.

The furnace was placed in the horizontal position, figure 1L, and
the flame was directed on the side of the brick instead of on top of
ite The feeder and the boron brick arrangenent used is shown in fige
ure 15. The feeder was water-cooled and pellets could be fed by mere-
ly increasing the angle of the glass tube.

Another feeder is shown in figure 16 and the furnace arrangement
is diagramed in figure 17. The furnace was in a vertical position.
The feeding was accomplished by means of the push rod. Pellets
dropped into pesition for feeding from the vertical tube, pushed w&p
of the fesder onto the boron slide, and dropped into the cup. The
bricks were lowerad to feeding position; and when feeding was accom-
plished, slowly returned to the flame. The boron slide shielded the



Figure 13 - Back of furnace showing first feeder tried.



Furnace in horizontal position.

Figure 14 -
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Figure 15, Horigzontal feeder, brick, and cup arrangement. Pellets
in tube A are dropped through tube C into cup G, A= glass tubeg Be
rﬁbber tubing; C~ copper tubing; De water jacket; E- boron brickss
Fe crystalline boren laycer; G- cup; He= electrodes; I- adjustable,

" copper holder; J- furnace walls,
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Figure 16 - Feeder for feeding when furnace was in a vertical

position,

35
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Figure 17. Brick arrangement for feeding with furnace in a ver-
tical position., A~ cupj; B- boron bricks; C- adjustable, copper
stand; D- sight hole; E- electrodes; F- furnace walls; G- feeder

tube; H- stuffing box; J- boron brick with hole in center; K-

boron slide.,
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feeder expept during feeding, Vater-cooling of the feeder was nob re-
quired, A erude packing glond was bullh for the push rod to prevent
lesking, The feeding process wes slow beeguse not many pellsts could
b fod 4 ‘e Aime and WAEAE aetirtddn oo Pinlings

inother method to cbiain larger melts was fmméby heating the
hmkmt?wmam&hmwﬂ&Mermm&Mg%Mk%m
brick as the obher electrode, Electricel comnection wes inew
easing the brick on a five pronged copper plate, This method was
explored as it could better be studied in a furnace of

Tungsten was determined y by precipitation with
cinchonine, lagnesium wes debermined gravimetrically by precipita-
tion with disodium phosphate, It was quite difficult to got complete
fusion of the boron sample, The boron had to be ground exceedingly
fine and a large exvess of sodium carbonate used, The steps employed
in these analyses are listed in the appendix, ‘

Determination of boren was conducted by the Pacific Coast Borax
Company of Los Angeles volumebricelly by neutralization of boric acid
forned by sodiun carbonate fusion, Their method wes similar to that
outlined by Seott (14, p. 164 end 168), '

Analysis of the deposits on the furnace walls was conducted by
ordinary qualitative methods m;. pps 1110-11),
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BULK DENSITY

The density of the fused layer was determined by measuring the
volume displaced by a weighed sample. A pyknometer was used for this
dsterminstion. Air bubbles adbering to the ssuple were resoved by
agitation before completely {illing the pyknometer.

ECTRICAL CONDUCTIVITY

Electrical conductivity versus temperature relationships were
obtained to determine if the presence of impurities could be detected.
No attempt was made to measure the values of activation energies or
the true resistance of the boron for several reasons. The material
used was polyerystalline and contained impurities. Its composition
was not completely homogenous: the electrical conductivity of the
boron nearest the arc was higher than at the oubter edge of the fused
layer. 4 perfect electrical connection was not obtained since boren
was not wetted by any of the materials tried (mercury, molten lead,
molten copper, and electrical solder). Therefore, a true cross sec-
tion could not be measured,

Figure 18 shows the equipment employed. The boren sample was
cleaned, sanded with carborundum paper, washed and dried. It was
then placed between lead plates and pressed by means of a small clamp.
Too much ';zmaaurn would i:rsak the sample. The arrangement of the sam-
ple in the clamp is shown in figure 19.

‘Power was supplied by dry cell batteries furnishing up %o ten
volta. ‘Vé&&mgw was controlled by means of the potentiometer and
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measured by a direct current voltmeter. Heat was supplied by a sun
lamp and was varied by changing its distance from the sample. Current
was measured by a microammeter, and temperature was measured by a mer-
cury thermometer. Though this mbhe& was far from exact, duplication
of results m:s good and values agreed fairly well during both the rise
and decline in temperature, ;

CALCULATIONS

1. Power input to the arc was determined from the voltage-cur-
rent data given in the appendix. The resistance other than that of
the arc between the points of voltage measurement was negligible. In
a direct current cirecuits |

power (kilowatts) = 0.001 x voltage drop (volis) x current (amperes).

When an arc had a potential drop of 100 volts and was earrying 25

amperes current, power input was:
(0.001) (100) (25) = 2.5 kilowatis,
2. mwmm resistance of the boron was determined from volt-

age~current measurements. It was asmd that cireuit resistance was
negligible compared to the high resistance of the borom. In direct
current:
resistance (ohms) = voltage drop (volts)/eurrent (amps).
When a current of 2 microamps was observed to flow where the
voltage drop was 10.1 volts, the electrical resistance of the boron

wass

(10.1)/(42 x 1075) = 2.1 x 10° ohms.



ing the slope of the line obbtained

bure as the abeissa, Between points 1000/T = 3,24, log R = 5,23 and ‘

1/1 z

3400, log k = 475, A1/T = 0,0002

and 4 log R = 0,47 and

s (G.&?) (aqm = 1:9531

Bulk density was computed as follows:
pmomster filled with weter (W) plus

the weight of the sample (W) mimus the weight of the pyke

talning the sample and filled with water (¥.)
equals the weight of the weber displaced (W,). This was di-
vided by the density of the water (D,) te give the volume of
the sample (V,)s The weight of the sample divided by its
volume gave the density (Dg)e

W
, S S—

Dy =

For run 15:
Wy = 0.2388
W,5= 48,0400
e = 48,1728
D, = 0,997
= (0,2388) /(48,0400 + 0,2388 - 48,1728) (0.997)
T 2.26 gnfec
Tungsten was precipatated as W0, and was deten

rically in this form, Correction of the weight of the residue for the



ash of the filter psper was necessary, Letbing:
Wy 3 weight of residue
wﬁ:mgzﬁ of the filter paper ash
Wy = woight of the sample
A, = the abomic weight of tungsten = 183,92
B = the molecular weight of tungsten oxide = 231,92,
then:
W= (W, -y (A) (100)/w, ¥
2 (719:31) (¥, = W) /e

For run &

iy * 040022

W, = 0.0005

Wy ® 0,5071

%W 5 (79431) (0,0022 - 0,0005)/0,5071 = 0,26%,

Hagnesiun was obtained by identical methods exeept the abome
ic weight of magnesium (24.32) and the equivalent welcht MgyPa0y
(222,68/2) were used,




Figure 18 - Equipment employed for electrical conductivity ex-

periments, From left to right is heating lamp, clamp, thermom-

eter, microammeter, potentiometer, and voltmeter.,
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Figure 19, Arrangement of sample in clamp for tempera-
ture resistance measurements, A~ coiled copper wire; B-

lead sheet; C- boron sample; D- fiber insulator,



RESULTS

ogen flame impinged upon the boron mm; the
boron fused and an indentabion or cup of fused boron was formed, The
purity and amount of fused products obtained during this investigestion
is given in teble 1,

28,8 96k
3L ' 1.0 9743
32 1f , i 973

% 96,3% boron starting materisl _

The highest purity obtained was 97.4% for both the Y1.4% and the
96.3% starting materisls, The dewngrading in run four was probably
due to an alr leak in the fwmage diaphram, The low boron percentage
in run twenty-three was cansed by contact with the tungsten electrodes.
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Several products were checked for tungsten and magnesium content
and the results are included in table 2, which gives the percentage
of constituents in the starting and final materials.

TABLE 2

Initial and Final Composition
of the Fused Layer

Run o Rt

Initial B% 96.3 91.h  91.k 91.4 91.k
Initial ﬂgﬁ 1.6 6.2 6.2 6.2 6.2
Initisl % other 2.1 2.6 2&6 2.6 ;6
Final B# 97k 974 9649 973 9643
Final Wi 0426 0.13 0.16 <0.1 019
Final % 0018 <0.1 0.1 3313 5,33
Final % other ; 2.3 2.4 2.8 - 245 3.0

A better comparison can be made by a material balance. The ma-
terial balance is tabulated in table 3, computed on a basis of 100 gms
of starting material.

TABLE 3
Haterial Balance

Run o 8 O g
Final grams B 9642 914 91.0 91.k 90.2
Final grams W 0.26 0.12 0.15 <0.1 0.18
Final grams ¥g 0.1 <0.1 0.1 0.1 o.h
Final grams of other 2.3 2.2 2.6 2.1 2.8
Ghange in B ~0.1 4] "Qah "‘503 =048
Ghange in Mg "’1-5 "6.1 "'6. "'619 "‘508

Change in other D2 =0l 0 ~041 0.2
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Run eight was conducted with gas-cooled electrodes, furnace in
the vertical position, and using 96.2% starting material. The brick
was under the arc for only four mimutes.

Run fifteen was conducted using the water-cooled anode, the fur-
nace in the horizontal position, and the 91.4% boron starting mate-
rial. Arc time was fifteen minutes. There was no fogging of the glass
and only slight furnace coaling on this run.

Run nineteen was made using the water-cooled anode and the fur-
nace hole in a horiszontal position. The heat was vented out of a pre-
formed hole and feeding unsuccessfully attempted. The brick was 91.4%
boron.

Run twenty-four consisted of melting of the boron brick by elec-
trical resistance.

Run twenty-nine was conducted with the water-cooled anode, the
furnace in the vertical position, and pellets fed into the cup. The
cup w:zs exposed to the are for forty~five minutes.

The loss of boron was undoubbtedly due to vaporization of boron
during the run. The relatively high magnesium eontent of run twenity-
nine was unexpected considering the long melting time. Apparently,
feeding tended to cause some impurities to enter the cup.

The tungsten and magnesium analyses were not very accurate be-
cause of their small concentrations. larger samples could not be used
because of the difficulty in obtaining complete fusion. The thiosy=-
nate spot test was negative for all the samples tested except for run
elght, which gave a slight bluish tint. The limit of the thiocynate
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test is 0,004 milligrams of tungsten in 2 concentration of 80 parts

wmefmmmmmmmmmuw
amount of magnesium, conslderable boron, & small amount of tungsten,
and a trace of copper, A4 blue layer was formed next to the copper,
which appeared to be a tungsten-copper somplex, Nuxt was a white
layer with & slight brownish tint, This tint was usually more notice-
able on longer runs, The water soluble portien sorbatnds
nesium hed & ph of '

ing the mag-
spproximately eight, indicating nhab it was in the
form of magnesium boride, ‘

One disturbing result was an increase in weight of the brick dure
g in which welght change was measured are

ing several runs,

listed in table L4,

TABLE 4
Change in Weight During Heabing
ﬁhw,,

9?’3»
%a-?

=0,3 0 i 240 97.&
=15 0 5.1

ppppee~ | B
g"
T
|
&
5 3

Runs seven and eight were made using 96,3% brick, The change in
weight wes also affected by loss due to flaking during heabing and
handling, The gain was only found during short runs, where a small
amount of material was made,
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In the other ew&n,',mgm was apparently offset by the loss of
nmagnesium snd boron, 4 gain or loss in weight had no correlation to
the purity of the product. The elsctrode loss m to be a2 partial
villain, but it could not account for a large part of the gain,

~ The slight gain shown in table 2 for mns eight and twentyenine
indicate that snother material besides tungsten was causing downgrads
ing of the product. Alr and water vapor were probebly responsible, 4
snall amount of air and water vapor is in the br&nk; but the qamtit;im
are insignificsnt, The ssbestos gaskets, residus fiem provicus rensy
the copper wall, and the hydrogen and helium supplies could have all
contributed moisture, The scrubber for the exit geses also presented 2
pobtential source of waber if gas flow through the serubber became too
low, mMmmmmmWWmﬁdnwmgwm
twenty-four inches of vacuunm during initial air removal, and the remaine
ing air had to be removed by dilution with helium, A small amount of
air wes probably present at the start of the hesting operation,

Bricks not directly heated by the are, had a negligible welght
changes On the hot W#ﬁ' the brick being h&am, but not in the
cup, & black glassy layer, chavacteristic of 8,0y, was forned, The
odge of this layer adjacent to the cup analysed 93.5% boren compared
to 96.2% for the cup in run six, Inafwmammmmw
the cup which separated from the rest of the brick while coolings The
amount was too small for m&lyais, however,

Inside the heated brick, next to the cup, a black layer of sine
tered m&téﬁiﬁi was formed. This was analyzed for some earlier rums




and tabuloted in table 5,

TABIE 5
Comparison of 3intered and Fused Layers

4 82,8 86,8 9Luls
6 DBab 9642 91.b
7 95«5 96,41 9643
8 958 Ik 9643

It was expected that some magnesium would be distilled from this
aren and the sintered appearance seemed to indicate that this was so.
However, only in rm six did this appear to be the case, Exsmination
of the eup 4id not a%whﬁiﬂa&i&i of precipitation of exides or
other impurities from the melt, The poor results of run four were
attributed to a small air lealk,

product from run fifteen was remelbed, but the
parity dropped from 97.4% to 97.3% boron.

periments the highest yield of crystaliine boron was
not over 11,8 grams of boven per run, Separstion of the cup from the
rost of the brick was difficult and time consuming, The need for a
continous or large bateh method was clearly indicated, The following
approaches were tried: ‘
L :immasﬂm the area heated,
2, Inoressing the depth of peetrebien,
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3. Removal of the boron while still in the molien state.
ko Addition of raw material to the cup during the run.

To increase the area of the hri.eit that could be heated it was
necessary to move either the electrodes or the brick. OCoordinated
movement of the electrodes and the gas supply was eliminated by in-
itial furnace design. The wovement of the sample was easily accom~
plished, however, by rotating the sample on an off-centered stand.
Thirteen grams and a purity of 96.9% were obtained by this method.
Considerable splattering was caused ‘by rehsating of the erystalline
material. The boron melted fairly rapidly, but penetration was poor
and aéparat‘wn was difficult for the amount af boron that was obtain-
ed. Penetration could have been increased by slower rotation.

Bigger electrodes and a higher power source would be used in a
larger furnace, but they would not overcome the basic problem of the
high heat insulating properties of the boron brick. By heating the
brick %o a temperature at which it became a fair conductor of eleoc-
tricity and then passing a current through it, u;lﬁimg of the boron
was obtained. When two tungsten electrodes were used to make trha
electrical contact, a great deal of contamination resulted. The prode
uct analyzed 67.7% boron. When electrical connection was made by a
single copper rod at the bottom of the brick, the rod melted and the
sample fell apart.

When the brick was pressed on a five pronged copper stand and
heated by the usual method until a cup was formed, one electrode
could be withdrawn and electrical connection made between the brick
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and the copper jacket of the water-cooled electrode. A small green-
ish arc could briefly be maintained between the copper jacket und: the
brick. The bottom part of the brick melted next to the stand, es«
pecially around the prongs. The prongs melted slightly alsoc, m’m
copper did nol conbaminate the boron. The melt at the bottom ana-
lyzed 97.3% boron, The top of the brick had copper on the surface.
After cleaning off the copper with nitric acid, the top section was s
found to be 95.6% boron. Narrow streaks of crystalline boron con-
nected the bottom and top sections. " The brick was 1} inches mmt'
and an average current of fifty amperes was drawn. The prong stuck
into the briek about 3/8 cf an inch and were made of 3/16 inch copper
tubing. The actual elecirical conduction phase of the run was only
about four minutes long.

Various arrangements of holes in the brick were tried in order
to get the molten boron to collsct in one area and to remove it from
the melting area. This method was unsuccessful because the boron -
could not be heated hot enough for reasonable flow. Flow was observed
only during the feeding runs where some of the pellets near the top of
the cup overcame their surface tension and flowed to the bottom of
the cup. | :

Cylinders from % to 1 inch in diameter were tried in an effort to
determine whether the boron would run down the sides of the cylinder
when melted, Here again, the boron stayed in place and did not {low.

Feeding pellets inte the cup was accomplished in beth horizontal
and vertical feeding positions. Pellets did not melt to any great
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sxbent because the heat vented out of the feed hole. at th# top of the
cup, ¥Wlth & boron 1id on the hole, emeept during i“mmg, this trou-
ble could have been eliminated, There was not sufficient room in the
furnace to try this, Vertiesl feeding was quite satisfactory, How
ever, it was rather slow and the brick hed to stay oub of the are
flame while loading the cup., Only & smell mumber of pellets could be
fwwmhmmwwtmm&mtm&mmngwm@
Aboub twenby~eight grams were prepered by feeding, though this could
be inereased by & longer run. 3 ‘

Une disadvanbege to the feeding process wes that the purity ob-
tained was not as good as other methods, For run twenty-nine table 3
shows that a considersble amount of boron was lost and that there was

tdon by the entering pellets, For run twemtyeeight the cup
analyzed 96,7% boron and the pellete 96.9% boron,

Power up to three kilowatts mamwmmeamm:m; but &
steady flame was obteined only in 2 reglon below bwo kilowatts, The
power-voltage relationships have already beem ziven in figure 10, The
lower power limitations ab low voltage were caused by a limitation of
seventy amperes of current flow to prevent meliing of the electrodes,

Hlectrode loss is tabulsbed in table 6, '



TABLE 6
Electrode losses
Run Ho Time Anode Cathode Total

A Mr-cooled

1.8 0 1.8
Qw? 0 ﬁ.i?
Ouly Ouls 0,8
G.9 0 049
1.0 0.8 1.8

1.3 0 o A

O 0o=3 O B
= owarntn

Bs VWater~cooled

aly the loss inereased with arc ﬁm; but was greatly influenc
other factors, such as type of flame and spattering, The water-cooled
electrode jacket condensed the furnace vapors and was coated with a
glossy layer which tended to drop off the end of the jackeb,
Condensation of furnace vapors upon the observation windew 28lse
ed considerable trouble, A watch glass between the furnace and the
window did 1ittle to prevent fogging, A copper plate attached te the.
slide was effective in blocking Wpa#s, but n&mm reduced the area
of visibility, During horiszontal operations, fogging wes not a prob-
lem, Nost condensation oecurred in the furnsce sbove the bricks,
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The possible contribution of water vapor by the asbestos gaskets
has previously been discussed.

Bun twenty-six used only a helium atmosphere. Crystalline boron
was formed and cup size was slightly larger in area than hydrogen runs.
However, penetration was poor and there was little visible melting.
The purity obtained was 97.0% boron.

' .3 e T S DI g LR
3 5 2 o 555 1 5 o

The bulk density of the fused layer was determined for a number
of runs and these densities are tabulated in table 7.

TABIE 7
Bulk Density at 26°C
Run Density
15 2.25 gme/cc.
23 : 2.25
2l 2,40
26 2.35
28 2.28
29 2.20
31 1.95
32 2,05

Runs thirty-one and thirty-two were made from 96.3% starting
material. Apparently, the purer material had a higher melting point
and did not become completely mlm; .

The results of the electrical conductivity temperature experi-
ments are plotted in figure 20. The lines appear to be too straight
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Figure 20. Plot of the log of resistance versus the reciprocal

of temperature for samples 8, 19, 24, and 29.
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to compare favorably with those of other observers as shown in fig-
ure 1. There is fair agreement with these observers up %o m”ev.,
but at 165°C. there is little agreement with anyone. Table 8 com-

pares the values of b of equation 1l.

TABLE 8
Values of b fron
Figures 1 and 20

_Ho. _30%. 100°C. 160°¢,
A 0.0018 0.0026
B 0.0018 0.0017 : 0.0029
¢ ? 0.0028

D 0.0015 0.0022
8 0.0018 0.0018 G.0010
2l 0.0018 0.0018 0.0018

 There seems to be no simple correlation between b values and the
percentage of impurities in the runs seleoted. The failure o gob &
greater slope might be caused by failure to mhtmpmtm equi=
librium in the sample before measurements were taken,

CRYSTAIS

The fused layer had a very high metallic luster, and in the bulk
form appeared to be silver colored. When ground to a powder, it be-
came quite black. No x~ray defraction studies have been made of the
{fused layer. However, its properties seemed consistant with those re-
ported for crystalline boron. lNeedle shaped formations with distinet
plains of cleavage were observed in some of the later runs. These
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were obtained in one case by slowly reducing the power input to the
arc. Examination of these formations failed to show a definite crys-
tal form.

ERRORS

The method used for determining boron percentages is considered
the best available by the Pacific Coast Borax Company. They did not
glve the limits of error for their analysis but the volumetric mebhod
employed ‘giwa an error oi; less than 0.1%. They took great care to
exclude carbon dioxide from their snlutiom, & probable sémo of
error in many older claims of 100% boron. Weintraub reported obtaine
ing 100.4# pure boron (19, p. 165), fer;mmplm

The tungsten and magnesium éatamit;atima were not m:trmly
accurate because of the low concentrations involved. It is estimated
that the residues from the ignitions were accurate to .0005 milligrams.
In the determination of 0.20% tungsten, the .m- would be approxi=
mately 38%. For magnesium it would be considerably less than that.

Errors in bulk density measurements were introduced by tiny air
bubbles adhering to the sample. Values were reproducible within 1%
using the same samples. The cup is not uniform in density and the
most dense portions were chosen for this determination.

The errors inherent in the electrical conductivity experiments
have already been discussed.
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SUMMARY OF RESULTS

The heating of amorphous boron in the atomic hydrogen furnace
produced the following changess:
1. Almost complete removal of magnesium.
2, Very 11.%&& removal of the "other" impurities, such as
oxygens
3. Vaporization of a small amount of boron.
ke Contamination by a slight amount of tungsten.
5. Conversion of amorphous boron to the erystalline state.

There was no advantage in heating the brick for more than a few
minutes as removal of magnesium was almost instantaneous once the
proper temperature was reached. Continued heating of the sample re-
sulted in a decrease in purity. The furnace atmosphere had some oxy-
gen or water vapor present, but this seemed to form products away from
the area of the cup. There was no advantage to starting with the
higher grade material as a more dense product of equal purity was
obtained with boron that was initially 91.4% pure.

The bricks could be heated by the tungsten arc without the aid of
hydrogen. The temperatures were not as high as with the atomie hydrow-
gen arc, but comparable purity was obtained using helium only.

The amount of crystalline boron was small, but this could be in-
creased by feeding pellets into the cup. The experiments indicated
that the feeding could be most satisfactorily done in a cup when the
furnace was in a horizontal positions Feeding with the furnace in a
vertical position was accomplished also. The horizontal method seemed
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to have the advantage of higher temperatures, caused by better insu-
lation and absence of up-draft. There were negligible boron losses in
this ﬁosﬁ.@i&m.

Boron was melted by its resistance to electric current. Hagne-
sium could ba distilled off by this method, but th:e- other impurities
wers not affented. Tungsten electrodes were found um%isﬁatw for
effecting almtrimhanmetiom because it severely contaminated the
melt. f}ap;ﬁr caused no contamination, but melted sliéh‘tly.

Power é-uﬁ;mt was limited by the slectrode sise and %bct voltage ‘
available. It appeared that the experiments were conducted at the :
lower end of the liquid range; and if greater power was available, the
melted boron would be considerably more mobile. 7

Electrical conductivity versus temperature relationships showed
no direet correlation with the concentration of impurities.



SUGGKSTIONS FOR FURTHER WORK

The use of an atomie hydrogen furnace for the purification of
boron has little commercial potential unless higher temperatures can
be obtained. Experiments indicate that the liguid range of boron k
goes at least to the 2800°C. recorded by Quill (12, p. 59) and possi-
bly to the 3500°C. recorded by Seott (1l, p. 162). At such tempera-
tures, decomposition of some of the “other" impurities is probably or
could be removed by slag. It is suggested that a larger furnace be
built incorporating such refinements as two water-cooled electrodes,
"o" rings, mercury seals, and a non-aqueous scrubbing system.

Results indicate that a large quantity of fused material could be
obtained by passing an electric current f.hrangh amorphous boren. This
is similar to Weintraub's single electrode method, (19, pp. 110=15)
except that electrical conduction through the brick instead of through
the are would be the major concern. This operation would have to be
conducted in a water-cooled, copper container in an inert atmosphere.
Since temperatures would be limited, elimination of impurities other
than magnesium would have to be made by other means.
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TABLE 9

Data for Figure 1

s Shaw (15, p, 115) for crystal 13.

345 290 9443 x 107 797
385 2,60 1,8 = 10% 7.26
W 2,13 950 % 307 5,98
532 1.68 1,76 x 10° 5,25

2. Freymamn (3, pe 1109). Sample 5 mm. long, 1.5 mm, in dismeter,
oK \3& B w &

278 3.60 1,20 x 10° 5,08
268 3447 9.60 x 10* 198
298 3,36 742 x ] L85
308 3.2 5,03 x 104 5470
us 3l 3.6 x 104 ha53
328 3405 2,33 x 100 4,37
338 2496 1,66 x 104 5he22
348 2,87 1,10 x 0% rOly
358 2.79 762 x i.g 3,86
368 2.72 G2 x 10 372
378 2,60 3,3 x10° 3,52

3, Veintraub - crystal 1 (19, pp. 165-184).

298 3.36 7.7 = ﬁ? 5.89
303 30311' 5;@ X

318 3.1 3.4 x wg \
328 3,05 2.3 x 10 5,36
338 2,96 1,90 x 105 5,28
348 2,87 1.26 x 10° 5,10
358 EO 90k x 10% 597
368 2.72 7.2 = 100 5486
378 2,64 5., x 105 473
398 2,51 3.b X 53
408 2,45 2,6 x 104



308
318
328
338
348
358
368
378
388
398
408
118
138
LB
458
168

K78
488
498

2,34
2.28
2,18
2,13
2,09
2.05
2,01

342
2.96
e

TABLE 9 (Cont'ds.)

1«6@2&1@1"
1,25 x 10%
9.9 =107
T =
e B
3 =102
x 40

M

65



Tenperature versus Resistance
Data for Figure 19

) fp  Mimp  Volt R log B

Up down

L2 — 10,1 244 x 1955 5.38
51 39 10,1 19 x10 5429
58 L9 10,1 1,72 5.23
&7 58 10,1 1.49 5,17
a7 31 hia 12 5,09
48 40 b5 94k x 10 497
65 L8 L5 6.9 L.8h
al 62 ko5 5;6 475
50 35 3 Lo 4460
52 45 1.6 3. heh9
&6 63 1.6 2 5,38
9% 9% 1.6 1.70 k23
b2 k2 0,50 1,19 4,08
58 60 0.50 &é x 10° 3.93
75 77 0450 3.83
38 37 0,18 .7 3.67
5, - | 0,18 3&3 352
&7 65 08 2.7 3.3
19 — 1.5 749 x 104 4,90
26 25 1.5 5.8 ha76
31 30 1.5 k8 .68
37 36 15 bl b6l
i3 40 1.5 3.5 L5
53 49 1.5 2,8 Lak5
65 59 145 2.3 L.36
72 68 1.5 21 ha32
38 35 0,56 L.47 LY
51 45 656 130 1,0
2 0,18 82x100 3.9
30 0.8 640 3478
39 35 0,18 kb 3.66
L7 1 D8 3.8 3,58
57 53 0.8 3.2 3450
67 60 0.8 2.7
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PROCEDURE USED FOR TUNGSTEN DETERMINATION

1. Approximately 0.5 grams of the boron sample was ground to a fine
powder in an iron crucible.

2. The powder was dried at 120°C. for 30 minutes.

3. 8 grams of sodium carbonate and 2 grams of sodium pcm:wtm
mixed with a weighed amount of boron powder. .

. The mixture was placed in a nickle crucible and covered with a
layer of sodium earbonate.

S+ The erucible was placed over a gas blow torch; the temperature
was slowly increased until fusion occurred; and then this’ tom-
perature maintained for about an hour,

6. After the crucible had cocled, the cake was removed, washed, and
made acid with concentrated hydrochleric acid,

7. The mixture was boiled, digested in cinchonine and filter paper,
and then filtered.

8. The filtrate was treated with hydrogen sulfide and ammonium
hydroxide and the filtrate from that used for the magnesium
determinations

9+ The residue from number 7 was treated with ammonia and again fil-
tered and the filtrate boiled down to 10 milliliters.

10, After being boiled with nitric and hydrochloric acids, it was
digested with cinchonine and filtered. 7 o

1l. The residue and filter paper were ignited in a platinum crueible,
and treated with hydrofloric acid. ‘
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69
7931 times the weight of the residue divided by the weight of
the sample gave the percentage of tungsten. Correction for the
weight of the filter paper ash was necessary (0.0005 gms).
This method was based on tﬁat of Scott (14, pp. 1005-10).

ROCEDURE USED FOR MAGNESIUM DETERMINATION

To the filtrate from number 8 of the tungatén determination, 2
milliliters of disodium phosphate solution was added and the
mixture allowed to stand.

The solution was then filtered, washed, and the residue dissolved
in hydrochlorig acid.

The dissolved residue was made basic by adding ammonia and di-
sodium phosphate was again added.

After it was allowed %o stand for several W&, the mixture was
filtered and the filter paper and residue ignited. The weight of
the residue times 21.8L divided by the weight of the sanple gave
the percentage of magnesium.

This method was based on that of Seott (1h, pp. 532-k4).
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Preparation of sample

hy

Be
Ce

Ds

Yeigh out desired amount of amorphous boron, 62 gms makes a
brick 2 x 2 x 1 inches,

Press to the desired shape in the hydraulle press,

Place brick in vacuum oven and heat in a vacuum at 200°C, for

several hours,

Prepoaring for run

Ae
B,
Ce
De
B
Fy
Ga

Hi

k1

Jde

K.

Le

Yeigh electrodes and install,

Place sample in furnace with electrodes withdrawm,
Position electrodes and brieck,

Place top flange on furnace and position hydregen tube,
Bolt flange.

F41l drying bulbe,

Take suction with vecuum and obbain vacwum of 20 inches or
Fill with heldum, shut off vecuuwn pump and return pressure
to slightly sbove atmospherie with He.

Flush with He for sbout 5 minutes.

Turm on wabter supply to water-cooled electrode,

Check electrical comnection, Welders should be set on minie
mun current and low voltage,

Check position of electrodes, tube, and sample



IIX, Run

is Open windows in room,

Bs ¥With electrodes separated, start welders tegether,

Cs Check voltage to meke sure that welders are correctly alined,
Shut off immedistely if there is any current flow,

De Touch electrodes and draw are.

Es 4djust hydrogen regulater to give about one pound pressure
st a non-flow condition,

F, Emit hydrogen and slowly bring up voltage, trying %o keep

current below 50 amperes. , ‘
uring the run, conetantly check pressure, balloon size,
water tubes, and bubblers for signs of irregular behavier,

He When a steady spark is maintained, slowly bring bricks inte
position, evoiding spattering.

I. Uhen desired melting is accomplish !

Fage until the arc goes out,

Js Turn off hydrogen feed and exhsust line, Fill helium reser-
voir and keep & positive pressure in the fumace during cool-
ings Keep a partial flow of waber going through the elec-
trode,

Ee Vhen cooling is complete, shut off helium balloon and open
furnace and remove bricks and electrodes, if desired,

1V, Cleaning

4s HNormally the furnace can be cleaned by scraping the sides

and pulling the material oub with a vacuum cleaner,

Ga




72
Be The window can be cleaned with a damp cloth,
Ce ‘mmmmmmmsmamm@m,
D. Extensive cleaning is cceasions

1y necessary and involves a



Longest

Run Sum ' Electrode Loss Sample Grams of £ boron

of Are continous {grams) weight fused in fused

times arc Anode Cathode change product produect
(min) (grams) .
1 20 5 - - - - - 2.2 gébB
b 15 10 1.8 0 - - 1.2 86.2
7 6 5 0.9 0 0 3.2 9640
8 L i 10 0.8 3.0 6.2 97eh
9 kL 2 1.3 0 2.0 3.8 P,
11 22 15 - - 1.1 13.0 9649
13 10 10 - 0.2 - kel - -
15 15 15 0.0 0.0 0.3 2.0 97k
16 15 12 0;0 @dﬂ 1» 1 st -
17 35 12 00 0k - - -
18 35 lﬂ ﬂ.ﬂ 0&2 - . 1&5 - -
20 20 5 0.1 0.6 - - ST
21 45 10 0.0 03 - 13.5 -
22 o 15 0.0 0.0 - o5 -
23 17 10 0.2 0.1 - - 677

2L 15 10 0«3 0.2 - 18.6 95.6 = 973

25 15 15 0 0.1 - I8 -
26 18 15 0.1 0.2 - 8.k 97.0
27 60 20 0.1 0.1 - L.0 -

€
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ADDITIONAL DaTa (Conb'd,)

35 10 Ol

4o 25 0.1

60 35 0.1

18 15 Del

15 - -
91.4% boron

air-cooled electrode
watep=cooled slecltrode
vertical Qurnace
horizontal fwrnace

air leak

little fusion

cathode fell on brick
cylindrical shapes and taps
brick rotabed

electrical conduction through boron
feeder (figure 13)

feeder (figure 15)

- feeder (figures 16 & 17)

0.3
0.5
0.3
0.3

R

-
- -
- -
-

A —

11.0
23.9
28.8
11.0

86.7 96.9
9643
9641
973
97+3
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