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INTRODUCTICN

In an earlier investigatiméethe preparation of boron triflucride,
BF3, via the reaction of sulfuric anhydride, SOE, with & mixture of
calcium fluoride, CaFp (fluorspar), and the boron mineral, Colemanite
(2cm)53205-552u), was found to be feasible. The present study extends
the previcus investigaticon to include further study of the reaction
parameters in an effort (1) to increase boron triflucoride yield, (2)
to identify the geseocus reesction preducts, and (3) to isolate borem
trifluoride fror the resction system.

In the earlier partion of this comtinuing investigaticnlothﬁ
boron trifluoride was assayed bty hydrolysis in scdium hydroxide
soluticn, followved by determinatiocn cof the borom in solution by the
conventicnal snalyticel pr::eduraz. Since an ultimate purpose of
the investigaticn was the recovery of the boron, as boron trifluoride,
attention was given to non-destructive analytical methods and
isoletion of the product from the reaction mixture.

While recovery of the boron triflucride from the gas streeam,
by fractional condensation in a cloged system, probably represents
the meost desired method of recovery, the limited availability of
coolents = liguid nitregen and dry ice - precluded investigation by
this procedure,

The availability of infra-red instrumentaetion, also the belief
that the gesecus reaction product would be infra-red sensitive,
focused attention on this method, from a qualitetive and possibly a

quantitative stendpoint. A search of the literature revealed the



presence of ample spectral data for the proposed gaseous reacticn

2. 0= s
1aCotinT,9711 and thereby infra=-red analysis was selected.

products
The infra-red and alkaline hydrolysis determination on separaté
portions of a typical gaseous product mixture was taken as proof of
the acceptability of the infra-red method.

As an alternative to the direct recovery of boron trifluoride,
conversion to the diethyl etherate, for which amole physical data

=]

wers available”, and subsequent isolation of the etherate adduct also
constituted a part of this investigation. Coincidentally, the infra-
red identification and measured physical properties of the etherate

adduct substantiates the contention that the wolatilized boron is

present, in the gaseous reaction products, as boron trifluoride.



IATERIALS AND EQUIPLIENT

The Colemanite used in this investizaticn was furnished by the
Ue. S. Borax &nd Chemicel Company representing material from Turkish

deposits. Stated analysis, L42.16% 5203, corresponds to approximately
83% purity of the mineral sample.

The calcium flucride, CaFg, was Matheson, Coleman and Eell
Fluorspar (Native Powder).

The sulfur tricxide was Saker and Adamscn (Sulfan) stabilized
of minimum purity $9.5%.

Meterisls used in the moisture snalysis = Karl Fischer Method =-
were cbtained from the Fischer Scientific Campany.

Other chemicals and materials used were of ACS standard purity
and were obtained from scientific supply houses.

The reaction vessel was a Parr Instrument Company Series 4500
Pressure Reaction Apparatus including the internal stirrer and
heating unit. In order to prolcng the life of the apparatus and to
insure safer operating conditions, the silver rupture disc was
replaced by a gold disc and the stirrer remcved. The entry port for
the stirrer was plugzed with a Teflon plug to prevent gas loss and
also to reduce corrosicne.

The gesecus samples were analyzed with & Beckman IR-7 Infra-Red
Spectrophotometer. Liquid samples associated with the boron tri-
flucride etherate portion of the investigation were analyzed with =
Perkin~Flmer Model 137B Infracord Spectroohoctometer.

The infra-red gas cell, path length 9.0 cm, had calcium fluorids

optical windows and was obtained from the Isomet Corporation, Palisades

-



Park, New Jersey. Calcium fluoride windows were chosen over the
customarily used sodium chloride windows in an effort to reduce
reaction with components of the gaseous reaction product mixture,.

The cell employed in the analysis of liquid samples was cof the

demountable type with standard sodium chloride windowse.



EXPERILENTAL

Determination and Removal of VWater

Confirmation of the removal of water from the "as recoived"
Colemanite by ordinary drying techniques, at about [,30°C, was
carried out employing Karl Pischer techniques. (Prior removal of
water reduces the loss of product via the hydrolysis of borom
trifluoride.)

The Karl Fischer reagent was standardized against sodium
tartrate dihydrate and found to have a titer of L.2 mg H,0/ml
reagent. Several samples of Colemanite, dried at L30°C for four
hourﬁ’were analyzed and found to have a water content equivalent
to 1419 mg/z of dried sample. This was deemed to represent sufficient
water removal so as not to influence subssqueat reactions. As
previously notedl? ghe drying of Colemanite at temperatures above
L,00°-450°C causes loss of material through same unexplained fuming

processe



Boron Analysis

In the course of this investigation Colemanite samples, sclid
reaction residues, hydrolyzed gaseous products, and etherate samples
were analyzed for boron content by the method of the Pacific Coast
Borax CcmpanyB- except that a pH meter was used to adjust the
solutions to the methyl red end-point prior to titration in order
to improve the subsequent phenolphthalein end-point. (The use of
the pH meter was checked against the original procedure on simultaneocus
Colemanite analyses.)

In this procedure the boron containing sample is solubilized by
treatment with hydrochloric acid in order to decompose any borate
remaininge The pH of the solution is then adjusted to the methyl
red end-point with sodium hydroxide and a few drops of saturated
bromine water is added to axidize ferrous ircn. After boiling to
remove excess bromine, barium carbonate is added and the solution
again brought to a boil. To prevent precipitation of barium borate,
the total.volume, of solution, is adjusted to 100 ml for each
estimated 0.5 gm 8203 present. After again heating, the solution is
allowed to stand for at least an hour after which the insoluble
solids are filtered off and washed with water. The combined filtrate
and washings are acidified with hydrochloric acid and boiled to
remove dissolved carbon dioxide after which the pH is again adjusted
to the methyl red end~point with sodium hydroxide solution. Mannitol
is then added to complex the boric acid and the solution is titrated

to the phenolphthalein end=-point with standard sodium hydroxide.



By this method the 5205 content of the Colemanite used in this study

was 50.5% (77.7% pure) based on the furnace dried materiel.

Reaction Procedure

The conditions emplcyed in the Colemanite - CaFp = SO3 reactions
were the same a3 previcusly described in the earlier part of this
investigation and sre repeated herein primarily for purposes of clari-
fication to the reader, with exceptions noted where necessary.

In this procedure weighed samples of the dried solid reactants =
Colemanite and calcium fluoride - are thorocughly blended by rotation
in a closed sealed jar for 15 minutes or more, after which they are
quantitatively transferred to the reaction vessel. The reaction
vessel head is then secured to the reactor and a vacuum carefully
drawn. In evacuating the reactor it is imperative that the vacuum
be slowly apolied, and that it be applied from the valve which does
’nOt extend below the reaction vessel head so as to minimize loss of
the powdery reaction mixture. This can be conveniently done after
the dropping funnel is attached, cermitting a check on the tightness
of the connection between the reactor and the funnel. The sulfur
trioxide is then drawn into the reactor by opening the appropriate
valve. The weight of the sulfur trioxide used is determined by weight
differenc of the stock bottle. The reactor is then heated to the
specified temperature and held there for the desired pericd of time
during which reaction was assumed to occur.

Except for those portions taken for infra-red analyscis or used

9 ’
in the preparation of the ethsrate adduct, the gaseous reactiom



products were slowly passed into a scrub train consisting of three
cne-quart polyethylene obottles, comnected in series, containing
sodium hydroxide solution. 'When the pressure within the reactor
came to atmosoheric, a gentle stream of dry nitrogen was passed
through the system for about three hours to insure complete removal
of the gaseocus reaction productse Nitrogen was admitted to the
system through the same valve through wnich the sulfur tricaxide was
addede The contents of the scrub train were then analyzed as
previously described.

Solid reactiocn products were removed from the bottom of the
reactor and also analyzed for the residual boron content. The
consistency of these products varisd from a loose powdery form to
a homogenecusly hard mass. The reason for these conditions is not
knowne.

Where samples of the gas mixture were taken for infra-red
analysis, the infra-red cell was connected into the system between
the reactor and the first bottle of the scrub train. Drying tubes
were inserted both before and after the cell in order to maintain
conditions as anhydrous as possible. The system was-then reduced to
atmoscheric pressure through this modified system insuring the
maximum pessible gas concentration in the cell. The sample cell was
then closed off, removed from the system, and the reactor flushed in
the usuwal manner with dry nitrogen. Where conditicns werranted lesser
concentration of gas, dry nitrogen was passed through the cell while
connacted into the scrubbing system.

In the preparation of BF;'EtEO gaseous boron trifluoride is



passed into diethyl ether. In those reactions where the etherate
adduct was the desired prcduct, an absorption train was substituted
for the previously described scrub traine This consisted of (1) a
250 ml flask as a ballast, (2) three 300 ml tall form gas-drying
bottles with fritted glass dispersers, containing diethyl ether,and
(3) & water=cooled condenser and receiver at the exit end to minimize
ether loss. The ether from the various perts of the absorption

train was cocmbined and the unreacted ether distilled off in a 250 ml
distillation appnaratus, until about 100 ml of liquid remained. The
remaining liguid was then quantitatively transferred to a "Mini-Lab"
fractional distillation avparatus for separation and determinaticn of
boiling points, of the various fractions. Those fractions boiling
above the boiling point of the ether were infra-red analyzed employing

a capillary liouid cell,



DISCUSSICN COF RESULTS

The investigation of the Colemanite -CaF2-503 reaction system
was initially undertaken on the basis of thermodynamic calculations
which indicated a sufficiently large negative free energy for the
.réaction, proceeding to formation of borom trifluoride and calcium
sulfates It is to ve noted that exact thermodynamic data are not
available for Colemanite; however, comparison of data available for
related minerals, from which data for Colemanite were estimated,
indicated the desired reactions to be favored. Subsequently this
contention was verified by actual experiment.

Calculations and experiments were bassed upon the stoichicmetry
shown in ths follcwing reaction:

20a0-5’5205 + Car, 4 11504 — 6BF3 + 11CasQ),
In this study a number of experiments, of which a total of ten are
described, were carried out varying reaction conditions to obtain
products for analysis and/or further study.

The first three experiments, data for which are showm in Table
I, were carried out, prior to the acquisition of the infra-red gas
cell, for the purpose of verifying the observation that heating time
a@id.not influence product yield and to provide familiarization with
:tgchniques involved in reaction procedures. (It is to be noted that

sulfur tricoxide is an extremely reactive substance requiring utmost
ceution and cere in handling.) In reactions 2, 3, and L, heating
times were varied 3, 1«5, and 6 hours respectively. Analysis of the

data indicates that, within experimental error, varistion in heating
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time, over the range investigated, produces no significant chenge in
the amount of beoron volatilized. In the earlier portion of this
continuing investigation, & significantly longer heating time, 15
hours, had apparently increased the volatilized boron yield; however,
this resction had also included an excess of 803 over the stoichio-
metry indicated above.

Reacticns 5, 6, and 7 were carried out in order to obtain gas
samples for infra-red aralysis, An abscrpticn spectrum for the infra=-
red gas cell is shovm in Figure le. Notice should be taken that this
abscrption spectrum precludes the regicn 600 en~! to 1100 em™t from
considerstion in eanalyzing ges mixtures. In view of this circumstance,

attention was focused only in the region 1100 em™2 to LOOO em™t,

: In order to provide spectrae for comparison with these in the
literature and spectra of samples obtained under the reaction
conditions in this investigation, samples of known purity of BF3’
SFg, SOoFp, snd S03 = Figures II, III, IV, V, VI, and VII - were
analyzed.s With the exception of 803, the gas samples were obtained
by flushing the respective gases, from lecture bottles, through the
celle.

In order to obtain the 503 sample the gas cell was evacuated
with a water aspirator, suitably arrenged to prevent water vapcer
from entering, ard connected to the 803 atock bottlee The 503 vapor
wag then drewm into the cell by opening the stepcccke Although other
gases may be postuleted as being in the product gas mixture, none
other than the sbove were readily obtainable.

Spectra obtained on the gas product mixture for Experiments 5
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and 6 are shovm in Figures VITI and IX. Figure VIII represents
the product mixture, obtained by the procedure described in the
Experimental section preceding and diluted withdry nitrogen to
resolve the strongest peaks observed in the undiluted sample.
Comparison of Figures II and VIII unequivocally indicates the
presence of poron trifluoride in the product mixture as a major
componente.

In contrast, the spectrum shown in Figure IX, for the undiluted
product mixture obtained from a typical reaction = Experiment 6 =
shows that the prcduct mixture is complex. Examination and compariscon
with the spectra for the pure sample gases, or with reported spectira,
supports the earlier suspicion that SO05F, was formed in the reaction.
{(In the first part of this investigation it was shown that SOsFo
was ineffective as a fluorinating agent.) The spectra also zave
evidence for the presence of SiF); however, it cannot be ascertained
whether the SiF) is a primary reaction product or if it resulted
from the hydroclysis of BF3 with trace moisture in the cell. Other
possible components, e.g. thionyl fluoride, sulfur hexafluoride,
sulfur trioxide, hydrogen fluoride, etc. were apparently not present
in sufficient concentration to be detected under the.Operating
conditions. It may be deduced from an examinetion of the data
obtained from Experiments 5, 6, and 7 that a reaction occurs in the
system which leads to the fbrmation of sulfuryl fluoride and a
concomitant decrease in the boron volatized. Conversely, the resction
does not appear to be favored when an excess of boron, as Colemanite,

is present in the system.
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In a further effort to explain the apparent presence of sulfuryl
fluoride in the reaction product mixture, an experiment was carried
out wherein calcium fluoride (fluorspar) and sulfur trioxide were
reacted at a l:1 molar ratio under the procedural conditicns used
throughout this investigetiones The gaseous product recovered from this
reacticn wes nct identif'ied by infra-red analysis as sulfuryl fluorice,
nor as any of the other gases previously alluded to as poscible
products in these systems. In order to eliminate the possibility that
impurities in the "fluorspar" calcium flﬁcride were respcnsible for
this unanticirated result, a second similar experiment employing ACS
reagent grade calcium flucride was performed, for which the resultarnt
spectrum was essentially the same. No reascnavle explanation cen be
offered, at this time, for the product(s) obtained in this reacticn.
Since this gas is neither sulfur triocxide ncr sulfuryl fluoride, insc=
far as the major ccmpcrnent is concerned, it may be inferred that in
the Colemanite reaction, wherein sulfuryl flucride is identifiable
in the product gas mixture, Colemanite is essential in some menner to
the fermatioen of sulfuryl flucride. Further, it appears that the
product from the CaFp, = so3 reacticn is ealso present.in the Colemenite
= CaFp = SO; reasctiocn.

The remeining three reported reactiocns (Experiments 8, 9, end 10)
involved the reaction betwegn diethyl ether esnd the resultant reaction
product gases in an effort to reccver the boron trifliucride as the
etherate adduct. 1In the first experiment - Experiment € < the ether
employed was not obtained from sealed contsiners, and, upon recovery

cf the nconwether fraction, it was found that no BFB'Lt?C was obtainede
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Circumstences surrcunding this unexpected turn of events led to the
conclusiocn that hydrolysis had occurred, seemingly due to moisture in
the ether. Accordingly, two similer experiments (9 and 10) were
carried out from which EF3~it20 was cobtained. Spectra for EFB.Et2O
obtained froum the rescticn and a sample prepared from pure BF5 and
ether are shown in Figures XI and XII respectively.

The boiling points of the standard etherate and the etherate
reccvered from reaction products were exactly similar, within the
precision of the thermameter, viz. 122°%., 1In additicn, corticns of
the etherates cbtained from the reacticns were analyzed for boron

content fram which its presence was substentiated.



'SUDIARY AND CONCLUSIONS

The foregoing discucssicn describes & number of resctions of the
Colemanite = Calfp = SG3 system related to further investigaticn into
an eccncmicel methed cof preparing boreon triflucride from low cost
startirg materials. In this presentation primary effort was directed
toward icentificaticn of the ccmpcnents of the gaseous reaction
product, and to & ccnvenient method of separating and reccvering
boron triflucricde from the mixture.

In addition to the identificatiocn of wvolatile beron compound, or
compounds, by classical analytical methcds, boron triflucride, as well
as other gasecus products, were identified in the gas mixture by
infra-red snalysis. Examinaticn of the spectral dats indicates
that boron triflucride is & major product of the reaction, even when
reaction parameters are sufficiently changed sc as to be less favorable
for its production. When reaction conditicns coincide with the pro-
posed reaction stiocchicmetry, it appears that boron trifluoricde is the
major compenent of the product gase With less certeinty the idetifi-
cation of sulfuryl flucride and silicon tetraflucride was made.

There is elso in the product gas an a&s yet unidentified com=-
penent, or componente, which appear te be present under all reaction
cenditions and which is the principel product cbtained from the
reaction of celcium fluoride and sulfur trioxide, under the same
reaction ccnditicng. Although the conditions sttendant upon sampling

L

the gas might preclude the presence of sulfur tricoxide, it is



reasonably certain that sulfur trioxicde is not a major component of
the gas phase after reasction.

Insofar as the second objective cof the investigation is con=-
cerned, it was shown that the boron trifluoride cen be recovered as
the diethyl ether sdduct, which cean then bte purified through
fractional distillation to a desirable boron containing product.

The reccovery snd pesitive identificatian, by infra-red apalysis, of
BFB'EtQO although not constituting the primery evidence for the
formeticn of BFB in the reacticn, dces further substantiate the
evicdence obtained by other means. In the formeticon of the etherate
adduct, it is of prime importance that the ether be dry.

In the initial phase of the present work a preliminary investi=-
gation of theeffect of heating time was cconducted. The results
obtained, inscfar as the reaction periods were concerned, gave no
new insight into the optimum conditions for maximum BF; yielde (In
the first part of this two-part investigetion, an increase in
reaction time, 15 hours, coupled with an increase in the sulfur
trioxide available for reaction, evpeared to slightly increase the
EF3 yield.) Analysis of all the data available on the subject
reacticn leads to the cenclusion that resction times of the duraticn
investigated 66 not significently influence BF3 yield; however, BF3
yield is influenced by the amount of sulfur trioxide in the system.

As & result of the efforts made on the Colemanite = CaF2-503
system up to this time, a number of conditions reiating to the
characééristics of the reactiocn can be stated: (1) in all reactions

the initiel incresse in pressure, attributed to the wvaporization

29



30
of the 803, ig followed, at the reacticn temperature, by a sharp
decrease in pressure; (2) sulfuryl fluoride, although detected in the
reaction system, does not act as a fluorinating agent for Colemanite;
(3) the reaction of CaFp with 50z, in the absence of Colemanite, does
not yield sulfuryli fluoride; (L) an unidentified gas which is the major
product of the C&FQ—SO§ reaction appears to be present in all the Cole=

manite=CaF,~50, reactions, and (5) variation in reaction time does not

3
materially affect the BF3 yields From analysis of the foregoing
statements of the known reaction characteristics several substantiative
conclusions can be drawne
The fluobine, introduced into the system as calcium fluoride,
appears in the product gas mixture in several different forms, i.e.
BF3, SO;F,, and possibly others including the unidentifisd component(s)
of the mixturees This conclusion leads to the suspicion that boran
trifluoride production proceeds through the formation of an inter-
mediate which acts as the fluorinating agent on boron in Colemanite.
Also assuming that the intermediate is the same substance as that
found in CaFp=503 reaction, use of this material as the fluorinabting
agent for Colemanite, would tend to delineate the course of the reactione.
The presence of sulfuryl fluoride in the reactiocn mixture,
however, suggests that another reaction occurs which effectively
decreases the amount of fluorine available for boron trifluoride
producticne On the basis of the information available the possibility
that the same intermediate undergoes s reaction yielding the sulfﬁryl
fluoride cannot be overlookede In this regard it may be that a

reaction time corresponding to the time of occurrence of the sharp
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pressure decrease would be more irducive to increased boron
trifluoride yield than longer heating times. Concomitantly a more
intensive study of the sulfuryl fluoride producticn, with regard to
reacticn time, would anpear to be advisable particularly since it

has been showvm that sulfuryl fluoride does noct act as the flucrinating
agent for Colemanite in this system.

Thus far study cof the Colemanite reaction system has centered on
reactions invelving the boron, and tc a lesser degree, sulfur tricxide.
It would appear that a further study of the reacticn leading tc the
maximizaticn of btoron trifluoride yield is dependent upcn a knewledge

of the part that fluorine plays in the obviocusly complex system.



APPENDIX: VALVE CARE AND MAINTENANCE

Because of the corrosive nature of the reactants and products of
the Colemanite -CaF,-50; system the valves on the reacter, particularly
the exit valve, are subject tec faulty behavior. Although this
behavior cannot be predicted it can be minimized by proper valve
care as followss

(1) Careful disessembly and cleaning followed bty inspection
to insure the absence of foreign material on the valve
seat and needle,

(2) At the slightest indication of corrosion on the needle,
polishing of the tapered portion with extra fine steel
wool,

(3) Iﬁ evacuating the reacter, pricr to admission of the

803’ the valve must be opened very slowly.

In those cases where a valve shows pittirg on the needle surface
only, the usable life of the valve can be prolonged by careful
machining of the tapered surface. Experience has shown that where
pitting has occurred involving the seat that the walve could not

be reliably repaired.
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